EP 4 215 856 A1

(19) Europdisches

: Patentamt

European
Patent Office

Office européen
des brevets

(11) EP 4 215 856 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
26.07.2023 Bulletin 2023/30

(21) Application number: 22192944.1

(22) Date of filing: 30.08.2022

(51) International Patent Classification (IPC):

F25. 3/04 (200609

(562) Cooperative Patent Classification (CPC):

F25J 3/0409; F25J 3/04224; F25J 3/04309;
F25J 3/04339; F25J 3/04351; F25J 3/04387;
F25J 3/04412; F25J 3/04678; F25J 3/04957;
F25J 2230/24; F25J 2230/40; F25J 2230/42;
F25J 2240/10; F25J 2240/12; F25J 2270/02

(84) Designated Contracting States:
AL ATBE BG CH CY CZDE DKEE ES FI FR GB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
KH MA MD TN

(71) Applicant: L’AIR LIQUIDE, SOCIETE ANONYME
POUR L’ETUDE ET
L’EXPLOITATION DES PROCEDES GEORGES
CLAUDE
75007 Paris (FR)

(72) Inventors:
¢ FARA, Baptiste
HANGZHOU, 310001 (CN)

¢ TRANIER, Jean-Pierre
75007 PARIS (FR)
¢ BRIGLIA, Alain
75007 PARIS (FR)
* XUE, Feng-Jie
HANGZHOU, 310012 (CN)
¢ GUILLARD, Alain
SANTA ANA, 92705 (US)
e DAY, Eric
HOUSTON, 77024 (US)

(74) Representative: Air Liquide

L’Air Liquide S.A.

Direction de la Propriété Intellectuelle
75, Quai d’Orsay

75321 Paris Cedex 07 (FR)

(54) PROCESS AND APPARATUS FOR AIR SEPARATION BY CRYOGENIC DISTILLATION

(57) In an air separation process by distillation, a por-
tion of air is compressed, condensed, expanded, vapor-
ised and sent back to the compression step and a gas-
eous nitrogen stream (13) is removed from a distillation
column (K01), warmed in a heat exchanger, expanded

in a turbine (T03), warmed in the heat exchanger and
sent to the atmosphere, wherein the expanded gaseous
nitrogen corresponds to between 5 and 10% mol of the
feed air compressed in the first air compressor.

RL

i 11

Figure 1

Processed by Luminess, 75001 PARIS (FR)



1 EP 4 215 856 A1 2

Description

[0001] The presentinvention relates to a process and
apparatus for air separation by cryogenic distillation. In
particular, it relates to processes and apparatus for pro-
ducing oxygen under high pressure.

[0002] Oxygen gas produced by air separation units
often has a high pressure of about 20 to 50 bar. The
production process is usually a dual column process in-
volving a first column operating at a first column pressure
and a second column operating ata second column pres-
sure, lower than the pressure of the first column. The top
of the first column is thermally linked to the bottom of the
second column. Oxygen is produced at the bottom of the
second column, operating under a pressure of 1 to 4 bar.
Oxygen is compressed to a higher pressure, using an
oxygen compressor or by pumping liquid oxygen. Due to
safety problems associated with the oxygen compres-
sors, oxygen production units generally use the process
involving pumping and then vaporizing liquid. To vaporize
the liquid oxygen at high pressure, an additional booster
compressor is used to raise a portion of feed air or nitro-
gen to higher pressure, in the range of 40 to 80 bar. In
essence, the booster replaces the oxygen compressor.
One of the goals of the development of new cycles ac-
cording to the invention is to reduce the power consump-
tion of a production unit of oxygen.

[0003] In an effort to reduce the power consumption,
it is desirable to introduce all supply air flows into the
columns at a temperature close to the temperature of the
column, at the point where the irreversibilities are intro-
duced, to reduce the thermodynamics of the system. Un-
fortunately, this cannot be done with a classical pumping
cycle.

[0004] Thepresentinvention therefore aimstoaddress
the shortcomings of these process, in particular by intro-
ducing all feed air flows into the columns at a temperature
close to the temperature of the column at the point where
the flow is introduced, in order to reduce thermodynamic
irreversibilities of the system without using additional
stage of compression. The overall cost of the products
of a production unit of oxygen can therefore be reduced.
The main improvement results from the use of a booster
air compressor air to recirculate the air once it has been
used to recover the heat produced by the vaporization
of a high pressure liquid in the primary heat exchanger.
[0005] All the percentages mentioned are molar per-
centages by moles.

