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relates to_an adsorptive separation process used to prepare a feed stream
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to an adsorptive process used to produce a high purity normal paraffin
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presented by |I.A Reddock, et al, at the Eleventh Australian Conference on
Chem cal Engineering, Brisbane, 4-7 Septenber, 1983 discloses that the
ethyl ene yield of a cracking unBhceaduhe of ieé eagedionf it is charged a C3-Ca
stream of normal paraffins rather than a typical C5-C9 natural gasoline.
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15 aromatics. It is known in the art that paraffins are the most easily cracked and
provide the highest yield of ethylene and that some compounds such as
benzene are relatively refractory to the typical cracking conditions. It is also
known that cracking normal paraffins results in a higher product yield than
cracking iso-paraffins. A paper entitled Separation of Normal Paraffins from

20 Isoparaffins presented by LA, Reddock, et al, at the Eleventh Australian
Conterence on Chemical Engineering, Brisbane, 4-7 September, 1983 discloses
that the ethylene yield of a cracking unit can be increased if it is charged a Cs-Cg
stream of normal paraffins rather than a typical Cs-Cg natural gasoline.

The separation of the myriad components of a petroleum naphtha into

25 specific structural types by fractional distillation, a form of fractionation, is
prohibitively expensive and complicated and any aftempt to improve the
character of the naphtha as a steam cracking feed must therefore employ other
means which act on a class of structural types, such as extraction.

The benefits of separating the various classes of hydrocarbons in

30 petroleum fractions have led to the development of a number of different

techniques which separate the hydrocarbons by type rather than individual
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instance, various forms of liquid extraction can be used to renove 23 LB 2005
aromati ¢ hydrocarbons froma m xture of aromatic and paraffinic -
hydr ocar bowe.02Adsior pt i ve separation techni ques have been develimpadiizo
separate olefins fromparaffins and to separate normal (straight 5 chair)
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recover desorbent which is reused in the process. US-A- 3,291, 726 issued

to B.B. Brof§Riniydrsaripnscandeslimeongeunsts. 20 sinul ated novi ng bed
hnol | ] . i L on.
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process may sepapitioni tegdetiyrrhieadhiznnahtirdictsi aahegramd mdteousitd deedds haock
and the raffinate and extract renoved fromthe adsorption zone. Summary of

the I nventi difePs AHEIPRRENL | b7 drORUIRF pt? vl depBiteser ofpr dbds2 4 df
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range napht ha n fraction, The Tnvention t rovi des an
i nproved netdwodlated mowogverd (HVd) adsadtivei 4 pryationx tpuoee sxf fondheakcparafdfi ns

whi ch i s highl uitable as,.a feed to a steamcracking unit jntended to
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are obtained in part by using sel'ective adsorption to recover nornal
par af fi ns, Wiadiothgoned dhdeatinme dricnextrest sdeerms loneeorss dedargent which is
reused in the process.
US-A- 3,291,726 issued to D.B. Broughton also describes the use of
20 simulated moving bed technology to separate normai paraffins from a petroleumn
derived fraction. This reference further describes that a suitable desorbent for
use in the process may be provided by fractional distillation of the unit feedsiock

and the raffinate and extract removed from the adsorption zone.

Summary of the Invention

25 ~ The invention is an adsorptive separation process which reduces the cost
of separating normal paraffins from a broad boiling point range naphtha
hydrocarbon fraction. The invention thereby provides an improved method for
recovering a broad boiling mixture of normal paraffins which is highly suitable as
a feed to a steam cracking unit intended to produce ethylene. It simultaneously

30 produces a very desirable catalytic reforming feed stock. Overall cost reduction
and process simplification are obtained in part by using selective adsorption to

recover normal paraffins, with the desorbent used in the adsorption zone being
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extract stream conprising rough C9 normal”™ paraffins and C5 paraffins;
separ at i ng afirst pecstesa spreati ooh o Cstiwsafiliog andet sataneapriccrsa s¢keaomdomprising
fractionati op zone int ?Ut hi rdpﬁr ocess stream conmprisin araf f.ins and

C
a fourth proces by FRFUPRES CHECANGUIF G§CORBr REFCSSSr éﬂleﬁﬂé;'”té’n&n

passi ng fohe é@%&r%ﬁorﬁ”ﬂﬁ%’s%ﬁérﬁ e@d@dr%f{i&b %e%%?éllﬁnnﬁoﬁénﬁndnébléf:%l | %hining
et hyl ene. Bri ef scription of the awi ng The drawing is a sinplified
process fl oweinzgr paiadfiieniongaa adgpdrbrat feeeded on thenaddonpdiongzaneitdeyieldneo a

feed streamit.the adsaorption zone 4 and esor,ben f line 16. 25

Pr et erred. EnUUIAE S a0n G Br s Oae beBEPRe BFC e o PRrgPasiiba the

et hyl ene conguipebdestdiRaph aftdcd HeSo@htioMaheus thdhasbireadshelisHebraagal s
such as pol yethylene is Froduced by the thermal cracking of higher

mol ecul ar weklgh¢adly BaBcar bbndes@beaim Stears Letd yreamving dnofalh Perfingelgom
oLeam LA S BEH PR fe bRs RIS YULER IR ki goriing
deposi tion ofg through Cs normal paraffins and Cs paraffins; separating at least a portion of
the extract stream in a second fractionation zone into a third process stream
comprising Cs paraffins and a fourth process stream comprising Cg through Co
normal paraffins; and passing the fourth process stream into a cracking zone

20  producing ethylene.

Brief Description of the Drawing

The drawing is a simplified process flow diagram showing a naphtha feed
of line 1 being divided into a feed stream to the adsorption zone 4 and a

desorbent of line 16.

Preferred Embodiments and Detailed Description

[E*]
Ln

The great bulk of the ethylene consumed in the production of various
plastics and petrochemicals such as polyethylene is produced by the thermal
cracking of higher molecular weight hydrocarbons. Steam is usually admixed
with the feed stream to the cracking reactor to reduce the hydrocarbon partial

30 pressure and enhance olefin yield and to reduce the formation and deposition of
carbonaceous material in the cracking reactors. The process is therefore often

referred to a steam cracking or pyrolysis.
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carbonaceous material in the cracking reactors. The process is therefore
often referred to a steamcracking or pyrolysis. 23 FLB Jul C 021?@}1%]@7%5
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i nvention t S e
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process to feliteatshearnasiclohg uarms/nogné? agnixneendst| hylklycrobendeasyifig botra

st eam cr acki ng [g%ocess f eed streamta%/ sorptive separation. These

obj ecti ves By dypg O Pﬁﬂfﬂfﬁﬁqu@”ﬁ%r n Qé@lﬂ%t |WS§6H§WaFt9ISHHS t"b't 9Iag ¥EBhat e
t he feedstr r

it il o SEACLLI Qodh:a0 8% RRIADE! Bl AL Bl s U p AR T he |
zone 20 or teadudreawn biyrfomtivhel pisttags. The @rbymtdsvm be gealoyvedntey stheough

t he use of ht hydr ocar bons;, prefe affins, recovered fromthe
ntial fecaxkifiamp éQSP%IOBes'é)a%éﬁtotuﬁctifweohﬁ%?5*919%%5&%6?cmoweﬁea

