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(54) Title: PROCESS FOR RECOVERING OLEFINS

(57) Abstract

A process for recovering olefins from a gas stream containing olefins and hydrogen. The process comprises compressing the gas
stream in at least one compression stage to form a compressed gas stream, contacting the compressed gas stream with a membrane at
conditions effective to obtain a permeate stream rich in hydrogen and a retentate stream depleted in hydrogen, and introducing the 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.




hydrogen, st gayo£3400n di oxi de, carbon nonoxi de, nethane, pCEARES5717

et hyl ene, propane, propyl ene, and m nor anounts of ot her conponents
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 conpressed in one or nore
conpression stages to partially liquefy the hydrocarbon conponents for
separation via cryogenic distillatioR~ Carbon dioxide, steam and

- 2- heavy hydrocarbons nust be renoved prior to chilling the

cracking effluent to prevent fr I I ng.an pl uggi ng the
equi pnent. After renoval of B[I{QBEgg 58%@%@"6 OLEng%m t he cracking
effluent, the effluent is passed to a 5 cryogenic section (comonly

referred to as a "Cold Box") where the tenperature of the effluent is
reduced such t hat separation of the hydrocarbon conponents can be
per f or med by distillation. The refrigeration bal ance of the Col d Box
is provided by an ethyl ene refr%gg@r@kh@nrgyctﬁvggTIbhe 10 warner part of
the Col d Box and by expanders of off-gas

5 This invention generally relates to the separation of

olefins from gases containing the same. More particularly,
the invention relates to an improved process for separating
olefins from gases containing olefins and hydrogen by

removing hydrogen therefrom using a combination of membrane

10 and pressure swing adsorption téchniques.

BACKGROUND OF THE TNVENTION
Olefins such as ethylene, propylene, and butylene may
be produced by heating saturated hydrocarbons such as
15 ethane, propane, or butane at elevated temperatures.
Likewise, naphtha, gas oil, and other heavy hydrocarbon
feeds may be thermally cracked in a cracking furnace in the
presence of steam to produce olefins.
The cracking effluent produced by heating a saturated
20 hydrocarbon, naphtha, or gas oil feed typically contains
hydrogen, steam, carbon dioxide, carbon monoxide, methane,
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 distillation. Carbon dioxide, steam, and



streans for é? 8Ider part of the Cold Box. ; The distillation
section typr@arPi¥tontains three col ums, a denet hani zeYCHHPERSTEnoves
the light ends, a deet hani zer which renoves the heavy ends, and an 15
et hane/ et hyl ene splitter which separates the ethyl ene product fromthe
et hane recycle stream The reboil and condensi ng duties of the
distillation section are al so provi ded by the ethylene refrigeration
cycl e. Hydr ogen contai ned in-t2re cracked gases is used, in 20
part, for balancing the cold end of the cryogenic section. However,

I tS presenfeanetydasc £aboies m@mebatnemevéd pheor to dhsflililhgt ttee section
to separate the products. Hydroge so _acts as a ballast in the

di stil | at isrrgeny onf LlpeRtfp to Pr%Y%VEaneEdéFPWoﬁéﬁeﬁﬁﬁﬁt?Pﬁes of products

o oL R B RS B, 2R HERRL, SR RBkpepazey o
met hods ha&m the b@@é‘cl@fﬁ’%oéﬁﬂlu@ntenﬁldé afﬂnaeﬁe i EopubBedctacki ng
effluent. See, e.g., at ent Nos. 5,082,481, 30 5,452,581, and
5, 634, 354;chegemnin es\etcstncbnv\hd:cmmanbyhreeébyred to as a "Cold Box")
where the temperature of the effluent is reduced such that
separation of the hydrocarbon components can be performed
by distillation. The refrigeration balance of the Cold Box
is provided by an ethylene refrigeration cycle for the
10 warmer part of the Cold Box and by expanders of off-gas
streams for the colder part of the Cold Box.

The distillation section typically contains three
columns, a demethanizer which removes the light ends, a
deethanizer which removes the heavy ‘ends, and an * L

15 ethane/ethylene splitter which separates the ethylene
product from the ethane recycle stream. The reboil and
condensing duties of the distillation section are also
provided by the ethylene refrigeration cycle.

Hydrogen contained in the cracked gases is used, in

20 part, for balancing the cold end of the cryogenic section.
However, its presence reguires 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



-3 - . i no@emasied by reference. The nethods described in pbBpRR9s25717

patents include the use of a nenbrane separator to renove hydr ogen
fromthe cracking effluent. However, there are several drawbacks
associated wwth 5 these nethods. For exanple, unless the disclosed nethods
enpl oy very sel ective nenbranes, varying amounts of products are | ost
In the perneate stream Even when using hi ghly sel ective nenbranes,

t he hydrogen rejection rate nmay not “Bé sufficiently high to make the
process comercially 10  viable. Accordin there is a need in

the art forl%¢6F8@§§§3d bytﬂﬁﬂeqﬁQﬁqﬂ:uﬁﬁ?wm%ﬁ¢ﬂ¢ﬁagﬁgbﬁﬁéﬁgcﬂnl6?@&? in
the per ma;ﬁagﬁntsss.rn%%@d}@ gb%“%tslheheofeaeqnérﬂoyéﬁeVgééafﬁg?ft %erw anes.

In additio ere i's a nee e art for roces can enploy
hi gher hydrggagoggheqwdm1dﬁgeggaugﬂﬂgneﬂfmuent concom tant | oss of
product . Light olefins may al so be produced by catalytically

converting feedsHowhyeaommhemau?nﬁnSﬁuﬁﬁaledhemb&cks aSSQCmethﬁlweKMer
di et hyl _ether or il res thereof.

4, 499, 327; ’Ehésénﬁ‘iert Gt erfPTpeXamp %-%l‘BFnl‘F%S h'é?%b?l?ﬁEB?Sgr e

reference
nmet hanol -t o- o?e??%g%%%ﬁ%%lECtldgwﬁ as-to- d%ef$%§§%§§t)88§§5835es. In these
processes, produbydr egen lidstsaretiHe papshits acdehment EwBnc kheauhd ihaye to

highly selective membranes, the hydrogen rejection rate may
not be sufficiently high to make the process commercially

10 viable.

