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Descri ption Process and apparatus for cryogenic ajr
separation The invention relates to a process for -
cryogenic air separation according to the- -

"~ precharacterizing clause of Patent d ai m
processes with residual gas1 recycling are @Wﬂwmﬂm
DE 2261234, US 4966002, US 5363657, US 55289

5934106, US 5611218, ‘US 5582034, US 2004244411"'59
19909744 Al , DE 19919933 Al, DE 19954593 Al',

2007204652 M. DE 102000700 A and P éﬁﬁ?f[l@mlﬂ Hllllﬂllllllﬂl
5582034, a counter-current subcooler is n, Wl ¢
the 1iquid oxygen-containing recycle fractlon d.s

" subcool e Processeandcapplaediudier omogérsic BRiskp&r@tiopOl Nt .
‘Here, "single colum" is understood to nean a
distillation coI um which is operated in 15 a uniform

C here that the essyre
e BB i AT ol SRR Srn Rt atabitn e
Pl’ecba@@tﬁriémlclwse@f?atﬂnt Elwnrjressure | oss of the vapour
rising in the colum - and in which both the feed air
is fed in as main feed fraction and also the nitrogen

Simifar pdenessésswiit ediduatigdsretying arenkrafwrpfesrh DE 2261234,

S R s SRR oSt eg T TS o Bhn o b i LR g

us %@4@44)4:155 DES1999P7 44 A DB nﬂem@ém‘s & m54c593 ae

us AQERHEL A e SONEIE O DAPYES p S, OGRS U

in US #@p8000hraUa 5p62@84, staoupter-agrert lsubtgolérds nedd, inivisich the
o OG5S A0SR USG5 L 00 CLNPRSRLS oy

point.n Hausen/ Li nde, Tieftenperaturtechnik, 2nd Edition
1985, Chapter 4 (pages 281 to 337). The invention is
based on the object of specifying a process of the

Here, yg'eglmnmmmajuraierstDMtdmgémm distiliztiod caluedt Weiskh @ dbefded in

‘aun %E%F%h Wi gh gflc%%ﬂg %r%alh&yt\hlgar L Sijelnc@[fergnce between top

ene i Cla I's ac
and pbidera of theicoiumy rsdmsad exclafiveBaom tite pﬁbmune loss of the vapour rising

in t_he 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 région of the column. Double-column or triple-column
processes for nitrogen/oxygen separation are therefore not covered. However, a pu're
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
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
beneficial.

This object is achieved by the characterizing features of Patent Claim 1.
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2 Surprisingly, the use of an integrated heat
exchanger, which conbines the functions of a main
heat exchanger and a counter-current subcool er,
permts any pre-liquefaction of the air to be
avoided. As a result, all of2the air in the colum is
able to rise and participate in the rectification,

erb»% ﬁg@p%@bé&& ﬁf.ﬁ@@?a@@ ﬁemeacmrgjae rwrﬁaﬁaonw&é@ﬂhb,fuﬂdﬂsns of

process accord Ing to the invention is therefore
a rﬁame@u PYINPPOf el equiter-crrENpRuhePler, PREYit ANYJIre igwefaction of

thé EES@B@%@&d&@% LRI tl-ﬂeeﬂﬁiﬂ%e %luﬁnhf?s Qﬂé‘?@ﬁéé’and

condi t1 ons of individ case and nust be defined

_ parm«p%amhg|r%mtﬁcai5¢nu§newgpamorm§ﬁ9¢t begpes bigherandeeysyall, the

reéests'b%c&ﬁg'ﬁqé ?heelﬂgérﬂi%ﬁ rlS th%%f&%sda‘#ﬁilatrlv'b\%neﬁm The precise

I ntegrati accordin he inventionh sinplifies the
laypass Py e intearaiesthamb ByC nﬂﬁr fﬂ%f@ﬁéépnt“%? Q%dﬁwwﬂéﬁ'Rns of the
indiVifGS daB8€ af@ \’H%?Be eé‘ﬁr{e‘%%r SSRGS dsﬁlg%é’ﬁﬂxal 8alculation tools

