1 Description Process and apparatus for cryogenic air separation The invention relates to a process
for cryogenic air separation according to the precharacterizing clause of Patent Claim 1. 5 Similar
processes with residual gas recycling are known from DE 2261234, US 4966002, US 5363657, US
5528906, US 5934106, US 5611218, US 5582034, US 2004244417, DE 19909744 Al , DE
19919933A1, DE 19954593A1, US 2007204652 Al, DE 102006027650 Al and EP 1995537 A2. In this
case, and also 10 in US 4966002 and US 5582034, a counter-current subcooler is used, in which the
liquid oxygen-containing recycle fraction is "subcooled”, i.e. cooled below its boiling point. Here, "single
column" is understood to mean a distillation column which is operated in 15a uniform pressure range -
which means here that the pressure differendedsetigéen top and bottom of the column is based
exclusively on the pressure loss of the vapour rising in the column - and in which both the feed air is
fed in as main feed fraction and also the nitrogen product is produced in the form of part of the
nitrogen-rich fraction accumrigtisg andhe pipersiegien ddhr epldaparBeisble-column or triple-column
20processes for nitrogen/oxygen separation are therefore not covered. However, a pure oxygen
column, which is connected to the single column and is operated as a pure stripping column, is not
ruled out. THRIAGEREES RANMAPBAYIRES% DR SH¥AdeRicRRREATAR Al ®dRscribed in general
25terms in Hausen/Linde, Tieftemperaturtechnik, 2nd Edition 1985, Chapter 4 (pages 281 to 337). The
invention RBALAKT AR Apeeed Srien g’ Jrocess of the type mentioned at  the beginning and

a coresponding apparatus which are economically particularly 30beneficial. This object is achieved by

the Chara%ﬁyﬁi@P%rE%%%&%%F?é&B&& l&é@ récycling are known from DE 2261234,
US 4966002, US 5363657, US 5528906, US 5934106, US 5611218,-US 5582034,
US 2004244417, DE 19909744 A1, DE 19919933 A1, DE 19954593 A1,
US 2007204652 A1, DE 102006027650 A1 and EP 1995537 A2. In this case, and also
10 in US 4966002 and US 5582034, a counter-current subcooler is used, in which the

liquid oxygen-containing recycle fraction is "subcooled", i.e. cooled below its boiling

point.

Here, "single column" is understood to mean a distillation column which is operated in

15  a uniform pressure range - which means here that the pressure difference between top
and bottom of the column is based exclusively on the pressure loss of the vapour rising
in the column - and in which both the feed air is fed in as main feed fraction and also
the nitrogen product is produced in the form of part of the nitrogen-rich fraction
accumulating in the upper region of the column. Double-column or triple-column

20 processes for nitrogen/oxygen separation are therefore not covered. However, a pure
oxygen column, which is connected to the single column and is operated as a pure

stripping column, is not ruled out.

Processes and apparatuses for the cryogenic separation of air are described in general
25 terms in Hausen/Linde, Tieftemperaturtechnik, 2nd Edition 1985, Chapter 4 (pages 281

to 337).

The invention is based on the object of specifying a process of the type mentioned at
the beginning and a corresponding apparatus which are economically particularly

30 beneficial.

This object is achieved by the characterizing features of Patent Claim 1.



2 Surprisingly, the use of an integrated heat exchanger, which combines the functions of a main heat
exchanger and a counter-current subcooler, permits any pre-liquefaction of the air to be avoided. As a
result, all of the air in the column is able to rise and participate in the rectification, the separation effect
becomes higher and, overall, the 5process according to the invention is therefore particularly
beneficial. The precise layout of the integrated heat 2xchanger depends on the boundary conditions of
the individual case and must be defined for each plant by using the usual calculation tools of the
process engthueprish@Be sidassths aiheniagegiedtibazd comttingdn wiecineemtiimesithelitiestithes désign
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integration of main heat exchan er and counter-current subcooler is certainly known from air
separation p?foé‘&s%é)g%%?\/ﬁ%‘&'{w or more columns for nitrogen/oxygen separation. However, this
measure has not previously been applied to processes of the 25type mentioned at the beginning,

since the meRUTASLUFRg AutiA iR RARISHARY 19 ReIcaRaRCReAleYdhaRgElflid not appear to be

justified in single column processes. The surprising effect of the avoidance of pre-liquefaction of the air
was previouSN ARV O IRSAFEIRIE R Féketiich His HHBIREAHFETSUPSROIGH EiYfated heat
exchanger ia guesocebs Iaqmrdmgstsetd:tmmaeatmsufoofahampégratlwlnallye eadiechbeat exchanger or
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is formed bwwﬁgledp@@nywﬁéﬁaéﬁ@r%@@@@mmdkls merely necessary for a heat