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

15 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 methancl-to-olefins (MTO) or
gas-to-olefins (GTO) processes. In these processes,
hydrogen is sometimes used as a diluent which would have to

25 Dbe 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



25 Dbe rermmg%r%rp the desired ol efin product. Accordisgﬂlggf,%t hod

there is also a need in the art for an econom cal and ePFTd

for separating hydrogen froman olefin product streamin such
processes. 30 -4-

SUMVARY OF THE | NVENTI ON The present invention addresses the

af orenent i oned need in the art by providing an i nproved process for
recovering olefins froma cracking effluént containing 5 olefins and
hydrogen. The process conprises conpressing the cracking effluent in

at | east one conpression st ageMva MEN IATVENTIIAS sed cracki ng ef fl uent,
contacting the conpressed cracking effluent with a menbrane at
condi ti ons Thef ReeSEEh FroREiLeT 3gdinashes e Rhararentiongi ogen and

10 arete e.;st m_dep ' e | ntroducin t he

per neat e sﬁ%%émlfln%gl%aa%?els]? u%goé"\;vidﬁé a%glo_r &pl%%g’esc{]y_tsqxgorﬁuess gfoar[ condi tions
ef fective t8cehbaingaoneFadsorthesh St ceABKINY ef £ludrdt MuHQgend a
desorbed stream conpri sing ol efins. In a preferred enbodi nent,

t he i ngentobefinbated thydxogen. The process comprises compressing

the cracking effluent in at least one compression stage to
form a compressed cracking effluent, contacting the
compressed cracking effluent with a membrane at conditions
effective to obtain a permeate stream rich in hydrogen and
10 a retentate stream depleted in hydrogen, and introducing
the 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.
In a preferred embodiment, the invention relates to a
15 process for recovering olefins and high purity hydrogen
from a cracking effluent. The process comprises
compressing the cracking effluent in at least one
compression stage to form a compressed cracking effluent,
contacting the compressed cracking effluent with a membrane
20 at conditions effective to 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 oclefins, 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



15 process fwooserovering ol efins and high purity hydrogen PCTIUSIBRLE717
cracking effluent. The process conprises conpressing the cracking
effluent in at |east one conpression stage to forma conpressed
cracking effluent, contacting the conpressed cracking effluent with a
menbrane 20 at conditions effective to obtain a perneate streamrich in
hydrogen and a retentate stream depl et ed igL hydr ogen, conpressing the
perneate streamin at | east one additional conpression stage to forma

comressed peLRAle M4 &ironcn HLROMNG! 08.Che CquGaRed, nadpa e St eam

into a pres agsor ptton systemat con ive to

obtain a netRIRMISOIbEs St1€aMMOOPr bebBEshi Bt Faiont ¥ RydH-agert Bkl ds
desorbed stream conprising ol efins, and recycling the desor bed stream

to the at | d&30)onxroueps essinnwBiagecase, the privgessgerempatisest he

process of the present invention, 30 pay be applied to separate ol efins
froma gas COMRLSRTEY the gas in at lg §Fiﬁ?eaﬁﬁmﬁﬁﬁﬁiﬁ§$f§Qﬁﬁ%n

source, o NCAIgNG fé%%ssed s hadghehge gl kiR QMIQ- Q0ees, Oy Epm 2
gas-to-adl ef ins process. I'n which Case, the process tonprises
membrane at conditions effective to obtain a permeate
stream rich in hydrogen and a retentate stream depleted in
hydrogen, and introducing the permeate stream into a
pressure swing adsorption system at conditions effective to
10 obtain a nonadsorbed stream rich in hydrogen and a desorbed
stream comprising olefins.

In preferred embodiment, the invention relates to a
process for recovering olefins and high purity hydrogen
from a gas containing olefins and hydrogen. The process

15 comprises compressing the gas in at least one compression
stage to form a compressed gas, contacting the compressed
gas with a membrane at conditions effective to obtain a
permeate stream rich in hydrogen and a retentate stream
depleted in hydrogen, compressing the permeate stream in at

20 least one additional compression stage to form a compressed
permeate stream, introducing the compressed permeate stream
into a pressure swing adsorption system at cénditions
effective to obtain a nonadsorbed stream comprising high
purity hydrogen and a desorbed stream comprising oclefins,

25 and recycling the desorbed stream to the at least one

compression stage.

30



conpressin in at |east one conpression stage to 5 for
conpressedqgéggagﬁﬁtactlng the conpressed gas with a neﬁ%pﬂ#§”§p7

conditions effective to obtain a perneate streamrich in hydrogen and
a retentate streamdepleted in hydr ogen, and introduci ng the perneate
streaminto a pressure swi ng adsorption systemat conditions effective
to 10 obtain a nonadsorbed streamrich in hydrogen and a desorbed

stream conpri si ng ol efins. Irrineferred enbodi ment, the invention
relates to a process for recoverlng oleflns and hlgh purlty hydr ogen
froma gas containing ol eBROEFa | P& hr DRAYINGES conpri ses
conpressing the gas in at |east one conpr essi on stage to forma

conpr essed gas FE6nt aciPng ERBSEBRpFeddiey dlagr§§b°&1ﬂ? € SRR Gt

condltlons ffectiv o] pernmeate streamrich in hydrogen and
a retentat® ?gﬁa rgsggtdghﬁégeg o hydr ogen, conpressing the perneate

streamin at 2p1gl, e@Stﬁ.soaes@ﬁdmtatgaalfmwrrﬁﬁeg&iaﬁnoft agetheA orm a
conpressed permeate stream introducing the conpressed perneate stream
i nto aSpr esshwédisenhgoddsbeppiresesystianeatioondi ti ons effective to

obtain a nonadsorbed_streamc rising.high, urd ty hydrogen and a
desor bed streant £8mpPi $Pnd 8Fggﬁﬁ§}c ggowaﬁﬁaﬁgeggfﬁn&iﬁ%@%ﬁ%%rbed stream
to the at Llepsi.fBepiant GATREEHEAON Stage.