substantially |larger cross section"as a result of the
ofith BIPEa$S YI9ING®'t he mai n heat exchanger, the liquid

streans carried in counter-current in relation to the

gas streans are offered an optinmm heating surface
Begidas. thist thedntagraliery agrardiag i thefiprengomsigiplifies tog draiger
an%d@@aMftWFésﬁgc@@ @he% E&ﬁork nSlEB@ t%@o@ﬁfé&curﬂé}ﬁ stBsidHi€given

header s heat exch angers
a a@w@ﬁ@@slargﬁﬁ@r@wegﬂmrqﬁué@f thedntegragon iy thpgain heat

e%cHélbéé}ethe Ile&@‘i%&mg'cﬁﬁ%g%‘ co&rﬁér' a}r'l%lnt ﬂ@élafuér@f@ thb %a% streams

turbine) fromthe top of the col do not have

ageofieead an %ptmwﬂ pesitng ﬁ:%f?ﬁ? arege Bmsf%faﬁqeémww@cfeﬁﬂt er

eRREng&itd bB %@%p&?&@@ﬂ%éd in 1 88540 Tt QBR5IUtE HAMBRr of headers
di spensed wth; the integrated solution permts a pip

ofrthe twip heat exghanoRIsHecERPSEE pENesgFepags W@U?hg%sgtpaw tvﬁbme

pr%u&m.tfbdaﬁaﬁes%swbmq?dm HAdumE) Rt BHRSEEthS UOIBBS &5 not have
|1 S certalnl known fromair sep arati on processes

torReeA gia e fes?d RO (EoURiAmaEUrTest svnqonols%ga BYejyRaat exchanger)

Emrﬁtlb% caADMRY §Fensbf With Ra FHESraRASsoRBbn Béﬁﬁltsoélﬁlb¥ run with
been applied to processes of the 25 type nentioned

miri@ized Gineritie§SeSsi nce the manufacturing outlay for a
particularly long integrated heat exchanger did not

appear to be justified in single colum processes.
The rtegiainn &fimgjn Beatseehanosr RRA S0UMEaFHE eenggubcooler is certainly

kl%v@n 4rbrﬂlé‘i’ffs%9§f'a98n BfockB&sHdvingawolr %r@b@hh‘ms HeRRIMRN/oxygen
30 In principle, any heat exchanger type can be used

SeRaraliPT Howgyel i MERITS 1BR AAGRPVIPKEY bin spnljge dprocesses of the

ty%@ch‘i’érﬁ‘lbﬂgd bthk %@glhﬂ\ﬁ@ nélhéérkhefn%n&é%ﬂm b uBa R |acp%|rtﬁc‘1lxlarly long
coi | ed heat exchanger or else a strai ght pi p

indsaratgd feat exgbrraas did pefapgerr tgedusiifigd 6‘-%’%@ C‘h‘é@(‘ processes.
TRE 6DPRGIRE efft&t of the avoidance of pre-liquefaction of the air was previously

unknown.

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
block.
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particul ar a brazed al um nium pl ate 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 singl® colum constitutes the
only distillation colum of the distillation colum
system 5 In order to generate refrigerating capacity,
a further oxygen-containing fraction can be expanded,
produci ng work, as explained in detail in Patent C aim
4. The integrated heat exchanger is also used for the
Itis parjedanly enpt-effective ifthe single aplyrgr nonstitites thieroyly distilatioron,
colupfd thtﬁ% diEt'ﬂ%ti!:rH gL, fsg&‘eﬂq?r oxygen-cont ai ni ng fraction
I's cool ed down in Ch counter-current subcool er
before its evaporation. The integration according to

