1.1 1 « EP0412793B1 ' : 2 Description

trogen product streans; (c) introducing the cooled and conpressed air to
Description for the fql | owi ng Cont r gpbureseat es: an gnternedi ate stage
of a single distillation col- GB, SE LI, CH BE AT, LU

um; 5 i separating the air |nthe air, into The
present ?er?\‘/néé]@ on is directed to a cryogenic ﬂ%&%%én}j coMprRsdIRF &PUS

ni t r 0genpUfplidhas thelbiBRiRFConfiltingdtiRay .at us for t @.nﬁmaﬁtsiam%m?e Gibtfatidh gol-
fracti onggRg, (@ /CHOBI, 9@ LuenT | ched [ qU| d bottorram.duce gaseous nitrogen and

opt‘va-aonal ly litquid nitrogen. fraction and W t @iisepurating thd af intiRFinthe @RMA into
frac- Processméseitaivertititis Gind tbla dydgénic ai r t 0 pEdistallyPure gabdo mitfdgeriaviihad
col um; drécespand apparatkisToriliv sefmation aittoged f or exfragibreandian okygenfenriched Gquid(bejtoms

f or war di duge gasdae$ citrdgemdnkd yptiahdlly linfiid hilvageoxy gen e nfracBorPH@ witBiBawdngch stream of each frac-
US- A- 3, 217PrteasesTin the eeppretim@fairdeproduce ni- 1 i ¢ hetlonifloguihecbolbmtit ons st ream and a
porti on tegendneknowry g diksioged for exampleitdSA- oo of  ale}forvarding@iibstantialiyalliotthe oxygen en-
gaseous M®AFyen B%Aar3245%02s Thesamroresse? ¢ ondenstichadiiquid botigms stregnandsa feitighefithe
pr essur ePrevida for thecoppration @t sipgle distilation, pol- ¢ her ej ngﬁsﬁ‘tﬁ‘l‘@?ﬁef‘ oveehed syt th g candens-
be- i v %‘%’E‘MP’%"“’[ ’?593§ QF'&‘P%P'%F“ d&eous nit P’o i) i d“"" W\E’@PP"S'H% hesd o ns
st ream aiEY V%‘”Fﬁ‘ n enri ch 'ﬂm%’rt?ea'f‘ and gveriead sipypm
fromt heu aﬁ’g | u |r s uu 1 eemjf Ched Flie Ilquldtofonnan

distill e o8 Dot ? "9 20 0 PR as
slt felamamd"ded erex an %Xs'( §xg€ thgrrla)g(]g gl:lg n| %m’n ? qu as

Z e vapor i %ed” oxy
gaseous iy £L| u?re Er”]at% roge” entg & élﬂg éﬂléast aarka?o%&rﬁ n'Befhe te
ni troge 'ﬁg :% feed ajr a8 S arg abl emtr@ge é%@ Ltlol%%s
40, gol e (Dé,Armwésl Gﬂcl&tas h@a@ss oaarmhtor port . nnngfreftube | qw d percent of

t he feedump ko s3ardie ﬁurrdge.e RhdPrétdssChowever & Ni {g) eprssiiglaBiadit 4 fidst bétonloPtRe &

t he. di Stdnlyl caétiefféctiedfor thé)prodictondd?Very Bilge di SC| 0S gén-dnhichediss® sttdamandR&dling the com-
umm as rqahtities of fitetgen, 6.9. 434508 31660,000istapgen. Thepassed Brstportisihedkygen énriched gas
conpr essdarigmijier daya@s o200 inilidn gembdrd eubicof 26 he Ostyeamae thg bottai of aiiel distitlatide cdldrin

t he pr odemttiayd8CRI)). To@nhantezempeationtieprazassi ched gawit®utrchangingithel cargositivh pftige dxjren-
corn- quaesdverhess vafountecompregsion wiichgequitgd4, 500 -t oerisici®l @asiBBide tha distiliaipnegwweith-
first poompleyandtostihesuipogny makingritunedesathi-gas dar derfupstrepmoedowtsitearh otthe confp@Ssion

. mi |1 on ostfahteagveries ibihe rangs of ises thametowt t he bot efoaid &fst pation heseby ephandingritiogenum
* feet/day®$ (15miliaa $eEPIce separati on Bhe pr Bedusecoveryfrgmiegin changi ng t he
conposi t i oHS8H PRESHe tféﬁa procegsforseRarabead vap oG‘P WRrgIing e remaindes of (e, ggspous nitro-

requi r ed"d "'fmgean"wr e K?Ula "‘f"hé\ di stl I I E&;é ?fh?,’dlsﬂmélﬂlen‘eat@é rl"’@S(""and
costly
]fc:orrpressFLo vap r";ﬁ?ﬁi’gmw mb‘en range 0 w tnﬁ: ;f;(; vé’ aJ]

| st pOpre uaepq&z o LG Leratalt by iﬁm éigogﬁg 424 n
30 dtd & Sy, Fhe rejebt s re%rﬁ- g d9§§1 rdtl qgr“i’l?es
for sepap[ réiked and neddd tHa raell tgL f r&j{l&log pFUdL&i ﬂor:aﬁeam T

ffader o
from ai rpehfbad sﬁéaﬂ@ t&uﬂﬂy&ﬁn Jfﬁh'ﬂﬁ'ﬂm@&f ?Qflrgt\b% foﬂnEr@a%mF the pFer%re
héay excriaip@edss Bicid 0 o508 Weaar i Ghed | bigdiedud tedirt Ndrawn Trom

heat exo/astageusih thit ilri@ires HiEREAGHEdostadd, and t hg) h%tm@rf&la&nﬁb tﬁéﬂ;dhlpﬁ&suﬁan
col um. cAmpiaxity ofafmetnb@ne separative@itasd in thgt t he war apwithiprddu@ge disieelebeae St r eam

| S vaporthe esited ipsrmeste gaxdstteam aliiDinévitabiyinent  t em (c) a @Sillatioh cobenmfon Separating the cooled
subst antduge hitrogen with the tresalytbat some ditrogen fser at ur e, aininth 2 subsiostialiyt pae Daseons milrogere s

i nto pernetrecovertd.om t he heat. exchanger. &t e aneverhepdfeactionandanexygerfbrsicired jiait
stream i s Pushogystems Thasacteristically i reesves| enly pr ovi debottom fmgtionr at us for the pressed
and r et (AP @5-melgperoentof the fea! itaF 9. The (dhp eenderserdes ablpashpartialigepdensing
product AQdyeh 'HF fn qirg Ai3he iayen ‘P"FPEQP@' stream F §t“t é‘!fl g %HFQ,QG“ praghed fre

“;RW?W‘??"" pergegre
i scl os: mgq frags i S %" g_;e@aﬂaﬂxvg%' ety
in that " Eoé@ﬁ'efg‘ t he..addi t j.on st and Qmﬁ "lﬁ°'}a§8’ﬁﬁﬁ'bw&gﬁ

t h 1N € presan tll% lonl fe?sp 9-

e high )8# (?nf J]ree rane se ﬁﬁt %a;asfa‘ rr:‘a}[nt;% alr
wth prq f@i manIhe vent ﬁ; ﬁ(ﬁ;},‘
inevita o)ﬁpn‘is gtheste at Ion colgm f nsé' fﬂétill& n de
ni trogen Wg ﬂp@sﬂg%&sf&é&%‘r sone nitrogen i &)ase@dnﬁc&rﬁﬂr&scﬁ‘foﬂd sﬁ‘lHEHe belsy

pur e gaseobycobing e gshiprddsdd alr ﬂ@%@é)@ﬁhﬂg- sure of at least part of the oxygen enrictéQ gas
over head f erdghdabéxctaigh witherished 6Xygenahd ihed | i qubicbaiiifidlseBdn badipressor being positioned
characteristically recover only bo,‘; tomfraction; about 35-45 nole

percent of the feed air as nitrogen (d)” a condenser for at least partially
condensing product. It is an aimof the invention to provide proc- a
stream of the gaseous nitrogen overhead to esses and apparat uses wher eby
the nol e percent re- forma liquid nitrogen stream by indirect heat ex-
covery of nitrogen fromthe feed air is able to be sig- 50 change with a



3 3 < EP 0 412 793 Bl " ‘ 4 such that in use it
recei ves oxygen-enriched gas enbodi nent of the invention usi ng col d

conpres- at a cryogenig tenperatureg P%Q?Z 3B 4 Sion of the

waste nitrogen recycle flow wherein at gg a second recycl e neans for

returnlngtheln- | east aportlon of the work out utfromthee

creased pré‘?gﬁha "Whéﬂc §a’streamt gmbodi “f' 8?'%&’%‘

t he col d r se‘;o:" eme‘:e m of the e'%';t‘?aff @?ﬂ:,u ‘x %

ena-- g] n eé r duct recg Et IGE 'E? o ok PAOURE
rreans P8 SoPIsSe

5 i‘s—a sch

the distil F%ﬁr s entt ?H&u ﬁt,rtes%ﬁu.&t.&wdf taﬂn,fsgé
and the in he.ﬂ &eée SR4TE QRtilla. PT €SST Ofnddmbbdiftent'sk e fvahkibd ﬂ&&mmm.
recycle fl gy Bim®aHd tRinidt 8RS S3BSHd Bdnfprdshe out | ebre&fontohﬁlem'ﬂﬂ'o{éﬂ vyt R By Of
the total gitaiintsriedats the biitleVd 6 sédoiBoi€ DI €SS pkand Bfthd 1B@I Ahilbib Aa&two%roﬁﬂwm
for changi pgssor shd theldistilRAENGRAMASdr chadbiy €118 T ef furi@eXpander Whdréin REGSHtIORT subfied
CONMPOSi t i Othe Cdompdaiion sl @@ Noxpyehiendthsl gsS, byoah extern@psbdrédnal sour ce.

wher ei n i nwhedén inloss the ditraggreproduciichacivereds I eC OV eRefelringte Figure i bithd drawingg | ritrohe® f

t he dr aw nfyem the s#id beabgreranger.om t he sai d heatreexasysgmi2.provides for a stream of feed air 4
recovery s¥puegitrogén product id eroddced btheinyesam of b dededdnte asopressons. (The (peultingraosheic t
i S produtisecht bensidérably legscppwer than genvéntional nt1§ opressedHir stseanyis ferwariliddo ancaftericodlen gfor
com ti owstems enepleying|a single ¢istiliatiog colgmpeFurt han clhhpupRse ¥ fpoling 8nd spndensingwaipr va-
stream |t§?’<ﬂ“ﬁﬁﬁ‘ﬂ@&t°8°fé?1"'§r't°é'ip“‘é’ P@?e"‘? for i Thereaftes thercepdenagt éF’%'T“?Yg‘F ‘éasep'
di sti | | R3PERR Map AeiNghe ressoy “z%'\'d"??ﬂ‘d’ﬂ %

t her, at'hT"é‘&'g‘Pd‘ﬁ"s (S’F'P? rf"‘i?f"qt’ 8"9&? T?ayout Quten 103 "'10"

_°.°
0

Thaneaft [re re Last I & ? i f a % c a ew ﬁ n-estream
conpr esshczgglt u% and ALl xé%jh‘?é] ln
the refepqd _,. - bo. suat wmntF qmewcha .30
exi s tH ﬁf rem Qmﬁlnfuésts(xg%‘ o ghi il i

es t h ﬁ%&ch@ﬁ&ﬁ Afftvely? faf tz he ;ﬁ»h&dlcil ﬁé%@%t?o@@@ ?alg[es

St ream tdRb mhapbeasd 8Gerhdle fnpurits BiRPlotsl- DY heqlnd watlodhd Rardbr dloxRiB deposited in solid
OXYygen- agrdisgtR hiriCfhonQ¥velshb B6Ht exdGagetSt t he foinf froRORY kifdFelbiiotatedlaftat AWitd 3fthe
stream 14 mRgcoRtiaiide @licdh afdrRlivedspactaiam 16. | fasdabe irddte visié@rBgen Birdat Rfproidte
st r eam Wahtidh, the fiest\porticrd the ‘w2t aitfogaaTbxys hown valvedangtonauitd are prodded &renbide thedir and

“1's i s opjenemizhddpas)liscbiadla told dompmesser withip ursb t | esBteotengassages taberse vwitcbédng heat

exc hang eout first beihg wammed to apbistegpsatee i, r ever sSi figp cheledtair etraaindaagiag the heat exchanger
Al t er nata postioy of thepaslc eultrut fronPe tushwexpentiecal | y #2nwardoiowdhauint by tieersterengei 18y oganan
pas s agesmayibe puppied yo thecoiirowipressor Altetnative; npur i (optioral)ges phase apsroar 20 which abperes im-
wat er ani evelr Hehar eHtryls of aitigeanpsedugt @i be sol i dpurikies Geah§s enydesidupl carongioxide and hy-
non- r ev eictipyeg bysing a'é‘??é’ﬁétﬁ tput froR thetyrr o 196 t h‘!!""a'ib?"sa e@!%t B‘?eafeé'dﬁ'ﬁf filteredyair
switch o‘T°e’EPﬁ’é’°T'H°8?fEt6|"H °’W? resoralA thig t er na‘t"ie%" 'PF°22

Yes
into t he“t’it'a '@e’ﬁ'f“t"r‘ gplied o t Hpori at € "P'Eﬁ'? he “ﬂ“ﬁ?"é’f” i Y
the was v %% ?@W@g{?ﬁ‘d cona‘ﬂ?’f’gegra%a' fg@ a o g:p f"he
alwand é t o 'Fl us agoo%f,ggo a C49 l resu§ oooled ai 2 n E'lr
ni t rogementﬁ,ﬁa BthreroUt 1 '.fef'ate ol Qih sat.
tenper at diiige omp g nQQ in%&ﬁ't ream | egitlohQnd Rﬁy Bﬁiﬂ rlﬂﬁt& séte This
portion of g ﬁEWé%cﬁéiﬁa@élﬁovJ Jné&FHnIJ?@ﬁFsW boexfraEiters dldistiliah RAaSdi N Redsai he
reference ddnpaiMe@mBodiientBrY nildsye §ablalold t O dtd) Biq@i@lddor QBMAE 85@kss transfer) stage.
Al t er nat i vesing o ghipalityOd? Rbak ebRSnghre HBIRIRILS O14B €1 Thé Qodldaiaft BreaMBO isldBparadiad by Yiracng
hi gher out pwnérsingd hedti ekéhatter wiéreil URd emtiie) De  qfidtion R aSubsRntRly pufdgatedts kvmbn
car bon di owasteniteagehn styeam odairmsadeshdlayortied Ng  al dverbbadi(fraztion)) alstrexii 33 0f which@xiistatthe
tur- 35 ofrtbe rared protidve isclompressed lad eesul t | tagoffthd ¢obmpd2,and abiquik pggeheanriched
operat e t htrnedlodhedistiiatiossaumn; | n this st r eafmctinova stredin S8 ofardlich yassésout dftheibetnc e
22 proceedEICYRER is psthemetisr flowi dingramsof smp pl 4 e com ¢f theslump S2.dhe Kquid siream 36tigcoglad
(opt i onal ) begiresnt @’)&Wmﬂﬂeﬁmrﬁemm@ ai r i by presege thrpyghen {dptiongl) hegtexchanger 3%
addi ti onal Q?WE’T H"'?ﬂ ?W@&éﬁ WRET COMRSPIOT: 0| edaga'gﬁﬂ'ﬁ#”‘!t?f@‘"eﬂfl!m)ét‘ e’trﬂ?"aﬂf"’“ﬂ ow

of oxygen F’r‘fgﬁg st *Ptr?egem stil | ation $8 40andnitrogenp ﬁ;gb@
t i

the ine  4ff ip ,@ ey w& st#eaﬁ?%:aﬁx Eﬁ c%b by s
now deSCI’I OIBCVB usngp m?ecua QV? WQUH ref- |’ ;%lq&g? él ine 4

exchanger ¢buet3 WP el to difyhfint N _ac p rb%e%%)% B S

R fi
. uration and nmay b ' pa?"%%y?n'l Iqu,?ld sta§° 'af’ﬂ %Ellg g?ﬂeﬁtlc
fl ow di agram of a f| rst streamenters a¥distillation colum 32 at an
I ntermedi - conparative enbodi nent of a nitrogen generator ate
(liquid-vapour contact or mass transfer) stage. using a plurality of heat

exchangers including a 45 The cooled air stream 30 is separated by
(f ract [ onal ) rever5| ng heat exchanger V\herel n the ent| re distillation



5°: T : EP-0 412 793 Bl : 6 overhead stream 34
through indirect heat exchange. greater than the operating pressure of the
distillation (The str@aam 34 of nitreggesiam™sadivi ded into tgo portions

colum 32. The resultl ng corrpressed gas stream or sub-streans, one of

whi ch t ed
af ![ gr ;'rslah &sﬁ'agd %H%o Flit mm ':?:EX%:: Qﬁggar eamb%E(eg hgll; ﬁggp%raug préigurg&gt%gm Ez’l@n

further £q oae Qfch RTIRELAHE ¥ ¥ore %71Q§%@99\e§n
count er GJ4h e Binb r%f&mbhstrféstménﬂ& tabik bHsEBa t hr Qidatbr eartneeessr Q%t%efa&ﬂ%y'b&s
t W8 i QUhBugeNIR¥R Sichen@é38 GounteRaiéray 1obei Ny IMPFetiRAbd thibGshMMektOexthafiges @4 Arofnits
and r ec\hd IrRgid \ékygertstleam 86, Térebyobeing warfiad.s Ot hewars toite 261 &d, dnd tetyeRe Mia b M3 VLG thehe
heat ex-Thishtiier etfeadf of tniiegadi I18dved thatheatex-COl UNTbofién stkhedistillationsaliinmred? whste itdepiagay
38 (and dhsngadd/(dntid nawihdiatel by thdrefereadedé)ence FHgil up®, bws Incregsing theniregen necowasiosy -
t he ni t rang &rhena@aned to/apbiest teragechture by aen war reihie fram terfeed air. The additim ofiihecfedslyair
pas- sisegethibughthethbat efchanderd? and thereaftexigdi t1¢ orstredm 3Qabarf interhedipte stagegnd re¢ycled ayir

t he heatpassedvialingdt out of thesyptem2derasgfaseod s 1 (wen-sorichashgpstiregm atdfe bpftamaf the cilumne
stage arigtniteasgl ed oxy- passed via |ine 17 Beemip the massipatienglagesietweendibe igs
prod-  genThafiondented "@}%“'@%P’em sendsfigeny o t ort?téf“ Ehﬂ? tt’E)Ft[Fﬁﬂs trce upadiep 8 gEpping

32 perm et vvee The cond dliquid
4t6§s‘t?ﬁt§a'ﬁ§%‘§"qt"f‘érh%‘ft@?m SQis &s"'lﬁr rPegtR %
ni t rogerf‘"gﬁ lel ‘:ISO o al nt e hz a single
Strippi rl’r‘a L ;?/0" Ut’°<5f "The f’ngé"é ndJ4 ei. e ”t:’;:
sect ;jlon st st?ni{fé’ i qmﬁ.r Gieh cx,ea% e ceﬂ e
ee
52. Th . nor nQﬁ’erJ rrsz .L surn..cte «mh n.rt
tign, howRes eexffr EL%P nber 8btsd m t I fEpBsRs of SEHANGE Hisw afii o An ed
Figure Jheatlmpaés tlﬁo 3 t&e'mng%tr O r etdk BifeaMiiéhvihd thEcondenkd? abVEthe distilla-
di Sti || af epves G bdéiMhe féed R GEant 50, TRElpAt €d Rion békind iGhoW destBedl 12 i n Fi gure 2
32 wher estredm S836a¢EsthéXipateRéhbnhér 12 at a position The oxydeR-etlchedQitrban 14068 PR MESHY

t he enbaslermedibte the @kids of the hdageMclkanddr 12 add Qs t | paBsage thiddigis &n e@tidnab head bxchdnger 138.
oXygen- dfows thadigh 2 (pip®) line 56 SAsaeor@pottibmdr S howThe wadmed gassstréam tiawt indixefed byerefereadee d
gas st r esabrstoebm®a bithanyydaerrictesd gésasirepar 5438 | S 159 isrdividise intogthree paxtiang yr subrstréame i Of
t he oxydwopasses hegtezchahgent2eatd bymbineswitige t hr o Ufig$t pértiontor suk-gireamd 6% of the oxygdnenrishedya s
st r eam |waapedrags fippdngcthmqubbriine$6. Aleoopmbindgde di stdap stgean 154 dowaymed ip gassens| thredgh theeed
" air stremprstream indicated hy refar¢no; 6T et tur-s  §ow heatsxehpngerl2ihe wammedgps plsapndagveshe
heat exdieemgider 288nd expandsde pearly Atmosaierico x y g e rihe bt exceanoss @ ea?ﬂf'&mtﬁt‘regn \W&reﬁ%

by i nt er%&f’%{?’é"”ﬁ'ﬁ%"’@'ﬁﬂ%‘mofeq‘t"ﬁ%ml‘i%"‘&tt exc harf °f T?“&'h?:l""e 1 % Bu h

an opti oﬁ*ﬁ?m ﬁé’%tt' sé’SPEr? §?°°’f3‘§”'°1’ P %‘;n ges ﬁc" ﬁ;s
t 8
b B %558% e il Sy
ger

sub- str

:ﬁﬁeﬁ °" ﬁ:)% Aoty
portlonés fen enwe. L m&q Nedbigh-

i ne geﬁgest Vb Redh s, | 5 el Helioes rwaa&tﬁ@.qa (N9t bang S
stwam |d?,g,rggfa§4e mygeej:g,rcﬁ&%s ae,n,toe,r S 4 tddhge. 30 heat exchanger 112.

var med Oaficatll bfidileh@AB v HRARRRENGSS and exRad sortich onaarstryanammmgea

t he heat24xehaur@SturtRer calingdds thk Pty pesbaseen t hariehed GasRiremE154 Pasdés@aislétéigthrough

r ef r i gertadoighithemhedyexch&deri12. Thkedpgehlaarichddner e of thé hvabexgianger H124ad, hbvo indidateichy eatdl-
porti on gas seeam exiting heatrexthangdrd2 isShown &f t he enrec1Bddiops Intoiti@rompresso170. Thd resdtim
of the ostggems.enri ched gas stream 158 bys sihg @mpreSsd gusstiegm, mag inditdtad by refer-

t ur boexpandéhird peticnd sifestrepn §Z efshe drpgereat  exenhelTdds thanip2sssdtiroualvan sites sooler 172,
reuni t ecenvighethgasistreameis warnged by-Hagsagethroughy eam i heaietifoghchiept exdmnger 2 and ghen pig ling on
or sub- st# heatexamager ¢, prafaraply fsambigny tempera- o own st7f énthe kattom pidisliatipngolupp 133

t ur boex pHigcportog orsueemmﬁ@f@ FEeamB@ift er s t ur BJUGUSAn the strepopf aitsegen produgiwith-
expandedvifidra “"%ft“?"e eé‘k?"f"? atﬁ!np ex no‘g‘?""“f%’éﬁ?&@&“’[‘ﬂ‘gﬁééﬁ"f indicated by the

at erSph }:3339 stre g{é ghre ) errgnce tg6l’%]l >
Used t O ?1 I'emal gtl #S t he S¥ §an em ﬂﬁﬁi ‘hzztnven nergal

i nconi ngst 'ﬁ“rn S é:‘fﬁamg heat' sitar to thb 5 d,hﬁit

r ever si g, ;%4 h © B e o&a‘ia oabbE s

40 er .,ge+ Drich& g%r; @t'?ééﬁ\ P e g tior s naerangeﬁvoﬁ

porti on Rdicated lBy ﬁrB Fe%?éﬁhé'&?us Bdmpkedsad @resen- eﬂ% KHAOY leffiSyeb UK e sQéhOHeédWSlr

for the gédsorto thapreddfe atditleqd Btor GiththSt I €aN3trbartt isPASTEH a@RIHRlifRaEInYini 277 Ghig
t hrough the heat exchanger 12. The oxygep-enriched the heat exchanger 112

and, now indicated by refer- gas stream’®xiting heat exchanger 12 is shown
as ence 168, flows into the conpressor 170. The result- stream 15.

