, 4567¢3eof o| " _, a”a8f 6nf Tf Yhf y , - WO 991 31201 PROCESS FOR RECOVERI NG
OLEFEI NS PCB“&%@?@&€E917 ~~ ~4 J U N 200Z *@&00002* ~ ~u~n umm-. umn...n .m
-nn *166166* THE | NVENTION 5 This invention general | JCTAS§31T o
the separation of olefins from gases containing the sane. Mor

particularly, the invention relates to an inproved process fdrel}se}@Nazgng
ol efins fromgases containing ol efins and hydrogen by renovi ng hydrogen
therefrom using a conbinati on of nmenbrane 10 and pressure swi ng adsorption
t echni ques. BACKGROUND OF T~, ~NVENTI ON-@-efi ns such as et hyl ene, propyl ene,
and butyl ene may be produced by heating saturated hydrocarbons such as 15
et hane, propane, or butane at elevated tenperatures. Likew se, naphtha, gas

oi l, avy hydr oRROCESS FORERECOMERINQeOLEFENs®I |y cracked in a

cr aCk|mm|WmH@mHmﬂ' n the presence of steamto produce olefin i 4 NQ
_effluen Ero uced by heating a saturated 20 hydrocar bon, namu“mmﬂ“lml"mmm
oi | feed TYPHlcally contains hydrogen, steam carbon dioxi de, carpon
nonoxi de, met hane, ethane, ethyl ene, propane, propylene, and m NSt “anount s

. of other components such as heavy hydrocarbons. The cracking effluent is
then sent to a product recovetiigddel ontef A NelN B0k
3

_ Sci-orie L] 8¢l efins plant. In the
o Cmorte. conpr eaian LAl SHRTATFY FrAtERb bR SRhPBERRRS SR Aonent s

for separghie®dnd Gfﬁrﬁ/%eé’éé; @B&E&iﬁﬁﬁ%oﬂhecaéheﬂ dmeXredpareteamarand ,
, S ' WD 99131201 PCT/ US98l 25?1 ? 1 ~r U N 2002 -2 heavy hydrocarbons
must be r timevdavaritdron arelites nep tamw impraveédnpretibgefibrt eepraeading hem

fromfreezing and pluggi ng the equjppent._ After renoyal,Z of these conponents
frdm the ehs%m?g fg‘?cf"‘?tﬁ?rf%s (FRAEAIRRG Ol bﬁgséﬁgg‘yé@géi“ys’yeni c section
(comonly ferr ~ h I e g0 fl uent
i's reduceg'égll??%'nt%gM"ﬁ%ﬁttﬁﬁ%eﬂ\ﬁ%go%arsggﬁg%%%tgﬁeﬁff shgg‘%%ﬁglfe

per f qioredaby @irdddurAl iswlng hedsefpt Den atéehnbaliaace of the Cold Box is
provi ded by an ethylene refrigeration cycle for the 10 warner part of the
Col d Box and by expanders of off-gas streans for the colder part of the
Cold Box. The distillation_sectiq ni.C3 ont aj three colums, a
dernet hani zer which renoves ate ’L. LA NN er which renoves the
heavy ends, angyafkilns ehhaned$t %ép%i&ﬁyl%bghaﬁgpmméﬁbh%a‘i} hyl ene
product fromthe ethane recycle stream e Teboil and condénsing duties of
t he di sti beaprodussst ipn heat g satrtevaded hydrheasbloyise sachefusi ger at i on

cycle. - ~ drogen contained .in the cracted gaaes is used, in 20 part, for
bal atd ng®tH@NEsl PRARFF/ (P RHSRRRE SLEVR HENRFEREUEEE - pr esence

requires ; S dh.t di st Lan i eRRrat e the
pr oducts. % k%?é’g%ﬁ%o %%%’s %%sa al I?aé? {Dgh'% eh ?gH ﬁ?{%&:&gﬁt secti on,

whi ch prefeeids adi e rtHexmelily t ¢esckédpindactrabkindEutgaze droatssed.
In view of the drawbacks associated with_the presence of hydrogen in the
grgcki ng PrESghfe afarteram e? HHednas cobeéangroposed to renmpve hydrogen
fr

m t he cracki effluent. . a 5,.082.4 3
5,452,581, and &' fﬁaa’%iiﬁﬁ? h%%%?%ﬁtgr§?§c gc%’(f’g:“é*’g%ér“@bf S%\'F“%]a‘t? | VO
991 3501 ROCEARIBR 1 aphtha, or gas oil feed typically contains

hydrogen, steam, carbon dioxide, carbon monoxide, wethane,

o

ethane, ethylene, propane, propylene, and minor amounts of
other components such as heavy hydrocarbons. The cracking
effluent is then sent to a product recovery section of the
25 olefins plant.
In the product recovery section, the cracking effluent
is compressed in one or more compression stages to
partially liquefy the hydrocarbon components for separation

via cryogenic disgtillation. Carbon dioxide, steam, and



14 J U N 2002 -3 incorporated by reference. The met hods described in these
patents inﬁlu§$¥%ﬁe use of a nmenbrane separator to renove ' hydrogen from.
. the cracki d) ent. However, there are several drawbacks RYSEHEISRASEY wit h

5 these nethods. For exanple, unless the disclosed nethods enploy very
sel ective nmenbranes, varying anmounts of products are | ost gngtgﬁjﬁ te
stream Even when using highly selective nenbranes, the hydrog rgz i on
rate may not be sufficiently high to nake the process comercially 10
viabl e. Accordingly, there is a need ingthe art for a~process that

m nimzes or elimnates product |osses in the perneate stream w thout the
need to u i RagcTegels . 4 eLRih$ i8N in the
art for aﬁgﬁﬁéﬁ?ﬁgﬁy{)\g}:an en%lr}(;f/ ﬂ%rg}%er hé%?%ﬁe%gréﬁé%?%gﬁ~§§%es

wi t hout t BeaekAgemefdludms ofpreshictthdém ofitom! £Eé82ingyantiso be produced
by catalytically converting feedstocks conprising nethanol, ethanol, y -
di met hyl pilueging &heylearipmensi. niddtresremeyabfof Sehesgocemyonents.