: ' i. . i ible to introduce the .
in ofdB o rp A R 0otk BIRG Sotth b achgfian be
expeiad, rirdiritgwrrkabeerplained iredgtsit mt Ratentdflaitrhe Terintegrated
r ol J j ff is.. for example.
heat IRt sy e LEEE i tiBoodln ARGy Dokt e fRge
fractignein thatdbe fiawid ifwther d8yden-cthining fractivef is ceoled Sown in the
k- ' si e ated further
coukBE A PO, SURRTEL ocB YA RS b oo
Invegininnakesdupessitie tcontapducenhe heuid further atyeeniveataining fraction

. e - inin racti on can
o RANBRpO T DI IS RIAGH AU ) gl 6 B
differene dd, éorfexamipien.2 torp K Hihis cargebutedi theavbitands aifise f@n
quué?&cti'oﬁ.d in comon lines and passages until after the

top condenser. Alternatively, the oxygen-containing
recycle fraction is renoved fromthe single colum at

I A Jan ol _ Dol nt ' 1 gcat ed_at .| east one
ok bERRER SRR find Pl U8 Fastale TS erom
contginingHractien iswarhned upxy gewnrtenoresmiagr frrtae triteyrated heat

excHafg@ved. In this case, separate |ines and separate

paSsages nmust be provided for the two fractions in the
top condenser and possibly in the counter-current

) I xpansi on_nmachine (21
e PURE0S ke CUERIITRATI] Fp BRETIARI ek Bompaon -
the ragycle fractiont In thissase dheatwaclaaictione cary betddain cedindurlineg ahdne
paSS‘_IQ_(Eéé‘Untﬁ%ﬂg qu%ﬁéﬂat%ﬂg&pn is used for re-conpression.

IS IS prefer e only energy source for the
drive of the re-conpressor

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

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-
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

"cold compressor" is understood to mean an apparatus in which the gas to be
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It is beneficial if the re-conpressor (30) is
constructed as a cold conpressor. Here, a 35 "cold
conpressor” is understood.to nean an apparatus in
~Wwhich the gas to be 4 conpjessed is fed in at a
tenperature which |ies considerably bel ow the anbi ent
tenperature, in general below 250 K, preferably below
200 K It is also beneficial if, in the process
according to the invention, the re-conpressed 5
compegsped & fed icati atenipsrators which e domsidetably rdied theahbient

' ' roduced into, the | ower
temgé%%%’qﬁpeﬁﬁé%eﬁ%vg?éﬁgoh{%&ﬁ{?gl@/f%%lyveé@o'ﬁpr essed recycle
fraction being drawmn off fromthe integrated heat

. © .. : ous,.formand,lJed into the
is SHEIRRORIR e ATBLELEL L RROUSL MRS A Lt i
recyfctesfeactiomisi otelden &fecintegadtsd héatescdngep befotd Bisiag ﬁ@er@ééd into

i Gi.pat. in the.rectification in the single

tne RIS, R & (RELiESIe BuhE el o Eisstimet el St S9ng gawn
off f?methei intagratet hiaan ekshamgei ide:ldmpmml b gtaeéquSifasrlan@duea Eﬁo the

: r S -col u ane in t
s €88 S b5, EB0 P BT o TR el o o
pre-Aaiefadtionahdl partieipatessn the rentifwpian atths siagleaotlingcdripletely as

rorbShEi R0 e b B AR Rl lnd

stregmk fw thesingieicolymam nemeiyph dhe/feedbodindimtheirbbytss fradtios.
schematically in the drawing. Atnospheric air 1 is
taken in by an air conpressor 3 via a filter 2 and
Thetimuention gddittovafly estatesl td an appaadise laut@dipy &S PHie@t Ofairk 100
20 bar, preferably about 9 bar. After 20 fl ow ng
through a re-cooler 4 and a water separator 5, the
Thedrveptiassmtifugher detaits of ltieaineehtioniwihbe keplaingg ird@viccdtdil below