45 ing conpressed gas stream now indicated by refer- A third portion or
sub-stream 62 of the oxygen- ence 171, is then passed through an after
cool er 172 enrr ched ‘gas stream [ S war rred by passage through back through

R ~ A



77 i : EP O 412 793 B1 : 8 typically contains
beds of nol ecul ar sieves of zeolitic needs of the plant and to supply the
energy for the rraterl at which is ablsrdﬂzthegenerat ed asd which re- cold
conpressor. This "equilibriumpoint” depends noves inpurities such as

carbon dy één)ﬂﬁ&aﬁ%@ Bfiioleciid} 8idves Bfrefifdt UMM O &E?&ft%qpag{ &%%J&Fpply Eh'%eene rthe
refriger fsamk %9&9&'3 te\‘j@ﬁd%fmcmpour idPbhimiphebdof Tis equill :5:% E
the pl anhoves mﬁmntﬁes@h a8 Bartio dlokide, 36rkhy@Nd  aNypoh ihdzolufrh Spdt RS Sdsstird rﬂm& g
heat excitgdaiBhs ahd Hatef VipSU Hpurified air stie pr 0dURdetii? the Bt ileEralBtHg %o itslsREand anth-
ef fNgi engiopassed thia@himedRitbhdtger282 thraic han g eiid praduction Redireiriefts [thetfRith £i69 6t Bdth

-t he. t ur bafubtivdesxctangér 24acaraartdithe BetpMRE SOr . th Gurbexbandet Arldahd Gl @Mpréssdr. 3Rere

Vi a | i nedistiBétion column 232 vialine 280.€ Ot her f act or Sare efyer fhatars; e, dtiatibnappressard Idfops| raaP S,
and | n addirt addition, tHeembodirosht shewt insffigwen3 | N Fi ghwiceof emperatuires of th flulds fiyadtigeiibtol bath
of the fditiérsffconf thajwhowy inFigirs 2teith tespeictitthe s f r othe fuskoexpauran andr the-gald gompi@saat, wihich
respect iregtmentof theyaste gxygeresnehad ogs strpain t e cesah gngop the eqyilibdvm paigat nent
of the wowasteniyeeegd paseing thouahdh exghpigam 10 The shaft puipubof éhets'e,fbﬂemgdqoh usétito
equi | i br #"@M3- pePiien qrsybsdieam 376 of Bigagete nin 5 g s nwwimﬁd'ﬁtﬁﬂmt exchang- The

shaft ou tf?f’"‘? sf‘iﬂ‘?‘BH’é)PEem' tignuni sed to ing a col s34 of he waste nitro-
sub-str '° s ng ﬂ%‘ ‘gl ki ’ '°‘f é‘&d‘s"f"?"ﬁ gqlumn,
stream 2 f'(ée"b’ B‘ﬁ'r‘ﬁ" at |'5n uni-pre Yil |la| f"°“‘th°

exi I jon air fee to he
conpress pu| serve a
nor nal | mco &uni?;} isvt%ofoal | rs{'nglriéig zg?e di stil )FeEvgﬁ en q?gggroo-
enteri nge o firs bdofhbsd dpPropHalely | dués &9%& nkih&d
recover yjhq Jn ﬁgfﬂaﬁ&ﬂa‘ir%jaut&ﬁd?otﬁe rel N ﬁper at’l’hé)&nboal htriﬁfstrélwﬂ Efu Bthe
ai (S eedmdifing ta8s, Sdhe firdt BlolirBgereitddMhusaNd  begigwiRts shiws theddefclé & chld BgdntenAsha®” b
| MPUT i t i @ftinubuRBberdtidn of thd Lnit 2B MadipobRl 0Y ( agas8kyged- ﬁ&@agtm.se&hﬁs%@ﬂtmm
i nconi ng  afrkie embbdiménts showr iR Figirss 11G3 BEdE ar e §@g eitRitdeing wariied RCErbRAREHpeRifure
del i ver i dwgctéd tp 0trhprédSior0df atwaem lygéntentithed ONCe  inlaGedt éxtitEngedlMOEBpEF REIIYEcompressed
appr opr i gus atreaml Thelids) the eaxte rgfyogércstraantiwhish padsi vandipuriiiedfeedairistnaamsito is culed by ygissage
Wi t h i npisienrtheg dn oxyden) i waomedid essentiallysmbivi t ¢ h etfirocugh athias excbanger2@2. Afdrdonersabsidiang nt
i |1 ust r agnttdmpenatiie bypaesade thfoughtacheatakahangg bedsstream @14 ¢fdhef Gopled aigstrsam 310 is passed
r egener atréefore Phingscomprgssgdiandyscydpiadhetdise 1 ecybroughan optighal hek pgkanoes 4§ inweich itis
. cont i nuotligtion seluran. Tease embadiments gl impgope nir 5 ra dIrtfirs eaglep ard condgaped beforgpassing via line
“ oxygen- rifegpn gepyery Quer tf?%"°é§!ﬂ'ﬁﬂ"@§'§éﬂ“ﬂ“ﬁ'l t3§ 0618d“cﬁﬂé‘t%'ﬂ!ﬁ‘i’éﬁﬁ‘?§ﬁ?f§d§¥‘ll§%ﬁ‘ cplgmn

Fi gur es O;lont%aycmeewaaﬁ mtrogftr?&tfg;ﬁ'gcﬁ%e ¥ ﬁﬁ;gsqge AR ﬁ-qf Blipe
di rect y ;
Nor §Cspe ?°E.‘87 .: 0%{“8 ?&' ; a‘g?regarenni Eg - ermege %%P%?“Eg i
stream ( °"%},ts usg . N fe el FopSUTCIHEAL0 . (2000l S DY RAGIAEE. | S
enr i Che io 9 n t Fall thto @ stant? Qeo sni n overhead
exchang g Qrfd sh&:ﬂdl {h§ anlk tenpan thﬁ ofB 93&

heat ex ﬁ% be a&ﬁJv@@me agﬂ arr arxsctx{;g%ﬁl@?l liyud ﬂ%ﬁ&ﬁ&@aﬁ%&l@é&tﬂﬁ e

bei ng codpnd ey, AR nts ko dfsmaa %oldl S-  frdl QbSHMo .ﬁaftﬁmmn 2, egémd stream
exXglrangaimnobbrating praéuedls biteasiob pdid, leredd) G/l UBGR.is chBIBES 1354a me{ntas, exchanger
| NProve déhough ehdifiylaiatiable in Gle BiiboepAngicndttRased  bedsQigsingd aSEtufOoxyded-ehfich&l §ds Gfredim
I ecover ywasiseiitrdgadtto po@6 khal mridl tréfeigeratioro NP €S340 adda suBdi@iary bit podadt siredives4pehite €
st age of neadsdofsbe plarittand b @olpesa sulstanid a r egon@hewhidhdy taken from thg etreadt 33¢.Me re-
Pr ocess eamou@dfthe weastegasrdcypestreamin apler winbsi di asujting¢oolediory@Pendohed liqgd stredm, now in-
appar at uesease eitceagh tFooveryt Buck aschemaminimisen  e#ip| digated b eeifesehce B4, s reducachirBaressirg by
passed dhe anquntef eqipment whishneedsiéofiednstaliadpr essi agsage througle valresH8, 3iid enigryemandegses
means  bigtexareniget comprepsor wiealicaithe ddvepefBtheyf  t he34§ivigding 343 The gxygen-enrigifed sipamg
i mpr ovedt"‘Fbé?f‘B‘V@?"lségf L P?F heft qxehange; napres f?ﬁn- ubgifs indhe copdanser Yfwhile gendensive ﬁtpg"

use fi rs‘!’af"gq sé’eam:?sam };‘% iﬁ e%%’ﬂ upsle F’ﬁ“ ?" :U;T oy

t t b ea e
:5@2{ gnte:g ‘%e@f . 8‘5% rfﬁ'"ﬁeé 'ﬁw'B‘?/erh(raaﬁ"n %&% eé"f(iﬁ m 8"’5@5 H?'V”'f he
shaf t wopkoechy e n.wai?";tgmt%i'iop of "¢ a,mﬁ B Diyodh LN
that cangpe il¥ekobe e Shduntor a gasd,Ja an"i1 ) Mgl?e%ﬁdl

liquid bﬂ&&g@ﬂ@vﬁﬁébﬁ?dﬂu%%@pﬁﬁ%ﬁoh'ﬁ@ﬁonﬁtp%ﬁ Y PlsH wén'ﬂ %E'sls e'ttﬂo {hS
di sti || ajiirégBn FeRdvery by'cOfiprédsin BIGbdyRliRy Bxy- t he C aftﬂmsaya y §9 Jneé’i'ammm"
oper at i NgenfehMREd Jae isinfaxitised aﬁustsuf téih 0, t hedgastedvingfe hea's&@ndngeressphm&med
passage ¢§dskemaihl availifoth castomIGaErgiaibgn enepyye rafddhdeadl, & divided O three portions or

t urboexpansion of the 338 against a retyrn oxygen-enriched gas stream
waste nitrogen to cover the nornmal refrigeration 340 and a subsidiary or
product stream 342 of nitro- needs of the plant and to conpress a
substantial gen gas which is taken fromthe stream 334. The re- anount of

. the waste gas recycle streamin order to in- sulting cooled :
oxygen-enriched liquid stream now in- crease nitrogen recovery. Such a



5. 91 : - EP O 412 793 B1L * ° : 10 sub-streans.
One portion 302 of the oxygen-enrich- shown in Figure 5, all of the

avai | abl e work output ®of ed gas strapuo4sddissimm not further jparmed by heat
ex- the turboexpander 428 is supplied to a conpressor change but enters a

conpr eSSQfy, sidlhel Bne/foktioh sdalof ing LE e7n-en icht'l S ENARIFR Fbuld! TG the BRARS v)tm&Iutp

Ni t 1 0geNedfaQ reamITPE AstFiter whitied b éxl- Ng COMRhfESoakfandia 2265k LRIkl to a Lbndp £
to be obgahdeesht b&&@u%enﬁ&s&\m :ngmﬁt.ﬁé bol | 470vHid enstids@nRRer R¥ove oemt?oa&?p

i s .then gdphbs@R0The iradultingTompridded ¢a8'¥rdafn, aChi ev@ 780 béotdileld BEtadhd dn eveh grlektbrboil
evénr, r gow ihdidatd BPrbferencd 308, iHaér rerdined vigli S5 i | LiffiowaachiolablETh caitmn €821 1R this event, re-

f ri ger at lina13041e €@ dottom dbdistiiatpp bdlureh 38Daftehe Sy Strigératioh 0gedeto-be Lppliad totidRY e, BYex-
passage bdingaomgd bjppaasage sthadoghrtgatiexcBanger 3321pl e,  awple by plpptyimgfighid qitrogén ki the' digi@ion O
t he di st frémh afinsigntermediate @gibn thereof atatrelativelyli at e cabminaid2 frbre pe esfterael saurce 4T tind\tizdry
col um 4Egh femperature teat secand lintermediateeredignl,  andisnd inteptional glssipativadeakat ure to a
second i thereefataiplatively lowiamparatufesAsagondperentonal Hdheextepnaksoyree 471 gicefrigardtion fecthe at
a rel ati a8l 9f spiysiream 398 o tharaas streamel0d it por - process of|Figuterfds liquidditregen af ot neercthel 71
of refri t foothe ftB'P“E‘P?é"?’l PR affer sasping ¢ r earrP‘B‘%"fB'F d?%‘féd gpgeous progugtf the plantsa

process , °é“3‘°'? f°8‘ i cald ?ﬂg‘%‘h at oP'“‘??ét!?Fa't" 5‘§§$€8“st“ %ém"“"t“‘e
turboex '°"°" t yPh 3 "é‘ '° fromaTt
of it ,pft % 3 Bl o tgt@;ttt;tﬁ Aniiad ;7:::;
region t rf.%a.t dwaﬂ"ri °" . ﬁ p' an h&eta“ra Hlrbgen l@t @matt@
refrlgerﬁgb&mgf&qﬁgmus;nts@% ag AR o eY-l

ext er nal ¢s Aub &x@hanget 3§ 240 ifs Bl J.t%e,a 2o| e ﬂ;dg SRuseR] Wich® hade!, snble by
exRandederdafersy’ ficviding R80fihg@r thB %c&da'iﬁg air { Nal PhrBidirash @t R6urdd of Rfrgbe: a

fl ows at étham@ed. Thdsheal QX SRR pREags BroupR S Ses §dﬂérﬁé@hsb$tﬁnéﬁ@éﬁhttrﬁdﬁ@éﬁ%&8fhe cost
boundar i e heaBekthanged 838 als6 pabBésthraugRitht Reat t S WasEumIYiAg tdhieaing sDbstmbsd 471 3.59iqei®| d
wast e ni éxclgger 338 b @asse® thrdugh e lteatvexd | Ng AibeYen)Nighsf dirhinitHe@ aai prodadingemants3fbé .
and t henchatgeo31g from ltgcoldendtb ksveprr énd thembipr &5 s othdséQiuidsthes bechroelangeraddmore biéicibreat
exchangeexcmging heatferithesair stodath 38 Fhetresulting war m  TREincrék2@inoitrogen recevenimade nossile
whi ch i swarmetbnitngss itielae npwy indietedtbln esfeedvge pr ovi bl degicating Hieriefal fogtputioh the ityrenexnandgr
air  pro¥i7d takgn gmnissgerpradikct sour ce of ref ri gé38areeydle walRTtitrogensomeraseiog fugherinh e
st r eam 342 Chpartiquiap ipperianee torthiy) dimegtdheme g@IPaPes BOMNVNLIS Aitrogen gasast ynj efliayd

" as the che@ Stwftawﬂréeatm Eﬁ 3’?‘? jead 3’8""6{7‘%0 3ﬁas‘§f§§e’t"ﬁf‘6 ppligdy é“qt?é‘tfmﬂ‘t“ economic

suppl yin bP 1 ﬁtat‘ thg 5 par(?@ ?%BZ% (e.g etWPi?H?tﬂ @ t;<chan er 338 8 i
asses t Lrooex en) has in Fig-
pl ant s f“dvsegﬂtgg bl TPgef 2 Lo preeys Pq § dme? 'ﬁf;fe%ﬂifﬁ se
ls!t ?g:agqs3 §es e er n-e tstrg Tecl ﬁnﬂbh lca ma n vnc%
war med rLI(e%@tGr y refer ‘ﬁrﬂﬁ@pla é’sh@ﬁu@h?@ﬁr&é‘ﬂanﬁ@eﬂé—ﬂ}
out put - OfyishBR tolthd ﬂ@dﬁ@i ;.r% "Etﬁ‘ro&rﬁ en asfl&h&nr &80 aiPls QPrRdimed alternative to a re-

428 to I @eYRIRaiesbie h &Rﬂﬁé&oﬁmrd%ﬁ' on f Ll difdSeatielonadger. Par ticul ar

| MAOT t an@6t shéivnf M whiclDits BRI aphaFatusp82S €6 1 NE 1indHBNEH exBrhpld\brlteQ @6 Br 018 SorhPds-
uni t of atingticElobdnitentperatui bretoteteTHelddn 307 ion @bIAYovES,dhdétekyp fR stich @ompredion
ref ri ger sigtivelbfdkesi0p rlay b€l a canlestdied pfnpl €t hecares frafTaCextaiiabary ad el elad i nnd
t he conpeledivalrgedrdoar, oflikpaievice, oreehtrictiondf t he ok Tmtelectit mntod$ artdriernalveduirenehtand
of the tthe besdngsafeiotlati@2art iités impoiaithatthe adv aninerepsethe tefrigerationcesds of the plant, Hpw-
Fi g- t husystgmditecisgeqyisiteepergiiethesyrpundingsde 3F0 ever thedp\argnrispmedby the futbogxpinderwhigh
only t wokeepihe coidheampressionprasesseafiigerated. pre- i i§dree pidhe negessity of syprlying ehiaft eagrgydm
col um 332 Wt)ﬁrﬁeﬂhemws\t%wv ?Q%ﬁt?@t‘!?%d by e celdruprasppsrQnee ggain, bawayeriap Aeld
hances t$feobtn R?f'def shaft qi t;g oduct campressieR incregses therfE‘EPM‘?{Yt?fé'é'Pgen the

conpl i cat"slrzﬂ til‘) f%%efap;% ds of 31“7°““ s?ﬁ;’?ﬁg% % tyippexp %‘y
ﬂgratec; rGS éoazrgﬂegﬂ useso eofltSéeErlger[a on l?,]e pI a x@rgv'g Iaflga
1 ntire sh out romrtheé sou fi
pre- pur i pu e &Sbé g, By ilsun,prew HeHe m Jn&.ft Febli
feed gbimpe setms ﬁf &rled B rhtpo® ook he
boundarlgéf,gf,,t 6 1ea ) thh difiationBluSh Sid a eatssexc ange not "s own) |n vvh| ch
the part gvdble. th Bothd? Rpedis!fhe SiRREIment 8Ftne | N angkhmsLesxanpl e of the use of cold
Conpr es- in@dntichQuslratsd iy FIGLREE iSthk SdMeE tbtar es ar€ Tocated. The dis- sion (not
shown) , luéteatedindigyke 4 10 5uch UsBf 610 BgMpR8SINON Si pat |Av;eoob§sa&&héi€&vémyf d0Bstantially pure
conpressor, a punp, cones from an exter nal source, e.g., an electric no-
el ectrical generator, or |ike device, or even friction in tor. The -
electric notor is an external requirenment and the bearings of a rotating
part. It is inportant that the increases the refrigeration needs of the
pl ant. How systemdirects requisite energy to the surroundings to 45
ever, these are also net by the turboexpander mhlch keep the cold



|uStrated in Figure 4.*1n such use of c"'o'l’d' 'Corrpressi on, A process for the

recovery of substantially pure 6 EP 0 412 793 Bl
12 nitrogen at the ratg of 3113 stanggy metres per q4ps0r 370 via the
shaft 307 and t he bal ance was trans- hour (110, 000 standard cubic

Tge%ogglrj {hou'r‘mm ttoegué% of the S stemSC'(vagF Jﬁﬁﬁeﬁﬁ Ugs? %g%v;aa Si a)
Wit Fl 2 7 ps! dm al o %F N%? BE% fad
T Byl Rt

psi.a) th .
5 '\wexchgglg,glgng

[err]). 21e¢(14.7 psia and 70°F) cool ea air W@&le&%ﬂ ast htHsliah tn ﬁe §<than er316
exchanger  Akqki fiGRs b SEMAMsB/16E5EM 3 SOVr bokBlneihd Briobtd ddlivery' B 'an GitdtETkoth N0
prior t owskdoiipiessid foQ [ébsird begBaB MPA125.3\2S COBRjeS a\ed.stuauoa cBIuRS 332 PheHalafdr 8
kPa ( 125psta), aftbrogd &5 a felnferslirs bi 38P@{1D®F), COl Unthe 3dRd ailéiterddah aB@Rd Ghy, Béidwithe en-

af t er coohmitheh cooled Ingtigheat axctidngerd 2. Thé @oied , 1ot hery stagelofiitle 318[ of the Wistilliaibnaslurir Bz at ed
tray, behiostrebiheaepassesivih theliva 18 eiGherdteion t he reetit Texmidnctg@f tha Aistilibldh @RMh Sd2
10 try 85188.4S8CMWH (188,038 STFB) and f teniperaigrexf | | | at wera 1883 S0MH ($82580$CGFH) nitrogenrgasi ref
was pas sd854PC£2655F) e thegas @hase ahsprberi2@fop of  which 1163 Sqﬁﬂie(‘*p-r?i&ﬁﬁﬁl'&wea‘retumd as

di sti | | athp smord limaurities The| giostpan @Rt '183 33@fl9@ﬂﬂ)°°mus"m in eangraper 844, endyf025

wer e 186%0cistRypaseage T'E‘B‘QBﬂlqu?atﬁ?“th a’§ §?’MH 1"@@”4@9'?‘@ of 9xygep riph liquig:stream
phase absltfr%@?d ?'Ohaf"m a l"Wﬁil %Pf‘e'! PERO ( 40, 3383 e"\ﬂ&% "ﬁ"é’t irepn $36 was pub-

r enoval -28 :?5 was t l‘?" ¥ b l‘éﬁl‘g’ z f;‘r’ﬁ ::gn
et (o R S -

°‘d§§'sage t F°8 lgvfﬁ’

condense ‘ge t%m 8"8 8(5“

ELRAE T b
sub- per he%@ ;ﬁ% r}‘:g%n 269. 6 XC er 338° ductsfream
exchange © sR,ﬁérél Wase tthﬁ%uﬁn@at% c‘ﬁéﬁﬁ&r% E, ddts -
inter- bﬁ. &max rmeatmseada@ 8549 Akb@ (68 Radiht ta‘neera R, ahmx.féedh@tsfsteat age)
of the dbf%ﬁ12|§oﬁHl(wgsﬁ@s¢me armed ih Reat hezscoaekem%w 346. Both the boiled
oXygen r &x@hanger32. CREMAIFodidt wistOaEY sth te- PI €SSUT ah® bxyGehlendchéd gas strdlm wak IdRIGH
340 and pdaturb of34:BAd (§426F)@AP8136PE{I18pkiafthie ( 11Mtola doRiomdr satistream Fop FpIREPakbich aall
-172. AC @iex & hitrogah reco@Bnof @poud BaIMbIE paténeam 342 paktidh@r aub-stieaeh for ol @dipressiont sl re-
. from t hebdsedonadtalrineonpres¢ed! | at i on col uMm 32 eysid teethe distitdtiong®mn,3ieBelativh lowvatese d
“ nitrogen piTheloxypensenrigeagp® from eondaeser #&r war dbeingt761 and @74 56MH respedtivaty28,548 SCFH
wher e epassaddifough the fredt axchanger 38 atthewatpef 312, ang§65RGThiewsnectivelyleTheirecyclygas wass
war med t 42 éPM (142,836 $ChK)- Achetiorpfithis Hawper at umpream tocB96 kRa 130 pela)espeledinhestexo f
3112 S i) 4887 Hwcressié r 9Bpietel, heat chaw' 312rapd iigetedinto f'@%&%‘éé’t‘*dﬁ
The fi-naf® Hu&eﬂte’tﬂ%?@g% "ettasatam%?dt%m Thef"!f h'meﬁ?? fon &l &s Thg 948 SeeMm s

di vi ded fompgraturg thergin. The then 3 35p,P ppndsr was F'ﬁﬁ
olr\”suﬁ S?“E P5°t'f|' Egse % i ve Zp;? H‘gl r
% 60

mol e per Gehr: Té'?f‘f“ for c IT°H”<§ s’gg Eg'c o épa"ége on
total a| 64 ( ) for del o the . Cy?ifl ngx lri}tndﬁb %31 zge%ﬂ
t hesrel a dtt&ﬁ thé’thét Sﬂi enri cpedy r%%

bafa

being 751 &'léévi(x@G i eﬂé‘ﬁx M&ﬁg hao&J&Py #e8dut
exchangethe Réht e&aﬁmé \eetse.vtaéd beBWiidn 6 Reat SCFH 48 SROE hlrdeHR 1 iRd S VRS
was  4020exhaklbrd Q5£d B P8 line b6 RQFAVdON Of b rBeoleried\are aVRMIEHSIE phodess de-
kPa ( 130thpfekdgas tod@lrBebxpaiddn2®dnd Reby-ph&dd4  SCMbbnkiingon/thd pisrtEikd, coldespREsor and tur-
“conpl et ek ptal of 2075 SOMHE(MYEIE SBER), ArachrésBjreCt 8d  bokganddn @ffbiencles,Nthé bpekdiify pressure of
t hr ough ¢flasd.4kPa(s51@psiljandempdsatura nfd 148:33C War e the distillaifon coliinin, thebunter of tays iMhe3iB?
for "Dboi {-2357F). Afidunef 1720-SOMHI(&M90 BCEH) bf thie nper atillatian collvew, @ndithe ddsicedwitrogancbudins Was
t hen 35gas(§8 gasead through the turbpekrandep2frievid- 328 was Iif this Example e df tieahpft waslcgederated
850 kPa ing r8wuisiteyrefriggratipn(Thef tudbpexpasiderdext 0 paby theiturbpespandaw3zs istrenémitierde the Bor-
and expaPrYe@asahd the py-pass werrpmbineriigio ling 89 e g50g aBpupdingand @artig the lseld gpmaressor303. Wasty |t
124 kPa pndavaped inthg heat gxehapgerssd@ndiender 328. twwm@ﬁ%hgeh"mn%a by, hrake 3pftoaet-t o
-160. 7C Mt a then passed through heaf“tes, e siigestion gqosssaryfo efrigerate the
pressure 5 kPa (122.5 psia) for deli V'E’f’ty to the yielding its