FIG. 4 is a schematic flow diagram of a typical

ethylene plant using separate PSA and membrane systems.
10 FIG. 5 is a schematic flow diagram of an ethylene

plant in accordance with the present invention.

DETAITLED DESCRIPTION OF THE PREFERRED_ EMBODIMENTS
In the present invention, a membrane separator and a
15 pressure swing adsorption (PSA) system are advantageously
used in combination. In particular, the permeate stream
from the membrane separator, which contains predominantly
hydrogen and some valuable products such as olefins, is
optionally recompressed in one or more compressors and fed
20 into a PSA system. The PSA system preferentially adsorbs
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
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BRI EF DESCRI PTI ON OF THE DRAW NGS FIG 1 is a schematic fl ow

di agram of one enbodi nent of the present invention. FIG 2
is a schematic flow di agram of another 5 enbodi nent of the present

I nventi on. FIG 3 is a schematic flow diagram of a typi cal

et hyl ene pl ant using PSA FIG 45is a schematic flow diagramof a
typi cal et hyl ene pl ant using separate PSA and nenbrane systens. 1

0
FIG 5 is a,chemtic_fl.ow diagram an et hyl en ' o] ce
with the pr °$%eﬁ?ﬁioﬁpg5%gn%la?fly ﬁ?ﬁlﬁﬁﬁeﬁﬁ&%@% kdan
PREFERRED E ene. AdditiochRlthe RIRSeRimd AMENtdIM1@ RBHEr gB8d
separator and a 1 pressure swi ng adsorption (PSA) system are
advant ageousddmpatibisedyi wicantheagases oo e tdapdrated hespeengat e stream
fromthe nenbrane separator, which contains predom nantnllgl hgdrogen and
sone val uabl¥tpreEuras SLERNGSEoLST epgiuyes high transmembrane pressure

5 differentials, an adequate flux for given separation
parameters, and the like. Such membranes may be made of
polymeric materials such as cellulosic derivatives,
polysulfones, polyamides, polyaramides, and polyimides.
Such membranes may also be made of ceramic, glass, and

10 metal. Preferred membranes for use in the present
invention include those described in EP 219,878 and U.S.
Patent No. 5,085,774; the contents of which are hereby
incorporated by reference.

The membrane employed in the present invention may be

15 contained in one or more membrane stages, which may be in
the form a membrane separator. A membrane separator may
contain a series of alternating layers of membranes and
spacers which are wrapped around a collection pipe in a

. "gpiral wound" fashion. Gas enters the separator, and the

20 permeate will pass through the wrapped membranes and into
the collection pipe. The permeate passes through the
collection pipe and exits the separator through an outlet.
Non-permeating gases, 1.e., retentate or residue, exit the
separator through another outlet.

25 In another alternative, the membrane may be in the
form of hollow fibers. 1In 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



optionally b sed in one or nore conpressors and fed 20 into a PSA
system - Thﬁ%sgit empreferentially adsorbs t he prodfETEUSIBREHAt i n
the perneate streamto yield a nonadsor bed streamrich in hydrogen.
The adsorbed products are desorbed at | ow pressure to yield a desorbed
stream conprising the products. The desorbed stream may be 25
recycled to the suction side of at | east one of the conpr essi on
stages. Alternatively, the desorbed stredm may be conpressed in one or
nore additi onal conpressors and recycled to the feed side of the

menbr ane s@Mﬁ%ﬁiberS to a manifglﬁembiahecoa9ubeSuShd pertbeatpr aceas of

t he present I nventj on so n I s substantially perneable to

-7- . ﬁﬁ%?earﬁl-“’s{ﬁfstanTlP%I]??t?%%\:ﬁe‘éEP‘ée%S h9dRoB&PBEAESFUCh -
as ethy N&y %tdd t%en@éégnt%%fﬁ%ﬁ%&éhﬁyégsﬂé eagogﬂ?rgﬁg?ﬁg%{%atl Tty

with the gases Separate ructural endur e
hi gh transmrey apgs pressure 5 differentials, an adequate flux for given
separation paranmeters, and the |ike. Such nenbranes may be made of
pol ymer% c mat er Efansiet o the | abeet cnekt ionedveerbrane separators

are further described in Spillman, "Economics of Gas
Separation Membranes," Chemical Engineering Progress,
January 1989, pp. 41-62; Haggin, "New Generation of
Membranes Developed for Industrial Separations," Chemical
10 and Engineering News, June 6, 1988, pp. 7-16; 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 wvaluable



pol ysul f ones w§9bypgi des, pol yaram des, and pol yi m des. Sgeqﬁgggggﬁges
may al so be nade of ceramc, glass, and 10 netal. Preferred nenbranes

for use in the present i nvention include those described in EP 219, 878
and U. S. Pat ent No. 5,085,774; the contents of which are hereby

I ncor porated by reference. The nenbrane enpl oyed in the present

I nvention may be 15 contained in one or nore nenbrane stages, which may
be -in the form a nmenbrane separator. -A-nenbrane separator nay

contain a series of alternating | ayers of nenbranes and spacers which
are w apped prodndta c¢aol ltéet ipErvEaie istzeam as"ipi paiowoant” praskisses .Gas
enters the separator, and the 20,6 perneate will pass t rough t he w apped

menbr anes antfli hR§ Presenfe IFpecdiGion Wi eva hprP ber REAHECHEs8E€ t hr ough

th | | ' i dgxit | et
Non- per meat | FEbHeag R LM SR I el SRS B2 ob I BHAML BN -8 Tl ang,
t hrough anotpggogutket.. B2D operatildly anotderighéer ipdir¥gent e jeeriicane may

be in the formof hollow fibers. In such a separator, gas which
enters tBe sepheat hecorpastisy e fillgerd bl baelotheectionpspnsgparancer s

e ol [0 11 Ders ol Lot U, GRS e, cBRRERysk Sopplolellal e, or
pressure inskgﬁ at warmer temperatures. Additionally, the process of
the present invention allows larger quantities of pure
hydrogen to be recovered in the PSA system, resulting in
10 Dbetter overall plant economics.