The feedst :T??E\léés‘rélfg{ éb@% r?g{gg{,‘ﬂé%}ﬁ?@%é 1680 1H8 ek ecr b%ﬁ sk I*PES ect

chosen fro ractions. The str mtot e subj
25 process prepecitidl queawea obdhki sgpjpoi mom%sgéofraﬂhcengthm cmstnof hemapig ha
boi | i ngésooi nt ranﬁ,%]o% c?bou%) 36 to 195C.t It is specificall ye% rred to
charge & CsPBNURMA JRYFTGRAPLNE L HORT b i8R EL T AN DB N OCRSaN] Eiak: hl%V
feed streanhugorpslqgsste@gpd@nl y free of hydrocarbons having five or f ewer

carbon atons per nolecule, It is also preferred that the feed steam does
not contain appr ads\eam@bjecuves are met through the use of adsorptive separation to

fractionate the feedstream into a normal paraffin fraction for the steam cracking
unit and a non-normal fraction which is passed into a different conversion zone
20  or withdrawn from ihe process. The objectives are also met through the use of
light hydrocarbons, preferably Cs paraffins, recovered from the initial feed stream

as the desorbent in the adsorptive separation zone.
The feedstream 1o a stearn cracking unit can be quite diverse and can be
chosen from a variety of petroleum fractions. The feedstream 10 the subject
25 process preferably has a boiling point range falling within the naphtha boiling
point range or about 36 to 195°C. It is specifically preferred 1o charge a Cg-plus
fraction to the steam cracking zone, meaning that the feed stream s
substantially free of hydrocarbons having five or fewer carbon atoms per
molecule. It is also preferred that the feed steam does not contain appreciable
30 amounts, e.g. more than 5 mole %, of Cqo hydrocarbons. A representative feed
stream to the subject process is a Cs-Cyy fraction produced by fractional
distillation of a hydrotreated petroleum fraction. Hydrotreating is desired to

reduce the sulfur and nitrogen content of the feed down to acceptable levels. A
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30 anounts; e.g. nore than 5 nole % OF Cl12 hydrocarbons. A representative
feed streamto the subject process is a C5-Cl1 fraction produced by23 FER 7005
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a naphtha boiling range teedstreamenters the overall Z(E])E;]ocess t hrough 1ine

1. The feed$tdemarbenphewed thatsents ezbonnuamteongt Cororionydrocatiogs. This

f [ | i st} i on is desi f ' .

depent an; ze o0 8 ERABUNRSATRy” ) BRLARBAL Brit, o putRES g ety
stream jwhi e |20 rHEsE thlk)safhe BY@oaGRIrReas, renoved through line 16
and a net bottons streamwhich is renoved through line 3 which conprises

the remai ni ng hydtededingonewdp thaalrdwings ereaphthptbdiknaimias fegsisiepsy enters

hydr ocar bon o] a ft t tr i j r e W th
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therefore desired to performa good separation of these materials in the

first fract¢HdONoASzBrEPEIN@NIZELISRPARIINd0YE IFEHEIRE rTeAlRd €A TDONR NG amilP be
passed ijnto okfeﬁle%%sgg%h'\:{e hich! S?éﬁs%gd@%ﬂﬁ)é% aﬁyﬂﬁ)%%?tﬁcgﬁg arel?r%vetdhﬁ]rough

conti nuous recovery cyclin sorben romt adsorptive
separ ati on toael@fdhdientnest beitoms neagsn twhich2% senoves thyrdugh alireorss whist  be
rejected fromthe gr ocess to counteract trg&}net addi tf’ton fromthe feed

stream One C6ptA"SH Ithﬁdﬁnlﬁ'”'&& HgireeRIeONS hedP%&%‘é‘?@?‘ng a8 pEsERPIB o he
CS rich overgRdirsdd88R% % bh! At SONERINE sREASESS this would interfere with the

use of Cs hydrocarbons as desorbent, and it is also quite undesirable for Cg-plus

20 hydrocarbons to be part of the overhead stream. It is therefore desired to
perform a good separation of these materials in the first fractionation zone. The
tolal net overhead stream of line 16 may be passed into the adsorptive
separation zone 4 as desorbent, but the continuous recovery and recycling of
desorbent from the adsorptive separation zone effluent sireams means that

25 some Cs hydrocarbons must be rejected from the process to counteract the net
Cs addition from the feed stream. One optional way of doing this is by
discharging a portion of the Cs rich overhead stream of line 16 from the process
via line 17. The remaining portion is then passed through line 19 and employéd
as desorbent. Alternatively Cs hydrocarbons recovered from either the extract or

30  raffinate stream of the adsorptive separation zone 4 can be discharged from the
process, although this material may have been supplemented with other
materials, such as iso-paraffins, which are preferably not rejected from the
Drocess.



via line 17. The remaining portion is then passed through line 19 and
enpl oyed as desorbent. Alternatively Cs hydrocarbons recovered fro ektmem5
the extract or 30 raffinate stream of the adsorptive separation zone cah
he di schapge?’'¥476m t he process, although this material mayH4Bel/E8EN
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referred to herei S an adsorption zone, These nornmal, paraffins remain on
t he adsorb Omﬁrfql %gagqql éarﬁ?@? %58’?' behthe dé{eiré'ér%‘?ﬁqu%Yﬁ REEE SR
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di sl odge the heavier, normal paraffins resulting in the formation of a

st ream r ef dihese¢ normhalr paraifins rehmairexar et agsodemt Tt axtreact of stesedmnt
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f
passed 1.5 into a second fractionation zone 6 referred to in the art as the
extract colthenormatiins of pagteéanaelared tnberan desingnexiragidtween.atiée exract

separate th ntering. hydracarbons inta. a net.overhead streamrich.in the
& 5 dasor beEauha a s s dieel el nonich Sl Soe b s vely

par af fi ns Qb tolifed @ﬁhhé@@s@?hﬁéﬂﬂﬂhn&@%ntm@bﬂﬁ{e Béé@%%hﬂﬁwaﬁéﬁalpﬂ?r@e@dfé”&tough
line 7 into a steamcracking zone 8 -20 operated at steam cracking
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from (he PIAGeSSeRSnf PIAMBlioR I eRM L IRPPT e U 85 SELHEBN Lol . ™" ©
This fractionation zone is designed and operated to separate the entering
hydrocarbons into a net overhead stream rich in the Cs desorbent and a net
bottoms stream rich in the Cs-Cq9 normal paraffins of the extract stream. These
normal paraffins are passed through iine 7 into a steam cracking zone 8
20 operated at steam cracking condition effective to converl the paraffins mainly
into ethylene removed from the process as a product stream of line 9.

In this embodiment the more volatile Cs hydrocarbons of the extract
stream are concentrated into the net overhead stream removed from
fractionation zone 6 in line 14. This Cs stream is admixed with a second stream

25  of recycled Cs hydrocarbons from line 13 and then passed into line 15. This
mixture is then further augmented with the Cs hydrocarbons flowing through
line 19. The total flow of Cs hydrocarbons formed in this manner is passed into
the adsorptive separation zone 4 as the desorbent stream of line 18.