[0006] According to the presentinvention there is pro-
vided an air separation process by distillation in a cryo-
genic column system comprising a first column operating
at a pressure and a second column operating at a lower
pressure than the first column, comprising the steps of:

i) compression of all the feed air in a first air com-
pressor to afirst outlet pressure which not more than
one bar higher than and preferably substantially
equal to the pressure at which the first column op-
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erates,

ii) sending a gas which is a first gaseous portion of
the air at the first pressure or a stream of nitrogen to
a second compressor, compressing the gas to a sec-
ond pressure which is the outlet pressure of the sec-
ond compressor, compressing the gas at the second
pressure to a third pressure which is the outlet pres-
sure of a third compressor

iii) cooling and condensation or pseudo condensa-
tion at the third pressure of at least a portion of the
gas compressed in the third compressor in the heat
exchanger,

iv) sending atleast part of the air, preferably a second
gaseous air portion under the first outlet pressure to
the system of columns, without further compression,
and separation of the at least part of the air, prefer-
ably the second gaseous air portion, in the system
of columns,

v) withdrawing liquid oxygen from the second col-
umn, pressurizing of the liquid oxygen and vaporiz-
ing of the liquid oxygen by heat exchange in the heat
exchanger, and

vi) expanding at least one fraction of the cooled and
condensed gas from at least the third pressure to a
fourth pressure, at least partially vaporizing the ex-
panded gas, preferably air, in the heat exchanger at
the fourth pressure, the fourth pressure being be-
tween the first pressure and the third pressure at
which the gas condenses or pseudo-condenses in
step iii), optionally heating the at least partially va-
porized said gas, preferably air in the heat exchang-
er, sending at least a portion of the vaporised gas,
preferably air, to the third compressor to be com-
pressed to the third pressure

characterized in that at least 50%, preferably at least
90%, of the refrigeration for the process is provided by
removing a gaseous nitrogen stream from the first col-
umn, warming the gaseous nitrogen in the heat exchang-
er, expanding the warmed gaseous nitrogen in a turbine,
warming the expanded gaseous nitrogen in the heat ex-
changer and sending it to the atmosphere, wherein the
expanded gaseous nitrogen corresponds to between 5
and 10% mol of the feed air compressed in the first air
compressor.

[0007] According to other optional features of the in-
vention which may be combined together:

- the expansion of the gas, preferably air, from the
third pressure to the fourth pressure is performed in
at least one valve or in at least one turbine, the fourth
pressure preferably being subcritical.

- no part of the feed air is expanded in gaseous form
in a turbine

- the temperature of the at least one fraction before
expansion is lower than the sum of the vaporization
temperature of the liquid oxygen and the minimum
temperature approach in the heat exchanger in



3 EP 4 215 856 A1 4

which the fraction vaporises.

- the inlet temperature of the at least one fraction im-
mediately before expansion is below room temper-
ature.

- the second gaseous air portion represents at least
90% of the gaseous feed air entering the column
system.

- the heat exchanger comprises two sections, one
section in which the second gaseous air portion is
cooled by warming the nitrogen to be expanded in
the turbine and another section in which the liquid
oxygen and condensed air vaporize by cooling the
air to be condensed.

- partof the refrigeration of the process is provided by
Joule-Thomson expansion

- the heat exchanger comprises two sections, one
section in which the gaseous nitrogen to be sent to
the second compressor is warmed, all the air at the
first outlet pressure is cooled and the nitrogen to be
expanded in the turbine is warmed and another sec-
tion in which the liquid oxygen and condensed nitro-
gen vaporizes by cooling the nitrogen to be con-
densed after compression in the second and third
compressors.

- expanding only one fraction of the cooled and con-
densed gas from the third pressure to a fourth pres-
sure and completely vaporizing the expanded gas,
preferably air, in the heat exchanger at the fourth
pressure.

- the production of final product or products in liquid
form is not greater than 5% mol of the feed air, pref-
erably no more than 2% mol of the feed air.

- part of the condensed or pseudo condensed gas,
preferably air is expanded in a further expansion de-
vice and sent to the column system in liquid form.