15  exchanger to be supported and piped in the coldbox. The absolute number of headers
of the two heat exchangers decreases. The gas streams (residual gas to the turbine,
product nitrogen, residual gas from the turbine) from the top of the coldbox do not have
to be led via two fixed points (counter-current subcooler and main heat exchanger).
Expansion loops can be dispensed with; the integrated solution permits a pipe run with

20  minimized pipe stresses.

The integration of main heat exchanger and counter-current subcooler is certainly
known from air separation processes having two or more columns for nitrogen/oxygen
separation. However, this measure has not previously been applied to processes of the

25  type mentioned at the beginning, since the manufacturing outlay for a particularly long
integrated heat exchanger did not appear to be justified in single column processes.
The surprising effect of the avoidance of pre-liquefaction of the air was previously

unknown.

30 In principle, any heat exchanger type can be used as an integrated heat exchanger in
the process according to the invention, for example a helically coiled heat exchanger or
else a straight pipe exchanger. However, the use of a plate-type heat exchanger, in
particular a brazed aluminium plate heat exchanger, is particularly beneficial. In this
case, the integrated heat exchanger is formed by a single plate-type heat exchanger

35  block.



3 It is particularly cost-effective if the single column constitutes the only distillation column of the
distillation column system. 5In order to generate refrigerating capacity, a further oxygen-containing
fraction can be expanded, producing work, as explained in detail in Patent Claim 4. The integrated
heat exchanger is also used for the subcooling of the further oxygen-containing fraction, in that the
liquid further oxygen-containing fraction is cooled down in the counter-current subcooler before its
evaporation. The integration according to the 10 invention makes it possible to introduce the liquid
further oxygen-containing fraction into the heat exchanger above the temperature of the air removal.
The temperature difference is, for example, 0.2 to 5 K. This contributes to the avoidance of the
pre-liquefaction. 15In addition, before its work-producing expansion, the evaporated further oxygen-

containing; fEashion i MpEReEHECIvE FURLESRY Rl At dhdh@ibiascaing Bralisxehanger.  The
further o n co é mm% ctlon an for %xample have the same composition as 20the recycle

fraction. | ?hqi gfracHh Wg%gl\ﬁs % 'led in common lines and passages until after the top
condenser. Alternatlvely, the oxygen-containing recycle fraction is removed from the single column at

an intermediate PREHLIER (singatethalisastgns KRASALANRIGRUTABIALR A A the point at

which the further oxygen-containing fraction is removed. In this case, separate lines and separate
passagesSRRAsE rRAHEEG Y e ﬂﬁ/@’f%ﬁ&ﬂéqrﬁjmé'&ﬁbpﬁﬁﬂ%?\?@ &nd o REANAIRdhe
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expansion Is usé or re- com ression efera y energy sourcenfor the drive of the
re- compré@%?er—cuﬂﬁgt%héﬂ@iéﬂ Hﬁf@éerésc%\fﬁﬁ?é%%@fﬁ (307 isteorritpncicacadizgdeltheompressor. Here,

a 35g0ldispEnRERSSRKES iHPEEsHIRqd terdaaR ancarpAalivther WiisdhtoeBasiH hacddsrmpressed is
fed in at 3 temperature which lies cons#‘je{abl below tt}(? ambient ten]pgature in g{eneral below 250
%& emgerature of the air removal. The temper

K. preferéB 66 anger above h ure
difference is, for example, 0.2 to 5 K. This contributes to the avoidance of the pre-

liquefaction.

15 In addition, before its work-producing expansion, the evaporated further oxygen-
containing fraction is warmed up in counter-current to air in the integrated heat

exchanger.

The further oxygen-containing fraction can, for example, have the same composition as
20 the recycle fraction. In this case, the two fractions can be led in common lines and

passages until after the top condenser.

Alternatively, the oxygen-containing recycle fraction is removed from the single column
at an intermediate point which is located at least one theoretical or practical plate

25  above the point at which the further oxygen-containing fraction is removed. In this case,
separate lines and separate passages must be provided for the two fractions in the top

condenser and possibly in the counter-current subcooler.