I [ LG ' f. [ 'S_whi ch
by ubhf o Ry SbEfehs Atrated BlerRlip S HelfaRng
mol ecul ar sieve. The cleaned air 8 is cooled down to

SRR 8 5 3P

nto
compspeetostnyakraite pesterecdf 8ito 26 thae anefédably?dbolihe bar. After

R Al ] T N —

in a cleadig slevice . Thmtleaning thviem7 bay geairod braaineROVIIEE X! flled

ST B0 Ao A O A SO

dowfiteigerewhat 4kovs therdemnpaiftfin farroain thiket deharmyer ofarkially led into
S raction . 30 18a from an
@ S”ﬁr%@g&&mg%%p%d?nrﬁlétg@r%%gg&é '?Féglr SkFaTH oreti cal

Int er nedi at'e prac
pl ates further above. Before they are fed 14b, 18b

TheioBEr%tiB& Bretsglﬁ)reco(? ﬂ%egﬁg% c&lﬁmnb&t (gt {hre%:pt:)i ig e% %61 %ér, %?e?er%[al?/

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
18a from an intermediate point some précticél 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 inventio.n being formed by an integrated heat
exchanger 101, which is implemented here as a single plate-type heat exchanger

block. The height difference between the exit of the stream 14a from the single column
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cool ed down in a counter-current subcooler 100, main
heat exchanger 9 and counter- current subcool er 100
according to the invention being forned by an
i ntegrated heat exchanger 101, which is inplenented
here as a single plate-type heat exchanger 35 bl ock.
The hei ght difference between the exit of the stream
1 21(47?0&8 g%{&\es% éﬁhé hm{i‘n %v%g%tt{g%‘nbétftongrﬁfe {h'gqiro ea% gﬁé %ntﬁﬂﬁto the
'nfelt%d heat exehaager 1 egraucin nﬁlearpleeba:ﬁmgesudﬁhatstheur@orﬂon of
noRo
gdsThsPd 3G B e Qﬁp%%ﬁ%s%é% BJ?%R Voflfind i iy &%@?%.PJ from this,

gas as a resul e expansion |lies bé

thg grapegtion|of gas is highes than @%évyfwomet 18 F@rforﬁtm‘eplptedpmtthedlﬁed in

_th@fhegé’%e v? the%ﬂﬁrre rbgdh a%c{%]@%g\e’ér?'}tﬂgrﬁo tﬁﬁgsggésa t€ re%@rjeefoss

ver e en
beitmpehoseh sudnthalthe ses buhelepases@gtebuteﬁtogerpaletss uaeealges sThe two-
pHRE RUxEROS $EnIse htd Bt mtteﬁ BatSPRedt \éEE’Aa%ﬁe?rﬂ?stI? Itl%hé\}ep%éf\glth
over all the passages. two- phase m’xtu
repreft thihg othes Sﬁﬁ%f@g ROASS®IYHwith or@(@mwgedeﬂecthns) inywhich the gas
r t
P B P et sty et iy % 1l P oot ere o
ch@§porm4rQqM¢ql¢mn peery opd@tisedasonpl etely, that is to
say the adjacent passages are 10 correspondingly
col der, in every operating case. As the main product
Ag fngrmain eraduatTam & single £olumatl eagequstnittagen 155 6alialrawn off
atdh@Wp Rdf as ﬁrtst rtelaﬁcdlé’t%naé?l%an@% B4 rﬂ)u%heg BFO(E.IH fgge&\%ﬁes 102
stream 1Is rou a group o sages
W@é’éﬁo?ﬁh&}@h fﬂOﬂbW\etqqgi tedhel weem ene olvknerinteargtask heahexchanger.
Inithé BEYcBE thd Yedim Q?Féﬁﬁnrgﬁ{e regign 'of‘ﬁeh:%uﬂtrepﬁl?ﬁ&t shﬂ?ooler 100
return streamin regl on- of e counter-current
COfNRSCIBI! qu*lreft)beat@esmgerwtbw the iwe exoeheentagnidhiangensvl 4 18a
arﬁchl‘ﬁeﬁ"\ﬁ tf@%@r%ﬂ of fHat rﬂé?\'ﬁégt é)[dﬁ%bﬁrbs intd fhjr &&%ea@%@ha?ﬁe with
then, in the region o he mar n heat  exch anger
the desd aicstreneng. g eiandd. s finally Heawneaftiatappraximatealshagbient
teMipBraturel 3% debeolid prelsiiiZaalprygudt amagy f at
approxi mately anbient tenperature as a gaseous
pressurized product (PGAN). 20 The remnai nder 16b of
ThORAEARRL Y8 B ih@%geaodén.frég&p@e%ﬁ&*ereeg%ﬁ R b