- the fourth pressure is substantially equal to the sec-
ond pressure.

- the turbine is coupled to a generator.

- the turbine expands the nitrogen substantially to at-
mospheric pressure

- theprocess comprises sending the first gaseous por-
tion of the air at the first pressure to the second com-
pressor, and compressing the first gaseous portion
of the air to a second pressure which is the outlet
pressure of the second compressor, dividing the first
gaseous portion of the air at the second pressure
into a first part and a second part, compressing the
firstpartin afirstbooster compressorto a fourth pres-
sure, compressing the second part in a second
booster compressor to the fourth pressure, the third
compressor being comprised of the first and second
booster compressors,

cooling and condensation or pseudo condensation at the
fourth pressure of the first and second parts compressed
respectively in the firstand second booster compressors,
sending the second gaseous air portion under the first
outlet pressure to the system of columns, without further
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compression, and separation of the at least part of the
air, preferably the second gaseous air portion, in the sys-
tem of columns, wherein the first booster compressor is
coupled to the turbine.

- the expanded at least one fraction of air is warmed
and sent to the inlet of the first and second booster
compressors.

[0008] According to another aspect of the invention,
there is provided an air separation apparatus using dis-
tillation in a cryogenic column system comprising a first
column operating at a pressure and a second column
operating at a lower pressure than the first column, a first
air compressor, a second compressor, a third compres-
sor and a heat exchanger, means for sending all the feed
air to be compressed in the first air compressor to a first
outlet pressure which not more than one bar higher than
and preferably substantially equal to the pressure at
which the first column operates, means for sending a gas
which is a first gaseous portion of the air at the first pres-
sure or a stream of nitrogen to the second compressor,
means for sending gas compressed in the second com-
pressor to third compressor, means for sending gas com-
pressed in the third compressor be cooled and con-
densed or pseudo condensed at the third pressure in the
heat exchanger, means for sending at least part of the
air, preferably a second gaseous air portion under the
first outlet pressure to the system of columns, without
further compression, and separation of the at least part
of the air, preferably the second gaseous air portion, in
the system of columns, means for withdrawing liquid ox-
ygen from the second column, pressurizing of the liquid
oxygen and vaporizing of the liquid oxygen by heat ex-
change in the heat exchanger, expansion means for ex-
panding atleast one fraction of the cooled and condensed
gas from at least the third pressure to a fourth pressure,
means for sending the expanded fraction from the ex-
pansion means to the heat exchanger and then to the
inlet of the third compressor, a turbine and means for
removing a gaseous nitrogen stream from the first col-
umn, warming the gaseous nitrogen in the heat exchang-
er, sending the warmed gaseous nitrogen to expand in
the turbine, means for sending the expanded gaseous
nitrogen to the heat exchanger to be warmed and means
for sending the warmed nitrogen to the atmosphere.
[0009] Inapreferred option, the third compressor com-
prises first and second booster compressors connected
in parallel, one of the booster compressors being coupled
to the turbine.

[0010] Preferably the turbine is coupled to a booster
compressor which compresses part of the expanded
fraction.

[0011] The compressor may be connected to the heat
exchanger to receive part of the expanded fraction after
warming in the heat exchanger.

[0012] Alternatively the turbine may be coupled to a
booster compressor which compresses part of the feed
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air to the third pressure, the outlet of the booster com-
pressor being connected to the heat exchanger. Prefer-
ably the inlet of the booster compressor is in this case
connected to the second compressor.

[0013] Theinvention will be described in greater detail,
referring to the figures, where Figures 1,3 and 4 show
processes according to the invention and Figure 2 shows
a detail of a process according to the invention.

[0014] The separation takes place in a double column,
comprising a first column K01 and a second column K02,
the second column operating at a lower pressure than
the first column and the bottom of the second column
being heated using nitrogen from the first column.
[0015] Thesecond columnfeeds argon enriched vapor
ORG to an argon column (not shown).