£ i e
enri Ched:%téMMm;az a mtrﬁw% aé)?o% R s R Exb ae

heat exchame{um%&pmsradswas etito Tc%‘&& the hggleept eNaild6lé GG butfi
feed air was attained. Vari- exchangers 64 and 12 and by-pass line 58 t

provide ous recoveries are achievable by this process, de- the feed gas to
t he turboexpander28 and its by-pass, pending on the plant size, cold
conpressor and tur- a total of 2075 SCWVH (73,336 SCFH), at a pressure 45
boexpander efficiencies, the operating pressure of of 354.4 kPa (51.4 psia)
and tenperature of [err] the distillation columm, the nunber of trays I n

o A = NN O NPINA AL S NN TN NN N Y

liguid c qg

Eﬁe@g

m—«»%



fromthe turboexpander: 328 was sent to the conpres- 2 except that all of
the avail able work output fromthe 7 13 _ EP0412793B1

14 turboexpander 428 wags used to opergdfaqbbgs gONPr es- . 44(9) conpressing
at least a first portion of the sor 470 1n order to rraxrmse recovery of

nrtrogent en en |che as streamand re ycIr |IIutr teog
Figure 5 » ino e% . Cor’rpre é@:z; mheg sstreamad cl
oxygen e lé CIEH) of lig f recgn;g
gas “Stregd,! .Q,. )Q,ﬁ,, t?,,t t,}l' at'O” addg ass Estirranon
di St | | alydafsG th% tillafioniRbiGhn 432 Wi t RO, IPtQ:'h in pasition
conposi t \ddreftigersticlCa feBll bil SHRREMA ot ﬂr@ss eed air Sttﬁeed%@'% ide the rstrﬁj-"‘
0Xygen- ey1isaSCFH) Yas prodeSded i thd Wstéhh ﬁ,tphila- (51, 54nca h&.m%t%nsﬁﬁm drl bt
the syst @ielup tfB40 SCMH (30,000 BOFH)GRBrsiEt nei t her UpSt edinpradRnBesai SiRidrtion, dhirddy UP
t 0 849 Stebidn (43D reliihg F k Iftrogen ritoetiite dfi - ehiHACIALD AAGRE Prodlict Yécover) flom
first poaboutss moldparcedtyfthefegdir. 417 resul tiong i n ahesirt r ogen recovery rate of
enhanci ng rihé prespetinventioniwcdvens substardially pdre om about 5@ wamding tiecreresinder of fhe géseods @i d
air. nitroge product, both gashand Hquid asTesehomsent | nvetoganeverkend steras) irsthdlebtceméhiang- | y
pure thieorderaf 1P tod0 mole peroentiAn dlent sigd de- he  gaseousr iy -saldi eatogishangs @it die, caget h
gas and Freaass.cesperialie belowe 82649 $CMH B98N over headrested@isend n t he heat
exchang- SEFH). 19 eresentdaveqtign besomey mopst castger ctnt . As (hesqyering theavapeed nitrogan oysyhesdj o
heat echF&WQé“Wihﬁa?sﬁ@’er?ﬁ'f'ﬁs%‘l’%%?&'g‘“’°especr al | y SBeamAs asvlsimntialnyee fitgrgen mesh

pressed 2 “s"’P EHEC Ry ent i on bé‘Eté??E'éherﬁ?F@x‘é‘B%qe’ ef- 15
(i) recof ﬁg" pite en overhead,fective due t “ of
e stanggy Fﬁ%‘ i .ffacéfr«riﬁge ,,a,,rssugstéh?@ bogpdiee g@g"
bolLer a W Circ ed gas o m’ﬁ”%r)&p;
exchange therg ‘r, %gmnt : Eb

essentra n drder fo Wd@%her ,ggdgg,eﬁgwtﬁgcordr nge}éao ﬂhJTB rth er corrprrs-
bodi ment ﬂ-Qfson @t thé pRkdnt (,m,nt,dn THeRGle otidp€ t Ur boexpander | ng expandi ng a

second pednibinafions,lin biNEr vHith dheOosld-coMtbséiond Sshear e»r;rrdoeeraaaoro@ra QAR fAfthet Sfpris-
pl ant angepises sGatflerRRY bRty RSucHE TEMEN | N an GagiaRRlhd WthFERRBN HRRGRA Shritd
_the conppeesar for recycle to the col um t herealgys sreaeindiiei g exdbargery hitiéx-t O
provide refrig- in order to provide higher ni tchange nwith ef@Ostdipyessed aimi dpbtreAm of
erati on Ctims foe thy follesing Cohgactingpe of t he pr ezembinationvdihsaidosecondipartion and expan-
“ ot her coftatesatGR$E, L, GHaBE, AJfLWhi ch t he ol d cbnpites®imbination25 3. A process
according to Claim?2, further conpris- step uses shaft energy inherently
producedty rf\ argeess for thﬁh caxery 19f sybstantialipyrel por t #orf Rcessirecowsing totaireor Claim 3, where-

process. nitrogen product a supelatmos eric pressure in only part (éépegsagong Pertiennis eypagded
heat exchaﬁﬁ’é’r"" weaqthe%epseﬁan e with the corr‘ﬁ'f“e%éﬂ“aéﬂdf"?j e Jee0, pattion by-
Clains for t ﬁ "‘EB %{th passes the expandingimeans; o wit h sard_
second porti

S on of the ﬁrgrf%g rag °a;g;"rr TS To L h Pé%;syem%;% ape.tine

pure 4. Apr ?;aﬁ iGark Corrdda? O Gawaii" fly

ati.super at %{t Bipasrn ledrétnathl apart R f néa‘i’t?% néﬁ{gnféra

expanded fr ogyghd: conprr S1 ng the st eps of

remai nder of (dB&hanBRARShiNARE doRfn Rt a sit?) corrar PSRdcas a%&ﬁ@tead‘yeﬁéiofah.&m to 4,
35 Pass Qeantalhe p&¥ RRASAL BtrdiRA RFerhead) COO! i Righerel teARTREAS? thediyger Shriched
heat ex- chamgéionlayd b alygeeanhiche@uiditb enr i Chegs stedm of Step (§) 0!8 &S Sémpression at
accordi ng t o tal)fraatich @i vithdrayiiges etebiampf gess and about & GEPEratofe@eiine HistBiation adiBnn.
cl ai ms, wher ench ftabtionfiomgtiie cplomd;i on of t he oxygen en- (c) introducing the
cool ed and cdereadiegisubstantiallyialt bfditk cpgen st r eaf ¥ presesspedogiingdd Clains, futtter compris-
conpres- to @nwicherliguidbetioms sireamargta psftion si ngl e indiwlisinglagortionpf the work owtpubebtairted
essential |y #®hthe WOQSQVW%TF@S’ sieamien; (d) dJeomdheaxpanding meang forcoinpressithe first
col umm into & ceudgoser gnd thereip igdiceslly exeharg- di g t o PATHON Pihe oymenendehed gap siregmyvhich
stantial |y pil9cheghlatwnes the bot ﬁ’%@eﬁ"ﬁead is (RRycled tathe pettom; of the distifationaql- of
t he oxygen er?P"?’ 86;3’?5"55‘?’?%@ ﬁ"?ﬁ(ygen entf™hed 1iquid bot- gas

stream of st ) t OB fractro h
a stream of s ar%ﬁﬂ: © ‘Pa{l' eé't?)f tsdrpspﬁ‘:lfsﬁs °'°% d{'am'er

) in ion
fraction fro 0] PRk ¢l ng substomth "reei‘ﬁes' >§'{°
7. A processrz%g&qaﬁa Pst Qiio ‘hﬂgt her conpri s- en % ons
stream and adﬂﬁﬁaﬁuéﬂ%lumnhé‘ﬂﬂd*“ 1S ng a portbommce.&é’h%cdm&io@ﬁﬁw%é}mﬁxb%@d
of the gaseous nitrogen over head streamto fromthe expanding neans to
conpress the first a condenser and therefn indirectly exchang- 50 portion
of the oxygen-enriched gas stream which ing heat between the bottons stream
and is recycled to the bottomof the distillation col- overhead

~stream thereby boiling oxygen en- um. riched liquid to form an
oxygen- enr| ched ‘gas stream and condensr i ng gaseous nrtrogen to 8 A

- o o v ~ o o o




distilldtion colunn as refl ux; : 9. A process according to Caim
8, wherein the re- 8 13 EP 0 412 793 B1
14 turboexpander 428 watd used to opeER012 783 BJONpr es- -1 (qg) conpressing
at least a first portion of the sor 470 in order to maxinise recovery of
Ni trogen tafboexpanderaPends uSditd GpaR@ tBasnppdst €amM and I @ ¥émprdaSing 4l Rabtlalfick® hdr@n @ftnd N
- Figure 5.sofdv® iceiel tdiakinkisdi rétgveneds hitrbdah s CONPI e5%/géh ehiichéd gaP stfeain @it rédyclihdiRe
oxygen eristited in&gad,5. Phé cOIdibb Heldd WellSkdu) Of | i qUicsinphdsbeddigspriv 6f the oxygen enridhd
gass: St r edated, @7 SCHMHO4Y SCAHY bf liqlie nittoged iwkd at i on add edigds strdaineto the potidin of thedistillation
- di sti’l | atddded tothe toprof thadsttigtiop calumn 435t pool us Wi t h cokimnoitho ichagihdithe composition of
conposi t i vide reffigeratids A fedd aiptreat ofdd59 SCMeed ai r st theaxygeri-entidied g&Civtdide the distillah e
oxygen- enlf1,9468CFhwasucesseidin thesystinstt plot a- (51, 54 BonS@HR) eithersipsireau orsowdtréam of
t he syst edvre vp tp B3 SCMH (30,000 $GiH) efpodwehniei t her upsthecempressidoofisaid firstnortiod, thetebye
up to 84grogaH7(rsniltiog in Suliregen pfcogrysatact ni - enhangirigenitgagerp produst cacovefy fsam d
first porach'éSﬁsmP'H@? °ft“F°d§ﬂ§ﬁ"417 resul ti'hg in a%@krogen recovery rate of -
enhanC| ng . n“!erpfg ?’%%E‘F\H@F Y®¥om about 5§ WEMBS heremaindersf the gasequa pid
nitrogqmproduct, as‘ﬁ? dnPesent i nveHPeeBAveFtiead;eftepm in the heat exchang--
subst ant i'8 ?’f glipdo 7° .?’%r EITB.I nder B‘f b‘t ﬁ%" R¥efengg with, the (9%
%

or oduct cig bt tlaﬁreco : , %ﬂr rhea treamrhegd
the heat ithe é‘t es n colu n re- le perSéﬁamas £ |a r%%:gﬁl
er by sa| i cr eases, %'L

(800, 000 p4g gco";ﬁ,esslon an the present |nven |on becones

nore cost e Singl ﬁrboexﬁér)deﬁﬁggéé Et'iaﬂgthfs Qﬁ- War nefl ﬁ'p%ﬁ&gg&BME{oW1 ff&'ﬁ'k c\Sﬁprgye
to the abR@nes ofthe inihtisi RAEENE nrtdbibdiiel €20 S ing 8REhdIy s higs aJeLaﬁd Bl €
Ni t'Fogen dafvitg thettBribdhtion Aebds betnd FEBaPHRENS] Ve NGl enRdhBPges birdatt it arfeRBinding mddhd
from the daRpdriving b adhiphdssor RFre§LIBH tHE@EMAES S| ON € tHdiePighérating oM BLtBut to provide refrig-

t ur boexpamet@séritsprovide HMerMiohehl redotery iBWEhiem 2.  frafidn@sr@prozéssor ding to Caim
1, Turt hatie 0peddfitise préz@ntiinvention. Thert B@ othavent i on. | f fact, one turboexpander
20 i ng expbinadionsg incallSet e/iaid the @bl icanipreasiond heas s ad. d Apioyess sebrdingi® Aidie 2, further compris-
refri ger atdpamengetienady hheently anducenid ten-  gen &g wamiinga thiye portion o tokygereanrich-
expandi ngravesens ot herdriving the conpressorf or pégagstreantinthe heat exhanger by heat ex-

t hereby generating work output to provide refrpehpngs withothed srompresspd @iy jupstream of
hi gher niGiaigder thedellawing Centigcting n er at i on f ofFomblnetiqymiieeaidsecantheortinn gpskexesh-

t he preséitates n9§n§'Fd-r\ ¢ I‘F@tﬁé"afue ot her cdfrbi hasipbefthe cpmbingtin. of whi ch t he

cold corrpreSS| on rocess according to Claim?2, further_conpris-
step usest sfRPEesRfpEf ;gg"?Yﬁﬁ’é‘?’éFﬁs REfuced i fRigeessaccordingio Glaim o ga'ﬁst"Y’i‘F’Fd
portion of ? swper%tﬁxospber Plessure in only part of the Second portion is expanded

"r‘i%ge?)
ed gas stre w%%@ W&%ﬁ fhan_ger by heat ex-h'@ﬁarbe[i@a\ﬂﬁ'ﬁf 1R FeBN IR LYy

o Pty cem & ‘*‘“‘f m“‘;';s ﬁé.f.fnwe i, ng *Bont r BEETS Ry Sxpanding mers.
comb) nation §} at%? %ﬂéhgtﬂ nd eXpana %Le% gzrd oaﬁﬁme f the dnEbE’

conbi nat l:l ereffthE il fme en-
ﬁﬁ‘o@ﬁﬁldg I&‘éﬁ@oom AressBPLiOC €S SaCC Y & 5& P(g téHs'is compres-

3, Where- nit r @8R RteRdaRlisSlagddfa SiviRRAsAIBRS PIET | C  REER 348efially ambieﬂtt etapidl U Of
t he second pogoum@n 1S expanded fromair conprising the steps of

whi | e the rengjdapeitingthebibia e eslemtntgasubl on . bye. Aabocé‘sea@aeﬁ§ton@ygﬁmsfead
air; 35stantially s §@8ouls Mitrogenpovadiedtly Means. whdddin tie Aist ptioh BEthE ysnaasohed
air in a heatfretion aridaangzyget gnrickdtiiqék bdtange W t fasestreant bfatkp @g) gtarts fis cofpressivo @6 S
accor di ng to tamy frectien @hd witterqping @etipang ofyers and Aol atgrapergture diist distiliatierculsimn.

cl ai ns, wher eéagh frémtiorf fransthe gaduntni on of t he oxygen en- (c) introducing the
cool ed and coleprrnasiing substantially alifithd oxyaen st r ealin dprocaseprecprding to(Clair §, firther compris-
conpres- to ativiched liquidhgitemscstreamigyd apertien si ngl e b wilising apartion of theprprk eyfpytpbigined
essenti al | y affffieagsecte B PYgrhead gpmyfen: (d) sEpmtha exnapdingTeeaps tp compresp e first
col um into- &@ %%Be"sef@"d r"d'a,dégfé'v %E‘ﬁ‘ﬂdl ¢ to BOTenafike Bygepteriched ops strgam which
stantially pu‘f’% cé’ fygen Fh 8RR AMead is regeledtp they hottom pi-tae distilatio sot
of the oxygen V§ fﬂﬂg ¥ 79 'ﬁg %e"ziﬂ oxygen %’H’h ched liquid bot- gas
stream of st e

nde aseous n e On a C raCt 0 ré \%heng
| ”‘E?r % ’P TIAE ' Y
?r ZE:{ ie{cj)lnm 19];0 a"q EL% pJ ! g.|5 (r)I];; sggsgl rﬁp"s'i %%ET ﬁ %ﬁmn
ul

7. A process @ﬁﬁ ;; ;dr;, Yol mh top bithet NEr conpri's- enr| ottons
stream and a g4 tioﬁ@olumnds'?é?luk‘“ iSIng a portg, OR pRtest B&oMb to i BULKeRR tRd Faed
of the gaseous_nitrogen overhead streamto - fromthe expandi hg neans to
conpress the first a con and thereith indirectly exchang- 50 portion
of the oxygen- m’ mﬁﬁﬁfﬁﬂ am whi ch ing heat between the bottons stream
and bottom of the distillation col- overhead
stream t her eby b0| i ng oxygen en- um. riched liquid to forman

oxygen- enr| ched ‘gas stream and conden5| i ng gaseous n|trogen to 8. A

- o o v ~ o

gen and




distillation colunh as reflux; 9.. A process according to

C aim8, wherei.n the re- 8 15 EP 0 412 793 B1

16 noved portion of the work .output gpasaspasdterred to sea®Nnd conpressor is
coupled to the turboexpan- the surroundi ngs as heat or work.

der t _hr oug bﬁﬂ%ﬁ&foﬂuﬁgﬁan édA pr Oces§e£9§bgﬁtﬂb§§9'|stcgupgdﬂhﬁgtﬁ'boex n-
wherei n al he AR @bis according to agg,tmhgg,sé;damergpak; or Wor K
out put S utlllsed to conpress the first por- 14, in which the second
CONDT S S, Alpfocésd aduofd@§ & Claiin@Nwhtreird iGhdXy geN1s ﬂbbﬁmc&ﬁﬁlsﬁ 4 N8 dfdiafds 18%r

ti o in t hQokppdtdlutifised tsebmprbsdttheifist ST a8 | ON 18, i whichitiRQY&h@cbmipfsdohie inAbdad M
of the di stiéd df deiotygersenkithati gas strédny@ifichGX y gen- entibrcilithe agramtud buch that iy OEERdtibiCit re-
tern- and tasydedden tbobuttom sf thadisitdiomeplumaf 1 i ger at icaives bxygérheprichedgaaiatis @yogpiORMS S
from an exastfurtier wwprsingaddinfrefrigbratiohtqtber at us acoeemrtdieng to C aim 15, in which
the 11. A pwocasefrem groaxterndl sogee.0 Cl ai m 10, wherein the second conpressor
is upstreamof the cold end step of addifig & Apraspiysaceardingtte Clalne 15 frowhichghe
corn-  oft- Arpecess accosdingHa fHpim 18 yheRBiPe st r eam G9CORdROMpIESSAIIS upstieAMY thejcgid iend

ni trogen t 8‘92 pfeddinasefrigeration tothecRspoess e | et of ©hHEe BeghenshaBgsr af“bi‘(’“t“tfé’eam of the
oxygen-ri c Rrisgsadding ljquid nitrogen to the distillation col- outlet of the condenser for the oxygenstich 9asn,

15 12. App4P4tus for the production of nlstrogéﬁeaﬂ‘roduct Pat ent ansprfl che

fir fol 9 St ru% nrc;fﬁl uc tentanspriiche fﬁrfol n
Ver ;ggﬁ% {r‘mﬁg@.ﬂgﬁéﬁ o @?% B'E" fi\ge et e U e s Wy
or

Ver fahren zu m&‘s&‘ ern S ' m we- (by g hﬁﬁéhré?u%ﬂﬂﬂ&%%ﬂfng GIRER! it NR-
the high pregyan Qxch%ﬁd%?fkﬂoﬁ&ﬁ‘ﬁ\hé IRdH PR3- Stjpckst Qiritlﬂﬁé?- Folieh Stickstbfirddaktatbet OB4thte

ai rwi Th Ni t BGOSR wWRNRrebsY SRIc9EnisRRAEH ITD $riRSHnBrBRAICK 6 Lot nitldlit Sohritlent  den
SChr i tten: pprdldelpddiieddiatalr] | €d feed air; (a) Verdichtung von gasférﬁl)ger Zufuhrluft;
Ver di cht ung wpa dparetied sou@mr for/stharating Whe (c) a dips Kiiidng tdeOverdichletéATLuft @1 einem
separati ng t bodledairinto & supstiitibily piirggededus hier di cht et ewaimetauschér dadch @imee0$08 Ghitdn:
i nto a subst aogen alekheaptuactiongms edoiygenien-  2\Ar net agereithertendSauedstoffaundestinkstotron t .
an- trogen oucehtmy toita {raction andchasing axygen en- dddstrdmen; ger ei cherten
Sauer st of f - ouilet f@theokragen témmupicating witishe | i qui d botd Ejﬁuﬁrum@engelwhltmdnttval\dlcmgelan
dukt st r 6nen; hesbexchangdror t he nit rogen conmmuni cat i Bt i eite Zwjechenstufe( eiger einzigen
. Einfuhrung déh feordanpar foesf lagptaatidlly aondentset en heat eResilatignspaule;