Advantageously, the expansion machine (21) is coupled mechanically to the re-
30 compressor (31). As a result, the mechanical energy obtained during the work-
producing expansion is used for re-compression. This is preferably the only energy

source for the drive of the re-compressor.

It is beneficial if the re-compressor (30) is constructed as a cold compressor. Here, a

35  '"cold compressor" is understood to mean an apparatus in which the gas to be



It is also beneficial if, in the process according to the invention, the re-compressed 5recycle fraction is
cooled in the integrated heat exchanger before being introduced into the lower region of the single
column, the re-compressed recycle fraction being drawn off from the integrated heat exchanger in
completely gaseous form and led into the single eblumn in completely gaseous form. The recycle
fraction is therefore also free of pre-liquefaction and participates in the rectification in the single column
completely as 10rising vapour. Therefore, the pre-liquefaction is avoided completely in both the feed
streams for the single column, namely in the feed air and in the recycle fraction. The invention

additionalps reléesde idfeanR atafusrassaiidiaadialestchaine HBiyLedibe xentisrand further details
of the invention will be ex Iairlilgr%g ml%e taiIPeI w by usi %a%exemplary embodiment illustrated
schemati&gwjﬁﬁﬂgedrla\ﬁ%&r A A T R 3RRe ei‘ﬁ‘%% ('ir compressor 3 via a filter 2 and
there is compressed to an absolute pressure of 6 to 20 bar, preferably about 9 bar. After 20flowing

through asscolard Ad AMAICSRRAEIOL B R EOBNESSEA Al S cleanad jgaudeaning device 7.

The cleaning device 7 has a pair of containers which are filled with adsorption material, preferably a

molefular 8/ frafdiendaseq'ast 8 18 BURSIRRANCR SurhandritaberfebeiBadBirFERRAME main heat

exchangein? i firsgiyred tiaiagingteueatme k2casrpreesyletehcpapecish lesdgiraieam 11. 25
The operapg presstre oL sigle climn 12 st e L9p) 610,20 bor prferably about o bar. s
top condenser Is cooled With an oxygen-containing recycle"fraction 18a, and a further
oxygen-céiaitierjurtiiorr e e Mo asee va igiar. dhyr earadafsashing isttoafagaaisirg@eloff from the

bottom of §he RinescaoianR panilisiesyrlent astinr XA frrnaiandisimeaiaianeiat seme practical or
theoretical. %),Iates further above. Before ét@}/ %reé fed 14b %?85% into ige toi}\econdens r 13, both fractions
- 8 C

14 982 HRVEIBRI AR AL S0RRE ABCB A d6C RehdRGeF Y and
countercsternsuincdiodesiddl® enloordimghoethéitheefettohabaing iotheee bycarfmtégrated heat exchanger
101, which is implemented here as a single plate-type heat exchanger 35block. The height difference

between the exit of the stream 14a from the single column 5
The invention additionally relates to an apparatus according to Patent Claim 10.

15  The invention and further details of the invention will be explained in more detail below

by using an exemplary embodiment illustrated schematically in the drawing.

Atmospheric air 1 is taken in by an air compressor 3 via a filter 2 and there is
compressed to an absolute pressure of 6 to 20 bar, preferably about 9 bar. After

20  flowing through a re-cooler 4 and a water separator 5, the compressed air 6 is cleaned
in a cleaning device 7. The cleaning device 7 has a pair of containers which are filled
with adsorption material, preferably a molecular sieve. The cleaned air 8 is cooled
down to somewhat above the dew point in a main heat exchanger 9 and finally led into
a single column 12 as a compietely gaseous feed air stream 11.

25
The operating pressure of the single column 12 (at the top) is 6 to 20 bar, preferably
about 9 bar. Its top condenser is cooled with an oxygen-containing recycle fraction 18a,
18b and a further oxygen-containing fraction 14a, 14b. The further oxygen-containing
fraction 14a is drawn off from the bottom of the single column 12, the recycle fraction

30 18a from an intermediate point some practical or theoretical plates further above.
Before they are fed 14b, 18b into the top condenser 13, both fractions 14a, 18a are
cooled down in a counter-current subcooler 100, main heat exchanger 9 and counter-
current subcooler 100 according to the invention being formed by an integrated heat
exchanger 101, which is implemented here as a single plate-type heat exchanger