substantially co tely he top con

substasfiallyrromRitial ik Hiedos gonganset he Paridis @fdlﬁmmﬂsaﬁs 5@ ér@m the
tob%oﬁ@ér%'emfﬁ*cﬁbé b%lr@d@stllbgﬂmrﬁeﬁ%&ﬁ ¢ (BLIRY. 'thet J&ﬁ]amder 54

remai nder 54 is put into e single co
is 2yt inks thgkop Kidhe eibaigeaesann eerﬁjwtlﬁ@h@@d@anedo@or@stuamamn be

dralvh off via & pigediBeldgne 90. The recycle fraction 18b is

evaporated i'n the top condenser 13 under a pressure of
2 to

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
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

a pressure of 2 to 9 bar, preferably about 4 bar, and fiows in gaseous form via line 19
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9 bar, preferably about 4 bar, and flows in gaseous
formvia line 29 to a cold conpressor 30, in which it
is re-conpressed approxinmately to a pressure which is
-30 sufficient to feed it back into the single colum.
The re-conpressed recycle f®action 31 is cool ed down
to colum tenperature again in the counter-current.
subcool er 100 and fed to the single colunm 12 again
at the bottomin conpletely gaseous formvia |ine 32.
to the&oid A Y§tatkd Ager 03¢ i
° evapor aCE Eﬂhle ?{%t %g%t g%%}:%éggngee 10?3#% e'ﬁlhg%ke;'ogroefégeur e
couakr-gunr@tgumnolerdp@f 'éﬁqbﬁ':ymma@dtreat hgatr exchanpef withviheitwo liquid
I 4h 0
e EaErgRloR g Tl dhPpeh o e SRt A A
exclﬂmer 8ot indirent hﬂ@trﬂxctamwti"ethe 10l aif streponBdlt isnemoved from
th
e h{éﬁigrg%q Exbifery sagﬂg@}ewod% 3t b gntér\ffségldg%n?% rature andis
expargfidda apput W m’aarraméatatm@pbhamg@ﬁswe mrnd@clmgwwMemtan
expgﬁé?&n EhRD 9% V\Wlmf1 it hE ek glea?s coﬁgﬁm £ a bdrbd-8xpander . The
rennv rom5 the main at exchanger 9 again f?lne
expauyioramaghing it equpiedi echanisaibeiodhe Feld znmpressoreXhanttie tiraking
devﬁg‘%%twlﬁa'p nm?%rex@ Ya‘ia'y 8l 8B ﬁ{ '|scff%vﬁ g%ﬁ OIIHH%dMgk@gThe

In an pansi on mac

expé&%ﬁﬁfuéher fgac@@rmaa IUNRIETR D ta abeub@n@ﬁptatﬁmeeraturﬁm the
mte@?&‘?@d?@%és?g?%lagﬂgof Srhggta?rhwmg@%@m@& ,synlévﬂw wﬁt&ﬁ' d

atm@ﬁmﬁm ding 25pBoadiohesad injtke ¢l©amm1d@yceah apregenglationigas 26, 27,
posQuB@rlﬁ‘Slio\%&Ehéﬁ ng)frﬁ’ﬂ{éq?éétlﬁ GiNIEL 28 raction 23 is warmed
up“to about anBient tenperature in the integrated
heat exchanger 101. The warm further fraction 24 is