During the adsorption siep in the separation zone 4 the non-normal

30 components of the net bottoms stream of line 3 pass through the adsorption
zone unaffected and are removed from zone 4 via line 10 as a process stream
referred 1o as the raffinate stream. The raffinate stream also contains Cs

hydrocarbons which previously occupied the void spaces of the adsorbent bed(s}
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stream are concentrated into the net overhead streamrenoved from
fractionation zone 6 in line 14. This CA |l It 5 streamis adm xed ih&@ﬂgf’
second stream_2.5 of recycled C5 hydrocarbons fromline 13 and then ‘passe
into I'ine Y8 "¢ nmixtUre is then further augmented with UhEEEH2012
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zone 4 via line as a process stream referred to as the raffinafe
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to as the rBPITAa epbie .
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paraf fins, smoowdd tsnathe frapbidendmea?@l i s passed into a catal ytic
reformng zone 17 for the production of high octane notor fuel conponents
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several process units, there are nunmerous optional variations. For

i nstance, | PRk \wHittipesenployestaneephse 2 caorbe epplaiesntiopashellet ract

stream of t S i on irectly s m i n
stream of tHERISErWd SRSl GO ad @y phE LIRS BREE PG engol
preferred ptaekineezdrfe §hems i asWgtioabpploceburmtigniials vérytbendfierd aptirieam of
line |l to allowthe rejection of Cs hydrocarbons in this manner. The
passageldf Priesad inrecticexif thrre istaudimed Geotatgrialipnenecddsmanm icbhing dn® t o
t he crackin g £l tl -t f I S.
£ el T m nat SISFRE FBRN] 606 N SN R R8sy TheRNsERE ) 4ff BRERS:
the prior aektir@VBiaadsoupecitefrsepdeaidsorptronsesne to the cracking zone significantly
reduces the cost of the overall process. It eliminates the capital and operating
expense of the extract column of the prior art SMB adsorptive separation zones.

20 The cost of constructing and operating this column is significant, and ils
elimination resuits in a lower cost process. The passage of all or a portion of the
extract directly into the ethylene cracking zone is possible because the
desorbent material is primarily, normally about 85%, normal paraffins and thus is

a good feed material for the cracking zone.

25 The application of the subject invention to a petroleum refinery having
existing calalytic reforming and cracking units which derive their feed from the
same source can cause an imbalance in the available feed 1o the reforming
zone. This is because it is necessary to make up for the removal of the non-
normals from ihe feed stream of line 1. That is, il is necessary to increase the

30 flow rale of line 1 to balance out the removal of non-normal hydrocarbans in
zane 4 and maintain the same charge rate through line 7 to the cracking zone.
With a normal distribution of hydrocarbon species this increases the amount of

Ce-plus feed generated for the reforming unit. To counteract this it is preferred to
7



20 The Cost of constructing and operating this colum is significant, and
its elimnation results in a |l ower cost process. The passage of al Izﬁtp 05
portion of the extract directly into the ethylene cracking zone is

possi bl e B¥RA4USEI¢ he desorbent material is primarily, nor fITABOABYUE 85%
nornmal paraffins and thus is a good feed material for the cracki ng zone.

25 The appl f bj,e t,1.0 £ ry | i ng
oxi st ng. cAtarorr® P ey e PRNR G Bttt P A T T P Y
fromthe s@i® coULRE agedmpasisRl &y Ipﬁ@gingnm iraffinaee qyadwbbeeéﬁedmmahhe
reformng zone. This is because it is necessary to nmake up for the renoval

of the nonomepPakIiacipom disdllakberd calvaan?bf T?‘ﬁerI‘C“qTHa@f “%'5 gelumy is to
t |
necestary L sssme YAt L TR LR ance i o

throughs i el & the Chenef@edtbogs ze8aemadetininahroraahedi sdtrithbutraatoreftion is
hydr ocarbon species this increases the anmount of C5-plus feed generated
for the refRSpiralyy @siustedtn abetler paphthenes la ranaipriefies feef tpthemaforning

05 (1, BT TR Iy LB SEhbThE Lt LIRS AR,

line 12 to renbve i'ns I's can be acconp

by passi ng ridigatipcbunaiectphedrcteastraa® bhicdoraner feptli gumelrafedaos lr&na{/erail
distillation colunn 24. The function of this colum is to_renove th

| } ghth er C5 F}{%ﬁ%ﬁcaﬂB}ér@é‘déWa&HﬁPb@ﬁﬂﬂr%ﬁ ResnBY AT OisHiE eﬁﬁcwdm%&}ed%n@atgﬂa:u
ot ot or 4y HAER RS A AR AdE o bleRting'clBck LAGI P Anan 1o

reform ng prooessiddi s Irdegicﬁﬁomf tﬁwdemmgncwrm/ahamm beean devem nbetest
suffici ent to nor nal | a/n counteract the increased rat e of former feed

gener at ed BIAREBIRRGINAN P Pess artrhePlidaialeodal h?a‘&qr% &erepmagee of
synergi sti thfré%?frﬁrh%zgﬁe% s S’étlf‘é F(r‘na#ovéout 'Teﬁr??'cﬁ 6&59&%rh§ern8flw b

good qual ity gasol | endi ng her ~ processi ng
addition, tbes.remaining C7-pins material is an even better reformng feed
than the prior art C66-plus material. The overall performance of the

reforming zone izoridhuy & $0 camy@y edfdrmin@rammeofoacteame ausitvenivalyd bei ehd
loss. is Zone 17 is a catalétl c reform ng zone, but could alternatlvely be

an ar omat iFaFRYEEYIhEONEat GRiAlte Fféﬁ'tﬁ?ﬁ'ﬁgrié qescebge rin gart i4nobifandbogk of
Handbook of pooieum Refining, 2™ edition, by Robert A. Meyers, McGraw Hill, 1996.

The reforming zone may employ a catalyst comprising platinum and tin on
alumina or platinum on a zeolite, such as L-zeolite. This calalyst may be
20  relained in fixed, moving or fluidized beds or a combination of these reactor
types. Further information is provided in US-A-s 6,001,241; 6,013,173 and
6,036,845, All four of these references are incorporated for their description of

calalytic reforming.

A preferred embodiment of the invention, incorporating this direct passage

25  of extract 1o the cracking zone, may be characterized as a hydrocarbon
conversion process for producing ethylene, which process comprises passing a
process feed stream comprising Cs through Cs1 hydrocarbons including Cs
through C;4 normal paraffins and Cs through C+4 non-normal paraffins into a first
fractionation zone, and separating the hydrocarbons entering the first

30  fractionation zone into a first process stream rich in Cs paraffins and a second
process sitream comprising Cg through Cq; hydrocarbons; passing the second
process stream into an adsorption zone of an adsorptive separation zone

operated at adsorption conditions, and seleclively retaining normal paraffins on a
8



Petrol eum Refining, 2" edition, by Robert A Myers, McCraw H|l, 1996.