[0016] The total air flow 1 sent to the column system
K01,K02 is compressed to afirst pressure, slightly higher
than the first column pressure, in compressor C01. The
air stream is divided in two to form two streams 3, 5. The
first stream 3 is compressed in the first stage of a booster
compressor C05-1 to a second pressure, higher than the
first pressure and then compressed in the second stage
of the booster compressor C05-02 to a third pressure,
which may be a supercritical pressure. The first stream
3 is then sent at the third pressure to a high pressure
section EQ1HP of the main heat exchangerin which some
of the streams are at pressures of above at least 10 bars.
The first air stream 3 is cooled to a cryogenic tempera-
ture, thereby condensing or pseudo condensing and is
then divided in two. A first part 8 is expanded in a valve
14 (or in a turbine) to the fourth pressure, preferably
slightly above the second pressure to account for pres-
sure drop. It forms a liquid stream and is vaporised in
exchanger EO1HP to form a gaseous stream which is
mixed with the first stream 3 downstream of booster com-
pressor C05-1 and then compressed once again in com-
pressor stage C05-2.

[0017] The other part 7 of the condensed or pseudo
condensed air is expanded in a valve or a turbine T05 to
form a liquid stream, part 9 of which is sent to the first
column K01 and the rest 11 of which is sent to the second
column KO02.

[0018] The turbine TO5 may be coupled to a generator.
[0019] A liquid oxygen stream 21 is removed from the
bottom of the second column K02, pressurized in a pump
P03 and vaporised in the exchanger EO1HP to form a
product of the process which is pressurized gaseous ox-
ygen. The exchanger also warms part of the waste nitro-
gen WN2 from the second column.

[0020] A second portion 5 of the air is cooled in the
heat exchanger EO1LP where all the streams are at at
most 10 bars. The cooled air is introduced in gaseous
form into the first column KO01. The exchanger EO1LP
also warms part of the waste nitrogen WN1 from the sec-
ond column.

[0021] Gaseous nitrogen 13 is removed from the top
of the first column, warmed in heat exchanger EQ1LP to
an intermediate temperature thereof and then expanded

10

15

20

25

30

35

40

45

50

55

in a turbine T03 to the pressure of the second column
KO02. It is then mixed with the nitrogen from the minaret
KO3 of the second column and removed as waste or as
a low pressure product.

[0022] The nitrogen turbine TO3 may be coupled to a
booster in order to generate more refrigeration. In the
example, itis coupled to agenerator. The nitrogen stream
13 used for the expansion constitutes between 5 and
10% mol of the total air stream 1. None of the nitrogen
produced by the process is at the pressure of the first
column KO1. The quantity of nitrogen expanded is chosen
to increase the energy recovered by the nitrogen expan-
sion, whilst avoiding undue loss of oxygen recovery and
permitting an argon recovery of around 65-75 %.
[0023] The nitrogen turbine TO3 generates at least
90% of the refrigeration of the system, the rest being
provided by Joule-Thomson expansion in valves. It will
be appreciated that the process does not involve any air
turbine sending gaseous air to the first or second col-
umns.

[0024] If small amounts of nitrogen are required at
higher pressure, part of the nitrogen 13 may be com-
pressed in a booster to a pressure above that of the first
column, the booster being driven by the turbine TO3 ex-
panding another part of the nitrogen 13.

[0025] Nitrogen enriched liquid from top of the first col-
umn is sent directly to the second column KO02.

[0026] Oxygen enriched liquid from the first column is
subcooled in subcooler SC and sent in part directly to
the second column K02 and in part RL to the top con-
denser of the argon column. The liquid VRL vaporised in
the top condenser is then sent back to the second col-
umn. The argon column is fed with argon enriched gas
ORG from the second column K02 and the bottom liquid
ORL of the argon column is sent back to the second col-
umn K02. The argon column produces an argon rich fluid
at the top of the column which may or may not be a prod-
uct of the process.

[0027] The heat exchangers EO1HP and LP may be
combined in a single heat exchanger. The first column
may be thermally linked to the second column via a dou-
ble stage vaporiser or a film type vaporiser.

[0028] The production of final product or products in
liquid form is not greater than 5% mol of the feed air,
preferably no more than 2% mol of the feed air.

[0029] Figure 2 shows a variant of Figures 1 and 3 in
which the gas to be condensed in heatexchanger EOTHP
(air or nitrogen) 3 is compressed In a first booster C05-1,
cooledina cooler E1and then compressedin two booster
in parallel C05-2, C05-3 from the second pressure to the
third pressure. Thus booster C05-2 of Figure 1 is replaced
by two booster in parallel, the booster C05-3 being driven
by expander T03.