35  block. The height difference between the exit of the stream 14a from the single column



12 (more precisely the liquid level at the bottom of the column) and the entry into the integrated heat
exchanger 101 should in principle be chosen such that the proportion of gas as a result of the
expansion lies below 5% by volume. If, in a departure from this, the proportion of gas is higher than
5% by volume, a perforated plate must be fitted in 5the header over the entire region above the entry
into the passages, its pressure loss being chosen sich that the gas bubbles are distributed over all the
passages. The two-phase mixture is then led into the integrated heat exchanger, firstly transversely

with respectl@(tneretbracisedaiing (poddiyg aithe Rettradrhelenbetiohanditheaighytinéoghs proportion is

condensed gREpiRLRIwtANsHighgaY 1b¢ %aﬁﬁﬂtmﬂrﬁﬁ %@%&%@U@&mmﬁ@lﬁﬁwevery
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oxygen-containing fractions 14a, 18a and then, in the region of the main heat exchanger 9, into
indirect heaP8ReHEIRSE wHCHB9L e SRS hubhissainalistinuted OG5 HhiR AARIRPESHT t|E$‘f51’0X|mater
ambient tenppak witkiasea PhSAALS Presse rmedrptedm@aﬂ%%wgae firseyrearrinsleel}olatpf the

gaseous nltro egcgf% den ed c%g‘ué)l% )g% ubr%antl%&é gnﬁglq r]g(%lnmtr\llv Itg,ptﬁondenser 13. Part

53 of the condensate rom ¢ re?o er 13 canbeo alned as liquid nitrogen Broduct (PLIN);
the remaindeieBaM®pIf ﬁﬂ@ﬁ@@@pﬁ@'ﬁ‘ﬁi@féﬁhgﬂéﬁétﬂdwaé%ﬁdﬁqqﬁ?ﬂém@ constituents can be
25dra offvired puHgiedipe S8erliRe vepy sl feaipiiosad8b is evaporated in the top condenser 13 under
a pressure of 2 to 9 bar, preferably about 4 bar, and flows in gaseous form via line 29 to a cold
compressor 30, in which it is re-compressed approximately to a pressure which is 30 sufficient to feed
it back into ﬂmtbmmairwhmmmtﬂwmrﬁwshﬂ@ﬁaedemre@cﬁ%mbmmg@cﬁolé@lade\ﬂmavmcﬁfumn
temperature, AgRIR:In ARG, SRULE LGRS AERRIR KOBARAJGH teup/Ralscalyin s aoain at the
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There, in th¥PSGiGRST thie WU FiRF-ifeRie Lo diRmm 609 IR ddsais! t1EREBYBhange with the
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again (Ilne at an intermediate temperat dto a mbar above atmospheric

pressure, pesuLiEiRg odhe TacenaiphpsiginmarhmeEnggiiehinie indirechhfsieeishanasivitied as a
turbo-expangerddieAarnston. VRN IS7CauUp ipshmeshani ey tashe elstaomprsssor 30 and a

braking devijce ZZ&VYhICh in the exem (Ia%r erg od| ent PgRH}"ed by an oil-filled brake. The
10expande&erﬁ% YE&Fh LW {JI[Z.) to aBou? ient'temperature in the
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The remainder 16b of the gaseous nitrogen 15 is condensed completely or
substantially completely in the top condenser 13. Part 53 of the condensate 52 from the
top condenser 13 can be obtained as liquid nitrogen product (PLIN); the remainder 54
is put into the top of the single column as reflux. Non-condensed constituents can be

25  drawn off via a purge line 90.

The recycle fraction 18b is evaporated in the top condenser 13 under a pressure of 2 to
9 bar, preferably about 4 bar, and flows in gaseous form via line 29 to a cold
compressor 30, in which it is re-compressed approximately to a pressure which is

30 sufficient to feed it back into the single column. The re-compressed recycle fraction 31
is cooled down to column temperature again in the counter-current subcooler 100 and

fed to the single column 12 again at the bottom in completely gaseous form via line 32.