The reform ng zone may enpl oy a catal yst conprising platinumand ti :zﬂg]oppa 06
alumna or platinumon a zeolite, such as L-zeolite. This catal yst y be’
20 retai ned U R3Pi¥ed, noving or fluidized beds or a conbi nakt bR B Rese
reactor types. Further information is provided in US-A-s 6,001, 241,

6,015, 175 andanfity036,ak34kisoMdnt flovateaf it igs eadsel@iceneese aoe yient of pefiiakesd
for their description of <catalytic reform ng. A preferred enbodi nent of

the i nventi 8HEAThcRPBHSINDONG st HICSTHl r pefafins sage NoBnefMakt Factreedh he s
" _ ! ; f
cracking ZOﬁﬁgidﬁwﬁ%féc%{sg@@;e's@gg%%eﬁs%Y%%ﬂ?%!?g”%&s%gg%ﬁ&BH?,géﬁd&%?é‘d or

produci ng e ene, Npri ses passin ocess stTeam

conprising ebdebogiighh €onditiyely, @t anderisoimiskutigrgalisn zbhe oigght I€asnpamalf a
paraffins and C5 through Cl1 non-normal paraffins into a first .
fractionati RSQGIFE! SHIf@SH) OGN MOl PacdtboHeMeAdEePRE! PIRsent isthesg
fractionati i f.i.rst,. pr j.ch. in a
seaond  pr odss I re2hfe dapiFE #b CERRR BT R Ca BRI S 2eRE fe

second propegdfiss r aam it Qaarfiasgs dlapar@hzone ohffiantaadsaiaphi re sepac@id on
zone operated at adsorption conditions, and selectively retaining nornal
par af fi ns offaatianglPn2ose7iol 21 hrdspusrespcitseay FOPPEIIDIquamaralfingsang a

adsor bent | j r.pLion: ield a raffi e

conpri sing @ﬁ'&ﬁ ﬁ%?e%%%g@gﬁﬁgeyﬁggﬁﬁg[&%o&ﬁrﬁ%%@yhrr{)c%gﬁér@?%l p%’%’?’%??r dons;
passi ng 1t hephssiat pr et pdrtieamfl toertralasstrgdm odiredipentopestabed craking
desorption conditions, of the adsqrptive separation zone as at |east part
of a, desofBRROPEIFESAL Steam Grafiny ﬁ@”a'HPHﬁla”SaWa&F@'ﬂg eth¥eN@dsor bent
present in the desorption zone to yield an extract stream conprising C6

t hrough C' nor nalEagharcaf fhien§aghena®rpaoacsi agwiaesainatthagpianese apraf ey

compri i ng 68 PR Rt i REoR] BB BeBudnhy ik PRBRERTEN "8G 8lgn

C' non- nor mile pariakii psocezBdstréampassn NGodievbeabe Bemomiadnn obthiehesgabieact
streamdirectly into a steam cracki ng@nzone operated at steam cracking

condi ti dhs &ABIRERHuCE ngesires) ebe. NEich ofrliche theacoritale oifCR¥RYs @npFroyed
in the procgss, R EREPLY other light hydrocarbon, overhead from all three fractionation
zones will result in a surplus of Cs hydrocarbons and a need to draw some of
them out of the process. An alternative is to allow some of the Cs hydrocarbons
to exit the process in the extract and or raffinate streams. This can be done by
20 adjustment of the operation of the fractionation zones or by the use of an
inherently less exact separation. The use of a simple flash zones or of a
refluxed flash zone is one example of this optional alternative Cs rejection
technique. This not only directs this light material 1o a suitable hydrocarbon
consuming process, but also reduces the overall capital and operating costs of
25  the feed preparation, thus helping to achieve the objectives of the invention.

The separation step of the subject process can be performed in a single
large bed of adsorbent or in several parallel beds on a swing bed basis. However,
it has been found that simulated moving bed adsorptive separation provides
several advaniages such as high purity and recovery. Therefore, many

30 commercial scale petrochemical separations especially for the recovery of mixed
paraffins are performed using simulated countercurrent moving bed (SMB)
technology. The previously sited references are incorporated for their teaching on

the performance of this process. Further details on equipment and technigues for

9



conprises a single fractional distillation colum. The fractionation or
splitting of the various process streans can. however, be performegzifng 005
ot her suitable 15 equipnent if desired. As noted earlier, the conplete
recovery oYO€¥367h¢drocarbons, or other |ight hydrocarbon, RE/HEAH2HEom all
three fractionation =zones will result in a surplus of C5 hydrocarbons and

a need to dppavasngencEMB Heoeanagfvet Bangn®CaS s 3,008 dBBeUsaAide14 847 0U8! | ow
sone of the C5 hydrocarbons to exit the process in the extract and or

raffinate streafs.! PhildSthanUSeAtohed BYO21S-4dP&eBrdmt ¥P-A-Re bped4t Honfof
the f ti i - i . .

Separ ot on RS R PPH AR POR- A0a0 0BT AN oI B Smulated. | ¢
one exanpl emolirtghbed optiatioalwrith eanakl pefdtmedejgog isonilarteatiprngole adsbib@nhot
only directs éhi S _I_ight material to a suitable hydrocar b%g conf_urrj n,(hg
process,’ bufN@readitigas eeswhike sgtelipigs ceapranflowrd toperasitrgt apdiguigin e ¢ he

feed prepar Q&éd’rgpoﬁ BH?m?EFﬁEQ%sIé@Q&CH G s %bdc?fé%’ &fd A addigo{ Nvention,

The separation ep o e Su procéess can be perforned i1 si'ngle

| arge bed of adsQ@ueesingrconditisry efioal theamakbeltiobedbaoiben Swidgnbited Babjest

However, it has been found that sinmulated novi ng% bed adsorptive se arO&ti on
e1

provi des sEVBRHPN BRI Hheanaiale A 1BIPRI YHHIANORYP A PeedVY i afpidr
many 3o conmﬁqrcgh SR fopr;oté&ﬁn%o@ 'be?ﬁ@%@fér%'&? ?éﬁ@g@bl@g {8 §6% 10

recovery of mxed para s are perforned using sinu countercurrent
novi ng bed (SMB) areeblymdt qugierrdie prasorpticsi ycosiditiedsr efser predesabir enclude a

Riisegty NE MU R NN A N
02/36716 P%@W%Wétrr%%gﬁ@ﬁé b So%[‘§$N§PQr P50P B8R B%_sb%!&ﬂ icBnditions

US- A- 3, 208, 833; US-:A-3,214.47; US- ,392.1 A-3, 455, 815;
US- A- 3, 523, geeralip-inei3de 1 5Gune WSnperatu0as ahd 7prelsSark 4s 1R 4R, adsatption

US- A-4,434,05i ,..A different e of simul at novi ng bed operatipon ich
can be. per 1 SPEONSThis Bl Biiedei! 1 50en TREES Bip B B BT
whi ch signul a6\ srafoaolgAtthE | Rbor@fort BEna s arbastbaantnkk B sbdl 1:Heo 5:0.5
adsorption chanbers is described in US-A- nos. 4,402,832 and 4, 498, 991.