[0030] The cooler E2 is common to the two booster
C05-2 and C05-3 and the expanded gas 8 is recycled to
the inlets of both boosters C05-2 and C05-3.

[0031] Line 23 is an anti-surge system for both boost-
ers.
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[0032] Figure 3 shows the case where the gas to be
condensed and revaporised in the high pressure ex-
changer EO1HP is nitrogen. Here only part of the nitrogen
from the top of column K01 is expanded in turbine T03
coupled to generator G. The rest of the nitrogen is com-
pressed firstin compressor C05-1 to the second pressure
and then in compressor C05-2 to the third pressure.
[0033] The nitrogen 3 is then sent at the third pressure
to a high pressure section EO1HP of the main heat ex-
changer in which some of the streams are at pressures
of above at least 10 bars. The nitrogen 3 is cooled to a
cryogenic temperature, thereby condensing or pseudo
condensing and is then divided in two. A first part 8 is
expanded in a valve 14 (or in a turbine) to the fourth
pressure, preferably slightly above the second pressure
to account for pressure drop. It forms a liquid stream and
is vaporised in exchanger EO1HP to form a gaseous
stream which is mixed with the first stream 3 downstream
of booster compressor C05-1 and then compressed once
again in compressor stage C05-2.

[0034] The other part 7 of the condensed or pseudo
condensed nitrogen is expanded in a valve or a turbine
TO5 to form a liquid stream, part 9 of which is sent to the
top of the first column K01 and the rest 11 of which is
sent to the top of the second column K02.

[0035] Figure 4 shows the incorporation of the system
of Figure 2 in a process such as that of Figure 1. The
streams 3 and 5 result from the splitting in two of a stream
1 as in Figures 1 and 3.

[0036] Air stream 8 is warmed in heat exchanger
EO1HP and is divided in two, one part being sent to the
inlet of booster C05-2 and another part, here the rest,
being sent to a booster TO3C having the same inlet and
outlet pressures as booster C05-2.

[0037] The booster TO3C is coupled to the nitrogen
turbine TO3, replacing the generator.

[0038] Alternatively the air at the second pressure
coming from second compressor C05-1 may be divided
in two, upstream of the point of return of stream 8 and
both parts may be then compressed to the third pressure
in separate booster C05-2, T03-C. The booster TO3C is,
as before, coupled to the nitrogen turbine T03, replacing
the generator.

[0039] Itistobenotedthatthe process doesnotrequire
any expansion of gaseous air, thus the normal Claude
turbine and/or insufflation turbine are not present. The
nitrogen expander coupled with the air cycle generates
enough cold for the ASU in normal operation.

[0040] The nitrogen turbine is possibly coupled for in-
stance to a generator: when no or only small quantities
of nitrogen under pressure are required by customer, the
nitrogen expander TO3 will recover the energy contained
in the MP nitrogen extracted from the MP column, by
expanding it to atmospheric pressure.

[0041] However coupling the turbine to a booster as in
Figures 2 and 4 reduces the cost of the machine and
allows the size of the boosters to be reduced.

[0042] The quantity of nitrogen extracted will be a
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trade-off between the energy recovered with by the ni-
trogen expansion and the loss of oxygen and argon re-
covery. Typically an optimum can be found in the range
of a 5 to 10% expanded nitrogen / air flow ratio, with no
loss of oxygen recovery and an argon recovery in the
range of 70% in the case where argon is produced.

Claims

1. Air separation process by distillation in a cryogenic
column system comprising a first column (K01) op-
erating at a pressure and a second column (K02)
operating at a lower pressure than the first column,
comprising the steps of:

i) compression of all the feed air in a first air
compressor to a first outlet pressure which not
more than one bar higher than and preferably
substantially equal to the pressure at which the
first column operates,

ii) sending a gas (3) which is a first gaseous por-
tion of the air at the first pressure or a stream of
nitrogen to a second compressor (C05-1), com-
pressing the gas to a second pressure which is
the outlet pressure of the second compressor,
compressing the gas at the second pressure to
a third pressure which is the outlet pressure of
a third compressor (C05-2, C05-3, T03-C)

iii) cooling and condensation or pseudo conden-
sation at the third pressure of at least a portion
of the gas compressed in the third compressor
in a heat exchanger (EO1LP, EO1HP),