The further oxygen-containing fraction 14b is evaporated in the top condenser 13 under

35 apressure of 2 to 9 bar, preferably about 4 bar, and flows in gaseous form via line 19



integrated heat exchanger 101. The warm further fraction 24 is blown off into the atmosphere (line 25)
and/or used in the cleaning device 7 as regeneration gas 26, 27, possibly following heating in the
heating device 28. 15In the exemplary embodiment, the top condenser 13 is constructed as a
forced-flow evaporator. Alternatively, a bath evapgrator or falling film evaporator can be used. 7
Patent claims 1.Process for cryogenic air separation in a distillation column system which has at least
one single column (12), wherein 5a compressed feed air stream (6, 8) is cooled down in a main heat
exchanger (9) in counter-current to a first return stream (16, 23) from the distillation column system,
the cooled feed air stream (11) is led into the single column (12), a nitrogen-rich fraction (15) is

produced it e SpheRI i BtescrlsddIs X AUTRRNER 29 al &18t g 188PBriHBSitrogen-rich
fraction (1&)ustecsgeasadibtsolopoanidensesy idd whichtis canstonatesk adta tendens@lievaporator,

at least part (54) of the liquid njtrogen-rich.fracti 2) produced in p.condenser (13) is led into
the singleoéﬁ%}ncff%lgébrff?&? T%?%ﬂ’z{éfg%eﬁlﬁ%étgéikﬁ%%er}eé ?8 eoljrg&: i?)%ngﬁ%g‘%ﬁs drawn off from the

single colenthqnag e ligindridras! firatiguthaseyiitiriiaitetiBayicevdded towmaved dovmter-current
subcgolerkdGR3irthr soslesramradefartiond DB hissavaRerdarkis e jercradanser (13), 20the

evaporated recycle fraction (29) is re-compressed in a re-compressor (30), _
P f-zxpan)c/iec‘ie to acbout éog)m ar a%ov a?mospher?c pressure, produg’n work, in an

expansion machine 21 which, in the example, is constructed as a turbo-expander . The
expansion machine is coupled mechanically to the cold compressor 30 and a braking
device 22 which, in the exemplary embodiment, is formed by an oil-filled brake. The

10  expanded further fraction 23 is warmed up to about ambient temperature in the
integrated heat exchanger 101. The warm further fraction 24 is blown off into the
atmosphere (line 25) and/or used in the cleaning device 7 as regeneration gas 26, 27,

possibly following heating in the heating device 28.

15  In the exemplary embodiment, the top condenser 13 is constructed as a forced-flow

evaporator. Alternatively, a bath evaporator or falling film evaporator can be used.



the re-compressed recycle fraction (31, 32) is fed to the lower region of the single column (12),
characterized in that the main heat exchanger (9) and the counter-current subcooler (100) are
formed 25by an integrated heat exchanger (101), the integrated heat exchanger (101) having a first
group of passages for the first return stream (16, 23), which goes through from the cold to the warm
end of the integrated heat exchanger,  the first retlirn stream (16, 23) being led into this group of
passages (102) at the 30cold end and flowing through the integrated heat exchanger (101) as far as its
warm end and, in the process, being brought RateMdilgitisheat exchange both with the liquid recycle
fraction (18a) and with the feed air stream (8), - the cooled feed air stream (11) being drawn off

f the int ted t 35exch ' (101) i letely . ous f d being led into the singl
B column (13) in QBN b EORBIL ot 2 BEAE SRt IR P ERzed in that tne

integra_ted heas e_ktﬁmngee rfgiermphylg‘éimgl@mrg-type heat exchan_ger block. 5 3. Process
accordigg to Claii, 9.2 haiaelarizeddn, fieie Sipla 61T Sonsiiies Beonlyisgiation

th
column of the d|s?;ﬁat|on column system. 4Process according to one of Claims 1 to 3] characterized in

that 10a further'®RPYBIRCERERIM i) Frich6pf(TUl $88ralon Dt fiom et bRMYAPL2) in liquid form,

system,
— the cooled feed air stream (11) is led into the single column (12),
— a nitrogen-rich fraction (15) is produced in the upper region of the single column
10 (12),

— at least part (16b) of the nitrogen-rich fraction (15) is condensed in a top
condenser (13), which is constructed as a condenser-evaporator,

— at least part (54) of the liquid nitrogen-rich fraction (52) produced in the top
condenser (13) is led into the single column (12) as reflux,

15 - an oxygen-containing recycle fraction (18a) is drawn off from the single column
(12) in liquid form,

— the liquid recycle fraction (18a) is cooled down in a counter-current subcooler
(100),