The process of the present invention can
advantageously be used to separate olefins from hydrogen
from any gas stream containing olefins and hydrogen. Such

- gas streams include, but are not limited to, those from

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

Various preferred embodiments of the present invention
will now be described 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
gquencher unit 105. Water vapor is discharged from the

30 guencher unit 105 in line 106. A quenched cracking



- 8- % %ﬁ to a manifold which conducts the perneate to a

per neat e out e retentate travels to a separator o AT&¢s98Rs717
essentially the sanme pressure as the entering feed gas. 5

Exanpl es of the above-nentioned nenbrane separators are further
described in Spillmn, "Econom cs of Gas Separ ati on Menbranes, "

Chem cal Engi neering Progress, January 1989, pp. 41-62; Haggin, "New
Gener ati on of Menbr anes Devel oped f&f-Industrial Separations,"

Chemi cal 10 and Engi neering News, June 6, 1988, pp. 7-16; and " MEDAL-
Menbrane Sefdfilateron 18y5tBen wih®oawh ALrohi goedguéncher unit %05t ablde PSA
systenms for use in the process of the present invention are well known
in the art PafPeg &0 @ P%&@ﬁ¥¥ﬂﬁ%9?¥%ﬁ%?ﬂdﬁ§?FFQP §asremRyenheaviyn t he

United 15 o] 0

adsor bent bfegcactl%%sel E\d |ve y adlEor 34 %Egéeggg{g éérsla Snge%gnenF&'@ from
a gas m xt wre ndifo Upar SOTdh r@éwibl@fcompm@égssua@semhaﬁléﬁdc»sa.w@l
sequenci ng. As advant ageously enployed in the present invention,
20 t héd PSAlgy strema appiptengre Blhi ghP:p@lducy h@znongehlbr sttectwithdrawhi ch is

substantial)y free of the rore sfrongly adsorped, . . -

compressors 113a, 113b, 113c¢, and 113d wherein the product
vapors 112 are compressed to a pressure suitable for
subsequent cryogenic olefins recovery. Prior to the final
10 compression stage 113d, the compressed stream 114 is
treated in a scrubber 115 with soda 116 to remove CO,. Used
soda 117 is withdrawn from the scrubber 115. The scrubbed
gas 118 from the scrubber 115 is then passed to the final
compressor 113d and introduced into a dryer 119 to remove
15 residual water therefrom. A preconditioned cracking
effluent 120 is withdrawn from the dryer 119.
The preconditioned cracking effluent 120 is passed to
a membrane separator 121 at conditions effective to obtain
a permeate stream 122 rich in hydrogen and a retentate
20 gstream 123 depleted in hydrogen. The permeate stream 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 sucticn side of compressor 1ll3a.



hydr ocar bons wanéh/ o6\t ai ns at | east 98% by vol une of hydr ogepusdd)es oA
system al so can yield a desorbed stream conpri si ng net hane, ethane,

et hyl ene, and higher 25 hydrocarbons as well as sone hydrogen typically
l ost in depressuri zation and purge steps. By using a

conbi nati on of nenbrane and PSA separation systens in accordance with
the present invention, it is possible to enploy a | ess sel ective
menbrane and/or a 30 higher hydrogen rejldction rate w thout | osing

val uabl e - 9- products in
t he perneate strefheagetenpriter sareapr AGSs sesuprising nhydeopasbens and

i nvention, the valuable praoducts are captured ipn the PSA system and
are optionaldspleesd| &8 gwgrogen AEc SFREREREFY TP at FHgvaF1aufi gher

hydr ogen rejection rate |t f e disti [ ' t
sgpargte JCO%#%HEB?? %gnabéggﬁg%%gggé%:%f%¢k?%i%%%%%?%lggg??%%bgg%'ge
run at war nefh4 eapgLgkHAes sefddich gt sddien PafesBaRizer 13bh@hpedsent

i nvention allows |arger quantities of pure hydrogen to be recovered in
the PSA systsspareseabt meghiame 101 Hetamerthoy dredvigr dnydecoavhposproducts
132. The heavier hydrocarbon products 132, which comprises
ethylene, are then passed to additional fractionation
columns (not shown) to yield streams of desired product.
Optionally, as shown by dotted line 133, at least a portion
10 of the methane overhead stream 131 is recycled to the PSA
system 124.
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 products is simply recycled
back to the suction side of compressor 11l3a. Additionally,
a membrane separator 134 is employed to separate hydrogen
from off-gas 135 in the overhead stream 131 of the
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



The process_of éh present invention can advant ageously be used to
separ ate _0|‘¥$'9?( 1251’ om hydr ogen from any gas stream contBfHVRY/2S57¥s i ns
and hydrogen. Such gas streanms include, but are not limted to, those
from 15 cracking processes, and GIO or MIO processes. O course,

t he gases may contain other conponents nornally associ ated wi th those
streans. Various preferred enbodi nents of the resent invention
will now be described with reference tol2he drawings 20 wherein like
referenced parts have |ike nunerals. Referring to FIG 1, a
napht ha feed 101 i s introduced EXAMPRESr acki ng furnace 102. The

naphtha feed 101 is thermally cracked in_ the prese%%g of steamin the
cracki ng fCPRREEST 02111 &PRS aWBF §c KPRy PESELLOR: TIG3PTRFESS acki ng

25 ffl 103 ' i de,
25 ol uenty 403, aeneral Ly anksbes bydloosRe SLESTLEapiGRe, . MONOXI de

Frange™ of f ocar bon t S i ncluding
ethyl ene, JuOpYt&Aechandint PeteokehiiDated to theratacking efrdsiteite KB is
guenched wth water 104 in a quencher unit 105. Water vapor is
di schasgecbowm 506 pSO, gouénther Cohilt BeB5 tEmperas UIgs. weKesysdfrHatred
cracking to operate at a temperature of about -105°C. The C,/C,=
losses reported below do‘not include losses in the

distillation train.