iv) sending at least part of the air, preferably a
second gaseous air portion (5) under the first
outlet pressure to the system of columns, with-
out further compression, and separation of the
at least part of the air, preferably the second
gaseous air portion, in the system of columns,

v) withdrawing liquid oxygen (21) from the sec-
ond column, pressurizing of the liquid oxygen
and vaporizing of the liquid oxygen by heat ex-
change in the heat exchanger, and

vi) expanding at least one fraction (8) of the
cooled and condensed gas from atleast the third
pressure to a fourth pressure, at least partially
vaporizing the expanded gas, preferably air, in
the heat exchanger at the fourth pressure, the
fourth pressure being between the first pressure
and the third pressure at which the gas condens-
es or pseudo-condenses in step iii), optionally
heating the at least partially vaporized said gas,
preferably air in the heat exchanger, sending at
least a portion of the vaporised gas, preferably
air, to the third compressor to be compressed
to the third pressure

characterized in that at least 50% of the refrigera-
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tion for the process is provided by removing a gas-
eous nitrogen stream (13) from the first column,
warming the gaseous nitrogen in the heat exchang-
er, expanding the warmed gaseous nitrogen in a tur-
bine (T03), warming the expanded gaseous nitrogen
in the heat exchanger and sending it to the atmos-
phere, wherein the expanded gaseous nitrogen cor-
responds to between 5 and 10% mol of the feed air
compressed in the first air compressor.

Process of any preceding claim, wherein the expan-
sion of the gas, preferably air, from the third pressure
to the fourth pressure is performed in at least one
valve or in at least one turbine (14), the fourth pres-
sure preferably being subcritical.

Process of any preceding claim wherein the temper-
ature of the atleast one fraction (8) before expansion
is lower than the sum of the vaporization temperature
of the liquid oxygen and the minimum temperature
approach in the heat exchanger in which the fraction
vaporises.

Process of any preceding claim, wherein the inlet
temperature of the at least one fraction (8) immedi-
ately before expansion is below ambient tempera-
ture.

Process of any preceding claim wherein the second
gaseous air portion (5) represents at least 90% of
the gaseous feed air entering the column system.

Process of any preceding claim wherein the heat ex-
changer comprises two sections, one section
(EO1LP) in which the second gaseous air portion is
cooled by warming the nitrogen (13) to be expanded
in the turbine (T03) and another section (EO1HP) in
which the liquid oxygen (21) and condensed air (8)
vaporize by cooling the air to be condensed.

Process of any of claim 1 to 4 wherein the heat ex-
changer comprises two sections, one section
(EO1LP)in which the gaseous nitrogen (3) to be sent
to the second compressor is warmed, all the air at
the first outlet pressure is cooled and the nitrogen to
be expanded in the turbine (T03) is warmed and an-
other section (EO1HP) in which the liquid oxygen and
condensed nitrogen vaporizes by cooling the nitro-
gen to be condensed after compression in the sec-
ond and third compressors.

Process according to any preceding claim compris-
ing expanding only one fraction (8) of the cooled and
condensed gas from the third pressure to a fourth
pressure and completely vaporizing the expanded
gas, preferably air, inthe heat exchanger atthe fourth
pressure.
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9.

10.

1.

12.

13.

Process according to any one of the preceding
claims, in which the production of final product or
products in liquid form is not greater than 5% mol of
the feed air, preferably no more than 2% mol of the
feed air.

Process according to any preceding claim wherein
part (7) of the condensed or pseudo condensed gas,
preferably air is expanded in a further expansion de-
vice (T05) and sent to the column system in liquid
form.

Process according to any preceding claim wherein
the fourth pressure is substantially equal to the sec-
ond pressure.

Process according to any preceding claim wherein
the turbine (T03) is coupled to a generator (G).