Patent No._ 4,499, 327, th t tent of ich_ is_h by .i ted b

" of o1 enceErSI ARG, GERSRE A LRI JEHerer T Dachs B8 RBEREROFSL 8 ol of i ns
MIQ Qs fd ; 0 [

Somt Fres LRI RE S ST A T i e Tor 35 Besr capyad ot che |

desired olhbire phedieimpeAtnixt ngt yohe hefflusnel 50 2edeeddi Buthe taat for an
economni cal and efficient method for separating hydrogen froman olefin
product ssepamaitiosucf s dysbeocagoon  compenentgizar ba perfisgsess71' 7 1

~ J U N 2UUZ -The .pr.esent i nyention_ addresses_the, af orenentioned.need in the
2rt by prBY BRI b Pov o T GRS G AT LoB VR ABCI BF| FES FOHPa EoPacki ng

¢f§ ! uent EB”F%&:%&%&% @ SRtk rl W Ofeye H0€1 BROEFET e CBRPT LBES

conpr essi ng e cracking effluént in at |east one conpression stage to form
a compr eswadmerapkentg off fdhertold duxcandgby hexpanfeessed offekmmg ef f | uent

with a menbrane at conditions_i effective to obtain a perneate streamrich
i n hydr ogEhrgams1fory the Galdexr R3eamtidpret €81 nBeFdr ogen, and

i ntroduci ng thg&%:a\rgg%%tﬁ s%{ie&méég@i p&géggéﬂz%ggtggaggghkgg syét em at

conditions eff to-obtain a nonadsor amrfrrc rogen and a

desor bed ghh @asG OBP HeHdith 1 BidF Swhidh ardnet s €HeelRgHMRAKS, t Be _
invention relates to a 1.5 process for recoverlng ol efins and~~i gh purity

hydr ogen feetrhandizaskiwhg a3t ftemenes Thke preoaey sendapr Apdsavonpr essi ng t he
cracking effluent in_at |east, one c ression-stage,to f a_conpressed
cr acRiPng @FLFR@QFF_(ﬁﬁRﬁHq E?ﬁ?c ?%s%%ﬁaf?gﬁgiﬁéeeﬁgﬁggﬁPewiph a
menbr ane é@ AlctoRdicd Ve eldietld Vifed Pc DOt 8 PedmbDeT FRA! SeBbiga/nd Ch in
hydr ogen n8 a retentate stream depl eted in hydrogen, conpressing the

per neat e sbndamsiincaidutdas ohcehaldiisthblatbopr sestdpnstage afl@df orm a
conpressed perneate stream introduc%g the conpressed perneate streaminto

a pressur BrOVigach Fyaddsr RSN 5R 1 BRF Bl IR BARL PRoR¥ e P ecti ve to obtain a

) Hydrogen contained in the cracked gases is used, in
20 part, for balancing the cold end of the cryogenic section.
However, its presence requires colder temperatures in the
distillation section to separate the products. Hydrogen
also acts as a ballast in the distillation section, which
prevents additional quantities of products from being
25 processed.

In view of the drawbacks associated with the presence
of hydrogen in the cracking effluent, various methods have
been proposed to remove hydrogen from the cracking
effluent. See, e.g., U.S. Patent Nos. 5,082,481,

30 5,452,581, and 5,634,354; the contents of which are hereby



e

-conpr essi.o

‘nonadsor bed stream conprising high purity hydrogen and a desorbed stream

cqnpr|5|ngﬁséef|ns and recycling the desorbed streamto the at |east one
SYIE \pr e general ly, the process of the presenPCTAS82576h 30
may be applied to separate olefins froma gas containing MO 99/ 31201
PCT/1JS98/ 25717 1 ~t J U N Z002 ol ef ins and hydrogen fro Qiﬂﬂ(ﬁ@%
including froma methanol -to-olefins (MO process or fron1a g fins
(GTO process. Tn which case, the process conprises conpressing the gas in
at | east one conpression stage to 5 fordya conpressed gas, contacting the
conpr essed gas with a nmenbrane at conditions effective to obtain a perneate

h d
streamrig toLkéJBp% neatrbe}ﬁrbfd?fefé’ﬂé gt at '?hé%@@ﬂbﬂ%ph‘é%%‘}&b'éd 4 Q9RILe N

i nt I’OdUCI ng eaminto a pressure swn sorptiron  system at

condi t i oOnpagidraa iMecldd Oclobt@sd Of n@ﬂﬂdﬁbtbﬁé %bp&&@tbtrchd Feedfeogen and
a desorbed stream conprising olefins. In preferred enbodi nent, the

"inventi onhyelrsigen tirem prhe essadkingeeffneny .ol efins and hlgh purity

hyd f t | ef d.h Th
compr 1 ses 28?{" ERF L MRS FE creVeRaL éﬁéw%a%%ﬁeeéﬁéﬁ%ﬁws Wk orm o
CONPY @5 o%%b nFeCEHc?cPé' NGrd DEe£ ESS&‘H \é'h%hdis@?t@% A elinggndi tions

effectlve taln perrreates aI'T{I’IC rogen an retentate

stream dep eiir e Ry HSI0RdE 1 €0 RS Pangs | hea@?ﬁ.ﬁgataﬁloﬁhlt%a@fl n at 20"
| east one additional conpression stage to forma conpressed perneate

stream i prediedisnguchel@sthpirsthel permeate stream.i nEyvea phesswmadngn ng
adsorptio 0 .obtai n a .nonadsorbed stream

em at condltlo s effect]
conpr|5|n§ ﬁ&}Y[ﬁﬁi e a HB@O#HQHOQFPeéﬁﬂéﬁﬁﬂF?SFﬁ§QﬂﬂﬁYrB
B e, %é@%@#ﬁ%ﬁ%@i@E“%%Qﬁt%%%%%s%”% S
CF THB , nwiabAWNGS FIG 1 is a schematic flow di agram of one enbodi nent of
t he present invention.

Accordingly, there is a need in the art for a process
that minimizes or eliminates product losses in the permeate
stream without the need to use very selective membranes.

In addition, there is a need in the art for a process that
i5 can employ higher hydrogen rejection rates without the
concomitant loss of product.

Light olefins may also be produced by catalytically
converting feedstocks comprising methanol, ethanol,

) dimethyl ether, diethyl ether or mixtures thereof. See,

20 e.g., U.S. Patent No. 4,499,327; the entire content of
which is hereby incorporated by reference. Such processes
are commonly referred to as methanol-to-olefins (MTO) or
gas-to-olefins (GTO) processes. In these processes,
hydrogen is sometimes used as a diluent which would have to

25 be removed from the desired olefin product.

Accordingly, there is also a need in the art for an

economical and efficient method for separating hydrogen

from an olefin product stream in such processes.