10 Comparative Example 1
FIG. 3 shows a typical ethylene plant which employs

PSA. Briefly, the plant comprises a cracking section where
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
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



-10- . ef Wo'em12di07 is withdrawn fromthe quencher unit 105p@fghisoszs717
passed to a primary separation section to renove heavy fractions 108
and to knock out steam condensate 109. The primary Separation section
conprises a distillation colum 5 110 and a condenser 111. Product vapors
112 are w t hdrawn fromthe condenser 111 and passed to a series of
conpressors 113a, 113b, 113c, and 113d wherein the product vapors 112
are conpressed to a pressure suitable forl3- subsequent cryogenic ol efins
recovery. Prior to the final 10 conpression stage 113d, the conpressed
stream 114 bverhead méatesd i4 k6 stvedbe? RUGVRAEhreSgaIere tioTy e to
CJerr]. Used soda 117 j.s withdrawn fromthe scrubber 115. . The
scrubbed  thegsxrapsiensym (e KFTAHRIT 1BCF 51 PRe Sgsg‘g‘& CYFHEH nal
conpr essor I r?%géécé‘éj' t e t Qnh r£si dual

wat er there%%%%aﬁg\%prlg: ndi ti onﬂeﬂ %%%c%ﬂngéyéégme?ﬁlﬁggﬁleﬁ saevm t hdr awn
fromthe dryehalitdrbed stream ecqfpedsingi higd puadkiyndyefddgeentarkP i s
passed to a nmenbrane separator 121 at conditions effective to othai n

a perned e deseameRXFikigdh FyEEHPeh- andng FesEatarEiopp
depl eted i n hydrogen, The .per t tream 122, . i s S ' or
nore additi EJﬁaPaLS%‘r%ir SR (%Jg%jtPlfatjsﬂ%mﬁ?f:tf'fmnggegg%rqﬁ %}n%dct%n&{lg

i ntroduced it P3A SYshem 124 at conditions effective to produce a
nonadsor bedbstream 125 rich in hydrogen and a desorbed stream 126
conpri sing The simulated results of the process scheme depicted

in FIG. 3 are summarized in Table 1 below.

10 Table 1
Membrane Recovery N.A.
LIV 70%
PSA Recovery 87%
15 C,/C,= Loss 1.5%
Cracker Gas from Expander PSA H, from PSA Tail To
QOutlet Separator Feed Feed PSA Gas Distillation
Stream No. 1 4 6 7 8 9 5
H, 2500.0 2400.0 480.0 1920.0 1670.4 249.6 100.0
C, 2000.0 540.0 108.0 432.0 0.0 432.0 1460.0
20 C,= 2700.0 48.0 9.6 38.4 0.0 38.4 2652.0
C, 1300.0 12.0 2.4 9.6 0.0 9.6 1288.0
Cy= 1100.0 0.0 0.0 0.0 0.0 0.0 1100.0
C, 400.0 0.0 0.0 0.0 0.0 0.0 400.0
Total 10000.0 3000.0 600.0 2400.0 1670.4 729.6 7000.0
25 H; (%) 25.0 80.0 80.0 80.0 100.0 34.2 1.4
C, (%) 20.0 18.0 18.0 18.0 0.0 59.2 20.9
C,= (%) 27.0 1.6 1.6 1.6 0.0 5.3 37.9
C, {%) 13.0 0.4 0.4 0.4 0.0 1.3 18.4
C.= {%) 11.0 0.0 0.0 0.0 0.0 0.0 16
30 C, (%) 4.0 0.0 0.0 0.0 0.0 0.0 5.7
Total (%) 100.0 100.0 _100.0 100.0 100.0 100.0 100.0




25 hydrocarggﬂ)g (aucts fromthe perneate stream 122. The desor bed
stream 126 26 A% essed in conpressor 127 and recycl ed PES/USA¥2Y7ERd
si de of the nenbrane separator 121 in line 128. Optionally, as shown
by dotted line 129, at | east a portion of the conpressed desorbed
stream 128 is 30 recycled to the suction side of conpressor 113a.

The retentate stream 123 conpri si ng hydrocarbons and depleted in
hydrogen is separated into its various-14- conponents in a cryogenic
separation section (not shown). The cryogeni c section conprises a
denet hani zer 130 which 5 separates nethane 131 fromthe heavier

hydr ocar bon products 132. The heaV|er hydrocarbon products 132, which
conpri ses ethylene ar e tdom z ) eidnal fractionation

| t sh L d s . of ed prod tionally,
S o by aor | hoghbRs as ﬁié@f&%@%&n R Siiqh, snetiae
over head Sééﬁ@fﬁéélPS§ EREYmbRBrhAet BGsPefs . Th§y§ﬁ§§§é§§1 cheme in

Referring to 2, the process depicted therein e sanme as that
depi cted IFEGHCQ isuphtogtine BSAimyFIem 3 except that a membrane

system has been inserted after the feed compressor. A low
pressure off-gas stream 3 comprising mainly hydrogen is
rejected in the permeate stream to unload the Cold Box and
the distillation section. The retentate stream 2 is
10 processed in the same manner as the compressed cracking
effluent described above.
The simulated results of the process scheme depicted

in FIG. 4 are summarized in Table 2 below.



124. In the py@sessoPf FIG 2, the desorbed stream 126 15 mhipgqﬂgsgg,’gyﬁes
si de of

hydr ocar bon products is sinply recycl ed back to the suction
conpressor 113a. Additionally, a menibane separator 134 is enployed to
separate hydrogen fromoff-gas 135 in the overhead stream 131 of the
denet hani zer 130. The nenbrane separator 134 can enploy 20 the sane or
different nenbrane fromthat in nenbrane separator 121. The nenbrane
separator 134 is run at conditions effective to produce a perneate
stream 135 rich i n hydrogen and a retentate stream 136 depleted in
hydrogen. As shown in line 137, _at least a portion of the 25 perneate
fromthe menbrane sfeparator 134 7 fecjclled[td the PSA systiem 124.
, . . & i S
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depi cted thgy h?sﬂ@re sinmul ated to operate at a pressure of 5 about 500
psi, and the Co d“Box t enper at ures were sinul at ed to op&CA(USIYRSTA7
tenperature of about -105[err]C. The C2/ C2= | osses reported bel ow do
not include |osses in the distillation train. 10