In tlfkln ) r? e‘nFHo‘Eilrﬁ%g th@ttéﬂ)éf?\la@ﬁger(ﬂ@ lé]@or?s%rhcéa‘ys%rfof‘&%ngW

eani ng devi ce as regeneration gas
evap@r@QrbMern@tMetym@ rb@tm@@tppw@orm faling fHefvaperatbe¢ar be 2ged.
15 In the exenplary enbodi nent, the top condenser 13
is constructed as a forced-fIOM/ evapor at or.
Al ternatively, a bath evaporator or falling film
evaporator can be used. 7 Patent clains 1. Process
for cryogenic air separation in a distillation colum
system which has at |east one single colum (12),
wherein 5 - a conpressed feed air stream (6, 8) is
cool ed down in a main heat exchanger (9) in
counter-current to a first return stream (16, 23) from
the distillation colum system
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B b@”ﬂ

the cooled feed air stream (11) is led into the

single colum (12), - a nitrogen-rich fraction (15) is
produced in the upper region of the single colum 10
(12), - at least part (16b) of the nitrogen-rich

f

raction (15) is condensed in a top condenser (13),

which is constructed as a condenser-evaporator, - at

east part (54) of the Iﬁ&éﬂ%,ﬁgrogen rich fraction

(52) produced in the top  condenser (13) is led into

t

he single colum (12) as reflux, 15 - an

. OXY G Be&QNb B b Jidhid 5F§/§da?at1%§7?r‘?5 'dfé%llétfbﬁ%%}ldﬂ?h g;s?et\/?@m/% h

fromthe single colum
hapiag (grgt enecsiegle coluaet(l Shwhemi) i s cooled down in a

CQ %Brtn Fesg%'(gfege;a LairsdRERORCE) is g&&@& dﬁwnﬁrhg iy hgag eéi?r%}/ nger (9

fract IS evap ofate condens

( DIpuntegcurTentdo e\faqztasetatresjraaec(;n@l é3)ffrmthem13tm2ﬂbn gaumn

gysémpressed in a re-conpressor (30), - the

re-conpressed recycle fraction (31, 32) is fed to the
— | hgenooled geerhaipsiredne (&i) nq;lbélnt@memmgl(a tﬁI)Jmnc(hla)r acterized

L T Ll T TR V-

I (M2egr at ed heat exchanger (101), - the integrated heat

~ CROCATRER ol ot rsthad] B RoBEtiRieeLn

f comienbe (48), dmtcm it hensaicen @8 dh aindehser-dvap@gioat ed heat

h t r trea 16, 23) bei
- AR S P iR R0 P arsdked rBbeddh g
eochdenserf(H B e mtvmugrmgteh@lumw e ab eshiujeat exchanger

t

(101 s far .as its warmend and, in the process, -
gvgsmam'm%fe&vvlﬁ deFtian (1hakip dé%é’té’h%ﬁﬁﬁ@mﬂb% Ringletgglumn
(ie2) i Iqmldjfofrﬁcycl e fraction (18a) and with the feed

ajr stream - the cooled feed air stream (11)
- b%\erl'gulﬂ’rrﬁm 9o 2ctiop $h53) eCaOiRcYAvAT B Frumfer-cgBeRtathbaprjer
(@b), in conpletely gaseous formand being led into

t

he si n%l e 8 col in corg)l etely gaseous form
the cooled recycle fractlon(1 b |s evaporated in the top condenser (13),