Luft in ei ne'“%ﬂn%ﬁ%‘?&?@l‘%@ée‘é‘ﬁ RipIeRi Mt g (d) a“’éé’ﬁ&é‘ﬁ%éﬂ' Lyt jn der Sdule g einen
partially coffd °’ma"q‘ﬂ9é'§tf°9?'1 SHPT'BWSE%"&T uI e; i ng nden.dp wesen “‘ B pelpga gas-
ni t rogen ovef® et °ha"9%g% EF T Luft in '995 pato ﬁﬁ" ?dn N RRUgSter,
forma liqui ﬂenrﬁnf' 8% ' Btif’“ B'i"} . obena'fqe? W r{“ﬁ%‘ an eP?"@ﬁ'bn

usz:éhen ein ms e nes
rei nen gas-

ss ol tream of
Stlckstoffte f'rs c'e §t"m f: 3 'Zn gnrl che% ere's ﬂﬂmﬁ&gﬁh&g&%ﬁ%
form sénsér ﬁJJ.s%ﬁat. unten fleg ;31 audfdt ﬂ%&&a@ﬂé ms
stream (ﬁ a second compressor fol fﬁ asi Herauszi ehﬁtgrs@dnpﬁﬁ e I‘hqgﬂsdeﬁ'g%hﬁen
(e) -a first pRGelofatiRRPSt df Ab olysd n%ﬁl!hng a IMBj Or stickRoffollétitron 2l Sinéth KortBfsator
SAe; porti ediga@birdaifaddl qui d nitrogen stgpeam frgaa inbfoites Wiﬂ')letiﬂéhle fddiftd zZWioN

i mwesent | i cRpasaton rgiEld mednd i RBNg the t he di St sdhbmildnOUntestiohiiid 8&n OBdrstidn;

en mt Sauer sincredsedi Ipgasud Okyyeit @nrichbdOgas gen () awsst Samdrsetmgnpéasisierte fRiissigkeit

I ncreasi ng t kteeam to the bottoribfthe distilatiumecolaroh el nem Tel geldet wiglaah ainamindtcSaugpstefEigere
of at | east {therebyepéblingmitrogenpipinct eaeveryite St i ck sitheftéroBGasstsiny Zurhifdenuné gastrmi-
Kondensat or gqje@agpegtth@ahgmgamjmeans inter- 45 gen Stickstoff zu kondensigyen, um einen

i ndi r ekt es \\edige thedsiiation eplumingndthg inletof)) a seconfiissigenRipistoffemmeu piden; :
returni ng t hihe second comprasspr qeiftetpaditedhe om und def '@S@P"ﬂ'\gd?ﬂ zumjRdesbeiraatHaupt-
pressure oxyg‘éﬁt‘éﬂ'P Fi‘ﬁ@b‘”ﬂ a%ssor andthedis-  \,ppe| ?rsé“l" 8’9?"9 Elfissiopn Rickspoft-

FI Ossi gkei t °cfﬁ'i“ms"'f"he di sti || e@%RﬁEi’ﬂ‘“ﬂS‘
wird, um el ngeﬁnp@;gﬁt s, abl ;::bereggegw mtg eby en E. er& nTlls
recovery to Soote 8T on %i U bllden u u lchrﬁjﬂ

t here bei ng no reans I ht er - gen Stlck eOe?ﬁ&'ie‘?éﬁ er&EJ‘
ei nen ne and the i

Stickst oﬁ'g &&JF“EHQO'%[Q lé&lc%i'g %‘:gggg ® Cagp ressoqt'@ es Q-@iﬁ em:s:‘::

(f) Rfckf c%mfa@&emggramgar&t gst el nern Haupt - oumﬁtd.@éus&m.een&eﬁ.ﬁgl s Sauerstoff
conpressor and the tell des slch ergeRpRitRsHeh Guses a@RFhalb der Destil
St i ckst 044, Appardtisadctatdingo ICtaimn 13, af wiidhang)i Ng t he C eafRsEuk iwederstromauf@irtsQiteh Stib-
dem oberen Ende derDestillations- of thejoxygen-enriched gas; wherein the

nitro- 50 saule als R13ckfluB; gen pro%luct Is able to be recovered from
t he (g) Verdichtung zum ndest aines ersten _Te Ilmgmnm'twlﬁl hanger .
~des mt Sauerstoff angereicherten Gasstrons und R

cverdi chteten ersten 13 Apparatus according to Claim12, in vhi ch fhe
Teils des mt Sauerstoff angerel cherten Gas- second conpr essor S coupl ed

. o a o o e~ 1 ~ 1 " - N



14. Apparatus according to Caim113, in which the | ati onsseul e
weder stromaufwi rts noch stro- 17 EP 0 412 793B1

18 mabwarts derVerdi chjjung des erstepolibkgsgy 10. Ein Vggfahren nach
Anspruch 8. worin die geWindern, wodurch die Stickstoffproduktrack-

Arb d L f hoh
\%ange r bei tsagwagtaa%ngﬁ SLun ve;ﬂvv?' zggswrs; @prun%fn s%?i% utt Jer oht

EI’WI r mun de eArb Ver 11 etW| er
9 erhoht wi e%ilhe

zu dam Boden LS ;s LSt ndem V\arr;ﬁ £y ve hte zudem on
Destl | at i on bér‘é{rél'nsq u&‘frge d, digeChe eaoeéﬁu ?aa%ge Ao, Gl
verdi cht et endurch denSPmet&isd hQﬁltdé eRtichtetdh € U u rd%lty%ﬂﬁmZMrtﬁHv&%ﬁlung‘iﬂ
dam Ver f ahr epyi¢@pa @i ner externen Quells. (i) Reh@kghinRsheiir S@inealaleel Nt €N
Stickstof - f @prRicRdeninfEng@es erwsmitda Sttkstol- Chen reines Stick- 11. Ein Verfahren
nach ANnspr uc fobétronwlsiiri wehtlichbobihgystct kt  au 1. dmTvalfahiah tracts Ahspruch 10, wdrd der
Schritt der Zuffaroduktiangdenowartieladsaleg zu dadn Ver -SchrithdecZufithrung Yorf Kihlubguty démiVer-
flfissigem Stickstoff zu 2. En Verfahren nach féwengledofihring wafilissigent Stickstoff zu
der Dest 2/ [Eixt Vefebeauiach Andpeush .1, Was adeiler si ne BExdpelestilistipnsganeymialei ten Teil s
des Sauer supfaft eirefoparision einescaweiadeilsidess in el nem 12, Gerst zur Erzeugung
ai nes Sti clégvebfafangeraiRhedtorEGassiiamsom e t el , I Rerdt BurdrrRuoingetines MWUMS

aus Luft miExpansignsetigliwpdurch efffapsgangm Wi e KEHS 't}ﬁ(j'“tf ur das ei nem
ersten Ver G?EWP%?’M%B‘HG Opjung fslat ahr en zu é‘ﬁ ' °“V°’d'°"te’z“’5' 5"“"9"33
Drucks der V&Rreq2H# éﬁe"ZufuhrI uft (b) ei nern Er'gef&rﬁ"w en der

3. ErnVrf re nach Ans wei t erhin )e'"em

ochdruckluft
Sti CkSt 0 f el e Erw; % %f rvvar m e Ircngrfe Ed il
20g_é angereg C&le g%eecggﬂéﬁ ,E | erter 5 of anger el cher e
Gasstro cherd hWérme Mbd W rnet a Q &rDthHEt‘i‘o“ss%IEE %
mt der Verdlchteten Luftstrtr{t‘;ufv@ért@@ér rﬁ&dn r@t ' onssau léfoenI&f?iﬂ BHEmREentiic ;,a,;_en
Luft strong wr,é.:sﬁe Shd\ESpANsIBHaER GrisiAdun bdsfarmibeh{ dben dgéhdsHstickstS¥teil
wesent |l ichen rel n- dem zwei ten Tei l und gxpansr QRd &ifdn S4a6rEtoft dhgeebicherten fliissi-€N
gasf or m gemrin@Bahrdnindg@ReRich Sbice Kisb@tHd, €i | 25  genunten lidgendRh TR diewien Asslaf filr
anger ei cheibofndrleltSTsil des/zweltsn ToiRyr dxpdntiett nach Ans penstioksbffhaicder Mitdar Wekinetausch-
gen unt en wiregdhreeiderRest des diveiterclietisaan démis| al f Or  \aoin Merbindung stett; Tei | des
~zvei t en TeiEkmangoreaitieliverbeistrdmt.  den Sti ckst of f had) gineheKondertsatdraum zumindest teilwe-
“ Wi rnet ausch- wird, w hrend der Rest dessozwei t erise®ioén Stromdestasfirmigen obepkegem
Ver bi ndufg E@t\@rfghrerﬂygg@_ﬁlger@ﬁgwpmgmhem@p bei st r 6nt den Stickstoffs zu kondensieren, um einefi ()
ei nem Kondénpsichs, wotiy der 2rate Tell des Sauemsipffie- 30 filssigprs Stikaiqtistrony duseh dngicekten
gasf 6rm geﬁ"@ﬁéﬁﬁeﬁqn@@é?ﬁmmsv°’échﬂt\ﬁé)r$ﬁhr en nach &farestauaehymil Qe Ry fies, Saugrst-
den - St i ckstVeichiung bejipwasaptichep b¢{ Umgsbuegr nen Anspr ﬁfr?ég"’%\ﬁ'ﬂ“ﬁ‘ {fispioqn, Badentefls iz
des Sauer sfif§mperaturbeginats | o g gen Stickst off strom tg‘gf‘;((:;fn?‘ pineny Saugrsiaff angersicherten
anger ei cpert en (asst rorggmvo c | t (g) seine ! %& Eﬁgtg zumztumck_
el nem StFI 'ﬁt Qﬂ? | esSau [I el i'm Weséﬁrren ;Bﬁ'é ils Eegr Stick-
of f anger eig ,srrmn ct?rﬁ Dﬁ@ ' s zu steupghdhl &?Qﬁf suaansa%zu%oes..
35\.4 , apger ei chygl ,es
6. Ei n Verfb nen nac e| nem Anspr Liche | Dbis4y einem zweiteh mﬁht@ﬁiﬁrﬁh‘éﬁuﬁ@
RCckfihrmttel -zum Zurrick- worin der orste Tei lged ASrucRs URiiia&dt T eines Teils des
anger ei cleEn Verfahreh fiatie Angprieh 5, HdasiWekei | S des T IsefiepsidrOGersitefér GeRétroms, wobei
Gasstrons umasteié Verwbndufy eifiddi T déeABbic ht ung derzwéite Wbdishtera 8 posiionieriisd, dhR er
Kondensat orsausgahgsleisdany; di€tonderd Epassiongiit- Tesper at ulim detradod Shierstdt dngereicheitdseBas 40
tillati onssadl gesorabrs witl,| ek fden BrstdneTpil ndes . mit einer kryogenischen Temperatur enthalt;
(f) el nem Baesrstefh angersithertoh dIasstioms Enh8Rung des Dwadks zurni ndest aines Teils
des 7. En Vishtem HerandamBodendesDasiiliatipngsaulelas wel t er (g) einem zweiten RicigihnaitteltzyhfZur-
anger ei cherwéskodiiytwidons, wobei unfalt die Ver wiedilyrs dosSsuemiaf| gngemicherten

Ar bei t - derzweite Verdicht er so pYsi ti oniGapatroms erhdhen Brupks zu dem Boden
sausgang¥ ﬁ%ﬁ%"&?‘lﬁ“ﬁﬁwhﬁéﬂﬁ' ronsmi t- Al D“t'l'W@ﬁﬁeﬁlﬁgii%tﬁE&ﬁﬁff
anger ei che um den er

nmt einer %eﬁg?ﬂag@ggéglq@%g%wwmgﬁ hilt; Sau ff%ﬁﬁe atl'::s'
Gasstrons ZU v und di cht bn, der zu %} u:fzw:es"zw:,t; Ver:
Destill ai achAn(sﬂ'}lch%' Wit Ber bkl tef RUCkf d‘c lg\l ulezurl\nder—
zurri ckgef l|!| Wd@l‘irbeltsausgangslelstung an die Um- éi'l tﬁiﬂg Sauersto

Sauer st of f ganmearemn&radmabge oben wirdGaSSt I OIS G efrbnlaawsk,argadeh aiy;RReHen
8. Ein Verfahren nach Anspruch % oder Anspruch 7,

Destill ationssfule, wodurch die Stick- S wei tml gung

sines Teils der st of f pr odukt r Ockgawi nnung er ‘ m
Ar bei t sausgangsl ei st ung aus dem Expansi on- W“‘WM “umu“ ttel
.zwischen der Destillations- smittel aus dem Verfahrert. *

sr ul e und dam E| nI aB des zvvel ten Verd| chters 55 oder zwr schen dam

R 1 o o M. ~ Y R I T ~ =y



gebung al s Warne odor Arbeit abgegeben w rd. - angerei cherten Gases
vor gesehen sind; wor- 1 0 C L'11 ML1111 S11 11! 19

EP 0 412 793 B1 19 20 igpoamZedmauch das Sti clgst of f produkt von
(g) conprimer au nmoins une premere partie dem-Warnetauscher

Zurri Ckgewonrfl?rln \@eglgﬂch das Stlckstoffproaqkk veRur ant de q&zxga llt%a méins IBEX%%B% Paﬁi
re- cycl erl a or el flifsda’ia %e&o‘&ﬂ%&hﬂ‘ee du courg, dad enrdfie

12, in demder zweite Ver- ant gazeux enr Ifé, ,la%pg"mnig%o,ﬁ‘;},mée,dumu

| " envoyars, ¢rfRARARphRH N2 In L ROSBIRARL ONSVOT I i Chntigageuk hrichi eR oxygen¥ @h Penbdyaas
deNa col Oryiiefifit dhebtuttobxhrisRRsvori@hing Bl Z€4guNg e'v@ﬁﬂedﬁﬂb&lﬁﬂﬂonﬁ@m fRitibn, bans -
modi fi erl a Erosupemg eierKaniehg gBidgsRis.CNI en oXy-  germoddielia @ib&Ribediigatiéhribien
colonne de distillation, 14. Gerat nach Anspr uclyeishrextériecrasiadaénna uédistifati ﬁ;r-

en anbpnt 1&uGesit nack Ahspeleh iaainmarmemeiiemar-de | a- di cdntamont oo én asig de la compression de la-
Tur boex pangiicbtes woit rdec Hiutbagxpansionsvorrichtungdi t € pr emidile preipidretpartie, ce qui augmedtelgra@rt S
| e taux durduteheinedissibatiye Bressé gelordeltists e gek)oppelt degdcupération de I'azotechgoduit & partir de
recuperation de |"azote produit a partir de |'ailfiri 15. Gerat nach ei nem der
anspr uc hd5-1Gprii fegh eipgm dergnspriche 1;‘§Pf?14r'5c hauffer | BeheYfr ie redte du sprany de tte.c |
dem der zméeF‘éeWP'&lvéﬁtc@P"aaﬁ'"ﬂ'l NdeB| | e i n derfPmprenantqs hgzote gazerx. dans'échant o
gazeux, r} fiegh 5p dalst jm BetyigbRaperstafbany o o im I§€t“'rdF é’t?'egai!?é‘eg'f%?‘?"g%ﬁ’? chaleur
geur de cheﬂ"@w’eﬂggﬁfs PiEGner kyege s ’(j‘&" T8 chii eur g c%@’v&f s

rantde

kryogeni sc Y avec |"air conprine; leu tét cha 4 "9r°“'£°La'
(1) r6C“R$rc§Jratn %ﬁ{ SWE‘Q&? de cha- he Fed- ueé% ﬁéﬁ %“LAL enu
chauffe réq, 1 ei nem derg,

Atitre d %Qgé;m h teg,u zweite hter stromaufwArts

.des_kal t en AgQasses des Kondﬁm i de h'duErstofjes deg, Wﬁmﬁﬂﬁﬁpﬁélﬁlc&ﬂm comprenant en
st romabwar triciéGasdRmAn§orRRaRE des Kondensat Of gutr fldetié\d' i Bedbide Ghrte dulit cour-
Procede selon |la revendication 1, conprenant edntdatétkédieiierdorygdhd, d¥ante effectuse
angeor dn®evéndications pour les Etats contractdats € | a dentdnsinhpersdaaiensls, cpgui bigendidisliat

© COour - anbkuigante I BBESE,ILLIOH, BB, A% ygene, det snt e edoftie dé centoybiadneaehi| diapanibie poyd @41

| es Etats contractants ~dans un noy eduredde lglgtrigitition paue legricédgngendr 0

A | a sul varfrecedé@Byr ls3Ecupdration GiioteBisentitlls- | U 25 - sortie de ce

nmoyen du t rreaphiur produt pays el presgion aupétieure 8ur er  @e. Procgde selon lage8endication 2, somprenkat en

. brocede. 1.1a pressiop gmoprhrique. @ nedic digiclesird-on d' az ctulre tssehauffage e tisipme partie du

" produi t soféddpempighastiel daveseppRitiantdii e A . Pr gl 9IreYXSHrichien pyganpdrreiesham

2, conpr enant(@&pmarigerse éggqaéwxaelm B8 i que, A 954rde phaleyr. pgr gehangadeshaleur avggliajro

| e techauffad® "Ef | éa‘f "E'i“%r%j)é} Ghgn- du cede 9 ée"ﬁ'aﬁ"ﬂ?"tldgéa o P%‘?" avec la-

yoepe

consi stant A e”"’% aleur, par enri chi® pntpde jacambingjzon.
(a) corrprl marde &Ourantg eprlcab?le% %ﬁt at ] OQ Proocé éjsegn Iarevendlc% Ezgu £re9e%9iange

de chal eur a %ﬁ%tﬁod.ﬁs .,(.an#h%{&sa' e o1 T COMYL Uatement de Ia
compri me en_ ki oo 12 Sl st BT
de chal eur a\@gglst,"at te secon art e et det ugl@.. R o R pa@in o ﬁ,e
courants enr i@fp a?é?d%)é%ﬂﬁne?&trgw WEHhE Produi ttx:antourne le moyen de réalisation d'une détente.
354 4. Proce ign agltggglfo}nféer&ya@ el bddbh-2 @u | a revendica- (c) introduire

| "air, refroitdlenhtpGr@iGaé frdtlion ddidbefoimé@N 3, BANrods@Elsh I'iHQulDRGUeFeSRVEnGIBR Nt
de la un et agfun liguide eiifichliembxygene| etsdatirer@e ONNE  UNI tpHEprécédent ClaNISquBIa piefidreCior-
parti e est ded emducuncapainde diequdifradgtioh] at i on; tion ou partie du courant gazeux enrichi en oxy-
dant quo | e re)sdnsoyeelalquastotitads covarttiden ou pargéne dé t¥taps dg) aonamencasescompression
col onne | ' ai mueus, awhest dnrliggde engehhercxrygdee, | e4nDY e resekmtigllernént & @ttdnpératireambiante.

det ent e. ti oretene padie du ¢ayrankede e, gompostamiazeux essen- 40

tiel | ement purdefeaienpaset vesneegodeneeur dlesme 6. Progédgealon dungselppnque dagrevendica-
quel conque dd@m"éﬁ‘a“@"iﬂﬁew A enni chitioah! dfiJagelaauel lasremidse partiedy coygs
tions pr ecedé*ﬁ'l'% te coyra St '°I°3“ dfi ere poran FReYXANAGHen %9%'&&%!&“?1@)-

chaque fracti'f "eq‘""m‘m litign 8"du coura‘??[“ ng)‘(“ g, "%‘ht"m‘:‘"@e)
envoyer |a qdﬁ gﬁf ge‘ﬁ’l?'rng 13, ppionne e distl

Sa conpr essi n ura de enr' Cprooéspse%)(%gev r?dicatlong anten
essentiel | eng errpera ure a ant e. et P TR {'Jmed.‘ﬁl rﬁ"

tete, conport Pécyaie?aa RIS IR e T St OB e i e Jopa
selon 1" une QghsaasbiRiqhlEsrasumiife Bed 1o an-Y SOU”EtaInEéﬁoﬁdUﬁb REHR oG com InFe?i%tpréie
chal eur t ivai titre de réflux A3 fe sbiRist@blakdd Pr em er Rialdbrtiondu Pattie’dd dburanBddz&uR ehrihi
courant de qu&medea«stiha.o.epurant de ant gazawygemm i re€y0l6OVeY OB de Id Bo-
| " etape (g), tote, ce qui provoque |’ bul IJtlon comence
sa conpression A une tenperature richi eh oxygen r un courant de
voi sine de cello de |a colonne de distillation. Fm! ﬂ”gﬂw ygene et

| a condensation de |'azote gazeux pourformer un ceoura Procedh
selon la revendication 6, conprenant en |iquids; '

outre I utlllsatlon d une partle du trava|I dlspon- (f) recycl er au ni ns

. o oy o . I T




courant id' azote li:quids resultant quo |'on en- alisation d une d~tente
pour conprinmer la'pre- vote, Atitre de reflux, vers Is sommet de |a co-
mere portion ou partlz du courant gpiesdxreami chi | onne desdistillation;
en oxygene, qui est recyclee vers |e bas de la co- ID 1111 11

I N 21 EP 0 412 793 B1

distillati Ionne de distillation. qui ?u, estmnésﬁﬂ?ﬁzgu jm‘% dg latlon%
distillagi m&fsauomres&.emﬂn EAeRAGEHT . pour aHﬂéB?dﬂh%& mb.asdﬁep r{up&. nbg-ON

la revendi gaid, SdmpRnaiier ditrb RMRHeRtupro-  PT €SSi OBewl eiéni@R biygerd/@ partie du
COUx-aNt gavéds) duhe Fartiscaiiaval GRFnibR & fs@bitis € 5' €Nl eV gjyBméecorduopéndie recycid Your faire
enrichi en domyhassurantune Bsénte. d' une parti e du tr eeiirdle Guraft@e g earichi ndxyyasd, | €
5 (g) un second noyen de recycl age pour faire euquiestseuspessiaaddtie, viisle bas de
d~t ent e. 9. Procédé selon la revendication 8, dansleqmila | S cour alktcolohme dedistiiation,céqui ganmet d’aug-
oxygene, - etpartjeide teavail disponibled le sartie(du mever ue, vers menterigtaigale Bscudératiortiddiazptelpomn
| a revendi detdiente) gue l'dnenidve esytranisiéégalien~ 1405 col oMwils ageundrioyen fdxistaptoppur wedifien i
pernet d' au'gmﬁmnt paus fpeme ﬁ’%ﬁha'P‘FWHF%Wm ble Al a'agemnqs'éorngam fiohin oxygdne; en-
| e taux de@ 6cuper atlon de | ' azote pro- de d~teffela qdisgjiatign gt fRptréedysec-
transf6r6e AI it : aucun noyen n' exP% WP%HU‘P"WHEIH*@'P"““"'

ond compress:

\éIn; ?22? en Eﬁ glo I om Iaﬁﬂei}n:ﬁw de t rav- Fazote prodult étant, e servu:eql)i'F 'Hﬂ‘“gaz
' i (id 'B'é'gtpf’m?'bg R "'e%’dc? ﬁi r6e du seBRrtrSHdtfehamsrEdedEe oy entre
&

tre la col

la sortie fition revendigaltdi Haéatioﬁ §idns leflel 1
ond conpr egfdﬂénaé pﬂdgmeéo.ﬁ.g hal | at Ion, E b«ﬁ?{ ﬁg Hur t‘%&ﬁ) éunt:szdé:ene-
di sponi bl e amv%ﬂéﬁtaene%s.;r&e%xs%muer #- 120820t Qo dedr @B larefRgbratisil. V1 CE€,
r 6auper e At,gglﬁtag{sgﬁodga@m ere portion ou partie du cour ant partir

dudit 6changeur de chal eur. gazeux enrichi @0 AppeyeE6hIa@VendiCftibn 1308aMEk6lRIle
vers | e prRprodaislsaion B rovahdicatiéh 1| Gdnk leh@d | ON, | e sgoRCAPressbor esNAE @l turboddten?
| a revendi cé&ipeqdaddiflon dignasréfrigiiation inkrsduite© Nr enanﬁielﬁ.rpal(]'ilidhﬁéda'ifadd'i firdirodissiatenre
ref ri ger a- dans lsgodtiicomprepd keeiditnnrd’'aesd ligeougsl e A un t ur bod6t en- tion, -
provenant dideak cglonnededistilittionne, que | ' on: i n15. Ap@reildelonTupaxies reeendieatidnscit oul®t, | a
refrigeration. troduit dans |Is procede. 14. Adawriedquel lgeseeand [compresgeun @sicsitué on
13, dansi2 éepsedil paur 14  prqduelios (iazate | ableny a r ev endinstappareil en@ine ppgition telle guien service
_second comgPremasEenuit  partirdg gl est gpareil 0o dht en- |"re@e@pea2deraem$wxa¢wévme*;empér-
‘refrigerat PEREntroduite deur, par |'i rﬂ"erm&?%%@gﬂ"‘iﬂﬁ fre| n d| SSI pat eur
dans I'e procE¥k" g8 F eqmpresseyt) 4osting haug- 57 ot o ltAﬁ | onpe

di still atj onmenteriapression de'a'igaze‘il{ﬂﬁlé{? W sel ot EI%'H“’ Pé%' ?f’fi’%‘ﬁ'gq
14, dans | eq

prosict on’ S il iicf,gssr“?.‘f&:?‘? :@iﬁ’ es%pié? i @::ﬁﬁ%?@@ﬁ &.9?} %}&

qu' en ser vi cE LRI, its déj e oxygh
recoit du 9afamef Biun Gibuitehidiond er a
30 - at ur Gy £ pHRUE it iRmerdtatibn EHQHIPI e m e r C Bémﬁ;ﬂﬁﬁﬁﬁﬁe folii%h b&ﬁraém@ ddtes :

menter |a Pr &5 anedloHiR de oﬁ’étuﬂatu&ﬁ%&lﬂ%éﬁireﬁ' | menpaERr, kL Apparell selon la
rekendi cat i Oairkstsoidiléhiife frRtidHRe tateYorinbdiar 40
second conpr eseRsts gexeix dsidntisherfdnt piBtune de | ' eX-Thd frpsentinvention Rairedteddea Erlgagesit!
destine A sofraction de queeiTorinée pardu tigidelenr ' ec haprgees andpparatus ®tithe sEpargtion ofair torpe>-
| "air, sous phiessxgéneclacoloane cdmphutasitahe Ol -  dise gadoab nittegeh andsptidnally lighid nitrogen.
condenseur dewste par 'sugte(qpaommdnicatienavet r eal | s @robedsesdordhe sepasatipn of dinfotproducd i
sage de) couléshangeledgezleni:che en oxygenes | tregewere krown,andipriaser forexampie o HS-Aen
oxygene, obt &) upgondeqsgyridepting & qondgnser gu 5| | nehHEH 199 andi UStA-3.214,502. dese p FSGF]
for the fol | B@PH yﬂeﬁm%'mc' prgnt de la tidaga- (¢) uPFE"“I?J?"G%@"E&”U‘F’§tsl“F'P£ts?"l§ bur
separer  DE, 2{0 'I‘“fe Pﬂee'fwaéveq"mpem en upmn ?Fﬁ@?‘iyﬂﬁhﬂémf%feé"al“ﬁ}e

romt e

40 de | azot ur ""G ressuret

directed to %géeh tgurévﬁ“ eu"’@ g "‘;and;z 3 o
pr 0Cess and IR Qa uecL I} On cljl e X n lpoélsg ygez
col.onne compgl giHy ygén, &%PHC:? ”'”5:9.%«:%1 a:QoDEJnR J Suc
ni trogen. SO%&Hﬁt&%&e rzﬂﬂ fyga%E' conmuni cat , e torecove JpQ&&s%Et% to49£m| he
separ ati on Ofe) @M grerhik nidly réeyditiga, p ur%‘}g'arlﬁeufxer to? a 4 bir as nitrogen product. 45
trogen are Kpnufiverda shonke @sddindion, a@ampl e, i ryslhSs £90,168 kisbibses ARG heat
destine A CoBéRNSECinedkbportion xﬁa,mubaﬁarﬁnd USpéivip3e %Zméeu?mgelihms Brofdss, GHEWSVESis
moi Ns parti eldasteryuidel Provendiita tcorhendedr ¢t M € Qganly cdst ééttile fdr Gtfe frdtictiop of vty Iaige Of
a single distillation col- zeuse fornee par t ant um
at a slightly higher pressure than the pfoduct de- de oxygene, afin de
fornmer un courant livery pressure to separ im’lmmmﬂﬂ"ﬁlwgu ogen prod-
d' azote liquide, la condensation etant realise n-enri ched
liquid air I's withdrawn fromthe par echange indirect de chal eur avec un
cour - d| Stl |l ation coI um and |s vapor| sed Refrl geratlon Is ‘ant de Ia

. o rc




(e)- un preniernoyen de ‘recyclage, pourfaire 55 percent of the feed air
as nitrogen product. revenir vera |la colonne de distillation, Atitre
US- A- 4, 400, 188 di scl osgs the use of épd‘lﬁﬁ.'vgm reflux, uneggroportion

. maj eure du courant punp to separ ate nitrogen. The process, however, is

d' azote | |a%|tl (s)fnlgmgvena EQ@}%@&?W et clf}'re\éyé:os ef fe t | Ve g,rthe 3Gd
pr OdUCt i § 1 | ion staff cu ﬁ op tlllatl?n col-
24 quant k {,%(QFD AZ r%cg@o to 5, ( recyc I ng
at |east us Qilles! dard [ ru]tro@&‘cfng qmas(alfﬁstﬁam&&%he oxy-
mi | }on I %E meent mdilln& ﬁﬁ%&hoﬁi regmt 0 F'Snnt:l%la g strbdh®atdichbddnic nipeD
col - feet,é; Jthe refigeSo!IaB @in SBAAT at | ON tahfe MoQCRMPressol| BBmpASsingadald Yt

uses overmmd sME(IDKIllioh SCFDNPT €sSi on whi ch r equipoRion of the dxghen-eriticied dbsstidgim,aind

| east a fi rus-A-p695405disovbestalprocessyor sepadpl ex and reayding tfie Exanpresses fist ponikin of the ioky-
uneconoiring nitrogen frg@ air ibasingédidiligtias cakimmeAm at a ey egiehed gaststreqodo the battbmbitke dis-
recover i etseammof piygerranriched tikid iseithdialm frorab otat tidlation evlunmitherelly anbangingniteagen prod-
conpr essthegotion of the diggillatiop 4lEGO Afpert of thé 15 i | | jugirec@@F{yom the air

portion effeamivapnrigesicinwarmed tehotkamhigntienr eam  andhySmingtheBmaindyEof Hlegasegusnitron
process Pepemndigpaparated pymombranesdntaneEne: onpr es s 4N PYeFhepd gtsaMiingfie bat exshangpr by
ing nitr89end fejegtstraams. The rejeck plregids regaRY j | | at ort‘e?:t&f“iﬁ‘ﬁ'i?e“’ﬂ‘ th @t‘t‘p@ﬁﬁef’éﬁéﬂl gas
st ream t 87p3e8 apsyeturAd 19 hetdﬁg"aﬂ?"sm'“@f‘ @%\m ﬁf ox é’@$ °"head
i t hdr a erfnrmtm *vv " p t" a Htfmeaamdtqte

bottom o %? art of t
air: st r gFous in ::E I’gulr ep:ea dltlo a coat %) abou h‘g h mven |o gra USEJT
4 aip ate a

it per e = B e }?né’a?mo gj reJ e
streans. pd nog;%deg't tst rearrg1 I'S recorbn eat e gg&cmnggf&ga,ngmmbm
air; and pregegesssdes! whith dind@ert bithelshie ofi Sti | | atal.rwan Brodudid1of distileR feed &R

r eCOVEr | Big aktBpviNGS dTREcE164(3) BBEY tisawaE RARd PEr MTEqh)@ dRiillaB Bolluin fobsBparaling txe &ﬁl@& ed
f r om t he trpgen 6&pSsation pobdsein WhidFanaxygedstiant | &1 | Y  RitTifto A SubsdshGaly [Pure dd€ebusT hiogen
process @i stedamdewithtimwiSontithé bbtitn ot @5ingls di sad-' overheddffradtivh dnd al@ggenaxmhedTigeid .
vant ageOUstmlaltbntchahn istwarneeg| to abedt atnbient-geeheli t | onal botad fraetieh; The i nvention al so
provi des peratuepipmraripressed@nd it feurmed foghestis- t y of  a (dierrondenser oeqs teest partially gondeénsinad
in that tiatiovewimnon of nitrogen product from & stregnepihe gesegus nitlegenaverhead to

" perneat e gduis anaimofithe ivention ie@rovidebsbapssen- 3020 (ferjn adiavid pitsqgeneiepm Bisiadipct hesk ex-
| ncr eaS| ﬁ | apprsatyeg whergby the malg gerpant reeoM@iyy wi t h t (FBange with & streamef the gxrvgen-inrighgd)ish

@gﬂgro‘mé@deea FIF per %P%%W@d uud bottoms fraction to form an oxygen-enriched
(b) a heéttab's%t:‘ﬁ E?ﬂ"tvr‘"f&eaa?tdrn the hi gh pres$ 9-0 349 065
orns b SR it BT
art by Vhrogen rﬁct tsu t{rﬁsqﬁ‘;ﬁ Blessyre] 8 J.scloses sertoth s}m fon-colam ,
col um f%mp%, [ﬁm gen separ g, hQ Sor f i%h'& ?]pres-
oxygen- enri gy ing s&u&%ﬁ&’a. substantial l'y: U&%f&%@&ﬁﬁo i 'dnrictled gas
streamis LieQdRaff @ SiNGlggeam, tfd\dohtidpr h&Bbs an

oXygen- enr g} aﬂkdnaugdwﬂteaadqt AideRhdal! URN, | SulBhdifdiss l?re@éﬂﬂy&y hhdd da§ M
bott om f r aqtdg&iprodd@sdathee, 1S reconpressed and,th?@aﬁiyfemgdam@ the dis- (d)
a condenser(c)iifdoditing the asdled Rl doinpredsyd SABAENST NQ (h)id deddnt AsdyceGrhed iy Tor returmng the in-
a stream oOfantilemeifesays of difgRGithilagMeioRead t 0 |creabei prSsupd dXygei- edribifod pad\sRedni to N
to provideumnpcesses 30 forma |iquid nitrogsbotbrm eithe disillatioricofuend thetebyaén-
ex- and appdyrsepamsiagthevicn thbyir it e colwhrdntper gent  rhecdngenityogen produatamegpeerysi wharei in
stream of tadrebslsntiglip pure gaspai oitiogen @verisdad ni t r ogervsé themitiogen rasied isgproveret foam the
pover cons urfedtion apd gh exgaen snished liauid basteme o0 f or m aidbsatgeshanger | ched is able to
be si gni fi deadtionyang withdauiagg)stream of each f’a°' gasPUSR niteagen Praduetdy Rigduepd by the firwen-
present mﬁ@ﬁf"?'ﬁﬁef’ﬂ'é!‘?'b is I;i)row d- (e) a flpn stmﬁ%wwéesa@am “Taﬂrm“"e"m“a'
retur n| ng 4 Stbs"a 'yé F‘t?d’é‘@g“? Br #he ¥S€EB\F5‘P'9Y“E9f Bé’tstc'!ﬁf"?“eﬁdlu Hf’e

ni - t i"ghedd F“:t ol ; sl reamtq"F'B:r'rj:P ° @13"

at SUper at m)ggfgn?t%sﬂ ?ogrlf)‘]’ § g E'Pexchan ng Keat be- dens df clghwaszjm rggf:rrt“r t;.r ﬁgenmagas

reflux; tt rﬁe S&tr&a Head stre covered asa d

COWpreSSOH éb b .qg.g ESamat) gorrpreﬁ.;i_l el qt.@o&ﬂed in a

sure of at gﬁi%nrﬂﬁéd g3 strbdliv aRd %EHabhsRET | Chededi@run thgglt fofIEPdfesm ©d
GhRGE to Rk R Muid KogsRCONd @ %ﬂt'ich aQQreQﬁﬁJhﬁhQ‘Q Qermfell

air inah
by heat ex?ﬁe&tﬂe with enriched oxygen and nigoptichdily thedted tolréhidve impuiiesuch as in
recei ves oxygen-enriched gas trogen prodﬁc]t st reans;

at a cryogenic tenperature. (c) introducl*hg the cool ed and conpressed air
to (g) a second recycle neans for returning theu!l uwu "“M[Jate st age
of a single distillation col- creased pressure as stream
~to umm; the bottomof t he
distillation colum thereby en- (d) separating the air in the air in the




tween the bottons &tream and overhead stream be recovered as a product.

t hereby boiling oxygen enriched liquid to forman 55 The conpressed air
streamthat is cool ed #n a oxygen- erBRCHRANREs stream and 28ondensi ng

heat exchanger against the nitrogen product stream gaseous nitrogen to form
a |'iqui da RivérkiRgiat exchangbn AitehatR&Y) mdikédiar hed  JBsrioSikaie Switchld iwith waste niegeR Bhbsages
Strean sieve may be used to remove impurities prior to for- so thatl wiateP Bid darbah Higxidel R pdsRsll ih Solid
renove i Warting thé 8isto & n6riredesinghedt3xchangdd form from the air are &kapdiatédlatter/ditehlof the
26 a F ever 3$n aecordance with trelirasrgjen, the filst pertiont | vel passagss iato th @aste fitegerctieana Abpropriate
swi thedofiiet"wastearittogen’{okygeemicipd gashigeent si eV e vatmyardeondgisdretpevidettosnable the air and

| mpur i ti oA qoidicompressorf without fissbbdinganarmeaitter  and wesle iimgeniiassegerdo bepowitthed | n

sol i d wasnhignttenpriatyri /Alsoca pertion of theaxpekout ng  heat Texeshladwistreamigayingthp heshexchiapgeni r
are evapww@@eéﬂ@wmdﬁméﬁs%"%’ fiethe n accé? @aheaw shpwhbyt the refempee 19, entersahe
first pofdd @mere %‘V‘}'hﬁt?“thﬁée’\faa‘ﬂté ni t r PaRalkeas ahase a‘RﬁﬁQP’c?BMhlﬁ'E ebsews ghe :

te nPff i5iogal g’ gwpes sugh as anynegjdual carban dipyidean
a?‘é‘sp?ongi;Bge@%f § %Z col
rn%gg

é'i PmV\ATf’%(S?P""Fq F'E?’e"oél"ng
war med t

Al'so, a gﬁé{ﬁ%s T ';g% %?Pr toth"lj%, cool eswr " s%m %’gg’zﬁ%ﬁ? ?ﬁ%}&

ermab

exchange
shown by o em @Ja%egs‘p sas&wgsoa.e ncol ki Com%@ m ehs#a 53?%\4%9
earsat-

hi gher  opnstaf nok G4EADS Saaniple dtiFre0S O DRkerenbe
Ni t r 0g€eNgrBed EHA actshibaRin g@a%ansy Gdvii¥: USi NO aliatioAfand Ry b&QarthWhgﬁq%ﬁ B i@ s
any resi dualemnh@&lsdderﬂaecelau Abdlankidf-a 0" K OUbtRidin ehtérd SliibtiNatioh boldm% RRAR ARImddP
oper at e t h@omparafvetindodiGert FahBrb§en Generte I 2S Ukt i(RgidvagoliradoRtdct D MasOtrdhsfer) stage.
CONP+ €SSOr usikga plivalty Sfdest exchadgeis@ludihng &N | S  Thiooleddir'stédin 300s'¢eparate iy (Rabtidngn)
t he ref er emaversid@ hpatoexetedger Wheelll the ehiite Sy st distilibtioo Moz sulestantialip mire gedetus sitragen h
as toan (eptte oineded streamtiewanned, geldbbrtiner e t bertaad (Fractibn)ya straahal34 of wiichl exits afjihe d
ni trogen bef thg warmediprddct tisoconipeessdd sind fe-  t hetop ©bbe edinafRi srwlta ltahid oxygen-enriched
count er cur tuspgdfto mq\plgfllam%m | ati on col um. fraction, a stream 36 of which passes out of the bot-
enric hélﬁ%ﬁs? is tarsehamabiefiqw dagram efiefbo- ex piPmdEihe samn PR T haiquidstreammp is cooled -
appar at us &edmeniph@ seqgnd prmpprgtive a nitrogaR 1o s uPY RAAFITHWIAANAGRLions]) peah pchasger 38
i ndi cat ed Zg;(ﬁépﬁt‘vf“ﬁm%ff"éesﬁowfﬁé%ﬂffsﬁ'éﬂ by e G0y eWi'SttP) 3 Sxygen enriched

o ref ny - g re 0 an stream 42,
. reterence Eem yﬂ??@ﬁngo?athm atqloon Igagsub il’{:%hﬂyfft al q
. Zt Sf g ti rr;smn ufm oilgcﬂ ar .efleve or urmFTrIE:[jO\_N g' ssure th ﬁjl?hced nvn ég

nSl
ni trogen gﬂaﬁf@qga @i b mf@ﬂf@pour 8 e tregm F T X%.%{%g
usi ng ‘a pl Yhaddinteht e MAtiontXind @lhSEHte é-“CJsUde%%estt FdndRbdt nedt &

i s separat gghn &mewa&amgeﬁl@wmehayﬁea.m heat (msana.nsfafm%b%ﬁsumsmﬁamﬁs
distillati Qastiapbrfiontof B Wérk Suldut Pdnt the dXpdre  J2S € GrLkdib-BirdaiB, HAB ok Vidhas the elitGREM 48
streamis \WeHi$\Red todpétatd thd sid iebydle cOM@Esead ( ERCAREOHRFOF which iSthe Q78I 3dthatlis pakiied h
exits at tlhe; @b the warnmed product is conpr efmgitheRekt efchangei S0coDiterbdi@ntly to
cobtfrm 32, FEAURES ié 4 sphiérohtio lovgdiagraenofieeéed 4oUr the tiquidmxygas stekiamitas) theadty dBingwdren ;
25 fracti ondembodinentafithe3Genton viingchidasses oTitis athertstreani of ritrdgkClgRtes 2hel iatiex-
schenmt i c Plessionctif sierwasteoiirogen recycle flownbif  t he chanden3am@ nof indicdted by the refarenceidd) 36
i s cool ed BwenseEihe tot avgilableshaitivariofmmathert | ve andris therowasmed to aipbiens tempergluretblipesagh
an (opt i on&ifoexnaader. sherRia FrRifigeraties iymeliedt or  whAge Rraygiiheheatexehanger tAandtiprealissk on
agai nst (i béa“%[ﬂ?{@f‘%rrently to an ox¥ ehasé?ﬁ’r"iaé!‘FFeﬂ%t}?ﬁf‘%syﬁgmﬁ{?’!?ﬁés?'@ss

heat excha '“9t°F'9“'°1°“he wings; 3en 0 and“‘ﬁf‘ "?Q? roduct as stream 42.
FI GURE 3"F¥ 'ésgs ‘6f a T e |°ﬁ

acconpanyl

oxygen-r 'ng Live e

i ndi cat egéﬁ i Peam' al?i?if 5\2 W gh Vaf' po:'(‘ par;(g& l:%op a col-
mol ecul ag, ‘r Ye%f rQEec%1 enﬂtgué dinalLESS

via li neaéz deln@5h air stream now indicated by the refer- stream 50re urnsvnalme5 bofumi

Wher & |t oia01d extdUia doBordibHBLIFHE Bt didar10HeGRE 4 bﬁw@raﬁ&b R rn agr am 0

first peythiomgh hest ekdhanget {DEeARe & stehi® 0as eouw&&mge&uﬁ&mmsﬁameo eﬂ-khe
I nvent i O cobiddBPheabbxdhangéAthR oxygaPenriéhié@ ! N adridhbd §aMBtrédn b4 baing meatredéha@e.t sdgat
exchangegassiremh 1afnd teogetysbdactBirdamiI§anths eCyCl ReatddOby pdasdgeithvodgh helatl Btharigére 6N

34 of ni émisdieentisBowahiinfighe:!t, haat exclianger iis t | 0N S whesitservas tp adot thafdedair stream 10. The gas

t hewor k oatepartifgheshekdhangenipealrich air passagebarg t 1 e astreamii®leaves thia hehexcanyérd2 at a position
sub-stream 48 der is used to operate theg,cold recycle conpres- and the

ot herof which is the stream 42 that is passed sor; and

t hrough the heat exchanger 38 countercurrengmummrlmmlﬂm a schematic
flow di agram of a sec- 40 the liquid oxyg eby bei ng

war med. ond enbodi nment. of the invention usi ng col d'cofr °*This other stream .
of nitrogen | eaves the heat ex- pre55| on of the ‘waste nltrogen recycl e fl ow




ente 10-.exits the:separator 8. The airstream 10 pass- 32 where it serves
as reflux. es through heat exchanger 12 where the air stream Afirst

portion or sub-stream 85 of the oxygeme #2793B1cool ed by hest exchange with
an oxygen-enriched 55 riched gas stream 54 exiting heat exchanger 38 is

gasst r eangdfedidtdind| bﬁd%‘aﬂﬁé‘heg{ &% jer $ gngam 16.padsod- iﬂﬁmgmﬁ%pﬁ%apb{eapééﬁaﬁ‘ngé? 138.
through Read tixgH & (ibeY lind 3s. 5RéH ors hown fh@wi: g eant YoM indR¥Ed 5 HeErench 2
i's wher euw-ttreaarsw&eto@gsmmncﬁehsasﬁm 54i I st r agimskitided @ tFeSportiohLH BhtSdtiagme) Aat
excrange ibylpsksid Hetidxdhbriged @ Sehd&habing vilth the I' € amfipdepdria rtib-btheam sk theokgden Bigitied L 2
at a8~ posiwain®d gas!flowing2hfough line 56. The combined ERB04 b2y &Bdh 154 is warmed in passage through thé