Qper ati ng cohare Foisstheorolyine ratisof friicolationasheelagded nore tvrBIBEIGNECT is the
pocr 20 MG 10, PA5T e ™ LRIBEI LR GO R et L A A b, o
from 90C t oin 65erk6A§ caneitidhg W WeRbaie rcethpditsar pith@ntheoadidrbemsciadrabers.
preferably 'Irﬂecitl igfjteheaadsorbent preferably remains at the same temperature throughout the
20 process during both adsorption and desorption.
The adsorbent used in the first adsorption zone preferably comprises silica
alumina molecular sieves having relatively uniform pore diameters of about 5
angstroms. This is provided by commercially available type 5A molecular sieves
produced by the adsorbents group of UOP LLC, formerly the Linde Division of
25 Union Carbide Corporation.
A second adsorbent which could be used in the adsorption zone comprises
silicalite. Silicalite is well described in the literature. It is disclosed and claimed in
US-A- No. 4,061,724 issued to Grose et al. A more detailed description is found in
the article, "Silicalite, A New Hydrophobic Crystalline Silica Molecular Sieve,"
30  Nature, Vol. 271, Feb. 9, 1978 which is incorporaled herein by reference for its
description and characterization of siiicalite. Silicalite is a hydrophobic crystalline
silica molecular sieve having intersecting bent-orthogonal channels formed with

two cross-sectional geometries, 6A circular and 5.1-5.7 A elliptical on the major
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pressure sufficient to maintain the process fluids in |iquid phase; which
may be from about atnospheric to about 87 kPa (600 psig). Desorpti oy, Fijﬁmf'
conditions generally include the sane tenperatures and pressure as use

for adsor p®ior/36eionditions, It is generally preferred that BHT/SMB/R¥IGcess

i s operated vvith an A'F 15 flow rate through the adsorption zone in the

br oad range,g 5

‘circul ati on of sepwé 'ﬁcgmg ggeal e.&’ﬂﬁr{ﬁg’ﬁ_ﬁ §125[’%%lé’c?$/eedoi%€%l§vr rQlfae%/%

practice ofia itr.eamulnnem fre@\seutmwwmuse@sﬂ silicen givsfide aiitamardoatsi oo shotw
operating condi t| ons desor%ent conposition wthi gmt he adsor bent

chambers.  PRAXENOE RENgHebr awﬁS'b@aévﬁ%ﬁarmt;@ #e0MEF neligelite ppalsgpescribed in

t enper at ur e jgh t4 420

desor pti on. e an2StU N R Ta RS PR SO TRE SpRLRAPIAAE BB apents
conpri ses siNhiohaedatellmmaataM|ecaui|\ary @nselicemeh@valrmgu nels¢ beanyadsribentmTio e

di aneters of ab 5 _angstrons. This is provided by comrercially

avai | abl e ty¥fe° W"’?ﬁi'lt%@lﬂ PrefeEeds produced by the adsorbents group of UOP
LLC, formerly th S i seeond
adsor bent which ?B%I%ﬂ@e%dérgﬁbﬁtt fethédas%‘JgrB ?%tncﬁégggﬁ%@pnﬁjrggasgé tﬂgl iloﬁgaﬁfte.
Silicalite particel daggiematbedwavmg hlghlphyeml urrengtlht ang attrisoh osestaaonel cTte med

in US-A- No. 4,061,724 issued to Grose et at nore detail ed description
s found i nadgmeEAtEs antain dhe @glvE @OSAR rﬂglﬁr@&)ﬁfé)meés@ 281 ATRBNSUSI ca

Mol ecul zd n?Ychamc ﬁﬁtﬁ?wbﬁdeyoﬁawr?%&harﬁféq’s Ad c]a%%s"mbf‘éh K%ldkﬁ?ﬁékﬂé’rﬂ%’i@d
herein by refefence Fra Cdescription and Charactertzation’ o
silicalite.tcShddesaltne edserpavdamhterpﬂloMeihodsyktrdbtmnmg thelckysttaillmmbewdbesrinsj eve

havi n ntersecting bent-ort o] annel s forned
s dsent | SHT SpRmATl s C BRI Lo 2 MOTGIHE iAdes 1SReIal 2 GIRX he

maj or 10 2 dohp ﬁ-ﬁvg%%lh&?ﬁ &ox@@'aﬁd%t{rﬁﬁxu%\ bkieg! 1d & ndreatrity abssiient bywaer a
size sel ective nol ecul ar sieve, Due toits al um nu ree structure
conposed of insal webmidiusxi dEhaitiingsl aide idolesmirgy cs hagglomeratiegctigngeystalline
behavi or, Thu ilicalite t a,zeolite. Silical]j tels [,so, des bed in
U8 A s 8 200 RaEs: 5T D7cbIBnis AettibSSent i Fise b be b BU T R e
treatnents Bemis oh 16/@EE Rutb %ad@amlcutar@ s@lﬁééMuéMl;D(f:alathqﬁ'dr&i@r {cPcahbeaw
its use as an adsorbent. The wuse of silicalite is not preferred, The
active conptheentayofo tame a@@fy@hmmtbm@ern@fr eanbileraldd mecharicalostieagth. pathd cl e

aggl omer at e, L A0 ILIRMYS! Eno" S LR LHBLEL bd AR SRIRLBTSS 5Tl

drying or crushing of larger masses followed by size screening. The adsorbent

20 - particles may thus be in the form of extrudates, tablets, spheres or granules having

a desired particle range, preferably from about 1.9 mm to 250 microns (16 to about

60 mesh (Standard U.S. Mesh)). Clays of the kaolin type, waler permeable
organic polymers or silica are generally used as binders.

The active molecular sieve component of the adsorbent will ordinarily be in

25 the form of small crystals present in the adsorbent particles in amounts ranging

from about 75 10 about 98-wt.% of the particle based on volatile-free composition.

Volatile-free compositions are generally determined afler the adsorbent has been

calcined at 900°C in order to drive off all volatile matter. The remainder of the

adsorbent will generally be the inorganic matrix of the binder present in intimate

30  mixture with the small particles of the silicatite material. This matrix material may

be an adjunct of the manufacturing process for the silicalite, for example, from the

intentionally incomplete purification of the silicalite during its manufacture.
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aggl onerates contain the active adsorptive material dispersed in an

anor phous, 0 inorganic matrix or binder, having channels and cavithesttp 245
therein which enable fluid to access the adsorptive material. Methods for
form ng theoconpstial | i ne powders into such aggl onerates i nchodesitihen2z
addition of an inorganic binder, generally a clay conprising a silicon

m xture. The bf ndbboaRLeR ip IR B MiPapPG S HE30E REPbRBSES bt o Pofteh
particles. iEhefidn epdee Hflapvnests @fbemunibort ir Richay dm r@Paﬂéde@dtsléﬁrﬁposmon
cylindrical pellets or forned into beads which are subsequently calcined

in order tos@@h%pperqtm @ngiions, fgrdstergheimPpsierR ANgfthe viederaanignte! the

partrol oo VERER0" aPR S ARG RS e KBl AR el B By
si ze scrgenpngesd @e&ﬂ@%fb@ﬁe@&]mtu;ﬁneé MBbé Mok iméerélatddhearidtdsamn dne
extrudates, tablets, spheres or granules havin a desired particle range;