Conpar ati ve Exanple 1 FIG 3 shows a typical ethylene plant which
enpl oys PSA. Briefly, the plant conprises a cracking section where
fresh feedstock, a recycle stream and sttéam are ni xed and react ed at
near at nospheric pressure and high tenperature 15 in a cracking furnace.
The effluent 1 of this section Exampbel ¥ referred to as "cracked
gases") is conprpssedsi Hepicts an ethilenle ¢lmitesIOracutkdin®d wixwne or
nore driers (not shown). The conpressed effluent is then introduced
into a therpovgeant savensaopcol dtBedyvantagedusiy emmlensurae is 20

reduced to a level such th separation_of the conponents . in the

ef f | uent cacﬁorB%lB@Ff‘@flrng ggAngai f“feg‘gfr&ﬁl.e Wégtemrg)' rg'flb?ege"rrhtq%' B3 ance
of the &0l dBox-bapPeo¥bdedrYudie 10 18! Rulene 1ef 1d QRimdl i cycle for the
war ner part %? %%ep Col d ng and b§ egﬁénders for thelﬁg?%er part of
the Cold 2&ep&patorTheUnlfikgashé prhemei ng FEQ.i ger atHeompehiiaate t he

expanders is a m xture of nethane and hydrogen. |, The chill ed
ef fl uent i sSERRAMpPAsLEJrEEORPYERELHaRNz 8 additional QARLesRARY R stream

4 conprisingthéggdiagg 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
distillation section. Pure hydrogen is recovered as the
nonadsorbed stream 8 from the PSA system.
The simulated results of the process scheme depicted

15 in FIG. 5 are summarized in Table 3 below.



hydr ogen, an I.5& |l ati on feedstream 5 containing 30 heavj
hydr ocar bonsgl&g@l?]é)}t ed above, a portion 6 of the PET/US98I28717

- 13- overhead stream 4 is used to provide refrigeration duty to
the expanders. The renaining portion 7 ¢f the overhead stream4 is
passed to the PSA system which yields a nonadsor bed stream 8
conprising high purity hydrogen and a 5 desorbed tail gas stream 9. The
distillation feedstream5 is passed to the distillation section
. [ —— e ———— o e ————
yield an ethyl ene produ¢t sfrdgam The [si hul]at &d
results of the proceps scheme depigetgde| 2| of @f @IFEG2(32pE FHMRL] 28
Table 1 below. 10 o8l w 7| D B R B B S ~f o Tgble 1
Menbr ane Recovery N. A 2 L7V~ ~ = 710%
PSA Recovery 87% L5 Cerrf/qenr]E Yosp
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St ream No. 1 4 6 7 8 9

5 -, WORIBI 2500. 0 2400. 0 480. 0 PCT/ISI®25T17
1670. 4 249. 6 100.0 d er] 2000. 0
540.0 108.0 432.0 0.0 432.0 1460.0 2 0
Cerr]= 2700.0 48. 0 9.6 38.4 0.0
38.4 2652. 0 Cerr] 1300.0 12.0
2.4 9.6 0.0 9.6 -18- 1288.0 Cerr]=
1100.0 0.0 0.0 0.0 0.0 0.0
1100.0 By compg&ﬁhd the resuA®® Gf Exampld).D with Cofpdrative 0.0
0.0 0.0 400. 0 Tot al 10000. 0 3000.0
600. 0 zmﬁemples 16md42 it cam7X® @Geen thatypRaes®Hccording to

0
gg.erzr] (% the pr@_sgnt 1nventi%%' Cc):a@[ ét'retdlu(q%)'t%e CZ/CS%:}groduct i‘ggsgs
18.0 8 Qs 59. 2 - 20.9 Cerr]=
(% 5g pdss than §.2 1.6 1.6 0.0 5. 3
37.9 s Whil€] ehe] ib¥ention hkx been descﬁhbhd with féfbrence 0.4
0.0 1.3 18. 4 de é 1.0
0.0 to. phe figurgsp examples,gand the(Pnpferre embq@;mqmﬁs, it

0
ggrr] (A4 is to b§ u'n%.erstood %’hfttt arla(r%atldrﬁ)darﬁi modlflJOtbai'Ulons ‘&%76 0
100.0 B808s0rtedl®d @s will h%pﬁﬂiarent to those skilled in the
- 14- Conpar ati ve Exanpl e FIG 4

shows a tyartal stk eme'lpltawma/vlamdﬁ eyl foyemtions mrm €eSA and nenbr ane

systens. The praqcess s¢ in
y 10 congldered w1t%1n the purview and the scope of the claims

appended hereto.



5 FIG 4is as in FIG 3 except that a nmenbrane
been insérteghg {g?&fhe feed conpressor. A |low pressure 0F¢¥§§§H%??§am
3 conprising mainly hydrogen is rejected in the perneate streamto
unl oad the Cold Box and the distillation section. The retentate stream
2is 10 processed in the sane manner as the conpressed cracking
ef fl uent descri bed above. The sinmul ated results of the process
sc?gne depi ct ed in FIG 4 are sunmaft2ed in Table 2 bel ow.

WHAT IS CIATIMED IS:

1. A process for recovering olefins from a gas
stream containing olefins and hydrogen, said process
comprising the steps of:

5 (a) compressing said gas stream in at least one
compression stage to form a compressed gas stream;

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

10 hydrogen; and

(c) 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.

15
2. The process according to claim 1, furthexr
comprising recycling at least a portion of said desorbed
stream to said at least one compression stage.
20 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

25 contacting step.

4, The process according to claim 1, wherein said

olefins comprise ethylene.