I nt er medigas streaindndicads byfeferdnee d0cantersoxxmhanger hga esahahgenid2 Thewarhért gasistfean feaves
opt i onal bhe@andenasamd gerandsIBneafly @mesphéricough ahe( paipethahgen at Hisitioh leeenttie ends
porti on oressufdproducingreftigaraiion equirettnkeepthei ndi c dhesadf thrpughee live 456c A secorsl-pottiorarrsuis S
of the o® 2 coid- iSome df theasecand pertion G4ub-154 | streany ofdkejoxygen-gnrichedegas mi 168 dy-or
sub- st r e&Heam 58 mey bysepsaibetutheerpander2handber 12, Pasees the heat gechangen 112 anfecompingsywith
portion d?""‘!;ﬂ?t!’-‘tg Pée&’rﬁfﬁ'ﬁﬁ" Ryftrep 'ﬂé“"!?ﬂ'?gg]n enr |t'2ﬂfﬁp‘iﬂé?ﬂﬁ§ﬂb‘§f$§mf'?§ﬂ\ﬂ‘ﬂ@°ﬂ%% h

| i ne 56. hpogytiet of the t%‘? 4 jogm andel YA SR ishe

dopnstrean of
w e R R
t he he at %&ée O%a g en™® h ex an er 1pzr ess'lljer"éa' pr?v(g{ﬂj\e ex ang-

refrigerg er e°f {ﬁ.&fﬂlﬂg&nﬁn bi 06 st 1 gﬁfbf%%gggn-
port i on Qﬁa v:dgélfﬁﬁlﬁpa mﬁ% e ai € Ihfch aQ%JaI‘nq 4 sse'§ ple

of the OXyGfRMme Hédt & gé;@fT o&ﬁ@ﬁl’é y- S tykeRtRER exchahigay 112 ¥nd) AcWindiddfed by refer-

t ur boexpyRglsredd eaiich texbran%epaﬁeeﬁowhe heAt oReCIBRMBRS intd the carhifesSR AR, TiRTestitt N
reynited smmst he rest of this sub-streami mg&ﬁmﬁgﬁgygastsh@nf héwsihdida®t by Rfer-
or sub- st r easthikd porfion of Sub-strbdies2ld the odygen-d 0Wn's teh@aAm, @ftheln passed thlojh apiftet dadler 172,

t ur boex panthéd gas streamOsdrinéd by phdsegeithroupher S t adkainsiyh mest exchaiyect2, andthdinda line
expanded agast esdhargarbdcpteférabiyo trhistent temnjsene X pand 4 toghehatiahed distillatimanign 132,

at nospheiture. Amodios orsgb-steeam 66 i thkest@8n 6hisw pndi C aln EGure @, théreireprs bbnitengercprdigyt witls-
used t o adbdrawnfeoirthapenatexiherger 24ratia tempara t he SiawnErpm the heabgxchapgri 112 fséndicatedw the

i ncomi ng twe intermediate thepp ofthe sephendiiproenyls heat refgence 1. exchanger 124 and the
mai n rev@eﬁ%dmﬁedé%&ﬁaﬁ?s“%%@* ep4. The ﬁeﬁsqr%%e‘ ings: thegers il-
now er tery fhe tupaexpander 28y fhe @f“é‘f“&ﬁ@é‘“% I ediplrate ‘H‘é’“ﬁ ’é?e"e'ﬂ“tgﬁﬁ‘ rd

“portion 5Feaglﬁ?°§'1t'f' ﬁ&agsgg%tpro e&ﬂﬁ | |l tﬂ%§h°l’“ﬂl"t %B‘BI
for t he & ?"9‘5 g'ew ’ét ream"!ﬂ'r L
thr ough t] @9 Jgen-e ‘f ﬁﬁgé?e TZ

S
|s col SSe ng |n is e

and, nOW ressor & sure teqfa onc5 h ﬁ m exi t Le g’ﬁl urtlt%;{l{
as 20 FL%& he {hgd&@ esgﬁr t f ole ohtlc
i ng conpich ﬁl%:g {I %mnprgég (igjr Y. ol | RNhIC rQ&Bnri\tQJEn \';lhlch re-
sub- st r eag), fdick dE Ererdicd 9¢,1s coo@é‘ﬁ% ri'és% @bkida! ok hy-
cool er 1 ¢goer@R rirthBedolES a RividRBBRatuf® bYBE rred bwmeasaaqed Mmuﬂhr aftled biPtRiah
heat exclid@Rined tivough hdatd@angét 84 kroRarsa Neato @xdabia Rigsiiah B¢ heaPdxeaRgerBio)thibotih
antbu: Nt  waAPeltdcold ehdand Beycla@viddlint Mo e  dikS t ioplichklihedt exdhbrigeie2d,3dd infoltiiebottadtn of
porti on ®bttadths Histitation Caunai32 winge isbivesds 62 | Ilistilion dolomh23AMiedin@230t he stream
of ni tr odeil up thdsiiotreasing the nkwbgeh cicavary pbs-om t he hieatididncthe aglendinigdt shownein Figure 3
t enper a-- sibérfemrthé feedrait. ke 4rdition of tetfesdgirr 112 differsifroghitimbshen b Figerm 2 withgeseect to the
i nt er medistieam 0@pbandntermedistestage aid regyeledy-m enddreatmefitef the wastd dxygentehyichededas stregmj s
uni t ed wigehenriphed gasstream af thebeiipmofthe coimn R f diwaste gjtreagn’ipageinathrough the hegtexchang-
dr awi ngs 32 perwftethe mags) transfos stages hetweadthgderx pand &f 2 PW of BBt rPrRFR476 9f the waste ni-

m<

| ustrat edFt%ﬁ‘?" '@?PS(S‘U‘? ?f@ﬂ'!‘s f9ibe ysed ¢ ¢ %ngener droggnplpam 215ssenhtge B’Gﬂt"lfﬁt}@% unit;
assage A7 SI 77'@9 Baﬂ? ?"e RS, hicHs geymallyo |

Eut | g W@.I !H ﬁgl %Fl hé lle y punflcatlon mt2 7

XC| ng s un ion e heal %% the

pur i i Cat ﬁ Cé 5 hgatéﬁt SI de b§d ﬁ ?usegﬁ(gﬂg’i im| untles the

oxygen- ertf.awéit ﬁ .nF. ana Bt ot

of the ”?nauo{h ¥m fheht o%ﬁx ﬁ:e

kind is enpf hQ)é &eﬁtm. 1, 6@ Dere’ pr e%mvm?. p.‘srfae@maheﬁarlatresa u&mme

equal t o paiposeb )b/the fidw SHD dxfpeRBHRRd t & 2 rBhmiddUbddk, 4rdithe irstiPblp rRdeheiialC

greater tgagdtrebhl RaRiRfthddondtdspbiRStHE @sté- t he  dinGd, cbrtiddoubperatistbor tHe)uit 2721 Made
cont ai ns tioretun@fis owdesibedr Si eves of zeol i tipessib®l. urm 32. The resul ting
conpr essed Treoxgen-edicthed strsemi B lisobarméd tiyh | S abl ThetembiitimentsphovariaRigutbsa B andalic h
re- now indicated by reference 71, is co%ed in_an after noves inpurities
such as carbon di oxi de, some hy- cool er , further cooled to a | ow
tenperature by be- drocarbons and water vapour. (L ﬂ ream i ng
returned through heat exchanger 64 fromits ﬂl Hml mﬂ."mmm he heat
‘exchanger 212, through warmto its col d end, and recycl &éd Vid a’line 74 to
the 40 optional heat exchanger 224, and |nto the bottom of bottom of the

__________ - NSNS




changer i s indicated by the reference 112 in Figure 2. incoming air, while
the remai ning beds are regener- In all other respects, the enbodi nent shown
in Figure ated. Once gghe first grougpd@gosss appropriatelsy la- 2 is the
same as that shown in Figure 1, but before den with inpurities, the flow

of air i g wg dsiBn Lﬂwriﬁg};%nmedd ari- E dt Renddo @ WMGE shdifically, a co pressed
oxygen- e Dis'sfrébnfT the @vh caNd the, pbff%kfe%ﬂ%ﬁeJn@ﬁSQ%&&éd% pas&igs
stream | EQHAcﬂ&1 ey ﬁ'ﬂ@@tﬁe di St thdugha he t@kbﬁang@t%ﬁi habl'ﬁ&w%rsubsldlary
operat i OgntRnpéritGrephdasadé thrdusgh m&ex&hhﬁgn COl UBibainB 19 6Mthél&3A biPSitbam 310 is

POSS DI eer bbldR bRIY Eripres st afd R/ cBd o Bisl 4051 S thidabi@ntbpidvial heat exchangér 366TR Gfga HEEIL S
shown i ntilkatightomn. Thése embédirfends dll indgrove ni- 29 further cooled and condendel? béford padsidvia lind.
30 di r ectregdn tecoveryropér &t possibl@withautwampress X y g € N 3 8 inte ahléaimediatd ey ofedhlE¢Hblumn
Mor e spesiorf ¢f @aédygle wastecrdinqgeresteenl. Rya®s®s r eam 33hssecand portienopstbsidiary $treat) 020 of the

st r eam ( wivi apbarateses| agrading tocthe ineestibnaamploy r eam 8dodd iaks steeaw | 3@ islpgssad dicectly to gnother,
enr i ched"cpld campyageion ofithe weate nitrogen gs @mersnt | 8l | Putdgwel, intermadiate aidge Sf the distillation col-
exchangepf3dievingimpeved reqovesies ig amefficiintman-ent  t empERat ur e b passage through a
heat excRhgiriych embodimarnts wefirgly exceps reftigsfaad ai r s tAr@EANNg f@t" agonppa'e@e #%p sqse?feﬂ e
bei ng coH‘Iﬂreé%'%Yé’da'EHﬂ'"t"@é E‘feé'lf“‘f‘ﬂ s’t’??é“ﬁl s- Intpasup ﬁ”ﬁ" ' PF’%?F

exchange °§i’6° 93 apieeqqdly the shat Sgh ffiting fForp

i nprove F “"‘F’ HiRYe '888?"? sﬂ?gtgﬁ B seH bg'r %}9@"‘ g’&“ﬂj

le

334 and

recover ys [&-elyP ream

no erating pr ere | rrpre 336 hanger
stage of eeu r‘fﬂvs\ 254l ue"‘ls' E %g
Processeg, Qr}eﬂﬁerédd si di aé&baﬁ 20fmtro-
appar at Uﬁéﬁs @Ptﬁé) ht%d ttcPc F‘esé B\SGiatnf) P! Gén ga&@ﬁ? léh"froﬁftrfe%ﬁ-@an%bg The re-
passed dLh&mids e WidteaTeblRl streal® dlieF RIPT €SSI e.sn.ng oueh eheshtichedMighil SRR, Fod ik
means  1QeasBHitrodeR YRbvery. Siich b 8B Ehadninidesge Of dibdi&y tﬁ'r&érérfce 844, RNhedubdd-in ﬁ’gssure by
achi evi Nghe bAFUNE SfiiphSR WHIBH eSs tb bb irbtalled, f | Ci e Pdssate fhroughl WElve3$43, arld&dntersidhdenser
enbodi et éxatkSi€ a Ednipidssoy wiRsRaste dih bifger a- 348 via 068471 THa@xyders érirkied liquidstream
col um 3fibobrpamiefshfs iabdlhdat ©xthabgecragies v ai 25abbelisiinthd dvaddnser [3dewipla eo@ensiif agam
of i nt owaminy ltist westei gab Iracyqirusteza 4 enbient i t r 0 Garer SBeirérpeds tiitiee gassduenitgen @or
second| ytetnheratgre afitr tovornkprassiona@hithenesedling ng f r oehstrdam 38bthrough indiect ireat 88hange. The
st r eam 304 campebssadstreantin lolydempetatusafalldwinhien ¢ ordensed nifypgen 'gaslmeﬂtoéllﬁdaft'"al@ colin
., OXygen--efampesisgieh #rp gliminatesh (Of GpHras; pBPHCB36 ex MR #F taepeas reflypi cal |y, in '
" pl ant's i PrOgRRT ¥hichtuses expansiop piastsimitieganto f #0om t Ifiesyine tbe‘f?Fd’P‘YGlePré“"@EﬁdLﬂ?ﬁ '%s@
The i quf"ﬁegf’?@é"????il’ﬂ'i” QF;%‘ é’§§tﬁlre i s drgyn psaptpam B9 froayt “P?Fé?"é

336 Is cgg?géﬂa"ﬁ 8’“’? Y é‘é?é’f‘?@ht excf'fé?f 8 ly 8 ﬁ?‘r’( ﬂ'gvghgé‘ h’é
inthe t in nst a8 rich-
St ream :ésltreegl’:alns aval VGE’gﬁ%%{ ! %é n‘ais r §? %\alslgéijn alsex::l de ﬁ: nh ::aportlons or

subsi di aﬁ ﬂ%‘;? QIE@ _e ric
corrpressc@d éog,g ,J%l‘ﬁ‘.‘ hgl..eqc,%smng ga | ch | §4 a@ ?35 g]m hl'he
re- &kare tﬁ&rl‘ﬁ% tioh " €aM nQ G Enidr® a'cgmpre §7b rlgwlﬁé?l @d
oxygen en&u&&aﬂ plahie] .dla rt@mze Biny ity CT eas&npmséewﬂe ResIBgQRbMbréssedtis dtréam,
scherre m,g brédaoh rediirdnh@Gndfridibies GBAE 344, nbwindiRtbd b féfekddcd 50835 1bEreltineli g
anount  ofhe QibbelyaRdEr atdth€ Bold\eapfesdon ThEe | NSt like®04 to tHRDESRTHE dibtNEH ghlurvicdax after
345, andarether fact@ s g ciicional brassu@)droppadd a C O bBiligEsaaiby pdsegk thecagh Haat esthangers12f f
t he 346chsicaofitanmperaBrfies.of hbitiuidsXip@gingiate both ched  From afict istermediate tegivlothensqs atecrelatively
shaf.t, athd tinemipardec hati)e codhsmemesfoawhicRS  bohigs temperbtoe to @nsteond anter@ddatevimgion
condensi agp havebearingzon tiereguilitiium peidt € gas #5e c fheteef ata reletivaly fow temploiature. A second pof
or sub- st r danshei sutpyt ofithpturgesxpandes isvsedtogen pliendor suerAtprRamai08 rof ther gag streagm 301 is
conpr ess pespmalisffwe dis#iclda®si ng  uct stream 338a5¢ Bulhh tihepxpander 328qafter passing
exchange. T'Hé‘"‘t“}ﬂé 9 'E%%@'(Tf@? Wé‘éﬁﬁ'% | ow ¢ the,begt exchagger 3ig fram 'ts(PB'HGE"rfged
ni trogen i §e?§ i Eegy St"ctﬂ%d'ﬂl"?ﬂ‘f on_co P" in F@%PBW%?"E“‘E‘N W‘ ‘g e

O course, '"9| : ?"3’5 fe #s P '\% y
\?MXPﬁnS:j?PV )removm er(il-ftll ag)'beaﬁl brgthe gg?fﬁgl ;In% xandﬁr Ej? ﬁiﬁ éeagam }gc;am
U hmR e R
SONME Poi Nt ;ype bﬁb&ﬁﬁéﬂpﬂ V thgaséagﬂ'aeth ke

%Hﬂﬁ.ﬁlso@léenﬂb
I ecover y gi¥ingsQRdWsaRsreqbie of coﬂ%%@d-édﬁ&e?xy— ehPMmeety Cﬁé%mg ng for @RThddhing air
war med 0¥3s0Rbx@jeh-ritH tas & R-cOmprésebtAfits@Ad | S NMBida AGATh¥VRtvdam aam fidr phsBile tbh
ed gas | edtwittgutbbifg Wdaéd tanttisatigfigeratidSin  NOW  itHatiedt echalgdl 338 dlsd PRdssthradphitedbdt e
to cover both the refrigeration” 35 by the reference 301, is divided into
three portions or needs of the plant and' o supply the energy for the

sub-streans. One portion 302 of the oxygen- gm ' "#’ essor. This
"equilibriumpoint” depends ed gas stream ,' ﬂ 'u’ " mmn[ war ned- by
heat ex- upon the col umm operating pressure, thé réfrfgetati on change but
enters a conpressor 370 |n mhlch |t |s needs of the plant I .e. relatlng to

o o o — 1 o o



aif., feed to the disstillFation colum, and - val ve 306. The expanded gas
stream | eaving the tur- (2) renoving energy (as heat) fromthe cold proc-
boexpander 328 passes sfirough t he hegso#teabaByger ess equi pszent by
delivering a portion of the shaft 316 fromits cold end to its warm end

ther eby I%&éit&t 7 3R 85Yast R tho tbye brakg.l obdh) %Esedlﬁﬂﬁsﬁéwwbﬂﬂﬁm plahtd sor
cool i N9 foRingdrB3f2fitnlits Bd1d @ Hits é}me rdpyen t hrtﬂé'dg Fuiks Ras BB Péndinlo ford €d
in Figur %xd‘ta@ingrhgﬁfor fAeair dtrd&n $10 nger 3127Helreidkdelitnittddbite@dly h&ie'p&s%nbﬂe

war.nT dr awarga nElogenstre mrd)es:la&byqéfe@ d oxy®gdediatingthe@tal Gt bR 1@IBYexpander

. pr OvA"di NG1Tie GkéreE nft@gentpRBudt.NCOM NG Ai I GBS, 42818 recRleyaEtS nitrogdh calpiestichdirthesin-
conpr essed Ofpaiticilardmpattancaits tisremBddiimentiise St r emases 4id anbine of niimgea@® pdr oA T

st at e wi tthabaishatieorngetiomsaTdchravidedibdoveemthet enp e rettigerapt 47m suppled, dné tibreforetinciog@inic
338 al so typbresmaader B280ang thetdamprbssert370.@\ por- 31  return of the plant. EP 0 412 793 B1
32 exchatigreef tBp@riabutpit pfihesturboaxpander @8 ishe heat Anether advantege pfdpcnndcedszhown in Fig-

di m ni shéws usedigdrvetheicompresser3TQshareby previdinger 315 ifthaipaly (we W@hwretfmumﬁmr m
end ther d!lSyb°"t“r!?e§‘é" ﬁ'éﬁﬂl%ﬁdmwﬁe‘@ﬁ'ﬁﬂ" | ar gerfe"%HW'Fﬂ?F*Ed kyracpramen phaft. Eheerdiiogring
heat for hems the F”@‘PPV fhe gitrogen-product geegmy j ng "Pﬂ 8?'@9&?@”] of “T‘Pl dtsP'B?j'é?tde‘"ce of

recovery3 l@" P‘é"‘\’\ﬁ?" tﬂ?‘t' (i?% st reﬂﬁ ref erence

by dedic g’ 8’"?" tegyang rFgct urbo ft' ﬂﬂﬁ%p’e‘”"‘
nitrogen, eanfos""g:t b §d to’ re egtag S8 RTPEE R 8&LPon
furt her | utsi hla oundanes he o thi S he éxcha ger

anmount 01( ts;%x sol'iw ?’gur d tt; @tgj&@ E%@gqt (Zn

pr ovi ded Aoyt b et araogrsreaer supp e t?ean%

turboex p%ﬂ&ﬁéal e.nst S\Govied) BRUVETAGIoN A A 820t electricPiott 18 aR bxtér réhdnt and
ti ap, of ttmema&fev&am paftf 1t i MPorkak A &% panderinc%a&s ittfe refrigdatioh ﬁéeda@tmrﬁaag Bovaf
t he pr ocggstentditbstévredquisithengrgy foliéSurkbtithgéto dr i VRvdr/iRese aaREEMEDY thé Curicexpastiabwhich
provi d- kddp theltold chmpréssioiproce@dvefyigdratdl. COl d MAGY rda®s tha héxessity o sufling Rhiaft enbrigto
"boi | up" fwWiereadiheiprokcésabhoan inEighe dreqdiz:da Whi Clthecaold colhpresatl @ncecgaie hbweaterdss cald
common s lsarhe of thelterbaakpantiershall oulpatitc emply he  pseC Gureprgssioh intreasesihe reogpery ofmitoagerc the
stream (udissipativetaske tonpivergtatheolantothe proe  di s siamannit vfewadiewnitogencivailable for Ruboexpin-
t he wor k@ssghown ip Sigere etthedfawings aeads Badipat i ve siof Is@IRgedWhes this is redvnad todhe abantive
308 to r ehglive brake bgcayse same pidtsy ?Qﬁe@ﬁ'?'ahd r ej dgquired|tymeqy the ?fmﬁ%m%m%rpf thg plant
_ F| gur es A&rxided from apputsidn spyree. Thejertirgfbaftout-o t he (giding Hatfromyhe ngl pRergy Spysge driv-
“tsur rou n@ut of the turkopqmpressas cagybe mppiied tg Arving pringrths W@@'&P’P@P'ﬁ §n\fhe magsimymrecov-
ings" is ar?@'ﬁ?ffssﬂ" thus ey 5 ﬁ? E?B?]’ﬁt‘.ﬁin %!Em'of t hé’yc‘tSF'H%Bﬂas t\?é’t'??‘ﬂ@d heat
{ﬁ et

exchange %d etoé irt s Of—&&ﬁﬁﬁ@&% er- In
lgufgé" 01g L Oftpr es- t enper at ur es

anot her

sal

are 'Ocattﬁ[ ansu mfﬁmp%ttgw) s 1% <Kol kPl e GRS 0

si pat i ve s on b IS B
source, ‘fhegurboé?: n@ r%ﬁ [s'sﬁppﬂa?rto & o&ﬁﬁr&s&&a gerg,glr g{ﬁ&ﬁm #o.0 VlitficFeet 9£r h@t‘{ren
friction s thigéhabibd highdttsoofrPdt hifréden pEd-O 1 S (SEFHEH '@b@@l’a (r‘lmsfaﬁgwﬂ@ucé@ ab-he
bear i ngs yafs1Ptob@bathihdibeBsd an ebdn ghestel KEROT t amcortiﬁh%& wftthﬁGUR@@ rSOMEEhd BORH refer to

r ehL¥ ger ap ilewis SchRobleqit coluitf 458, Aifflis evii@Ve- SYSt QBB ECheastiredAs &Sjab &t €TV 3EFa 4rd

t he sur r eigedtishd®eds®o be@upplied td thesysterAlf@ eal SO NMticdxy4.? puia dnd rd¥BEe X pander whi ch
keep t he amplk,cby sapplying aidoitropendc ths gistiletfoni ger at edA feed dirglol bE524®3 SCMiE(186:158 SSFH)Y
of suppl pelugn $32difotm apresterydl sogceHibrapditherehe pr o@e sempsdssadrto B prefsugenf 8638 kPa1B53es
t he col disogintentienabrdissip@ive brakggai n, however, aPsieloftbroogedto@ftennrderature of BEFEXAIer
shaft out pufthe @“%%Pbg?"?e 471 of mgeremmr thesi ¢n iandthenooeled intheh 129The cooled

ni t r ogen progess of Fjguses jsdiavid,eitrogen aas neantheef | @Fa‘t’%ﬁ"t‘t'?é Dgsam"a thelijpe 15 the rate of
anount otp“‘ﬁ)a%ftﬂr‘? Yesired @Q%ﬂ“sa’%}“ft afﬁreep'q"b A t )laﬁd ‘F‘P Eﬁ’%“’S"fof

the dra ush

o §? et ﬁ%‘ggg@. Bt o 3 3’ rtiﬁrﬁm%@aﬁ?
The enti |! c'a‘{ f"' war e°? ar from a'r v'r' ':,ten_ oG d
driv- put VEE At nel Qe{]ﬂanr-

itgswnmaa mtﬁés@aer.saﬁravete apphhfsf'
cold conpy é‘o% ﬂ& %t&ﬁe&hm&@&w‘ a pied §6) Of the diStiltioR ¥

recoveri a§s tpulf ekdiuBively, Qhiéh R mdlb pbBRMDbyNaS beeneéseaﬁhﬁ erd&h Iuréﬁmetohezﬁ' KPa
fed to ttpwarn@ad Axteatar@nmsat.umraa&tesaﬁa- | evaPlod psid)BndH tbmgetdb@é of 192940 7B 40F)h e
enbodi meRthem ghifscommrtibiktfactiveddsé A0t VE) ieRivediiroin@id tbg df il distilatich dolamfrBgade
5 i s t he ossupplyi@efifimiting Substhriced 47a{exdliquid Fi guraepoftion as foriednded 2 the heat @kotlanger 38
conpression, 35 A process for the recoyery of substantially pure shown in