preferably Sy@hvabaie i§.tbe wateocomenhpt thengdga®enbvaisbuts ememh@@ﬂmﬁuard

u. S. I\/bsh)) f I a or
silica are nergafls}h% [Jésggl %%bq'%ﬁae%é@%qln%ﬁ 2!quﬁéegﬁbl ecDFq?@Elgges\?/éR% %pfggﬁneznt
of the adSOI‘rbxﬂEt OMnlléntodjfdth‘eaﬁechb@deﬂber%lst Retdr@iradoby sihel Weighy shifdrénce
presentt in the adsorbent particles in anobunts rang fromabout 75 to

ablout I98 : r Obigingxd t@@f@rq)anﬂuaaeédwmsam%pma@i&w'nq@ééﬁesﬁiﬂn@lﬁraﬂ menh
V
boen o5 ci dou POFRE S bh W nGelIPE hertng Bt AR PSfIRE] R0 SbfifyBc? 2bhRaN: s

remai nder ofvelghe. Bdsanbenibjadt! progeseritald ﬁr@‘@rrbhethamheamaterrmtmaem off thehe
bi nder present in intimte 30 mxture wt mal | particles of fhe

silicalite REIUPPRI reSHpdN mat kP ahBPQ1G &f larsy thape Qi éﬂFLﬁi@fter%l? Vt"l’i@"“ the

manuf act uri Rr figra ogilicalite, for exanple, fromthe
i ntentional gl n@gﬁrﬁpﬁgtg pgp“lﬁf/lscatlon of the silicalite during its

manuf act ur e. 11 )ABJmQﬁr%ﬂbﬁaFé(EferkﬁdefJamadb@rbﬁhbxsetr@(rdtdee:dl exnharh@e af theM i i
appreciate that, the rformance of an adsgrl be is often

P ontbg HOStbRRIT Tt SKERR et P sy 66 e Mgy Bloa: Buathets
operating C%ﬂ:!st Im@$e|af.\¢@¢atétdf %@@b@ﬂaﬁ%‘ﬁﬁé eﬂtrﬁtg%érﬁﬁoﬂé@ﬁeﬁh@éﬁé‘r%teﬂgné he

adsorbent. The opti num adsorbent ¢ osition and operating conditions
the s processdatas ditcletly é6 dhe adupatrh@éudﬁsomeohnaaatauaﬂﬂhat ofusi beegmpelogie@ dr the

vl Rer L el AP el o B B P St Ber B RS T o
test. In thexdHandeeidubBeny @n@durt ®f desorbent material needed to remove the extract
20 component, and therefore, permit a reduction in the operating cost of the process.
With faster rates of exchange, less desorbent material has to be pumped through
the process and separated from the exiract stream for reuse in the process.
Exchange rates are often temperature dependent. Ideally, desorbent materials
should have a selectivity equal to about 1 or slightly less than 1 with respect to al
25 extract components so that all of the extract components can be desorbed &s a
class with reasonable flow rates of desorbent material, and so that exiract
components can later displace desorbent material in a subsequent adsorption step.
US-A- 4,992,618 issued to S. Kulprathipanja describes the use of a
"prepuise” of a desorbent component in an SMB process recovering normali
30 paraffins. The prepulse is intended to improve the recovery of the extract normal
paraffins across the carbon number range of the feed. The prepulse enters the
adsorbent chamber at a point before (downstream) of the feed injection point.

A related SMB processing technigue is the use of "zone flush." - The zone flush
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matter content of the zeolitic: adsorbent is determ ned by the weight
difference obtained before and after drying a sanple of the adsorb r e 2005
50000 under an inert 10i gas purge such as nitrogen for a period of tine
suf fi ci ent Mb'%¥AI%ve a constant weight. For the subject pFP6daBe/(2¢13 g
preferred that the water content of the adsorbent results in an LO at

900C of | esscinian bl.fRYozand pieten &y fecd 4t axttde bgdargs tof kdepametdsori¥erQ
wt.% An inportant characteristic of an adsorbent is the rate of exchange

of the i deSd¥UENING Grentdee, diqm £eterkdnips mEiforBion HEG e¥ihile ReuISe ded 6PNAI s
or, in other sH"%ﬁﬁi’reé Neok ?:E:)Hb‘ﬁc%tg@,ea% .t%ﬁ&&'%tiﬁfrogﬁgﬁﬁbgﬁusercgent

conponent . HI s characteris elates directly'to the €so
mat eri al t habneilssh be pestplrey ed thenaddoepticor amrsswihen highaweity ehieasixiroaodt are
conponent from the adsorhent. Faster rates of exchange reduce the anount

of desor Bentderue@r i PrRERtRd2t Baehoré IhRemied: SeMPLOCEbESARGN! rgRavered
therefore, %blfﬂetadafrro‘?ﬁ‘iﬁé' &rddl atﬂgif%rgﬁc}‘?ﬁrfratia{a il %a@f P%é%&fﬂ&%?epﬁ}@téh

faster rates of exchange, | ess des eria e punpe rough
t he process sahiterseEpamat edl highopurithetrextr ddhe sdwerastrdrarth cergpenent thibepniaedss.
Exchange rates are often tenperature dependent. |deall desor bent

materials SRBWMAERL SQrk%eé]‘é%t”?Qﬂ"Ffﬁ%aﬂglusleg abdik 2enerilushi gmany 1R—REG& han
1 with resp al | X 0, I ;
component o can he GbaaTaag 4eE D G daedRbeRe A araRigRe o
desor bent manpraval proandt parity lsath extihaate of tuporeetsisaaay batataided ploat el S-

Lo 2 PRIl pr Aol S e R, EROAR AP A Bb e P s e AT e et phE A
conponent i @b, AMB vHiOK @58 IN&FPYRIddNBe M B?'refe?@né@?@ftﬁFﬁﬁeaJng Rinepakse

is intended to inprove the recovery of the extract normal paraffins across
t he carbon mgpBels of §IMB teehndiegf.eed. The prepul se enters the adsorbent

chanber at a poi bef or t.ream) of t.he feed injecti.ol i Nt

rel ated SVMB pr ocggsogi@é{%f’g%%%’?\gﬁ‘% ’P\ée'm‘{& U@églésf ter{'ﬁ%é’*&ﬁ?ﬁgm %%egé%%eedA fPush
1~" B3 0253( T9(ovRCTAI" K B¥ddrd 12 of e adptdihieg awner hrirvesiatheorhpeterasd
extract bed lines to keep the desorbent e.g. normal pentane, fromentering

the adsor pt P8R FEnel MWiFIaffinRee carepererds ohe senaidiedriagliier Recassorge term
conpl i cat ed’“fe%ﬁdsﬁ(%ﬂ'ﬁ" DYiEa160S4 Eﬂe%mt&r .fé(%ﬁ Y]‘?ile}rQ%wM(?ﬁ i asgﬁ]?r]téléb?\lfbdts
sor en hig