Process according to any of preceding claims 1 to 6
or 8 to 11 comprising sending the first gaseous por-
tion of the air at the first pressure to the second com-
pressor, and compressing the first gaseous portion
of the air to a second pressure which is the outlet
pressure of the second compressor (C05-2),

i) dividing the first gaseous portion of the air at
the second pressure into a first part and a sec-
ond part, compressing the first part in a first
booster compressor (C05-2) to a fourth pres-
sure, compressing the second part in a second
booster compressor (TO3C) to the fourth pres-
sure, the third compressor being comprised of
the first and second booster compressors, cool-
ing and condensation or pseudo condensation
at the fourth pressure of the first and second
parts compressed respectively in the first and
second booster compressors or

ii) sending all the first gaseous portion of the air
at the second pressure to the third compressor
(C05-2), sending a portion of the vaporised air
to the third compressor to be compressed to the
third pressure, sending another portion of the
vaporised air to a booster compressor (TO3C)
to be compressed to the third pressure and mix-
ing the two portions to form the stream to be
cooled and condensed or pseudo condensed at
the third pressure in the heat exchanger
(EO1HP),

sending the second gaseous air portion (5) un-
der the first outlet pressure to the system of col-
umns, without further compression, and sepa-
ration of the at least part of the air, preferably
the second gaseous air portion, in the system
of columns,

wherein the first booster compressor (C05-3,
TO3C) is coupled to the turbine (T03).
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Process according to Claim 13 wherein the expand-
ed at least one fraction of air (8) is warmed and sent
to the inlets of the firstand second booster compres-
sors (C05-2, C05-3, TO3C).

Air separation apparatus using distillation in a cryo-
genic column system comprising a first column (K0 1)
operating at a pressure and a second column (K02)
operating at a lower pressure than the first column,
a first air compressor (C01), a second compressor
(C05-1), a third compressor (C05-2, C05-3, TO3C)
and a heat exchanger (EO1LP, EO1HP), means for
sending all the feed air to be compressed in the first
air compressor to a first outlet pressure which not
more than one bar higher than and preferably sub-
stantially equal to the pressure at which the first col-
umn operates, means for sending a gas (3) which is
a first gaseous portion of the air at the first pressure
or a stream of nitrogen to the second compressor,
means for sending gas compressed in the second
compressor to the third compressor, means for send-
ing gas compressed in the third compressor be
cooled and condensed or pseudo condensed at the
third pressure in the heat exchanger, means for
sending at least part of the air, preferably a second
gaseous air portion under the first outlet pressure to
the system of columns, without further compression,
and separation of the at least part of the air, prefer-
ably the second gaseous air portion, in the system
of columns, means for withdrawing liquid oxygen
(21) from the second column, pressurizing of the lig-
uid oxygen and vaporizing of the liquid oxygen by
heat exchange in the heat exchanger, expansion
means for expanding at least one fraction of the
cooled and condensed gas from at least the third
pressure to a fourth pressure, means for sending the
expanded fraction from the expansion means to the
heat exchanger and then to the inlet of the third com-
pressor, a turbine (T03) and means for removing a
gaseous nitrogen stream (13) from the first column,
means for sending the gaseous nitrogen to be
warmed in the heat exchanger, means for sending
the warmed gaseous nitrogen to expand in the tur-
bine, means for sending the expanded gaseous ni-
trogen to the heat exchanger to be warmed and
means for sending the warmed nitrogen to the at-
mosphere.
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The Search Division considers that the present European patent application does not comply with the
requirements of unity of invention and relates to several inventions or groups of inventions, namely:

1. claims: 6(completely); 1-5, 8-15(partially)

Ajr separation process by distillation in a cryogenic column
system comprising a first column operating at a pressure and
a second column operating at a lower pressure than the first
column, comprising the steps of:

i) compression of all the feed air in a first air compressor
to a first outlet pressure which not more than one bar
higher than and preferably substantially equal to the
pressure at which the first column operates,

ii) sending a gas which is a first gaseous portion of the
air at the first pressure to a second compressor,
compressing the gas to a second pressure which is the outlet
pressure of the second compressor, compressing the gas at
the second pressure to a third pressure which is the outlet
pressure of a third compressor

iii) cooling and condensation or pseudo condensation at the
third pressure of at least a portion of the gas compressed
in the third compressor in a heat exchanger,

iv) sending a second gaseous air portion under the first
outlet pressure to the system of columns, without further
compression, and separating of the second gaseous air
portion in the system of columns,