30



"FIG 2 is a schematic flow diagram of another S enbodi ment of the present:
i nvent'i on. ﬂa? 3 is a schematic flow diagramof a typical ethylene plant
FIG 4°is pRiaL plant 10~ FIG 5 is plant in accor~ usi ngPRCIAIS9E25717
schematic fl ow diagram of a typical using separate PSA and nenbrane
systenms. a schematic flow diagram of an ethylene 3ance wt h1t4ﬁeJ;UNs@U@2

i nvention. DETAI LED DEECRI P~A ~I O-' ~E PREFEBAED EMBODI MENTS I n the present
i nvention, a nmenbrane separator and a 15 pressure swi ng adsorption (PSA)
system are advant ageously used in conbingtion. In particular, the perneate
stream from the nmenbrane separator, V\:hl ch contains predom nant | y hydrogen
and sone val uabl e products su A : : ally reconpressed in
one or nore conpressors and system The PSA system
preferentially ndégpbésenthanpendu@hs adidasited thd e finrsmateishegamto

yi el d a nonadsorbed streamrich in hydrogen. The. adsorbed products are
desor bed ateedwimprelsuartt bwpcb&idi@gs@mdmmqwnm@s%si fort he
products. The desprbed s%ream may be 2S rec cI ed. t o the suct{op side of at

| east one FRCAFRFLNG RPPELBFOAT 6e§raﬂ SRt (FRARLBIBId st ream
b dto th
fond & go DyELhES alaPRoatboBRLC 31U Paoiae ranf‘f%g% S

process ofeHdecruen 88rineant 1ana%o le@E ahd tcdrprafsiant s8adgs to
permeable to WD 99/31201 _7_ PGI/U598125717 1 ~+ J U N 2002 hydrogen and
subst ant i ddxym i apeonpreseedochpekingr b(frfd-uﬁm apndtant e, theldi tional |y,

t he rrenbrane shoul d_have Eood C atl lit vmth t.he gases to(g segarat ed,
strong ' staQR%RSFed FERG F,ngoe HFE‘ h| ApreeRdtkigns

di fif erenti u u sﬁﬁ:‘@e{ t t he
| k)e Sucr&&n%%%geﬁaabgggha e o?: yrrerl C rrngtié%}élo%{ ?E%E%éen 3I osic
deriviadi ves, rgxodntsaté oges;amobl;pttedesl ipo hyelrmsgates  armh diporyducdrg. Such
menbranes may al so be nade of ceramic, glass, and 10 netal. Preferred
menbr anes g pewneate hét‘p’ﬁég‘eﬁﬂtpn@e@trecﬁ?q%lwg %@m%%@$béﬁsFﬁmEP

219,878 a U. S. . Pat ent conte ch_are heteby
ncor por Attt S HEE LPBRCELERRE BTGP RE A o) SO IR CARRRSPIERRR) o
nmay be 1&&@@&6@@1—1'%8“8 Qe sERBERATRHHHSHE SSrdessindi STefBysbe in the
form a nmenbrane separator. menbrane separator may contain a series of

alternating | aymsaopraéabradesmbndwmm $hehi oivention a:pp?édtasotmdaa

col | ectl on e in_a "spiral wound' Shl on. S..enters t arator,

Che 58 Domindges thr 2REOTREAREn S aT LA, A TGt et t T ogeRhe.

col  ect 1 Ok RUp JPgﬁia%geaE%m@a%es t'I*Hé“tﬂ!‘bééE‘s CQbhSris08 pipe and exits

the separator through an“outlet. Non-perméating gases, i.e., retentate or
resi due, eorptdesirgatheocrickingh efifdiveet ot &t . 1€8st noma@ot her

alternative, the nmenbrane may be in the form of hoIIowfibers. In such a
separ at or CERLGPF LA HEREE LRe LOZPR P CATRISHTIRE CYHKING R EELHBREme. The

P etlont at e ITART I8, CPEnaeHERsrEehs P ki (PR D fRnekate o

reduceyl pPrAsSetRiiPsbHe efFac®IrR Q) obtain a permeate stream rich in

hydrogen and a retentate stream depleted in hydrogen,
compressing the permeate stream in at least one additional
compression stage to form a compressed permeate stream,
introducing the compressed permeate stream into a pressure
25 swing adsorption system at conditions effective to obtain a

nonadsorbed stream comprising high purity hydrogen and a
desorbed stream comprising olefins, and recycling the
desorbed stream to the at least one compression stage.

More generally, the process of the present invention

30 may be applied to separate olefins from a gas containing



" 8 - PCT/ US98/ 25717 1 ~r J U N 2002 the fibers to a manifold which conducts
t he permeatﬁ,dﬁ(ﬁ.“ pernmeate outlet. The retentate travels to a separator
oltlet ‘at. easenti A y the same pressure as the entering feed Rf{US98§/25717
Exanpl es of the above-nentioned nenbrane separators are further described
in Spillman, "Econonics of Gas Separation Menbranes,” Chemilctl JEANi 2687 ng
Progress, January 1989, pp. 4l'62; Haggin, "New Generation of Menbranes
Devel oped for Industrial Separations,” Chem cal 10 and Engi neeri ng News,
June 6, 1988, pp. 7-16; and "MEDALMenbrabe Separation System Du Pont/Air
Li quide." Suitable PSA systens for use in the process of the present

i nvent i on atef inkl akdowydrogehe favin any azeims,i |iabd ead 1o fnsiisari al gas
conpanies in the United 15 States. Briefly, a PSA system enpl oys one or
nore adsortRiaBedstegodefdasi (MIP)aProaeshPdsm® a2 orpoabafirsfrom a

gas m xtur ough a conbinatiaqn.of pressyre cycles and val ve sequenci ng.
~ As advanf%%@guggﬁcgﬁﬁl'oy & i‘“’hltcﬁecﬁ’s@s'eﬁhe? §Hh, CTPIHREPSA system
can produciofoBLgliRd the BYdr ageBPIRMM M dbdgrdibrbA il yebree of
the nore str@%g%y 3§§0F‘E’)ﬂeédghydr ocar bons and cont ailﬁrs at %%%%%%%y vol une
of hydsogeformha ESApgpsted ghasq camtyictithg ties wdmsredsehnyaompLitai ag

met hane, ethane, et hél ene, and higher 25 hydrocarbons as well as sone

hydr ogen tWgmeBang psscopditigag: effeatigg dir ARt go BREPSRL®Y using a
conbi nati on, of _nmenbrane_and ,PSA separation systenms in accordance with the
present | IERBRTLFE 18 HESETRRD FOkbi SPites Lot | VO NEren ave
and/or a dH-988h  hydRog 1188 Hi0 B HeA b M 1t s £ Q84 N G4 ble WO
99131201 P /U%8§125§%{7j 1?121‘9@{.} Nh%OZ _g{e productss #%r?%éﬂ%%;@neate stream
ds~in pri pressupeoseingsadeprphdon eyaten mterddmin t tdves vt febt £ver pguct s
are cagtur ed in the PSA system and are optionally recycled and recovered.