R



[ err - 16-

Exanpl e 1. ho WAL 5 g depicts an ethyl ene plant in accor BaRVSRETH

the present invention. It advantageously enploys a conbi nati on of PSA
and nenbrane systens. Like in FIG 4, 5 the conmpressed effluent 10 is
passed to a nenbrane separator. Unlike the schene in FIG 4, the

per nmeat e stream 3 is reconpressed in an additional conpressor and

i ntroduced as a feed into the PSA systef®~The tail gas 9 fromthe PSA

system which now contains valuable products 10 present in the perneate
stream 3, is sént tFhherergspraccordingetofctadnf tedwborpiasseidand fed

back to the istillation section. Pure hydrogen is recovered as the
nonadsorb@8Qﬁﬂﬁﬁﬁ%%§f%%ﬁﬁﬁWmf?ﬂﬁ?%ﬁﬁﬁeﬁ#BStaMtlangTﬂgrgiﬁﬁ%ﬁ?gﬁnresults
of the process schene depicted 15 in FIG 5 are summarized in Table 3

bel ow.
6. The process according to claim 1, further

5 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
10 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

15 stream to said pressure swing adsorption system.

9. The process according to claim 1, wherein said
gas stream is from a methanol-to-olefins (MTO) or a gas-to-
olefins (GTO) plant.

20

10. A process for recovering clefins and high purity
hydrogen from a gas stream containing the same, said
process comprising the steps of:

(a) compressing said gas stream in at least one

25 compression stage to form a compressed gas stream;

(b} contacting said compressed gas stream with a
membrane at conditions effective to obtain a permeate
stream rich in hydrogen and a retentate stream depleted in

hydrogen;

iy I}

[
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WO 99/31201 _ [ err ] _ PCT/US98/25717
By conparing the results of Exanple 1 with Conparative

Exanples 1 and 2, it can be seen that process according to

10

15

20

25

-21-

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

(d) introducing said compressed permeate stream into
a pressure swing adsorption system at conditions effective
to obtain a nonadsorbed stream comprising high purity
hydrogen and a desorbed stream comprising olefins; and

(e) recycling said desorbed stream to said at least

one compression stage.

11. The process according to claim 10, wherein said

olefins comprise ethylene.

12. The process according to claim 10, further
comprising passing said retentate stream to a cryogenic

separation section.

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

stream comprising said olefins.

14. The process according to claim 13, 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.

I



t he present

| | on can reduce the (err]/Cerr]= product |osses
| ess than d’vg%gﬂél Whil e the invention has been descriBfe{USi8{A717
ref erence to the figures, exanples, and the preferred enbodi nents, it
is to be understood that variations and nodifications may be resorted
to as will be apparent to those skilled in the art. Such variations
and nodifications are to be 10 considered within the purview and the
scope of the claimns appended heretd2-
-19- WHAT IS CLAIMED | S: 1. A process for recovering

olefins froma Yas The ptroeesscantarding btbefilasmadd . hfdirsder, said
process conprising the steps of: 5 . (a) . conpressing said gas
streami11QﬁmP%%é%n%nEecYCllﬁﬂn%Fe£§?6E QtBBEtPBngFnﬁéq%o gas
stream (b):go ' kd.C g amwith a
nenbraneaﬁtQ%ﬁ%i??o%%lgfﬁég%%éggt%@%ggagggggggggga?25%%%ﬁ streamrich in
hydrogen and a retentate streamdepleted in 10 hydrogen; and

5
16. The process according to claim 10, wherein said
gas stream is from a methanol-to-olefins (MTO) or a gas-to-
olefins (GTO) plant.
10 17. 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'
15 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
20 (¢) 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.

25 18. The process according to claim 17, further
comprising recycling at least a portion of said desorbed

stream to said at least one compression stage.

19. The process according to claim 17, further

30 comprising passing at least a portion of said desorbed

) O A



(c) introduciyfoerdhdl Perneate streaminto a pressure SWi ng-pssaRhion

systemat conditions effective to obtain a nonadsorbed streamrich in
hydrogen and a desorbed stream conprising olefins. 15 2.
The process according to claim?l1, further conprising recycling at

| east a portion of said desorbed streamto said at |east one

conpr essi on st age. 20 3. The p[gggss according to claim1,
further conpri sing passing at |east portion of said desorbed

streamto at | east one additional conpressi on sta

conpressed @88¥6EFedItHeakfafld PR \RIFHGIRS e&?f“g’gessmnpogrtﬁgt?n &t &0
dd bed t
O £330 foLabs L8204 5 sed LRSS0 Bt i

4, cor wherein s ol efins conprise
ethylene. portion of said compressed desorbed streaﬂQQO said membrdme

The process according to claim1l1, wherein said nonadsor bed stream
conpri ses scbsttattiiald ystpep e hydr ogen
5
20. The process according to claim 17, wherein said

olefins comprise ethylene.

21. The process according to claim 17, wherein said

10 nonadsorbed stream comprises substantially pure hydrocgen.

22. The process according to claim 17, further
comprising passing said retentate stream to a cryogenic
separation section.

15

23. The process according to claim 22, wherein said
cryogenic separation section comprises a demethanizer
having an overhead stream comprising methane and a bottoms
stream comprising said olefins.

20

24. The process according to claim 23, further

comprising recycling at least a portion of said overhead

stream to said pressure swing adsorption system.

25 25. 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

30 effluent;

L



6. The pro§&ﬁ§ qﬁgording to claim1, further 5 conprising passing said
FeBMm a cryogenic separation section. PCT/US98/257Y]

cryogeni ¢ separation

10 having an overhead stream conpri si ng

retentate. s
The process according to claim6, wherein said
section conprises a denethani zer

met hane and a bottons stream conprising said ol efins.
The process according to claim7, further conprising recycling at
| east a portion of said overhead 15 =%eamto said pressure sw ng

adsorption system 9. The process according to claim1, wherein

sai d

olefins (GI

in at

gas StreamorndFGtdmc Sadich Ammprestef ¢mckimrm) ebfluegaswibh

(b) cont abytdmrggeai;d conpressed gas streamwith a menbr ane at

conditions effective to obtain a perneate

a reténtate stri€am FPRESFIY said RRFRARS stream in at least one

10

15

20

25

additional compression stage to form a compressed permeate
stream;

(d) introducing said compressed permeate stream into
a pressure swing adsorption system at conditions effective
to obtain a nonadsorbed stream comprising'high purity
hydrogen and a desorbed stream comprising olefins; and

(e} recycling said desorbed stream to said at least

one compression stage.

26. The process according to claim 25, wherein said

olefins comprise ethylene.