v) withdrawing liquid oxygen from the second column,
pressurizing of the liquid oxygen and vaporizing of the
liquid oxygen by heat exchange in the heat exchanger, and
vi) expanding at least one fraction of the coocled and
condensed gas from at least the third pressure to a fourth
pressure, at least partially vaporizing the expanded air in
the heat exchanger at the fourth pressure, the fourth
pressure being between the first pressure and the third
pressure at which the gas condenses or pseudo-condenses in
step iii), sending at least a portion of the vaporised air
to the third compressor to be compressed to the third
pressure

characterized in that at least 50% of the refrigeration for
the process is provided by removing a gaseous nitrogen
stream from the first column, warming the gaseous nitrogen
in the heat exchanger, expanding the warmed gaseous nitrogen
in a turbine, warming the expanded gaseous nitrogen in the
heat exchanger and sending it to the atmosphere,wherein the
expanded gaseous nitrogen corresponds to between 5 and 10%
mol of the feed air compressed in the first air compressor.

2. claims: 7 (completely); 1-5, 8-15(partially)

Air separation process by distillation in a cryogenic column
system comprising a first column operating at a pressure and
a second column operating at a lower pressure than the first
column, comprising the steps of:
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Application Number

The Search Division considers that the present European patent application does not comply with the
requirements of unity of invention and relates to several inventions or groups of inventions, namely:

i) compression of all the feed air in a first air compressor
to a first outlet pressure which not more than one bar
higher than and preferably substantially equal to the
pressure at which the first column operates,

ii) sending a gas which is a stream of nitrogen to a second
compressor, compressing the gas to a second pressure which
is the outlet pressure of the second compressor, compressing
the gas at the second pressure to a third pressure which is
the outlet pressure of a third compressor

iii) cooling and condensation or pseudo condensation at the
third pressure of at least a portion of the gas compressed
in the third compressor in a heat exchanger,

iv) sending at least part of the air to the system of
columns, without further compression, and separating of the
at least part of the air in the system of columns,

v) withdrawing liquid oxygen from the second column,
pressurizing of the liquid oxygen and vaporizing of the
liquid oxygen by heat exchange in the heat exchanger, and
vi) expanding at least one fraction of the cooled and
condensed gas from at least the third pressure to a fourth
pressure, at least partially vaporizing the expanded gas in
the heat exchanger at the fourth pressure, the fourth
pressure being between the first pressure and the third
pressure at which the gas condenses or pseudo—condenses in
step iii), sending at least a portion of the vaporised gas
to the third compressor to be compressed to the third
pressure

characterized in that at least 50% of the refrigeration for
the process is provided by removing a gaseous nitrogen
stream from the first column, warming the gaseous nitrogen
in the heat exchanger, expanding the warmed gaseous nitrogen
in a turbine, warming the expanded gaseous nitrogen in the
heat exchanger and sending it to the atmosphere,wherein the
expanded gaseous nitrogen corresponds to between 5 and 10%
mol of the feed air compressed in the first air compressor.

page 2 of 2

15



10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

ANNEX TO THE EUROPEAN SEARCH REPORT

EP 4 215 856 A1

ON EUROPEAN PATENT APPLICATION NO.

EP 22 19 2944

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.

The members are as contained in the European Patent Office EDP file on

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

09-02-2023
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2020132367 Al 30-04-2020 CN 110678710 A 10-01-2020
EP 3631327 Al 08-04-2020
FR 3062197 A3 27-07-2018
FR 3066809 Al 30-11-2018
RU 2019140617 A 10-06-2021
Us 2020132367 Al 30-04-2020
WO 2018215716 Al 29-11-2018
US 4345925 A 24-08-1982 AU 545677 B2 25-07-1985
BR 8107591 A 17-08-1982
CA 1156924 A 15-11-1983
DE 3146335 Al 09-06-1982
FR 2494824 Al 28-05-1982
GB 2088542 A 09-06-1982
Us 4345925 A 24-08-1982
ZA 817616 B 27-10-1982
US 2020355429 Al 12-11-2020 CN 111406192 A 10-07-2020
EP 3719427 Al 07-10-2020
KR 20200088399 A 22-07-2020
Us 2020355429 A1 12-11-2020
WO 2019104524 Al 06-06-2019
US 4617037 A 14-10-1986 JP H0447234 B2 03-08-1992
JP $61110872 A 29-05-1986
Us 4617037 A 14-10-1986

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

16




	bibliography
	abstract
	description
	claims
	drawings
	search report