By opkY at iGRfFaina2hrgREASRYBeEgEFTEaMe diGh i hyfdrogdn andaidgserbede
distillat iﬂ}‘%g&tggaﬁi_gsig aggte%'iplrso_duct s can be increased and the
r

cryogeni ¢ Sectron can be n-at warmer tenperatures. Additionally, the
process of the phepegFerReantndbdalienits ltHemidd iwslHfedPUES AYdrogen
to be recovered in the PSA system resulting in 10 better overall plant
economi cs.proqges pforesecoverhngprdeding mrshthigh eurisiw hwdgeses| y be

used to separate olefins, from hydrogen fro n as stream containin
ol efi ns artd ) d? oBBA. cgﬂgﬁlfllﬂgs/"éﬁ%gé’ﬁs a}r‘;aclaft?/die‘%%ﬁ ar e hRTPTRTE eg to,
thosej §romdme£18€k BOmPrasRIFSS theNeaBl Q Pra i@ W OCHsS ESombFe £96RE, the

gases may contai n ot her conponénts nérnally associated with those streans.
Vari ous presfaye etloefibmai aepbeipaksisked greesetontaciingrche ~compressadbe
described with reference to the draw.n ein like referenced parts

[ s. 20 wh
have |ike SRFEYAFR 2REEEPERRS £6 Fpédl%,loé‘% ¥R ELARPERIRNRr oduced
intoacrg:;ég!. r 02.; ~fhe._n j I cked in
t he preserice @?aé%egﬁggﬁ%t %%c?:ﬁr gc ?lg f etnrg%c%co% it-%téy‘fﬁﬁc?aé%?g% i ng
eff}l uent lspldbedciackiigoged ebhipueisik(y tgenasanheatendtdbesmhidr agen,
steam carbon nonoxi de, carbon dioxide, and a range of hydrocarbon products
i ncl WP ng least ecaBe pAdiyional seUDIEFSi! Sh3ge thefeFBcki poMpresgedt 103
i s quenched w th_wat uencher_.unit 105, V\aé%

r 104 i.n.a vapoy i s
di schar geP TR FReS56° en thEF CICE PRS- TOTRF SIS0 PRAITR RS S EFERM ng
15 wo 99isMmb CTruRaRs-Euihg! alsdrihiA0N? Afddaieie 10%ndsr Yohadr aun rom

t he quencher unit™ 105 and , paSsed to a prinary separation section to
remove heafiféctitreons dBB8adnd at monadiEormhed st tteaan orwlepsis Eng 0Bighhe
primary separation section conprises %d' stillation colum 5 | lg,and a
condenser BUrity, Bydeegeapsnd #1sesor ‘ilﬁﬁ"é‘%ﬁ“ comprising olefins,

25 and recycling the desorbed stream to the at least one

compression stage.
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fromthe condenser 111 and passed to a series of conpressors 113a, 113b,
113c,’ and /%eg{ein t he product vapors |12 are conpressed to a $ressure
- suitable.for subsequent cryogenic ol efins recovery. Prior toP¢HUSP¥317 10
conpression stage 113d, the conpressed stream 114 is treated in a scrubber
115 with soda 116 to renmove COZ. Used soda |17 is vvithdra\/\n'lf’rrqjtan@[]U
scrubber 115. The scrubbed gas 118 fromthe scrubber 115 is then passed to
the final conpressor 113d and introduced into a dryer 119 to renove ~15
residual water therefrom A preconditiomed cracking effluent 120 is
w thdrawn fromthe dryer 119. The preconditioned cracking effluent 120 is
passed to a nenbrane sepaggter g at peoodi birorarebhastT to obtain a
perneate stream 122 rich 1 n hydrog and a rete 0 stream 123 depleted *
i n hydrogen. THI(erlens easschemaZi@2fiowcdipgessedfi onenendodimient
addi tional conpressors (not shown), if necessary, and then introduced into
a PSA sys@&mtl® pifesemdi R¥eRtEPRecti ve to produce a nonadsorbed stream
125 rich in hy en,and a S m,126_compri si_ng.25 hydrocar bon
products fromt ]og? meat@ %ﬁ%@%ﬁgﬁéi%@ed&@ggﬁb fgﬁ”@%ﬂ&%e; IS
conpr essednbbHMHBHESSP t He pRéseh€CYR-edt iBnt he teed side' of the nenbrane
separator 1,21 in line 128. Optionally, as shown by dotted |line 129, at
| east a porti oFI®. theigonpsechenat tesbilowddibgeram ©Z8ai cy3liaadcycl ed to the
suction side qf conpressor 113a. WO 991 31201 -1x PCT/ US98/ 25717 14 J U

N 2002 The&tietlanatelant d#inP 3P npri si ng hydrocarbons and depl eted in

hydr ogen is sepafAt eg_rjhgté) ééﬁemig%%ggn‘aggﬁg%% iog a %%%aal C separation

ﬁhction (not shown). e Cryogéni c sectron cofprises a izer 130

Whi ch 5 sepdfAlate Bldaneudg fsopatace heani ahdhdmBeamRoBwtdust s | 32.
The heavi er hydrocarbon products 132, which conprises ethylene, are then
passéd® t o addi tHIghalS fisca i arhkenanicof bawsdfiagraghodnpnt @ bhydlehest r eans of
desired prqduct., Opti onall as, sho by dotted,line 133, at |east a

por {1 on TBLG et RASEERAR R VAL Uhe cRE9SRE, 4NVBBGLRBH to the PSA system
| 24. Referring to FIG 2, the process depicted therein is the sane as that
depicted in FIG 1 up to the PSA system 124. Tn the process of FIG 2, the
desor bed streanpi? 3 [ NIONS €5 EFERRED (EMBOBIMENTSI npl vy
recycled back to the suction sjide of conpressor 113a. Additionally, a

mermbr ane separ Hbrthspresenth| Hyeent 108 epr REEPERALoFERATASATOANG S 135 in

134 3% eRRrsybE hit rode Rl Eh PRI B ek pek RV 2 '
separat or ubkgH iAo epardt Part 34ullsx!, URhat peefdiddeo i eidwctive to

produce a perneate stream 135 rich 1 n hyd(o%:n and a retentate stream 136
depl et ed iEarany dheyorembeand oMPAYRLPTe WRBICharongadnsa pyedamimasitihe 25

permaate%l‘ry t he nenbrane se ratt> r 134.i.s.recycled to.t PSA system 124.
The. pr eseRYSRRARR | S\ FT® G0F BeD HesbF PORECR BN CPorEr GG X5 1 1R f ol | owi ng
&S%X)arml es. o&ioﬁ@%'%ﬁ%ﬂpf@éé@%ﬂéﬁé%% mdreé doipdUisords LR ST

si'mul ationS were r on the process schenes depicted in FIGS. 3-5.
The etthyl| dmecplaarBSA ' sylspemt edThdeP8Ansystems pmelfaired ttialdpe readsoxis a

pressure of . )
. the products present in the permeate stream to yield a

nonadsorbed stream rich in hydrogen. The adsorbed products
are desorbed at low pressure to yield a desorbed stream
comprising the products. The desorbed stream may be
25 recycled to the suction side of at least one of the
compression stages. Alternatively, the desorbed stream may
be compressed in one or more additional compressors and
recycled to the feed side of the membrane separator.
Any membrane may be used in the process of the present

30 invention so long as it is substantially permeable to



5 about 500 psi, and the Cold Box tenperatures were sinulated to operate at
a tenper at wenfjzgpoout -105C. The C2~C2= | osses reported be!(lp%ﬂgﬂ%%h?
“include tosses in the distillation train. 10 Conparative F_xa G 3
shows a typical ethylene plant which enploys PSA. Briefly, .the plant
conprises a cracking section where fresh feedstock, a recyc’]l élUNazﬂOZmd
steam are m xed and reacted at near atnospheric pressure and high
tenperature 15 in a cracking furnace. The effluent 1 of this section
(commonly referred to as ~~cracked gases=-) is conpressed in an effluent
conpressor and dried in gne or nore driers (not shown). The conpressed