Fi gure 5, all of the available work output of , nitrogen atthe rate of 3113
st andard cubic netres per the turboexpander 428U||1mumﬂlluaﬂ|ﬂﬁm conpr essor
hour (SCWMH) (110,000 standard cubic feet per ho les a

hi gher recovery of nitrogen prod- (SCFH)) at 790. 7° kF*a 11 7" psia) is
conduct ed |n ac- uct 417 to be obt al ned because an even greater b0|I

N 1 7~ IS~ oA P ~NNT 1



extiernak source is a function of the heat |eak and en- 50 cooled by
passage through the heat exchanger 24. thal pies associated with the fluid
flows at the col d box gsThe cool ed aigpga¥yssmsa | i quid congent of 0.03 nole

boundari es. percent at [err] and _

ggrza;l \i;\gahg mt enw The p)l t roge mblen rm(:i)sersau alné e%u%t}'tﬁevgyste 122_' 2

corrpress ehedfg (fég,e dl at e Sg 3 lgésséttehnln% %uded
ol urn 3 )I.J§1ld !;XPa Sin Yor tubdexp Qg

i t\rfégenp )toa.vpsmbrrre élsg orapa{ ovrs i B forfh oeer.tarréa for%&&' reSdion and re-

- refri ger adnt s38ed oRttdh aircomp 1 psia) and a t eyHeestAd distifatie colufdh,the réiativd fowhibs

schene gai mge Gﬂﬁem&rﬁbtﬁh gas oM GhidéNEas as t Being765dnd 2BbSCMBeshE BBl (P46 SOFIPT

t he di st pdsbafttirugh @@ hbdiexcBahgérrad atxhe @tep| yi Ngandbes SEFHAlspRivalYDTieat9@Sgad Was
(e. g. |ien20dCMH (192,036 SCFH)VADoition afaiicitosl, t 0 t heonipesated easbikRagt30 p84), cbaled in hedBex- |
EP 0 41219393s@4H (68,700 SCFH), passed o6mplktely e 1ohe changer 819end inastedinto thedottam of trerdis] .
anbi ent theonghdirehieal exshangan 6 ant wasadrmeli i agy st em tillatioh doluppny 332 foB Tbbl UBCIT JabCredBO
SCFH) wabienhtempassiurg thereig: The wanm8d Jas wae then ex c hapiyesd tq the tqrheexpandey|328 wasdiirett heajad
cool ed agomaressphta 850e (1A3-nsle) and &f ed tat r eanPatkiely #i Readexghangarpid? and, expanded. to
[err] an#-BGHOKPThe qopiad o3s Frregteted B Peat 9 or sE‘lS’!v'%?‘F @M&Rsra)'ﬂmem Pder 338. Wind
psia) to¢ r'%“én%‘r T1€Q:'69é P 8hphotdt  Hen pasPed h heat ?chanﬁerg?ﬂstai"ﬁﬂwor
sub- stred f°b‘t‘?" BYPPR- cen 'e'ﬂ%%' ’af'ﬂt?{'f‘ bagoming Higywagte 8l

cycle t oP¢ a%'t' n" dgéslet he rel at QFB’ he ox ‘gen
enri ched tixctga w?% the 831 ng 7518 fee sat |§ )
(26, 546 g‘ﬁ ALY n o pfd
SCRHL T e dageft cﬁs Ogﬁ héﬂra o

portion g tai '2675 73 %@Eﬁﬁ&% szQur§ K PBoekpardbr Bffiki cles Ctﬂé'»’ trhd1
1944 SCNg dteﬂﬁe?&ﬁ‘rdoﬁm ctely wmédistiaha nﬂ;@ﬂ)firﬁhﬁ(iﬁeQﬁe-
into the mtpl) (Alﬂb@&ﬁib%cdﬂ-ﬁso obsorHy br chisie eat.naﬁerfobra.nﬂeﬁd tﬁéldeam nit@genanityed t o
am ti |La’%'f60 Pdds&uQhrbUFA thd dfbdefPandeP28 drovidP ' . 25 The  Grithis BXampie)Pal blRKY shfeldCgenbrate @

t her ei n. ind Mequidier BRidergtds. HRStuibbexpand@rasks ed t Oby the tukbosparaisDE2B GhetranddedtB thefsink St
heat ed cheawgtigesse the bppddsPascBmbifeliZio IBe P& a) arvtndivigs @ Parot te cildcomp@sdor 03] Work n
heat excardmgawed BiltRe eatexchapgersddand t2. [ err] . Thanswitted te the gursoundinge hy twake 308 dopsti-
heat ex- about 124 kPa (18 psia) in the tutirsdhgraingesatiod p&essaty to hefriggeate thel
“and was EXAMRIE2t0 [err] at 15 then pa¥sedamthrough heat exchangers 316
and 312, a pressure of 844.5 kPa (122.5 psi agfordel iveryto the vyielding
its refri gdfiayofEp7-S8RMH@RPA0SREH fMrgaR t ¢ ni E of the distillati on
“col um 3‘2asP’°"“°°d'"a°°°’da"°Fr‘”5 ‘eot;ru:g‘?"ﬁﬂ?&‘iﬁ‘ of the q_l ant The baI an e of t

.oxygen efﬂd e'ie e nea

- the h et %5‘?‘*‘ P‘%ﬁ'

the feed® s%?a%mﬁhetrzarrmaxfs%angersg E %Owa;“ggm %ofnreg; 3
Lo provi Eé . gr%srwgra ceu)ea%s@' evabﬁrﬁst %r mb%m& grb&ﬁ.nu
colds CO”B(cﬁ‘Z?: §é15 SCMH (71656% t% 75 S SR 3&@{ i lltuo%oluﬂnnﬁ%?é%l-b[ €

boexpandgdole& bif wal s8R MréUZh the Réat e,eﬁarnaérlsae Pr esgind efragéra:rat dr B bosgisEMi )
and t enpgf a&nwneng)fmor ivefy tola Gntéhinsdiaté | at i O(51 544 U wis PPocBdsBdR the@fstdnt BYpFo- | N

t he di S- sthgedBthb Mistildlidn@dtumin 3527 P balidd of 60, 796Bucduf-td)s4®ECHIN (38,000 SEHHRbA pAdduct ni-
col um, thacbotel air ehetddrap levateli Ergy) Bolowthg ént Y.  gafroded 4prasaultilg inhd Aittegen rdeevery rate of

t ur boex pansiage oide $180af thel distil@fon columi 382 8i- Exan bigdut §8aote perbertt bfehecflifalr. Wor k

gener at ecketiyngher prefuéts jof the disfillatiopesolvtn 382 The t urThe ergsent devention -recolsers tshigstantially

t ur boex pwere d861330MH 65.75%$ChHIH) nktrogentgas.tohie sur purtriliegen gedyctzhoth gagand liguidas desireth s
conbi nedwhieht 1353 $GMH (48,758 $fchik wamyretugned apar t  t on thpardersf vp te Gerpele sereant. A9 plantwige k
and war niefuX afteq aqpdepsing:in espgensss Gah andbW23 g 1 decreases, qspegiglyhejow 23640 SCMH (800,000
surr ound?‘ @5 THPCHR °§'€3‘89"t9c5'ﬁ's fiquid stregr, g i"hesF@?)rq"iﬁ?sa't‘ ingentipnhegames more cgst ef-

refriger stream 336 was sub- fective dueto the absence oftheg@nd colypn re-
Af | ow of %P WE‘} “g abo ’2& ) gﬁ:‘eﬁr t rogB‘H‘e’ “E%RR/BQ’E:"%’;:}ME:"-B%B‘ E'E‘HHX‘PH“
accor dang g % @‘&h B&an@ &g han%%d Ln . le é %Estehto to%s
the wor kgl 5§arma309& )G thE'S Jso" 'GEL.%‘ #
turboexp S{3lw, 6d i REHRT €S- d erv g pla

avai | abl amm tnﬁ%rrteaqmgehsmaﬁrstém via esha.tg the aea; faa

was tr anSntereJthU RARASEN2, WasSwaihédlo t O opemtner&ehe pFOVIG® higifer mm,gtetl eéioew is : of
t he system sor 470 in_order to maxim se recovery
of nitrogen as An airflow of 1459 SCWVH (1§1 546 SCFH)was fed i |lustrated

in Figure 5. The cold box being well insu- at Cgm,m m’ﬂu(ﬂulﬂ kPa (133
psia) through the heat Ilated, 27 SCVH (949 S ogen was
exchanger 312. Then 29.3 SCWVH (1036 SCFH) of the °40" aBdeld t'o the top of
: the d| str IIatron coI um- 432 to pr o- cool ed a|r was sent through the heat

o NA S a N O r~NI~A A



SCNWH (3§,211 SCFH). of oxygen rich liquid stream 50 SCFH), the present

I nventi on becones nore cost ef- 336. The oxygen rich liquid stream 336 was
sub- fective due to she absence ofgddw2ydssdard col um rs- cooled in the
heat exchanger 338 and throttled boil er and the |ess expensi ve heat punp .

clreult CORF b s gmheﬁts\éﬁtrvgntlgn Hilre 489 kP2 (%qj'ﬁ‘@ ﬁ) i &J(g,runggorra S
Conpr &5kl Sl a1 I B a6 5

gas A siggolée, Lddt mgﬁ ﬁnerén‘ﬁygrg%uo&lslﬁent al to this's ream 340 and 707.5
SCNH 25 efdQd e odi ment  of, tA\GodeliVe2Etkdingle Cibifn £ Rifther cAMpfis-

~ tursdexpan- nltrogen (product) . stream 342 merqngw"nﬁgammmadtﬁarxyggﬁgﬁfkmg
the refrigeration needs of the plant and exchajages stda®in thd HRatwRéhamydr tyihbdt @gen
product staim&m anot her driving the conpressorchémge witkaye banpreasddhsir @elream of
entered the nmain heat exchanger 312, was war e cbotmbinatiomwithisaid sscoi@poition gn expasie
hi gher niClaimg éor thetotiowing Goptrd@ing 35 sion of the cdBin@tiod.1 2 793 Bl

36 withi Rtatése: B FBelToRLt he present inventdon. There are thereby generating
wor k out put to provide refrig- other conbi nétiAnmesessiagcopding tofiaimRorSlain Hhwhare| d
conpr es- 1- & Medesnforthe W@YF?%@%S%NWQWM step (s ealy parkf th ypoitiphi esnanded
produced i riitfogen mt{y% Superatmospheric pressure while the remainder of the s°3°“dA’°ﬁ'P'ﬂ)EYESS
accordi ng tE?"’G"&P‘Pr‘?"E‘"”"EF?Wé‘F corrprl s- 5 narﬁgsmar’mawga"e@m rd port i on

a) ing i
of the OXygefi %,ng eé;‘%?p seda.ﬁ.fs L e ok il AR R

cedmg
Comssed s RTINS 10 < GO °rsrt %5"%:&1:@,
Clains for t o?%ﬁ'& sion atabout a t&) & djstillation col-
d| led ation 20 umn. process

conbi nati on.

. acqgrdi ng to or a| m 1." A process for the recovery of
substanti al | )Bstraetmg thé ki thy/colh Into@but Ne S € @O NKhriREd dohdirglo a&wﬁaﬂbmompns.
nitrogen proGGdaly urs Yasdodd H?&éh%ﬂéfﬁea@r ESSUr € ing utilisinglaipbiBor &t the WBIKBLHA Stitaiktld

t he second payattioAnd¥n olygénenithed fquidMot- Si ng t h &rond tRgdékpatding means to compress the first
passes the exgficich anAaMBdrakie) a SEAPT BSSisNY JADRIOKIG tHe@RyGerRbririched gas streahbwt{dh)
cool i ng the ecatifreemedmatiercolnn;a heat ex- 5. idrepycd &sthe acteoT d ithegdistittationgsbne
of the precede)fgwatiagigbstaritiglylat atthecoxpgeange wi t lumenri ched oxy- - cl ai ns,
wher ei n t he feniiched liguid béttoms stfeatmiaed poftgen en- gen and nitrogen product
_streans; of the gaseous nitrogeniverhepdstreamrteam of 7stAsoceegpoasrding toLlaim SorSinimy, fusther
“(c) int roducrarﬂgﬂqeﬁ-tef awioheein pitectlyoppheedssed ai r compisisg removiadium the proeaspepastionr e
of the disti lindafepibptuqsn.the botlams pirpe@ratddi at e stohlje wak oWPEfrRgte ed?aﬁ'?’! '!‘eéf'ﬁ on
20 um. col li’?‘i‘ﬂhea %;%g;%n g oxyen err i n the, col unn into a sub-

rocess accor’I ?r?’%'ge“fel'.]‘i‘q’ﬁ’eqasco r s -A RPoaRR §he re-
P\r trogen ov o °°" eny ' ']'t?r" ;ETc))rt | e"B p‘;ft I%“\L%lﬁ‘éjﬁﬂvﬂg‘ BHYEf Red
fraction and A gﬁgg olfg‘w d b ?“F’%Hﬁ Pere expan I'Ng nmeans to

conpress t he ¢ oLkt ‘:ﬁ%e i t hdr gwi &oc%sssé Clai heBBraﬁ foly
N@%a@

of the oxygeny gﬂ ng@é, ream Ich each’ f} B¥irst por-
is recycled t Is o 50t @ l%rsft BudioPtb! | ati on tfggirth gtreamwhichls

substantial | %xﬁb;ln eftichddllfas SRR a cHBdenic €Nksl Cheded 4Fehe 2listiRAdR BilH
portion of tRénfRARROHS atbhire@s coppeishgad st readmutrﬁhercanpnéﬁgaaa.a@rsﬁgaabﬁlﬂone
to C ai m5 ofsaitkist portfonfotithé BGGenenficheeser and drdtedsdiom ahBxtbrna §bdrgs. exchang-
30 conpri Si Bfednt ROV reegrlidy thencniplesgdd®SS a portion i ng heat between the

bot t ons st r egontiomaf the oxygen-enricifed pdsstroumrtlt out puo. A praesstdh@rdingpaCisim@nwheeshitis step
over head st r dmrhottbre pithe/ disiijation pauronthepaby e#- 1 i odfi edtiing irefigeditiondto theprocess comprises
oxygen- enr i clealhngjags nitrggen Lrqgues gesowernfreor di ng t crddihglianid Titrogeln 4o thé distiflation cafumn.
stream and cd#ffhsi ng gaseous nitrogen to noved portion of the work
output is tra‘i‘)s\!"ﬁé’ﬁﬁgé "F@a'ﬁ‘lﬁf?ﬁfﬁgﬁﬁeﬁfgl"d ni t r dgeAPpapiuririne production of nitgygen product
t he sur r ounditi98e) o¥ahead streagyin (g haat ex @gﬁ}r egycl i rfepmealr cppersing:a aj or portion of

the re-- sultleﬁ yIsFt‘,li_d?eg ﬁ’fcf'?"%é‘i‘f"§'?er the td ad'f""?‘?‘f@"’“’?’“ﬂ"ﬁ?ﬁ?%@%"’“’
according top Qall pe drstllla h ?{Fﬁ "
wor k out put |( g ve" g %s m e first a en e :A‘Eg P%st
a first portr ro th St ex a "fg &P oxygen enr| Ie Ewﬂn e
oxygen enri che gas stream t a cryogeni g 40 g I anran ‘?rtﬁgﬁﬂiﬂ}%

the di st il | Zirbdats debdréiito ClafPRFuRdk tnfprid-Nt 0 @ CO%&&MEma%QMnﬁa?ﬂu%aseousni-
and furt heringéxpatkiing b BEtoAsbrtidd of tR dalddRy-at | on t 0 ttRGerScvbifedd trafionRA i GXigef bn-
t he oxygen-ghedrcheadadsti®am inah BGEHIg ME4HE an eXt er NghedSiQquid 66ttonSrdctehand iNhg an
recycling the conpressed first portion oL%the oxygen-enriched gas streamto

10. A process according to Caim9, wher€in the step the bottom of the
distillation colum thereby 45 of adding refri , HE rocess

~ conprises enhancing nitrogen product recovery froﬁmlm lm lumw ,"Il qui d
‘nitrogen to the distillation colum. the air; (h) Warfing t"e Sremai nder of
the gaseous ni- 11. Apparatus for. the production of nitrogen product




tragen bverhead strream'in the heat exchang- fromair conprising: er by
sai d heat exchange with the com 50 (a) a first conpressor for

i ncreasing the pres- psessed air; arepo4127938B1 38

sure of gaseous feed air; (i) recovering the warnmed nitrogen over head

(b) a heat ewmﬁaﬁg,f,t%emm,ﬁgn@mﬁhmgh pres- sl ﬁeéﬁhé}ﬁeﬁ shH Rekafichéd dides

pure nitrogenehk anger W th nitrogen gigfls Sxes§Hat o dus B&SatiE!
fromthe hea tq) @ 66182 br at least partially condens- Ré Qdi'dﬁr{u%‘g veh mdhe‘éédtliché?ﬂieﬁ%@l’li
ai r; =55 ing 4 SJea ofltn8 ighdebadtritRigerCoVetiM f OF  Se Rk Sduer@ff aitRRreithertdn Piisdig6FGn-

accof di Ng t O headb Mindallquid hikeen QMY Mdi- 5 - COOlt@Stroli Gindi éliiein FoilSdE3 SgasBimigehn! Y
pur e gaseous et heatiechamye with d stigamoof he@gyad porti on Stitksbotishesaonts 2mXejhem Kondensator
trogen over heamerdriciad liquisbottoras factionty (pen en- gen end jingiinektbs GoErmsthuselsem darin awi-
expandi ng neansxygen-enriched gasis@ehnm; | qui d bot t om f r actheo deraHoterdatzom wng dem Obé&rstrom, 37
EP 0 412 793 (82 firstrecycle means for returni®3: repjar| et f or t (vebeii Sanesgefh angoreieherte cRissigigit
with the tesitior] df thg diguitkrvtrogren streamyfnen #Her alis zi e he rgeldcit wird, lym einer it Bauegtaff ange-
Stroms ei nes opuigeear tatbp digtiliatien colmn asgafiig.  (d) a coPiEherRNGGassiom 2y pildepungigastormi-

partial |y corfjarseeond m’%”@%“"llﬂ‘?’d’?%ﬂ? Wen i m vveserilﬂ‘l &"F’Fé‘PFf a'éﬁprgiawjerqnngmepmen
stream of thé" nrich- ftromzuplident chert en
flissigen Un-pPs gg §'P PVﬁe °1“P P;.;;&Pt ro R str( "'i‘sh" f pumind °'“% E:%‘tp om
und ei nem Tel xchan

Sti ckst of f ob °““°Ee .,Qa A o grgie'e"eélrﬁﬁ?g olihd

grﬂﬁe 15,260 et or gen- er;

fraction to p,essure L& V\ar met ausg eégg ind8d? einem ers
oxygen-enr i CQ nfi6'the tﬁﬁﬁmledlstlllatloncolumn ' Teit s i E]% Qrfg@ttefc%ﬁ‘a
dem Qber St r OlfferdbPanhncink hiidgeh SH6ALEr&oTBRRNS 20f OF T Elskibhd B eifler KRboGHnischen WotSekatur
Sabigr st of f  aR@EreR inaahb RitrbieH Dotk rdcoOr t 1 0N Of i Bifen! Velithidr, NAHERGR HeS bisRAM
fromthe  1Qred®ok@elzbid Weat Skehdngerei nen it Sauer sbinfdbs MNGaues@N dRRRherieh GhS1E
distillation colum as reflux; rei cherten Casgbmsuml Rickilhiutkdes viidichteten er-
gasf or m 42.(Apparstus&eardioy YN e d0whikiothe | NCr easi NGtehTals des mit Saueglfl afgerekiarteaf
zu kondensisecopd compraser is@oupled tessturbeexpén- at 25 east [Busstrom$ zd dmen Bodgigden Destillatiohs-
fl ussi gen Seifoigetadtingiefrigeration. bi | den; ed gas st r saule, wothichgtiecSickbtaffongukrickgs-
bei ng ' (f) RfckfChrung von zuni ndest ei rvimpuigaupder Lyftachdttwided such
that in G&dpparatusecserdiegstoSlgimda-in which theej | des silOHEruarmunscdss Easts depsassiunigen
© Sti ckst of f -Se@R¥ fopREEoEcouRied *'b‘“%ﬁ“%%j‘é?ﬂ'c t enper atSpkstoffobargtroms in demWarg\g@usgher
dem ober en defifraugladispipative '?’?"ﬁt i ons- (g) a%*second %k "@"ﬁ?é%i‘ﬁ@‘ “F"cﬂe"YeE!’("imeFﬁ'ng

saule als chkf eased pressure
(9) Ei nf ﬂ‘ﬁ%’r F°“§"ﬂ'8?ﬂ1é?sten streé ef”ﬁ‘&“"ﬂ W‘@é toff-
usc

distillatiqfR¥h e°¢1°°"+gﬁwpmg%;s%g,ﬁf§guerstoff o e,
enhancin st I’OITB el ner ryogeni schen
Temper at ur (At il R o0 e chAnspmcynisgmgm

ver di cht er er§| cﬁtung des ersten ered from tz;{ﬁeﬁ ,E Alinds %k 9L des Sau-
Tell's des mit Sauerstoff angerei cherten Gas- 5}5} @gg;r s U EndEBx-
ver di cht 9ﬁﬁﬂtaﬁ§mu3t?e Appar atus according to CI;ﬁhJHn ittel, WhdvEY Gk Arbﬂtsausgangs—
st é.a« Teils des nit Sauerstoff angerei chegten aagmgcbrgegfw,esma.emm@@um

t0 a tur bemnfanspriichbiir folgef@e St r ons zu dem Bodeverfaleén ZDechaifdnl at i ons- der for

gener at i Mertragéstazi@r abE,FR, IT, NL saul e, wodurch die
Sti ckst of f produkt rUckge- wi nnuhg aus der Luft Er Wdsfabremnact Andriguch 2pgesrveeiterbin
accor di nd- tEin \Grfaliren ZupRickgewinring einedien we- ( himfeBt eine FrwAnpuakeindRaisitten @issdes

gasf 6r mi gersedichenye “@b??ﬁ'ﬁ@ﬁwuﬁsé’e'&b&pl-edﬁt ot rﬁyuerﬁtpfb@@e icherten Gasstroms in dem
Sti ckst of f denepharepdsyek apsiuffat dap Sehiitemuscher  derWarmetens rel)\Wagnetausehit def veke
30 d (@ Verdightyunaypy gasBamiger AUfvRripftyer  ver dididhleten stfﬂ'f‘%“fwﬁj"ﬁde’i’&'b'“d““g mit
Appar at us ac %F'H 5 %[ﬂ t%"ri’e"”f)tf'“ G!“EH‘ ms 11 t (flem zwelten {ﬁ"f"@&?(ﬁ'@@\ﬁ’ﬁﬁﬁﬂﬂ@duﬂ%s

erwarnten Sti

e K PR e ;‘g@? g
exchanger a”g ‘H&ﬁm der uhﬁ Q.MJ%Fa‘Pcﬂéé%Saus de'ﬂ
uftin'e

outlet of th gen-ri
2. Ein Verfar;{“gﬁon@é nspru e%é (ejnas wel ter urn- fI?)?sat el ne pan5| on eines