— the cooled recycle fraction (18b) is evaporated in the top condenser (13),

20 - the evaporated recycle fraction (29) is re-compressed in a re-compressor (30),

— the re-compressed recycle fraction (31, 32) is fed to the lower region of the single
column (12),

characterized in that

— the main heat exchanger (9) and the counter-current subcooler (100) are formed

25 by an integrated heat exchanger (101),

— the integrated heat exchanger (101) having a first group of passages for the first
return stream (16, 23), which goes through from the cold to the warm end of the
integrated heat exchanger,

— the first return stream (16, 23) being led into this group of passages (102) at the

30 cold end and flowing through the integrated heat exchanger (101) as far as its
warm end and, in the process,

— being brought into indirect heat exchange both with the liquid recycle fraction
(18a) and with the feed air stream (8),

— the cooled feed air stream (11) being drawn off from the integrated heat

35 exchanger (101) in completely gaseous form and being led into the single



the liquid further oxygen-containing fraction (14a) is cooled down in the integrated heat exchanger
(101), the cooled further oxygen-containing fraction is evaporated in the top condenser 15(13),
the evaporated further oxygen-containing fraction (19) is warmed in the integrated heat exchanger in
counter-current to air, and - the warmed further oxygen-containing fraction is expanded in an
expansion machine (21), producing work, 20- the temperature of the liquid further oxygen-containing
fraction (14a) as it is introduced into the integrated heat exchanger (101) being higher than the
temperature of the cooled feed air stream (11) as it is drawn off from the integrated heat exchanger
(101). 255 Process according to Claim 4, characterized in that, before its work-producing expansion,
the evaporated fGAHENG gy EhcOaRSRNPRERAIEH R Warmed up in counter-current to air in the
integrated heat exchanger. 6Process according to either of Claims 4 and 5, characterized in that the

oxygen- 3Qcontaining recycle fraction is re ed from, the single column at an intermediate point
i s et T L e S e R R e
oxygen-contaififRjmiettivid i nein olaie-tyre haaicxesanagidvifiely to one of Claims 4 to 6, characterized
in thag the expansion 35machine (21) is coupled mechanically to the re-compressor (30). 9 8.

Process accogiing to one of Claims 1 to 7, characterized in that the re-compressor (30) is constructed

as a cold ComprRLett 2GOBHE08 AUt & 1§ BHRDT RS B 8N S IHAESALEY in that the re-

5compressedaatstiladsabtomiBdisisl ztola imtheintegistéd featexoasgsel01) before being

introduced into the lower region of the single column (12), the re-compressed recycle fraction (32)

being drawn off from the integrated heat exchan%er (101) in completely gaseous form and led into the
1

single coldmnREERRS G6RMPHTEIPFISBUS A1 16 I ENAISGHREESS #8rteAogenic air separation in a
distilation columa feysierawhichdonasaaiitepshctivg sirgipicatamn ¢kyom the single column

(12) in liquid form,
- the liquid further oxygen-containing fraction (14a) is cooled down in the
integrated heat exchanger (101),
- the cooled further oxygen-containing fraction is evaporated in the top condenser
15 (13),
- the evaporated further oxygen-containing fraction (19) is warmed in the
integrated heat exchanger in counter-current to air, and
- the warmed further oxygen-containing fraction is expanded in an expansion
machine (21), producing work,
20 - the temperature of the liquid further oxygen-containing fraction (14a) as it is
intfroduced into the integrated heat exchanger (101) being higher than the
temperature of the cooled feed air stream (11) as it is draWn off from the

integrated heat exchanger (101).

25 5. Process according to Claim 4, characterized in that, before its work-producing
expansion, the evaporated further oxygen-containing fraction is warmed up in

counter-current to air in the integrated heat exchanger.

6. Process according to either of Claims 4 and 5, characterized in that the oxygen-
30 containing recycle fraction is removed from the single column at an intermediate
point which is located at least one theoretical or practical plate above the point at

which the further oxygen-containing fraction is removed.