. ef fluent PYGHREEN ARDRIRICIRE LA blYr jBBeAETeabiet FanhyesPeapgbonavsaah it s
tenperature i 5,20 reduc o a l | such th separat i f the copponents
in the ef PFU@E?‘YgaerP%'e gg‘?cﬁlo‘i’n%’aaejéﬁydi gﬁ?l Wﬁ%EﬁpgTﬁgc’Piar gﬁéﬁeaﬁoé’ﬁfgal ance
of the Co rr?%'i L 1Ay I e | enenLek ks o]y for the

war ner parb'?) f tlhbzl]%o% Box %@%ﬁ%‘g‘%aﬁge}?é %%?g?hgégél ﬁg?%%’ rt of the

Col d 25 Haxrubrenefl -pasemyyh ovd denguref highr atansmdmbyahe phessudepanders
is a mxture of methane and hydrogen. The chilled effluent Is then passed
to a denedidifienanti®ls clan adegdrteafilvxr am givenpsepangtienhane and

hydr ogen, _and a distillatiagn feedstreamb5 confaining 30 heavier

v ooar bBRE SRS SR e FAbE LoRor (| SICE BRRPARRSS pRHopS: Pode of

PCT/ US98| 281 1hek i mhddall 200%ud? oy S50red1skieadhdiiacysed o provide
refrigeration duty to the expanders. The remalning portion of the

over head pbilgaml4dreegagsedydmidde, RSl pysamidel| canyi pbllyiaidesadsor bed
1st~)ream 8 conprising high purity hydrogen and a 5 desorbed tail gas stream
9.} The di SHch e anas 8036 A4 3P ke jaade dof oceramir st glagsioandecti on to

yi el d san l.ene ‘JS% LSRR e jJjul ated results of t{he process
scheqrfé) degllg(gt%‘étd H?qﬁ% Cgrré sun%%??zé%gyﬁg%agpegﬁebgrsﬁfn&o Table 1
Menbrane Regewernwt ArddINde Wi fRedayer y8ddo 1rCebC21 50858 a)Er aclker

Qut | et Cas from Separ at or Expander FeedPSA FeedH= from PSAPSA Tal | GasTo

Dl atl || at Patsntedin. 5,085,774; the contents of which are hereby

No. 1467895H2500. 02400, %480. 01920. 01670. 4249. 6100. 0C2000. 0640. 0108. 0432. 00. 0
432_01480}6506@orated y reference.

2700. 048. 09. 63840 L35 A2652% 042. PRe4 .
“1100. 00. 00. 00705 86 BL1ED oc"?réoioé.sgéoa. 00" 0%3%01_9 5%98&80%%%55%805‘8?0?@00. 0600
. 02406, 0163A4TBB A0 B2 (HH76 . M8 A8fe 0802460, WRICAIMAG, be in

(9% 20. 018, 018. 018. 00. 069. 220. 9C . (g612 7.01.61. 61.60. 05. 337. 9C
(9% 13. 00. Bbesform @1 membraTe. gepanater 00, HomewbYANe18ePareEOr may

t% 4.00.0 . QO. L Tot v . 1Q0Q. . . 0.0 WO
991 31201 g%?‘lgﬁgg’s%z#%f%ﬁﬁ {}%‘#g‘gﬁgﬁﬂgﬁgﬁgrg?i ‘8%9‘%{%#@%% FIG 4
shows a t yphealrsciii@nand antapifed haeoRhaYs 6RaeateoRSHiped imerbr ane
systens. The process schene in 5 .FIG 4 is the same as In FIG 3 except

that a nmeltBpifels yound hdagiton i ns@as cenbersr thpesepavatompr epsboitheA | ow
pressure off-gas str.eam_3 conpri si inly hydrogen,is . rejpected in the
perm?&te gFF@%ﬁi{eo“ﬂﬁlﬁbﬁfﬁ%e qn&gr}go %n‘ﬂ]\é?ﬁéeGi @FF"PFQPF&na &P The
retentat erpll @31 2dtSickd PR eSSkl | PethifataNBa BRRE e ressed
cracking effluent descri l%{e)l&%above. e si?’rul g?gd rgsEPtégug F&%ngrocess
schene depoifedtiion-ifGpel and eximmrilzedsepa¥abbe Ehbelighy an outlet.

D)

Non-permeating gases, i.e., retentate or residue, exit the
separator through another outlet.

25 In another alternative, the membrane may be in the
form of hollow fibers. In such a separator, gas which
enters the separator contacts the fiber membrane. The
permeate enters the hollow fibers while the non-permeating
gases, i.e., retentate or residue, remain outside the

30 fibers. The permeate travels at reduced pressure inside



5 10 15 20 Table 2 Menbrane Recover y40% N80%SA Recovery84% i G | C2=
Less2. 8% Cr sk oyy316hit | et Per meat e StreanSepar at or FeedGas from US98/2571
‘Separ at or Expander FeedPSA Feedti; from PSAPSA Tail GasTo DFstrggtlgﬂ 7

I St ream

No. 132467895H 2500. 01000. 01500. 01387. 0480. d907. 0761. 9145. 111 B4od 2boA0B2s. 0
1954. 0346. 8108. 0238. 80. 0238. 81607. 2C==2700. 054. 02646. 028. 39. 6

8.70.018. 72617. 7CZ1300. 022. 11277.97.12. 44. 70. 04. 71270. 8C, =1100. 016. 51083. 5U
. 00. 00. 00. 00. 01083. 5C400. 015. 6384. 40. 00. 0®7 00. 00. 0384. 4Tot al 10000. 01154. 288
45.81769. 2600. 01169. 2761. 9407. 37076. 6H~

(9% 2S. 086. &l (idet78. UF 7a oL D8Ed6wh8Ch conducts the permeate to a

(99 20. 04. 022. 119. 619. 620. 40. 058. 622. 7CZ=

i 9427. 04. 7PETERE AUBbED4. 6B orPtENF R Freve e D MEeRTRtans. Oc3 =

(96?11. 01. 00. 0 : %:4.01 30. 00 . 00..00. 05. 4Tot a
(9%4.100. mo%%foz"‘g? d’?%og%%%‘ggigﬁoggﬁ %%ﬁé %’f&%%d‘% Kb 9‘%‘% ?POF? Mo nLcC
~ Np .O kg ¥z 99131201 PCT/ US98/ 25~17 1 4 J U N 2002 -16 Exan~p 1 a 1
FIG 5 depicts an ethylene plant in accordance with the present invention.
It advdnt ageous|Bxampleysof theoaboweatmentdioneSA membrerd reemratstesws. Li ke
in FTG 4, 5 the cqonpressed effluent 10_is passed to a nenbrane separator