preferred in the a ption zones purity extract product are ..
desi red. | nwithabbiasorieniusald ih theprdches méxeadxiraoporapbneaasSardeompoecdver ed
overhead fromthe extract and/or raffinate colums is passed into . a ..
separ at e class of compounds that is more se ectlve(fy adsor%ed by the adsoﬁaent while a
20 ‘"raffinate component’ is a compound or type of compound that is less selectively
adsorbed. The term "desorbent material" shall mean generally a material capable
of desorbing an extract component from the adsorbent. The term "raffinate stream”
or "raffinate oulput stream" means a stream in which a raffinate component is
removed from the adsorbent bed after the adsorption of extract compounds. The
25 composilion of the raffinale stream can vary from essentially 100% desorbent
material to essentially 100% raffinate components. The term "extract stream" or
“extract oulpul stream" means a siream in which an extract material, which has
been desorbed by a desorbent material, is removed from the adsorbent bed. The
composition of the extract stream can vary from essentially 100% desorbent
30  material 1o essentially 100% extract components. |
At least portions of the extract stream and the raffinate stream are passed to
separation means, typically fractional distillation columns, where at least a portion

of desorbent material is recovered and an extract product and a raffinate product
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splitter colum. A high purity streamof the | ower strength conponent of
the m xed conponent desorbent is recovered and used as the zone ;Igszh“_ 065
stream Further information on the use of dual conponent desorbents a ‘oF‘n
t echni queswio128075tnpr ove product purity such as the use of PCUsErIgteeans
may be obtained fromUS A-3, 201, 491; US-A-3,274,099; US-A-3,715,409;

ref or ence 1 81 PR Faalhf 19 7on SRetEbRAEL Sl SRVERIE PERKRE! B Yisams
pur poses of pidtigetinmenihé Procddy tomsinie) espsaieherai rxaaet 6hbbaEntasnd S

follows. A "feed mxture” is a mxture containi nlg one or nore extract
conponent s '&lepigferRony & bighei ericentaligenédrndhess nensdpahaeside®ysieae

e paseed i A0d RS rPLbER SRR AL R RoBle T T Meflbef JSECeM N Wty
conponent” hgya beorrReUNg Ple dekRe® EmpeuImpPuRdsndyhainly scamaia el ewdrbasdy
adsorbed by the adsorbent while a 50 "raffinate conponent” is a conpound or

type of conpeurrditatian. i Sheedyms gt isv#itgndeast ddripdigateThecorgantradies ophbéift

mat eri al " shal n I ri f r bi an extract
conponent f p@r’é%%@%ﬁ%@#ﬁéﬁr _Jafﬁeoqt%éﬁ%oﬁb%%f’eﬁag%rgthgi% r5ggﬁ18 R F?)érreg?taf finate
out put streant mranss desbhrATUEOMMY Gh tBe raf fo RRdEp coapPRMeRioUL Shedse D Yas!
fromthe adsorbent bed after the adsorption of extract conpounds. The 25

conposi ti onSHiB @fsorRiqn sheEberisedfocamuabyr Pf genessekisiially yha gogsess is
desorbeny  BBLEMA il ARG (Bla YoklDYelaf LORNBLLLERMRONEN fred Dfed R AN

"extract stream or Xtract outpu reamin

extract matg81d aldsowhirthishasadebéerratesor bied dusoaptites aobent Trat erdsatberitsor
removed fromthe adsorbent bed, The conposition of the extract stream can
vary from eSSERDRR PPase0T 43 HeafoMeso SHEPEPHGH Byoligdidewhical F9Ntagtughe

extract conpafedisy i£8mbRastHRPNL! QAR iddie. e’ﬁhﬁ@‘ﬁ&}uﬁf 'iﬁef? DEat fi6m ihe
raffinate streamare passed to Separation neans, typically fractiona
di still ati oadsabenhén Joherlg rafertadbst aa goputificmionatordes oy benpuridaionatones

recovered and an extr roduct and a raffj roduct 13.23 FEB

W0 0206 41 1 BErOTHES KOS Cesae G Rl eias OBk % i EUIEe: Ot
eapborve SERHEE], BRSPS A GARIES, Nl cBhanass eon sho, Bl
concent r at i oaspohant bindsetiboahdisiiliatione lexforact!l st treaatisorbent chamber(s) the
desired isomer is released from the adsorbent by exposing and flushing the
adsorbent with the desorbent (mobile phase). The released desired isomer and
20 accompanying desorbent are removed from the adsorbent in the form of the
extract stream. Zone 1V is a portion of the adsorbent located between Zones |
and Il which is used to segregate Zones | and [ll. InZone IV desorbent is
partially removed from the adsorbent by a flowing mixture of desorbent and
undesired components of the feed stream. The liquid flow through Zone IV
25 prevents contamination of Zone ill by Zone | liquid by flow cocurrent to the
simulated motion of the adsorbent from Zone il toward Zone 1. A more thorough
explanation of simulated movin'g bed processes is given in the Adsorptive
Separation section of the Kirk-Othmer Encyclopedia of Chemical Technology at
page 563. The terms "upstream” and "downstream" are used herein in their
30 normal sense and are interpreted based upon the overall direction in which liquid
is flowing in the adsorbent chamber. That is, if liquid is generally flowing
downward through a vertical adsorbent chamber, then upstream is equivalent to

an upward or higher location in the chamber.
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and the raffinate streamw t hdrawn from adsorbent chanber, The extract
streams may be rich in the desired conpound or may only contain an 27 FLR 2005
i ncreased concentration. The term"rich" is intended to indicate a “* ’
concent r at Wénizef7¥he i ndi cat ed conpound or class of conpou”h@¥Igneatier than
50 nol e percent, It has becone customary in the art to group the nunerous
beds in the SMB i r r he
process is 1o dé@gfﬁ@? '?@C?Qé?ﬁ)& #e?%rél%%oﬁe%ﬁ%ﬂ 741 ’@@ﬁ?’g@wﬁ#‘ éré

the feed stbeany pedotinedasiniterbusly mdéfarontZpaets! of tthe mdser it adﬁorbene
The adsorbent, or stationary phase in Zone | becones surrounded by |iquid
whi ch cont afpiginaskin ‘Lﬁ‘ﬁ‘d%@‘-iqré@”‘ glonBPed$), ok g Piasesgi 1 t?%ﬂ@fﬁ%&sewaﬂ%ng

liquidisr E:E:P%ﬁﬂe& rv?.'m tnl?(?re &dﬁ%rg%o?%r%% ! ,[ arﬂlgérﬁéjd %93@ the
purification zone purification zone € undésire |na e
conponents atapsf lrms«hbd riefrﬁmiehielnveisbm@bhmmérrmmd bdsior benhtadbetioy and

material which is easily ﬁarated fromthe desired conponent by

fracti onal Qﬁ§9'iﬂ“PatW'3|ﬁ“03W ghyrecqur gt #1e $aBe dd®r bent chanber (s) the
desired Isoner is released fromthe adsorbent by exposing and flushing the
adsorbent with the desorbent (nobile phase). The rel eased desired isoner
and 20 acconpanyi ng desorbent are renoved fromthe adsorbent in the form of
the extract stream Zone IV is a portion of the adsorbent |ocated between
Zones | and Il which is used to segregate Zones | and Ill. In Zone IV
desorbent is partially renoved fromthe adsorbent by a flow ng m xture of
desorbent and wundesired conponents of the feed stream The liquid flow