7. Process according to one of Claims 4 to 6, characterized in that the expansion

35 machine (21) is coupled mechanically to the re-compressor (30).



having a main heat exchanger (9) for cooling a compressed feed air stream (6, 8) in counter-current to
a first return stream (16, 23) from the distillation column 15system, having means for leading the
cooled feed air stream (11) into the single column (12), having means for producing a nitrogen-rich
fraction (15) in the upper region of the single column (12), 20having a top condenser (13) for
condensing at least part of the nitrogen-rich fraction ¢15, 16b), the top condenser being constructed as
a condenser-evaporator, having means for leading the liquid nitrogen-rich fraction (52) produced in the
top condensegr (13)Pntodbe Bingtdinplomng @2 Casnmefiutq 25ttearangemesahis thaditaavieg off an

oxygen-cont@(gmra Eeggyca&érgqm@g@fggz?oga?dggmBrgggdp_]n (12) in the liquid state, having a

counter-current subcooler (100) for cooling down the liquid recycle fraction (18a), having means
for introducing the cooled recycle fraction (18b) into the top 30condenser (13), having a re-compressor

(30) for compressirryrdaesevaporaieg teeyeleriCaaiian 129 Bfremarthitcior eandenses (33), the
re-compressor (30) being constructed in particular cald compressaqr, and havin eans for
oo T S B e e o (12),
characterizebefenhaethe inteddusedtirirdhaneise 99 %o ohthedinateranlivrent s2bdwoler (100) are formed

by an integratprneairxergnaarddidh) (32) being drawn off from the integrated heat exchanger
(101) in completely gaseous form and led into the single column (12) in completely
gaseous form.

10

10. Apparatus for cryogenic air separation in a distillation column system which

has at least one single column (12),

— having a main heat exchanger (9) for cooling a compressed feed air stream (6, 8)
in counter-current to a first return stream (16, 23) from the distillation column

15 system,

— having means for leading the cooled feed air stream (11) into the single column
(12),

— having means for producing a nitrogen-rich fraction (15) in the upper region of the
single column (12),

20 - having a top condenser (13) for condensing at least part of the nitrogen-rich
fraction (15, 16b), the top condenser being constructed as a condenser-
evaporator,

— having means for leading the liquid nitrogen-rich fraction (52) produced in the top
condenser (13) into the single column (12) as reflux,

25 - having means for drawing off an oxygen-containing recycle fraction (18a) from the
single column (12) in the liquid state,

— having a counter-current subcooler (100) for cooling down the liquid recycle
fraction (18a),
— having means for introducing the cooled recycle fraction (18b) into the top

30 condenser (13),

— having a re-compressor (30) for compressing the evaporated recycle fraction (29)
from the top condenser (13), the re-compressor (30) being constructed in
particular as a cold compressor, and

— having means for leading the re-compressed recycle fraction (31, 32) into the



5the integrated heat exchanger (101) having a first group of passages (102) for the first return stream
(16, 23), which goes through from the cold to the warm end of the integrated heat exchanger, the cold
end of the integrated heat exchanger (101) being connected to means for leading the first return
stream (16, 23) into this group of passages 10the warm end of the integrated heat exchanger (101)
being connected to means for drawing the first return stbeam (16, 23) off from this group of passages,
the integrated heat exchanger (101) being constructed in such a way that, during the operation of the
apparatus, the firstowennegioeafiid 6ine®) eollBbrelight into indirect heat exchange both with the liquid
recycle fraction.pL3as@ndaMith the: feed air stream (8), and the passages in the integrated heat
exchanger (101) being laid out in such a way that, during the operation of the plant, the cooled feed air

stream (11) is draffi? SIPRdIRaHEXREPALS t?éﬁ@ﬁcﬁ%lﬁ?j@‘rﬂfﬁfﬁr?%?ﬂﬁﬁrté B%ous 20form and
is led into the singfersadmnl 2jtey coaithets|y ghsegeas (O0r),

5 - theintegrated heat exchanger (101) having a first group of passages (102)
for the first return stream (16, 23), which goes through from the cold to the
warm end of the integrated heat exchanger,

— the cold end of the integrated heat exchanger (101) being connected to
means for leading the first return stream (16, 23) into this group of passages
10 - the warm end of the integrated heat exchanger (101) being connected to
means for drawing the first return stream (16, 23) off from this group of
passages,
— the integrated heat exchanger (101) being constructed in such a way that,
during the operation of the apparatus, the first return stream (16, 23) is
15 brought into indirect heat exchange both with the liquid recycle fraction (18a)
and with the feed air stream (8), and
— the passages in the integrated heat exchanger (101) being laid out in such a
way that, during the operation of the plant, the cooled feed air stream (11) is
drawn off from the integrated heat exchanger (101) in completely gaseous
20 form and is led into the éingle column (12) in completely gaseous form.