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
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
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

exchanger (101) in completely gaseous form and being led into the single
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2. Process according to Claim1l, characterized in that
the integrated heat exchanger is fornmed by a single
pl ate-type heat exchanger block. 5 3. Process
according to Claim1l or 2, characterized in that the
singl e col umm constitutes &he only distillation
colum of the distillation columm system 4. Process
according to one of. Cains 1 to 3, characterized in
that 10 - a further oxygen-containing fraction (14a)
IS olum (12) in liquid
fof%ﬁﬁwpgg .3@“%&p§?§ erfggﬁgen containi.ng fraction
(14a) is cooled down in the integrated heat exchanger

f Lon
I(ngcéévsg aggcér?@gqg?laﬁrﬂ e1 %F\érlégt'gﬂf’ lgefﬁ‘atqqg ?éld;%ﬂ.%g he?ﬁ&chgnger
e'i/&ﬁfmﬁfélbbé single HEE-WR@!;@M -exomrgienblogk f raction (19) is
warmed in the integrat ed heat exchanger in

counter-current to air, and - the warned further
GX9easa acerTeian e Glpimrlaeta, charasteszgshindbat the siaglecooamsi on

%ﬁ&ltﬁ@s r%]t%n ly @Et‘ﬂg%fl\ E&umrdftr}ezé?stﬂla{x célﬁ%%&&%a{ © O;S

the |1 qui er oxygen-contalning fractio
it is introduced into the integrated heat exchanger

(083 bEEBOU of Sl e o\ GIRSLALUL, By e o0l o

air str drawn o
i-ntedytarrey grmmeonsxining figetion (16a) is dpavrsoff Ppabtessmgle column
acqesdh E‘QJ'& frfd @i m 4, characterized in that, before
its oduci ng expansion, the evaporat ed further
oxy@%hﬂ%%naemwgewa@tamm fragstiom W isugpoigt down in the

comg&gfegq{ergegichtag%@ (io}yn the integrated heat

exchanger Ss accord| ng to either of Cains 4

an dh%comfwaberewgemcomtalnhr@tfractlen S )ergporateDin ditetopi cohdenser
re :g:)l e fraction is renoved fromthe single colum at

an intermediate point which is |located at |east one
thées evdperdtediurthenetygenicoptaiming fedntive (19 ds painned iatthe

\’m'lr?t@grlé{e% ﬁe‘éé&ﬂ'ﬁmﬁn ylg%GurgQP&mem{?)gaI ?gt ion is

renoved roces accor |ngto one’'o Cl ai ns 4 to 6,
chahewemnedfudhernpxyaen-centainiagftactioris exgsnamtihianexp@igion

is n?é%‘ﬂﬂe?%)’,‘ﬁfb@ﬁ@uh&%or% to the re-conpressor (30). 9

- 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).

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 exchahger.

Process according to either of Claims 4 and 5, characterized in that 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 above the point at’
which the further oxygen-containing fraction is removed.

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

machine (21) is coupled mechanically to the re-compressor (30).
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8. Process according to one of Clains 1 to 7,
characterized in that the re- conpressor (30) is
constructed as a cold conpressor. 9. Process according
to one of Clainms 1 to 8, characterized in that the re
5 conpressed recycle fractiog (31) is cooled in the
integrated heat exchanger (101) before being

s' nt r%ug&%aceroqnoq‘rgé%nla% alﬁ@q'tge gxrars{lsnz%'dwgg}%t g% dum

(12) recyc
cafrriessonf30) fis eanstrhetedl as @giokt @unpressorexchanger (101) in
conpl etely gaseous formand |led into the single colum
(12) in conpletely gaseous form 10 10. Apparatus for
9cr yo@l@ﬁé%ﬁ_ agoordirgptaraaeicbflaims 4 td i8s tharacteiized ic thag the re-
cTHARARLEN, 50 T e g S BT er 01
befonegreggsintioduned irdp thestbweareg(od, of &)e singie columing 2); ther rent
cc;nQpr@ssflédrré&ycr eeﬁé’(ftlg n‘iéi)gz%m (d]rgwn %?f)fromt?@ r#t?érgted I}eat exchanger

distillation
(10éhificagpletely gasrasg forawan r-:sd lrsto rtrmmqlq mtylumm d2xiheompletely
olum (12), - having nmeans for producing a
%leteg%)g)éﬁ rich fraction (15) in the upper region of the
single colum (12), 20 - having a top condenser (13)