~zweiten Teil ad)mnéalaar @t edrfsad@d Bedifeh Char t &N ErGsHah@ Bach Binérh 86 VornbBrgshenden

Pat ent anspr OwBéh liegenden, im wesentlichen reinen gas- Ansprilche, woriP & ke ellldbd Sduerstoff
wodur ch si ne faNnigen dbeliéganaerGSticksbfiteilundel-€1 St UNQ dngeréieh@itenvBasslroms WarClchriti(g) sbinéNg
f M das Pat e messaprstoffahgerdichirteh diligigadl en- Verdichtung bel etwa einer TeNperdtarteDe-Z U

schaffen. Vertragsstaaten: DE, FR 1T, Ng3. Ei n—Ver—tahLen_nMs_prUCh 2

das weiterhin 1. Ein Verfahren zur RUckgevm nnung eines im we-

eine ErwArnmung eines dritten Tells des sentli chenUlmmﬂnmmmﬂjﬂ'ﬂf produkt s
be! oerat- 45 Sauerstoff angereicherten Gasstr rendr uck
aus Luft, mt den Schritten: War met auscher durch W'rndt atisch it
der ver- (a) Verdichtung von gasform ger Zufuhrluft; di chteten Luft

Y e



(b). Kl ht.ung der verdichteten Luft in einem dem zwei ten Teil und
Expansi on der Ver bi ndung. Wi rnet auscher durch Wirnetausch mt an-
ger-ei cherten Sauerstofdg und Stickstepfofsagasiso 4. Ein Vasfahren nach
Anspruch 2 oder Anspruch 3, duktstromen;

wori n nur gnthEgéLIeg%nEV\BI ten Tells expand| ert sélﬁ&on@aﬂ%&fbhm Ipergek ~hi ten

undver di chf'e d, wi hrend der Restdes rdz%mEJ-hHMng' n
ei ne Zwi gCheRRhHé Rbi&lspabl s SR am. Expans uemﬁm& hflind¥<R bREY 18is de¥Sauer-
sti Fat i ongmelils Gorwhriding LiraS e der ABbitshudl t | N der  S@tdlaRgerdibnbrtenihsstivms, wobei derN
Ver$Ahr en @a«@ae@hﬁg@mfiaaemgrp halasranden oben | i egensUaiichtdr8d MRB6HNidt GBCS im
rel nen gas wonnen wird\ 0B brStBETeil W6 Salerslerf € St e Telckbrah SRtsRffHhgrdichertds ag it
oben | i egemflereichérten IGasstrbiné fivierdidhiteh, @drzu  anger ei eierktyegenisetes Tentpatatuy erthalt; und
Schritt (g)eraBodee der®estifiatioasssllenduficikgeifist ei cher t en (d) leinssizyeifen Riickfihrmittel zum Zu-
Ver di cht ungirthel etwa ei ner Tenperatur der De- 2@ckfiiiér Bed BShderdtdfi hngeleichdrten
I 39 EP O 412 793 Bim Gasstroms erhdhgh Drucks zu dem Boden
sti | | at i BnEindeifahrdpagghdnspruch 5 oder Anspruch 6, der Destillafjerisgulg; wodusehi dj¢ Stick-s
Ruckf | ul | ; desweiteriumaitdjafepaitigungsings Teflder zur Er hoRiaiRgodgktrickgawineing arhpht wird; wor
Anspr uch 5 Atglissusgangsigistupg pys dem Expansiongns Dr ucks i @eksauch das, Stickstaffgradulg ien
Sauer - f aSnitie| gusgem Mﬁf?ﬂ'ﬁﬁg e| nes TeI I's der Ar bei"f’gyﬂ@eta“s"he'z”@?'@f"f"""e" wird.

anger el chert sst roms ang’§| e | e von

Bxpansi chefn (@gt?‘ %ﬁ%ﬁﬂéﬂg@ Al o g Ahgch iy tpder P
wonnen Wi r auer st o

anger ei cherg% s m tdf’{ 'tab i en Gasstrons z%m?/%'?ed % r zu

el ner Kry 0@ iR RachARd cﬁ‘g anﬂ;théalnt Nd4 41 0 BRAR RnsPRikh 12, in dem der zweite Ver-
Desti | | at'i Qibaidhegantdidi meiw.m um  (9) €iRABR FWeidberufBthkids iaﬁsm,rt.éhﬁlng
zum Zu- W I4gh ersten Teil des Sauerstoff angereicherten durch eine dissipative Bremsé §akégpbifiEten

des Sauer sicaistromérgReRicHBE dérel dekBoden der Gasstrons erhohten Drucks zu dem
Boden 7. EbedMationddsddzidokferavassmdlena das oder ANG [Wets€ Rach einem der Anspriichdal bis 13, in
Desti | | at i eessanrhmdiewerdritrvockiBludgzutétn dAS weldererdeusdelté Vérdidite ddesaifivirgudey
ei nes Tel | Yertutren von aieobsftgpriendmblier ackgewi nnung &alteB Bddeswlas W armatauschers und stromab-
Ar bei t eausgangsl ei stung aus dem Expansi ons-  warts des Auslasses des Belrlessators firaten
Stickst of® [Einyeifahren\nach Amrirych B, werisdegd8atnitt/er f ahr esauerstoffreichen Gasstrom angeordnet ist.

dem W r met derdufierungygn Kibkugervsiam¥ertaiendle 15 8. Ein Verfahren nach Anspruch 7,
worin der Bééering vonfilssigenHigkstefferderPestdr ucH 11, in dem der zweite Ver- tigte
Tel | der Ar lp¥pssaulesdallys| ei st ung an die Um Reypndications; ¢

ei nerTurboex ansl onsvorri Chtslé%g ebung al s V\Ar oder eit a%%?a%eben
wird. ™ ?%@%FH@““&‘W@? ‘Puﬂﬁ‘&“ %koppeﬁf" 3&5 ‘%{' ?E '°§ Vi’ -
nachAnspru 13. ey h3 tf sw‘uch 12, in dem

n ic de

der zveite Vel ruc der a%ﬁ*rr@deg eq ?uné V. r on d' hqus%mef’er
mt der Turb ﬁel-Q ndo%P er st en % i nsupéneurea
anger ei cher t gy ruclduftdrHIE Siblif i érsmt i ve B g, faub, B part BSiS lo/ RUTS
- zu _verdi cht eQugefi@herie Al&dtke ﬁlerD?St' I'l at 'c@d%%ﬁ:ﬁb} rﬁnﬁégétﬁpﬁé(&ﬁégtaﬁﬁ W rd,
undl.das 14 eGru@iurtnach ei nem der Anspr Cche 11 Die cohprimbr e VW& éagguxu-gfna,ﬁat,&h e
Zuf i hrung voie) KhéHDestBatiHss8@Eur TRRuNERM der Zwei (1 rfidi irahbdrprifb, RBUH ¥ S
des Ver f ahr egekiniten €ufoRlein@X ineWwéteitlichbiarki €. geur de chaleur}pat dcRéhgEtthaleul BRc
War net auschenen gisfdmgen@berbliegendsd Stickk®ef- AUS| asses deke@ulbnts @edchiodnodxggehd/bt dizote
10. En Ver f akdllem eir@c BavarsinffrangskeicBertentiiss N der Schiprotidit ; sauerstof frei chen
Gasst r om angeigendmien liegendendeil, ZigeinérAmslgd vors Kuhl ui) inredulielair\refrdidi et comprinég dans
Zuf f1 hrung v &ndénStidesioffbeh dot hitdemWimetay- der Dest i | un é3ge intemédigicesiung eolapné uriqge |
Revendi cat i ofiaheriin Verbipduag stohr Er zeugqung ei nes St idefistiligfionpr odukt s

Revendi cat | oﬁ@,e'b‘?ﬂmnﬁ@éaq’!t“&’czé'm@@ﬂ‘ﬁt?'ﬁ’e't ants aus Kdip¢parer ?3“3 la colonne F'air en une frac-
sul vants: DESe ¢i#¢n Sfrgm degga %[5"'98? eé‘?"sten Verd| EPR‘@r‘?’EuP"‘EPI‘?@FRﬁ‘?] gssentigh

Drucks der g4t % memen Wg equeue formée
recup6r at i on% zus% m@m '"d'eﬁtg ei nern W;‘tqj f‘éﬂﬂgﬁ E&Eﬂfa uefra
ment pur p”—" %&éﬁ rlé us%[g e| Jperieure A e?n i-{otal rant "de
Stickstoff rstoff '§| on at m)sé &\‘g u éne l e
pro- anger el ten aus t| | gierter etune'pamg upaqm tg;z
6t apes consi g @ﬁ&m ésteZﬂéleﬂﬁMdfe‘zum Zuruck- de I'azote gazeux, vers ﬂrpcondenseur etles 2
conpri mer  de fihredi eined AZuPkisiis HehidsBBUAIsREL ON; (C)  eiyRQimettRdun lebrahdcmived: 44 Raldle
Trennung der stoffstromé bign defficondetator zu déf De- CONPI | ME, eflANS coitart @B AGeue B o dalirbist e
Luft in einen imwesentlichen rel - geur de -chaleur—par—6ehange de
chal eur avec nen gasf 6rm gen oben Ii egerﬂen Stickstoff - H) mi[

m L nen

courants enrichi en oxygene et d azote tell und el n¢ n
angerei cherten flis- produit; si gen unten Iieg

Ausl a3 45 (O introduire |"air, refroidi et conprineg, dans fir den
Stickstoff hat, der mt demV\hrrretau- un 6tage internbdiaire d une

I




(d) ei ntm Kondensat or, *um zuni ndestteil wei - (d) s6parer dans |a
colonne |"air en une frac- se einen Strom des gasform gen oben |iegen- °
tion de tMe fornbe d arzote gazeux egpesRizedBt den Stickstapfs zu

kondensi eren, um el nen | ement pur et une fraction de queue fornee

flissigen St ' &5%&@] rﬁtﬁ R buﬂh‘ﬁn%bhdﬁﬁ?éﬂﬁ ekt en i atrondgn l&@mgﬁ%gﬁwpﬁﬂéﬂa%@n
oxygbne, et s@ftl q? (gt el nem§ 6 ant azeuxemch,en
| a col onne uny.¢ HAEREY oxplidné el RAbitendafidnlab ON; St Of x@ﬂﬁﬁ&n%%@ﬁé&%‘sl bas3i8 [a366h-
Bodentei l s zq-azotegazeu,( rf6HR¥QY Bdurdnfaradbtasi - t ot al g jaffigaUr ant de bil den, urn
el ned’ Sauer stigfide ;anger ei cherten ggeue, qui est un liquide enri chr en
-oxygene, GasSj reeydie du Moih€l6d; majeure partie du 7. ProcéB&selon la revendicsition 5l6\9a fedentiics

"~ du courant deotiréit @azotQiqiidy resutént Gu)'oeérem er St alon Ricarirénatitiombutri Bdnlézdnient/du pré-K -
de | ' azot e gamieibtiire dexsfiux.vars eeooastddaco-et | es fdstidad’ane pertiedigrakididjspdniblelada sdie
fli.ssi gen St ilanke de distillation sounettre A un echangeluingénasgsantiae déteritee ur

st of f st rons \ahintrdduire klonapins unepregnierepartipdn  Deo- entre |l e courant de
queue et | e cournfsgagenrich]emoxygénejdunetemt 11111 B4 JProcédé seipn la revendication 7, dans lequefi@ O
412 793 Bl . perature cryogénique, dangan pompgasseuf o qui  prR§UF e Eevell dispgnible  fasertigfgu moyen
li qui de en- cPmRrimer eatte aremisee Ragtieciyrcaurat ¢ conprqeﬁé'i’“tf)a'“ﬂﬂéﬁ‘?'%’e egt frangférée s l'en-
“oxyghne pour SR RIrchEn ﬁ‘tfe%"'ap'e- re port‘i"g??e'aﬂ‘t [Fays: frrve g chalpyF ghde tra-
gazeux enri cmiéiﬁa'gailngéﬂen tv l&ﬂg}%ﬁ\ne et | @%®ondensation de - oxygene
qui est r ecyc?% colonne drgt 0] %}’}m; me Eon' 3azpr£c%dgs%zoﬁgxm}39&ilcatmn%r m?rs lequel Ia
courant d azq uxd %g llq ui ’to |té u travail lsponblea sortie sert &
5 (f). recycl%g s une ngj e re partre du

rtleduoou-
reyendi cat| ory, St ?‘rerr‘ééi@'aﬁ“o&ﬁ‘am QOWANt o' 2ZGhitg iemniq'.én%m cigan
en\/tion 6, GpBiaAItRMzoRaii, bisrsdal-evenent ,veﬁ.i,treﬁeaenamneedea.stmar.&ﬁe Rce-
reflux, vers doftds Qiabil shiletiPschdhne déchsléur d' Uhe Dilchinfterfdt dnlodivedialiditiéh N YefALE 2
| a sortie | ongé:rditcdrpihé je&ation; ration, provenant d'uné boufge $Rterné yEefoant
une d~tente. (f gsupéret, acpsl:u.rdee'é@ungamda&haane pr em istfoduipdand le procidsé. 10 cour ant de
gaz enrichi aeur,ecpaainds tétéchaores, foidd’azdle, Prsocede. sel on | a revendl cation 7,
dans | equel |atitped'adoter essantigfienent piurgektsnudans U Rrouihd sakamdal revendicatiop & tiane Iehgel
“travail di sponiiokpodiitl a sortie (du noyen conpriiéaes dedsitior dpnecréfrigératiop datrorwitedu
cour ant de d6tente) que |'on enl bve est tdansieprenédé gampreadi'addifiqndargte liqui-
enrichi @n Rysopdiaalonlacqvendisation . epmprepapies- v rorﬁ?@d*b?@""esﬁt?u@mfaé?'ne de chal eur
“ou de tra- reladetane d'ine secopdppartigduditcaty c#ur ant gazeux vai | . enrichi
en oxygene &N 9pzeRnengichh AR 0Xyeine. 468?“Bzf§f°‘de | a dbl ‘H’Hi’fé" c!’é“’d'rasP"P‘f“Pta’Pr‘b ote - gbt i
augnent's Q”WF%@HEV?Q?W"F cerau %?Fﬂ "®ati on 5,°°B9RL E'fqéeﬂa"ira’e 'é‘“t‘ﬁh?p‘ﬁ
r 6écupbr at i a%?ét'eldeﬁr;zf"myén F'Bfﬁ?d'f"” ®PYotalite qu??aéf |sr£)on| b e A,la
sortie sert®Rr4p Birgiriggition pojir]e procédé. a) in pletier ot Hing 2

enter la pressjon delalr g-rti- a
prem ere poﬁr&é&?&eBHlaP&EJdic&ro?ﬂoSﬂHsnafsm rffchauff 4 f PR E 4 our an
tete, 20 4g0 gm% iente' baftd ¥ENE, qui %‘ﬁﬁf&éuﬂ&‘e ﬁ%@&?%&ﬁ.@fa 08
| " azote gaz&h’émg n chieeﬁ Eb'ne, dansI'¥chan le bas d%éﬂ@e 1afe) a@’aﬁs élevée, a du refrot-
di sti |l ati GurdeEhalbiuer sclids deiRaibii@ledidly, Par | edidiss@hdifriaiRe darald @b btbauits, 48
coixpf enant  @mprithé dn@mbnt 8616 bdnibMBiseh aVdtGadi- DT kd 96-  avesotd et & prodaiPERREH SHRixygBhe, obte-
rati on, prawedtamie paltisitasteeded£combingiEdde, qUO | ' OMmuiphrtif RAEPEERentatidn BiRtB; 1 de
| GChangeur de cha- introduit dans | e proc6de. (taume colénte Godistilstion,heurtsdpaper
chauf f e, 4f Rroédékelan latevendic@bn 2odla tevendicd-az ot € eSS dak fefrbidi emea fragtion deddld formsée par
10. Pr oc edetios 8.|dews ldqael pupparticl seuirmeride 19 se-dans | equele 'etergezepx esdentieliement pur et une
' et ape d! axdadetporipn el partie estdétenidgeceneridant | # r odui tfeactibade quege forme Garalu dapidereatird
I addi ti on qedy st dej lygpconde, poiopucRertisol on | a r echbsdPueRne. dmcolonneceomperiantiyie
en de A Q°a‘°'éﬂ!ﬁ'®ﬁﬂ\@" geregisalion Fangdétele: out re | a Sqetie PaYrdagpte eiecammupiagiien avec

partie dudit cou- rant gazeux enri chi en OX)) @e“‘tﬂelchﬁ'ﬂ“e’ effec- 11
Appar ei | 5p d?"é ?"E?ﬁq d&%ﬁf’é‘d‘ﬁ‘bten tué e
ce qui enge “te i xe S5rt P de I '3‘?"}”3@ 'Fm gﬂ?” Tal“dﬂ\ﬂtﬁteréz
SO_Ftle de C 00?1'\ e ‘fsac@;\p Sion le pour meruncourafj'
refrigerat 'g?ugte%%t uQr(e% edelacolonneds (a) un %ﬁ 5@?\5&‘3 réa %§ érne
A aug. 35 il a pression air

solon | a revenél catlon 2 conpr enant en 5 |(gnaf foﬁ{;j;%yz

d' une tr @l SpreddEs mmalraemauons comprér@htedN €C hangetunna@en%mwﬁfm d6'Rfrhdr nt

sou- cour ar&gammauaru'unsbamee&mtaﬁnmaan- dans |' ecdeay@zenrichienoxpg@hdye | " air,
SOUS pressi iéaiebsdteatobtefu dlpartirdi ieyjen dgreasr de chaI e Ue) unjp@iiebridyandstedidage, pour faire

chal euravecl ' air di ssenent r6ali 36 alde—eles—pr—eduu_sf_de_corrprl me
en anont de |a conbi nai son avec | adi - rodui t enrrch

on oxygene, obte- to seconds partle et detente d umm ﬂﬂﬂl

a partir de |'air d alinentation distill; (c) un |IIat|on

.pour separ er 4. Procddé solon la revendication 2 ou | a revenélca-
| arrrefrordl en une fraction de tete fornne par tlon 3 dans quuel “une

T o T o o o o S " o " " S



- qud |'s reste de | & seconde portion ou partie chi en oxygene, |a
col onne conportant une contourne | e noyen de r6alisation d' une detente.
sortie pour |'azote emggcommuni cati oigp@ugLrds gchangeur de ghal eur; 5. _
Procede solon |I'une quel conque des revendi ca- (d) un condenseur
destine A conden ﬁéeé% |ons edentes dans.lequel la prenmiere por- 50
noi ns partle $P(ﬁ@ f~te ga- tion ou partie du courant
urant iquide roven
gazeux enric JTE€ parde |' oxygene ou conportant

genex de |’ Iﬁc’"deq‘ u?‘ u'mre"vo g’g%"orrpr ession A de |' oxygbne, afin de

forw@r un co %ﬁﬂ&mmgo&rgmﬁ@yr eyoi sine de coll. de |a colonnede
te |iquids, Eigﬁgggg@mgﬁgmgﬁhﬂgda%dn%l i see par distillation.

echange |nd| ER% Bnridit es )Fhenb le S2UGHA comibrésOUr ant Ss de la fraction de
queue f or nbesdppstad piakd etirdSpobitionfsegeele sel on | a revendl cation 5,

conpr enant enservice il regofvd it gezieniithi eaxygeide, afin de former un courant outre

| " utilisati ofumd tenp@éranas éryagéniquet; etavai | digponi - de gaz enrichi en oxygene;
bl e A | a sor {g) en setond lotoyamide fecpctage pour fdee noyen de r 6a- (€) un prem er noyen
de recycl agerevenisiercofirant degegz@nrichi en oxygéne, L rrhnl '
11111111111 16thgiegtsaus pressionggrrue, vers le bas de EP 0 412 793 Bl

44 revenir Aacplenne dedistillation ge quifug Mortion maj-eu- re du courant d' azote

| i qui de .pr ovEHederecperatiohdnd azata produt i 18791 g8t renvoy6 A | a col onne de
distillati onteF’Q’fj it étant, op sevyiee: EEG1RRTEAPEEL pouraugnenterla 5 pressbon d' au
moi ns une paf"ldf "H'EP"E"d’ﬁrcﬁﬁlﬂ" ga .zeux enrichi en oxygbne, Ie second conpres-

seur 6tant a 6 N, uNe pasi |é)n teIIe gu' en service il recoive du gaz
elo vendl ans ueI )

enri chi ng & cryogenique ; et 10 (g) un

sekond rmy(a(gjlr oqn_g rgg@ If‘al re revenir |le courant de gaz enrichi en

oxygene, sous pre55|on accrue, vers |le bas de | a colonne de

distill a.;al areggelmre@dﬁg%mQ deRsibffe de recuperation de razote produit;

| " azo- sdcBndYompreideurtsBddlipis BtubBddwnCe, rbcupere A partir dudit 60hangeur

de chal eur deul%anﬂwdﬁiréd’ﬁ,ﬁt-ém’ulésﬁatélﬁven%catI on 11, dans |equel |e second
conpresseur est couple A un turbodhten- 20 dour pour ongendreéer.de la ..

r 6f ri g6rsat Appareil 5don Vp@ gueltbiqus Bdsaevehdicar evendi cation 12, dans tequel le
second - .c onpene 3513 daesibquellesekcand aamprassdood6t en- deur, par |'interrnediaire
d' un frei nedisitsé patagont. de lexBBmi/froidpgdmr ei | sel on | ' une quel conque des

" revendi ca- I'dchangeur d¢ chaledrd®t erthyalsle aggtietlu | o second conpresseur eat situe en
anont de 1cendenséuilesinderayiceleantide gaz dpbdiegeur de chal eur et en aval de la
sorti e du ov8®econdenseur destinee au courant de gaz ri che en oxygene. 35
40 45 50 55 23

35

40

45

23

* < L ] s *