Ugldi ke thﬁ%éﬁﬁqfﬁﬁﬁl@sﬁFi?ﬂ% ﬁ%rﬁﬁ&@é“?@neéﬁ@qwi%cﬂﬁ)r%%ed i nhan
LK . ; 7
addi tiona S%%ﬁ?%&&ﬁ%f{%ég p ”Cgﬂﬁﬁﬁ Al AU { a%)ﬁség‘g%%/ssé em the

tail gas 9 Systéem ' whi'¢ch now contai ns va oducts 10

present inJthfad3eF Mepd @, Shp cadn 32 1 SHEGHH nl, 0 viNRy BEHd L i of the feed
%ggpressor and fed back to the distillation section. Pure hydrogen is
recover ed ¥entthmnenRseebepedt feanigdistminle SeParmtsicny, "'THehanica bt ed

results of th rocess schene depicted 15_in FIG 5 are su rjzed in
Tabl e.103 b@S BTG eS 1H1G cNOYS T o PHES3 6p HIESne DR vy and *MEDAL-

Membrane Separation System, Du Pont/Air Liquide."

Suitable PSA systems for use in the process of the
present invention are well known in the art and are
available from industrial gas companies in the United

‘15 States. Briefly, a PSA system employs one or more
adsorbent beds to selectively adsorb and desorb gas
component (s) from a gas mixture through a combination of
pressure cycles and valve sequencing.

) As advantageously employed in the present invention,

20 the PSA system can produce a high purity hydrogen product
which is substantially free of the more strongly adsorbed
hydrocarbons and contains at least 98% by volume of
hydrogen. The PSA system also can yield a desorbed stream
comprising methane, ethane, ethylene, and higher

25 hydrocarbons as well as some hydrogen typically lost in
depressurization and purge steps.

By using a combination of membrane and PSA separation
systems in accordance with the present invention, it is
possible to employ a less selective membrane and/or a

30 higher hydrogen rejection rate without losing valuable
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FeedPer neat gyagbgjfiagydepar at or FeedGas from Separ at or Fxpander F
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No. 11032467895H~2500. 02677. 51071. 01606. 51571. 5462. 01109. 5932. 0177. 535. 0C, 20
00. 02302. 648. 12254. 5428. 6126. 0302. 60. 0302. 6t tJN 2002
825.9CZ:2700.02723.156.42666.732.79.623.10.023.12834.0C21éb6.&

305. 823. 11282. 78. 22. 45. 80. 05. 81274.5 C, = 110D. 0 1100.0 17.2 1082.8_ 0.0 0.0
0.0 0.0 0.0i -9-

1082. 8C400. 0400. 016. 33B3. 70. 00. 00. 00. 0O, D383. 7Tot al 10000. 010509. 01232. 19276

- 92040. 960@, /NS 9931 ORE6p8FRE8at8Hatream as in prior art processes.
(9% 25. 025.586.9t7.377.077.077.0100. 034. 90. 5C,

/9% 20. 021. I3 S IMe Ot ORAhvEALAbA, S52he?2@aiuable products are
(% 27.025. 94. 628. 71. 61. 61. 60. 04. 536. 4CZ -
(9% 13. 012. SRR Sd Un. Bhe4BSH1syspemcand are optionally recycled and

99 11. 010.51.411. 70, 00. 00. 00. 00, 015. OC, . ; .
(00 410381 TEFOERRA 00, B0 08288 3%S; af @ higher hydrogen rejection

(% 100.10Q-50400.1H00, 43905 £309£04AQ. 8180193821810kt 30 G0 -sdbidiked L C
owe OJ Ov N "~ a WO 99131201 PCT/ US98/ 25717 1 ~r J U N 2002 By “conpari ng

t he resul t prafductanptan lbai fhcEaapadatnde t Beamplyesiehiandelt idn agan Hee seen
t hat process according to the present invention can reduce the CZ/ Cs=
product | od3¥s at (WwAYERE tampRenatyres. \wArditdenadlont itde mroqram of

S“E&E ot ¥ PR b RabTEn £ 5L0R8 1558M, Bhaetiti K o Bl ons ey
var i ot ons R G Tt oy e Eb 1D cone) GRren T g e and
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The process of the present invention can
advantageously be used to separate olefins from hydrogen
from any gés stream containing olefins and hydrogen. Such
gas streams include, but are not limited to, those from

‘15 cracking processes, and GTO or MTOﬂbfoceéses. Of course,
the gases may contain other components normally associated
with those streams.

Various preferred embodiments of the present invention

© will now be descfibed with reference to the drawings
20 wherein like referenced parts have like numerals.

Referring to FIG. 1, a naphtha feed 101 is introduced
into a cracking furnace 102. The naphtha feed 101 is
thermally cracked in the presence of steam in the cracking
furnace 102 to yield a cracking effluent 103. The cracking

25 effluent 103 generally contains hydrogen, steam, carbon
monoxide, carbon dioxide, and a range of hydrocarbon
products including ethylene, propylene, and other olefins.
The cracking effluent 103 is quenched with water 104 in a

quencher unit 105. Water vapor is discharged from the

30 quencher unit 105 in line 106. A gquenched cracking



VWHAT i S CLAIMED I S: 1. A process for recovering olefins froma cracking
ef fluent co o ol efins and hydrogen, said process conprising the steps
of : , (&) mpgggi ng said cracking effluent in at |east one‘%ﬂﬂﬁ?‘s@a%n
stage to forma conpressed cracking effluent; (b) contacting said
conpressed cracking effluent wwth a nenbrane at conditions ﬁ}fli eSUJ\!é%g[jQ
obtain a perneate streamrich in hydrogen and a retentate stream depleted

i n hydrogen; and (c) introducing said perneate streaminto a pressure sw ng
adsorption systemat conditions effecti vd0to obtain a nonadsorbed stream
rich in hydrogen and a desorbed stream conprising olefins. 2. The process
accor di ng ted fauein® 107 urd heitlh@nawh SEpemr ehgchuegiciled @astt a grdddn of

sai d desorbed streamto said at | east one conpression stage. 3. The process
accor di ng pessiesi ol a Mrimary cosPprrat hgnpasstagnata sgsove fwavon of said
desorbed stream,to at, | east. one additional Egg&rsessi on stage to forma

conpr essed EFESHHORF Y ARDRP rHROTK | QYT af £oRAsHSatEn 1K sailhe

conpressed q I, s ; tacts Shep. T ocess
accordi ng P%gi‘@m%fﬁ er _e(%ﬁr)l %%gl%?g?léﬂégé%rgr%_r ?s?i%%ﬁallgﬁel.&h cfgﬁirﬁl{JUNE
2002 55 Theipr ee@ss aHddhdwr tD1T] ai Prdduvbedabbreaind oneRadsardiRt-&id eam