27. The process according to claim 25, further
comprising passing said retentate stream to a cryogenic

separation section.

28. The process according to claim 27, wherein said
cryogenic separation section comprises a demethanizer
having an overhead stream comprising methane and a bottoms

stream comprising said clefins.

29. The process according to claim 28, further
comprising contacting said overhead stream with a second

membrane at conditions effective to obtain a permeate

L

C L 5 b

@) lant. .20 . A process, for recovering ol efins
and hi gh PUPEFPERE 4ty Fondi iordines heat 1Y o QorEaR ot deSEREA LS
process cgepehH '%Qcthh%rﬁtb@l&dgén and a reter(@ét&%@fééﬁ'&%p?étgdgi‘ﬁ stream
| east one 25 conpression stage to forma conpresse

me, said
gas stream

streamrich in hydrogen and



-21- _ wo b831260NMPr essi ng said pernmeate streamin at | easiw?ﬂ%gs/zsn-f
addi tional ~conpression stage to forma conpressed perneate an

(d) introducing said conpressed perneate streaminto 5 a pressure smnng

adsorption systemat conditions effective to obtain a nonadsor bed
stream conprising high purity hydrogen and a desorbed stream

conprising olefins; and (e) regﬁgllng sai d desorbed streamto
sai'd at | east one conpression stage. 11. The process

according to claim 10, wherein e i ns co rise_eth

5 O The b CRESSABCEBPAFMES 4L FHRORSR (A 1br U8 L Rb P FEPAY ARELERES i o
retentate sjr eﬁghkg a cryogenic separation section. 13. The
process accord g a1 ‘aim 12, wherein said cryogeni ¢ separation
section conprises a denethanizer 20 having an overhead stream conpri sing

met hane and a bottons .
30. The process according to claim 29, further

5 comprising recycling at least a portion of said permeate

stream to said pressure swing adsorption system.

10

D0 g



stream conpr MY #¥F13%Ui d ol efi ns. 14. The process acc@&Ca{UngsRy17

claim 13, further conprising contacting said overhead streamw th a
second 25 nenbrane at conditions effective to obtain a perneate
stream enriched in hydrogen and a retentate_ stream depl eted in
hydr ogen. 1/5 -22- 15. The
process accqhding to claim 14, further conprising recycling at |least a
portion of sa&id perneate streamto said pressure swi ng adsorption
system 5T 16. The process according to claim 10, wherein said
gas streamig {ram a nethanol -to-olefins (MO or a gas-to- ol efins
(Grg plant.20 17. A process for recovering olefins froma
cracki ng <« ©fl uent containing olefins and hydrogen, said process
conprising t e%%eps of : w0 () conpressing said cracking effluent
inat least S - — :
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one corrp(esswggggl ge to forma conpressed cracking 15 efflu %/US98/257 ;
(b) contacting sai'd conpressed cracking effluent with a nenbrane ag
conditions effective to obtain a perneate streamrich in hydrogen and
a retentate streamdepleted in hydr ogen; and 20 (c)
I ntroduci ng said perneate streaminto a pEessure SW ng adsor ption
system at conditions effective to obt ai% nonadsorbed streamrich in
hydr ogen andba desorbed stream conpri sing ol efins. 25 18.
The process According to claim17, further conprising recycling at
| east a port%on of said desorbed streamto said at |east one
conpr essi on Ktage. 19. The process according to claim 17,
further 30 3(8 ri sing passing at |east a portion of said desorbed
-23- st t = i age to form
a conpresse E rlbed streW¥in and recyrling at ]east a portion of said
conpressed desBrddqd streanfito said rgng:: © o)
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contacting gﬁfﬂmnzﬁ 20. The process according to claim 17
| efi ns conp

wher ei n’ sai ri se ethyl ene. 21. PRAYSHYTHLS
according to claim17, wherein said 10 nonadsorbed stream conpri ses
substantially pure hydrogen. 22. The process according to claim
17, further conpri sing passing sa%%/5etentate streamto a cryogenic
separation section. 15 23. e process according to claim 22,
wherein said [ Tryogentc—separattqn secti on conpri ses a denet hani zer
havi ng an overHead stream conpri si hg |net hane and a bottons stream
conprising said dl efins. 220 24. The process according to claim
23, further conmprisi®y recyclifnd at least a portion of said overhead
streamto said |priessure s% ng adsofptli on system 25 25. A process
for recovering |ollefins angl high putitly hydrogen from a cracking

ef fluent, sajad [priocess compri sing the steps of: (a)
conpressi ng gayd [cracki ngeffluent|in at | east one conpressi on stage
to forma c Negsed cracfd ng 30 |ef|fl uent;
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- 24- wo 9gf}picont acti ng sai d conpressed cracking effl uepéryisbdhsriy

a menbrane-at conditions effective to obtain a perneate streamrich in
hydrogen and a retentate stream depleted in hydr ogen; 5 (c)
conpressing said perneate streamin at |east one addi ti onal
conpressi on stage to forma conpressed pd/Beat e st ream (d)
I ntroduci ng said conpressed pernea s into a pressure sw ng
adsorption system at kopett ' O to obtain a nonadsorbed
stream conprising high purity > hydr ogen| and a desorbed stream
conprising ol efins; and O (e) rdgcyg¢ling said desorbed streamto
said at | east Conpr essiF@n st age. 15 26. The process
according to claim25 hherein $kid ol ¢f i ns conpri se et hyl ene.
27. The process accordi hpg to cl a:Em 25, grt ner conpri sing passing said
retentate stream cf yogeni Cw20 sepdrafli on section.
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28. The process according to claim27, wherein said cryogeni c

separ ati an Y8IPPHY! conprises a demet hani zer havi ng an oVeFH&®RSItT eam
conprising methane and a bottons 25 stream conprising said ol efins.
29. The process according to claim28, further conprising contacting
sai d overhead streamw th a second 575nbrane at conditions effective to
obtain a perneate - 25-
stream enriched in e stream depl et ed in
hydr ogen. BE. The process acqor/ding to claim?29, further 5
conprising recycling | east & portionjof|f said perneate streamto
sai d pressure sw ng jadsor pti on%yst em 10
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