16,07 ﬁi&%@lﬁﬁ 'fcﬂ'gc ehﬁﬁr[ e?alrattlof'?ﬁn 4 BEtnan%ﬁ Iﬁﬁlg&hrgyg@m which

fraction op condenser
h@oﬁé@&&h@ﬂ%é'”ﬂ@ C@lttmmﬂéhser- evaporator, - havi ng neans

r ich frac
- paybE 20N rERE-ALINS (T SAFRS P Rpid3 IR edmgioam . 0
cculv coantgricreastoragfirsiuneiur2 Strearh 414, 12§) rerartise distillatiomadlogin
of stBf, 0xygen- contai ning recycle fraction (18a) from
th single colum (12) in the liquid state, - having
—a ‘hevingtnegans o leading theaooled fedd iD3tréanm (1) olto the oy colben
5 id recycle fraction (18a), - havi ng neans for
|At r‘'oduci ng the cool ed recycle fraction (18b) into the

-t dyaving Onezmsdensreduding3) nitrogd@vitinfjaction €4 B)amHeasHer regddh of the

fosﬁng?e opr es Jlﬂg t he evaporated recycle fraction (29)

— 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,

- 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
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
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fromthe top condenser (13), the re-conpressor (30)
bei ng constructed in particular as a cold conpressor,
and - having nmeans for |eading the re-conpressed
recycle fraction (31, 32) into the 10 |ower region of
the single colum (12), charagterized in that - the
mai n heat exchanger (9) and the counter-current

subcool er_( [ f by an integrated heat
ex%ﬁ@e&'mt%g%?%g%-wthﬁﬁm%g’egr ated heat exchanger
drkPdgtetiged mghat first group of passages (102) for the

first returp str ko Sbdddied far@m
{ hihepPE Nest eRange) (of fhd hElouiter ?‘ﬁ”t“’é"g*?a?ed sl

ex ¢hafaary, am inteheated heatedhasioet H®1).nt egr at ed heat
exchanger 1), bejn - ffraksageadi 0m)
Thns sratedpart SEhpct g Fagfly St F’g&o @:ofm
passaaesirst idurn stieamidBr2Bnthish gpe treHahJFore fothe
exchanger 01)  bein to neans for draw ng

t hevamyend éfitﬂ% e%?thg%gﬁ%ﬁg%r’ off fromthis group

of thOBERRGEDS the ihtegrated beat@xerangent!0dx bHAG §RANSCIRSP

bei ng construycted pn, such ; i hrdOp bheassages
openaanoRr @Pg‘f‘ﬁzheaﬁrﬁyreg%rﬂssﬁe%}ﬂ&é’%ﬁg{nt? gﬁ? N Str IZaam

(16,0 9dkmi shad? th idteghdted heat exolaingec (1092 beingsemrastps to
both wth the |liquid .recycl.e ti is Bfglipwf t h

t hemearsifosAravarg @‘ﬁrﬂr tg?t,uyrhﬁaeaf_n{ ?I%eb agﬁsiggéhlfg t he
intggéﬁégg heat exchanger (101) being laid out in such
a y that, during the operation of the. t
coothedntegratechaat K¢ ((ﬂ%)ﬂ being GoNRIHCSR %‘?Ag‘rﬁ Wég_ﬁ‘at‘

i nt gqr iof ¥EfMREBArat ) the first retunpbieearh (16928E8US
20 Egﬁﬁ@%ﬁ??w@g Nto the S ngle colum (121 dRion (18a)
conptaeigbt mtogaglmgegtcﬁwhange both with the liqui

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

form and is led into the single column (12) in completely gaseous form.