conpri ses substantially.pure hydrogen. 6. The process according to claim1,

further cofipomsithe sasslenseni LY candt paesedr banat sexiesyodeni ¢ separation
section. 7. The process accordj t | aim §, _whereiin said ¢ryogenjc

separ at i onCSEREESFEShprddds Jal:gg'rref%é‘ﬁ'r z@thé\}Pﬁg w&?"’@\}é’r ﬁé’&d %%tchéﬁ’ﬁ
conpri si ng n n t@%ﬁ egy g0 LSt I fi 8. The
p?fess an(%?gI ngq'tlt? %Igel m ,ﬁ #u?% diér coﬁpg?élls%zj&%e??él%ia?&%at east a
pariion of sapiséquesithentd ajdreibm éDeSind peesvery .sWPrdoadse pHeIF i35t em
9. A process for recovering olefins and high purity hydrogen froma
crackitiy efPMPERESSion & tHIT L3 Lonphe sSFAYPLRESete B reRM AN 4cdr essi ng

sai d crackpn ffluent in_ at .leas ne, I eSSl tage to f a
conpr essed 5%5 REh g Tt 1553 %h?%)f%%nwagﬁrﬁﬁ gahggc ﬁp%&_ggé’(? gdz;cki Rged
effluent wsblaa 1ABMARS HdXORd £+6RSLRET BELLKB R0 198t al A RRIMBMES
streamrich in hydrogen and a retentate stream depl eted in hydrogen; (c)

conpr essi ngasaild 8pdnoeatthes tg@ambher al L5 east thee pddiseidona thenfiessl on

stage to forma conpressed perneate stream, (d) introducing said conpressed
per neat e sCPERTESFCF 417k R X u‘aﬁgoi‘ﬁﬁf’oﬁ EEmid &AMV Nns

effechizve L 9RL@NNAiter therefrom. A preconditioned cracking

effluent 120 is withdrawn from the dryer 119.
The preconditioned cracking effluernt 120 is passed to
a membrane geparator 121 at conditions effective to obtain
) a permeate stream 122 rich in hydrogen and a retentate
20 stream 125 depleted in hydrogen. The permeate.séream 122
is compressed in one or more additional compressors (not
shown), if necessary, and then introduced into a PSA system
124 at conditions effective to produce a nonadsorbed stream
125 rich in hydrogen and a desorbed stream 126 comprising
25 hydrocarbon products from the permeate stream 122. The
desorbed stream 126 is compressed in compressor 127 and
recycled to the feed side of the membrane separator 121 in
line 128. Optionally, as shown by dotted line 129, at
least a portion of the compressed desorbed stream 128 is

30 recycled to the suction side of compressor ll3a.



"21'14 JUNE 2002 nonadsor bed stream conprising high purity hydrogen and a
desorbed s 594;%1%){rpri sing olefins; and (e) recycling said desorbed stream
.to said at |east onhe conpression stage. 10. The process accoPelH8%257¢| ai m
9, wherein said olefins conprise ethylene. 11. The process according to

claim9, further conprising passing said retentate stream,t % iC
separation section. 12. The process according to clain1llj &thE&dgg;?d

cryogeni c separation section conprises a denethani zer havi ng an over head
stream conprising nethane and a bottonsjgtream conprising said olefins. 13.
The process according to claim 12, further conprising contacting said

ouerhead oL ekt eReaeR ORI ANRRE 2L AN AN L SE g 081711 @

perneate stream n-hydirogen~and a rete re

hydrogen. ddp1dPearifcrfarages disngebar@tdidniho fild Refr&auPri sing _
_recycling at” |l east a portion of said perneate streamto said pressure sw ng
adsor pti orcoysorents 28 44ciphfeRi@? sePardltd opr eeetsiarc caiak nghdwnl ai m 9,
wherein said gas streamis froma nethanol-to-olefins (MO _ or a

gas-t 0- ol SERQSCYYFBRNpLafection KOPPEdsss PodemediAHizfy ot ivisiekom a

cracking effluen ont ai ni ng efdl [ n, i d _process ¢ rising
t he st%p; %§Qa€%§e§Ow%?fégglen&géalfgg%} g@%i E‘é%gg%%ugﬁfﬁﬁoﬁ ag'fb?réa%%’o‘g‘ggt?
conpressi oy $t agPhbOnbavits AYARLRATOSNC PrORE LifdeRiL] &) c SRt 664 NY
sai d conpressed cracking effluent with a nenbrane at conditions effective
t 0 obt ai n eclpelemat easer thenr pesed ltyd adgdn iamala hetaitcriat som eam

depl eted i n hydrogen; and (ci i ntrqd cin%F§aid perneate streaminto a

E{ﬁssur e SRHYRAsSRBE| BROWPSt EM YEe GnErEesTS Sa9ixed PR S a
oradsor b‘l?f}_?é%lggg}g' Chsi BrnBydr 8 eﬁo@@‘éfig.lq?x gfﬁ?ﬂr tsa:]tr SR 10 rg)rséc?]%@:gon

ol ef i ns. tess according to claim er conpril

recyclong ¢ tkReshethifet boarhtadabdrdasonbed isf neipdleadsad whe | Bamt one
conpressi on stage. 18. The process according to claim 16, further

conpri si ngByBitemny24t | east a portion of said desorbed
Referring to FIG. 2, the process depicted therein is

the same as that depicted in FIG. 1 up to the PSA system
124. In the process of FIG. 2, the desorbed stream 126

.15 which comprises hydrocarbon producEé is éimply recycled
back to the suction side of compressor 113a. Additionally,
a membrane separator 134 is employed to separate hydrogen
from off-gas 135 in the overhead stream 131 of the

1 demethanizer 130. The membrane separator 134 can employ

20 the same or different membrane from that in membrane
separator 121. The membrane separator 134 is run at
conditions effective to produce a permeate stream 135 rich
in hydrogen and a retentate stream 136 depleted in
hydrogen. As shown in line 137, at least a portion of the

25 permeate from the membrane separator 134 is recycled to the
PSA system 124.

The present invention will now be described with

reference to the following examples.

30



23 14 JUNE 2002 streamto at |east one additional conpression stage to form
a‘conpresseggggﬁgégfd stream and recycling at |least a portion of said
.conpr essed streamto said nenbrane contacting step. PGT/US&25717
process according to claim16, wherein said olefins conprise ethylene. 20.
The process according to claim16, wherein said nonadsorbed stream
conpri ses substantially pure hydrogen. 21. The process accorgin hpzﬁbgin1
16, further conprising passing said retentate streamto a c¥r ogg* C
separation section. 22. The process accending to claim 21, wherein said
cryogeni c separation section conprises a denethani zer having an over head
stream conpri sing net hane and a bottoEEﬁEELgsp1conprising said olefins. 23.
The process according to claim 22, further conprising recycling at |east a
portion of said Gompeerd simebationsawdrpr enaubasad R adsd idEEesyst em
24. A process for recovering olefins and high putity hydrogen froma
cracki ng efahamas depichedctBsFiehpr Bsbng The etéydeste plamtsi4 JUNE 2002
(a) conpressing.said.,.cracking effluent _in.at |east _one conpression stage to
forma con&%’s’%&f%%&ﬁ%’gne‘??Fﬁeﬁ{‘t,mé‘B#egohf’a?ﬁeﬁ'ﬁl%?aia& rc%rﬁﬁee%%%e of
cracking elhiditts ol tff, MRART 8RE 8b100BK! Lampebittls fidik Wil fed
pernmeate stream rich 1n hydrogen and a retentate stream depleted 1n
hydrogen; o opmmEtsssanga seedpeeateatecst abamti »1a5 ceastrhene,ddd t i onal
conpression stage to forma conpressed perneate stream (d) introducing
sai d conpr éSEREHTIRA St Pebavi dPonatpiasiude JwSRgsadsorifid on syst em at
condi ti ons gf f.ectii ve, 10 LN a nonadsorbed stream conprising high purity
h qiogen agiégéiiﬁéﬁéa é%%g%h1conprising olefins; and (e) recycling said
dis rbed streamto said at | east one conpression stage. 25. The process
according to claim 24, wherein said olefins conprise ethylene. 26. The
proced® according to clai m 24, Conpalrat icrenixanmbe phssing said retentate
streamto a cryoqgeni c separation sectjon, 27. The _process according to
claim 26, whereifF%aid WYY Eyggﬁﬁb'aFmel%‘@t PERTCo MRt employs
denet hani z haviJg v e MLLSLN
demet hant Z¥isaav il & o SLE 30 ShE CABRELTRELS BN e TRANANS AL AP UNALE
fresh feedstock, a recycle stream, and steam are mixed and

reacted at near atmospheric pressure and high temperature
15 in a cracking furnace. The effluent 1 of this section
(commonly referred to as "cracked gases") is compressed in
an effluent compressor and dried in one or more driers (not
shown). The compressed effluent is then introduced into a
T} cryogenic section (Cold Box) where its temperature is
20 reduced to a level such that separation of the components
in the effluent can be performed by distillation. The
refrigeration balance of the Cold Box is provided by an
ethylene refrigeration cycle for the warmer part of the
Cold Box and by expanders for the colder part of the Cold
25 Box. The off~-gas 6 providing refrigeration duty to the
expanders is a mixture of methane and hydrogen.
The chilled effluent is then passed to a demethanizer
to yield an overhead stream 4 comprising methane and
hydrogen, and a distillation feedstream 5 containing

30 heavier hydrocarbons. As noted above, a portion 6 of the



25 14 JUNE 2002 28. The process according to claim 27,

contacting
effective. t

Sy

stream depl eted in hydrogen.

further .corrpri si ng

head streamw th a second rrenbrane at conditions
a perneate streamenriched in hydrogen af€TAUSS2ENTat e
29. The process according to claim 28,

f

urt her

conprising recycling at least a portion of said perneate str]ad]n‘yg[@@gg)z
pressure swi ng adsorption system
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The simulated results of the process scheme depicted

in FIG. 4 are summarized in Table 2 below.
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introduced as a feed into the PSA system. The tail gas 9

() from the PSA system, which now contains valuable products
10 present in the permeate stream 3, is sent to the suction
side of the feed compressor and fed back to the
digtillation section. Pure hydrogen is recovered as the
nonadsorbed stream 8 from the PSA system.
The simulated resulﬁs of the process scheme depicted

- 15 in FIG. 5 are summarized in Table.3 below.
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By comparing the results of Example 1 with Comparative
Examples 1 and 2, it can be seen that process according to
the present invention can reduce the buKL= product losses
to less than 0.5%.

While the invention has been described with reference
to the figures, examples, and the preferred embodiments, it
is to be understood that variations and modifications may
be resorted to as will be apparent to those skilled in the
art. Such variations and modifications are to be
congidered within the purview and the scope of the claims

appended hereto.
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1. A process for recovering olefins from a cracking effluent containing olefins
and hydrogen, said process comprising the steps of :

(a) compressing said cracking effluent in at least one compression
stage to form a compressed cracking effluent;

(b) contacting said compressed cracking effluent with a membrane at
conditions effective to obtain a permeate stream rich in hydrogen
and a retentate stream depleted in hydrogen; and

(¢ introducing said permeate stream into a pressure swing adsorption
system at conditions effective to obtain a nonadsorbed stream rich

in hydrogen and a desorbed stream comprising olefins.

2. The process according to claim 1, further comprising recycling at least a

portion of said desorbed stream to said at least one compression stage.

3. The process according to claim 1, further comprising passing at least a
portion of said desorbed stream to at least one additional compression
stage to form a compressed desorbed stream and recycling at least a
portion of said compressed desorbed stream to said membrane

contacting step.

4. The process according to claim 1, wherein said olefins comprise ethylene.
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comprises substantially pure hydrogen.

6. The process according to claim 1, further comprising passing said

retentate stream to a cryogenic separation section.

7. The process according to claim 6, wherein said cryogenic separation
section comprises a demethanizer having an overhead stream comprising

methane and a bottoms stream comprising said olefins.

8. The process according to claim 7, further comprising recycling at least a
portion of said overhead stream to said pressure swing adsorption

system.

9. A process for recovering olefins and high purity hydrogen from a cracking
effluent, said process comprising the steps of :

(a) compressing said cracking effluent in at least one compression
stage to form a compressed cracking effluent;

(b) contacting said compressed cracking effluent with a membrane at
conditions effective to obtain a permeate stream rich in hydrogen
and a retentate stream depleted in hydrogen;

(c) compressing said permeate stream in at least one additional
compression stage to form a compressed permeate stream;

(d) introducing said compressed permeate stream into a pressure

swing adsorption system at a conditions effective to obtain a
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desorbed stream comprising olefins; and
(e) recycling said desorbed stream to said at least one compression

stage.

10. The process according to claim 9, wherein said olefins comprise

ethylene.

11. The process according to claim 9, further comprising passing said

retentate stream to a cryogenic separation section.

12. The process according to claim 11, wherein said cryogenic
separation section comprises a demethanizer having an overhead
stream comprising methane and a bottoms stream comprising said

olefins.

13. The process according to claim 12, further comprising contacting
said overhead stream with a second membrane at conditions
effective to obtain a permeate stream enriched in hydrogen and a

retentate stream depleted in hydrogen.

14.  The process according to claim 13, further comprising recycling at
least a portion of said permeate stream to said pressure swing

adsorption system.
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17.  The process according to claim 16, further comprising recycling at
least a portion of said desorbed stream to said at least one

compression stage.

18. The process according to claim 16, further comprising

passing at least a portion of said desorbed
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23. The process according to claim 22, further comprising recycling at
least a portion of said overhead stream to said pressure swing

adsorption system.

24. A process for recovering olefins and high purity hydrogen from a

cracking effluent, said process comprising the steps of:
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