t hrough Zone IV 25 prevents contam nation of Zone Il by Zone | liquid by
flow cocurrent to the sinulated notion of the adsorbent from Zone ||
toward Zone 1. A nore thorough explanation of simulated noving bed
processes is given in the Adsorptive Separation section of the Kirk-Q hmer
Encycl opedi a of Chem cai Technol ogy at page 933. The terns "upstreani and
"downstreant are used herein in their a normal sense and are interpreted
based upon the overall direction in which liquid is flowing in the

adsor bent chanber, That is, if liquid is generally flow ng dowward

t hrough a vertical adsorbent chanber, then upstreamis equivalent to an
upward or higher location in the chamber. :9 23 1 [120[5 Ys 0 62/ 36%(
Pcr! 19m ONJ 2
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In an SMB process the several steps e.g. adsorption and desorption, are
bei ng, perforned sinultaneously in different parts of the nass of adagrpﬁq%s
retained in the adsorbent chanber(s) of the process. if the process §~ LU
being perfornmed with nore or nore adsorbent beds in a swing bed system
then the steps may be perforned in a sonmewhat interrupted basis, but
adsorption and desorption mll nostt |iken' occur at the sanme tine. 1.5
23FEB CLAI M5 A process for preparing a feedstreamto be charged to a steam
cracking, unit producing ethylene, which process conprises: a ; pasting a
process feed stream conprising C throuqh C9 hydrocarbons including fa
through Cp nornmal paraffins into a f7$¥S fracti onati on zone, and
separating we hydrocarbons entering the Ent fractionation zone Into a first
process streamrich in C paraffins and a second profess stream conprising
C6 trough C9 hydrocarbons: it, b.) passing the second process streaminto

an adsorption Z@mﬁo&és faxnpr@;dmrdotckcuﬁms&m@rcmde@rb OReAPHExARMSEl ectivel y
retai ni ng nornal ara |ns n_an adsorbent clocated in the adsorption zone

So yield a raftﬁ§‘§"§f YCEPIPSCSETRPIEE  t hr ough C9 non- nor mal
hydr ocar bons anQ.ngﬁgﬁéffnﬂéskgiQ%%ﬂggm%gﬁ%eéﬁﬁ%1PE°ﬁ&mmeFrea”]'nto 2

desorption zone adsor ptive arari oh Zone as at | east past
of adsorbent streamizhdng enovichGs neorhmer2fps afafing ridigricadseradént present in

the desorption zone sép@rab’ﬂger!e(ﬂy@daar%g In@Ghe lh@ﬁ:EIQﬁEHogﬂgpfohélhlBg afP through Cy
turn al paraffins; d.) separating at I eas: ortion of the. rafinate

streamin a raffinat&@est Y518 1B Mt PEIHH Gres *’Ieﬁ’f‘ PECEATCCRGETAF AL | on

conpri sing C paraf f igragd:,2@re@xsecondr af fi nate fracti on conprising C6

t hrough C9 non-normal hydrocarbons; and passing at feast a portion of the
extract gPream Pnt o Pessios Beetangprowyi Erean io Praddmerrigneet yldiome e 3G he pul se.
of claiml wherein tHe=heeRIN sEIBRGk StEBAIHER NS S:SonGn 24sBbQUIh

located in the adsorplion zone 10 Yield a raffinate stream comprising 12

through Cy non-normal hydrocarbons and Cs paraffins;

c.) passing the first process stream into a desorplion zone in the adsorptive
15 separation zone as 2t Jeast part of 2 desorbent stream and removing normal
paraffins from adsorbent present in the desorption zone to yield an extrazi

stream comprising Cg through Conorrnal parafiins;

d.) separating @ least a portion of the raffinale stream in 2 raffirac
fractionation zone inte & first raffinate fraction comprsing Cs parafTins and
20 a second roeflinate fraction comprising Cg through Cp wop-norm:d

hiydrocarbons; and

€) passing 2t lezst a portion of the exiract syeam into & cracking zone and

producing ethylene.

2 The process of claim 1 wherein the process fecd stream comprnses Cs through
25 C1; hydrocarbons including Cs throngh Cy)y normal paraffins, the second process
stream comprises Cy through Cyy hydrocarbons, the raffinate stream comprises Cy
through C;; non-norms) hydrocarbons, the extract stream comprises Cg thiongn
Cy; normal parzffins, and the second raffinate fraction comprises Cq through Cyy
non-norma) hydrocarbons.
300 3 The process cf claims 1 or 2 wherein at least a portion of ihe first raffinat:
fraction is recycled to the adsorplive separalion zoue as at Jeast pani of said

desorbent stream,
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C,,: hydrocarbons including C5 through Cl1 normal paraffins, the second
process stream, conprises C6 throughc cl1ll hydrocarbons, the raffin E?LB7W5
strewn conprises Q through Ctr non-normall hydrocarbons, the extract =%
stream conprises C6 throngs C=l nornmal paraffins, and f re second
raffinate fraction conprises C6 through C13 non-norm hydrocarbons. The
process of clains | or 2 wherein at least a portion of the first rnffinaie
fraction is recycled to the adsorptive separation zone as at |eas; part of
said desorbent stream 16 L J Z 0 ?0UJ The process of clainms 1 or 2
wherein at |east a portion of the second raffinate fraction is pasted rote
a reformng, Zone. S. The process of clains | cc 2 wherein another portion
of the rat mate streamis passed diectly into a reform ng zone. The
process of clJains 3 or 2 rein the second raffinate f tion is

separ aet ed %nto a%¥HW¥°Sﬁf%@@égrég%ggﬁggﬁhbyﬁ?Fﬁgﬁfﬁmﬁ§%$%%brbons and a
fourth proscess fragiop sanpsdanqareiginmg z@7 t hr ough C9 non-nor mal hydr ocar bons,
and the fourth process streamis passed into a reformng zone. 7. The
process of clains Fhegrocsss glilaimsil i 3 Heredwrqtigeroriop pidbariErtttistiapiial |y  a
conprises C5 parpaddddisuly AR rdorRAf th@N of the extract streamis separated in
an extract fractionation zone into s lust exact fraction conprising C
paraffinssangl a semgndesextchact of Xveeteinanr saomysihsiengetios:s plptrsednor mal

ffins, Th . | 3 in. ion O the first
o 111 e THFSESR Bl RLALR g B sl an Bppiian O (e firs

extract fractionis re ads
| eas? part of sairfgodesyisheRtiraisk Eeigd-7982 gydrorpreongptiasf8ity PropFsai m 7 wher ei n
the extract fraghki.enakenmozanensolpises a flash or rectified flash
separati on none.

7. The process of claims 1 or 2 wherein the extract stream additionally

10 comprises Cs paraffing, and a portion of the extract stream is separated in an
extract fractionation zone into a first extract fraction comprising Cs paraffins and a

second extract fraction comprising Cs-plus normal parafiins,

8, The process of claim 7 wherein at least a portion of the firs! extract fraction is

recycled to the adsorptive separation zone as at least part of szid desorbent strearn.

159 The process of claim 7 wherein the extract fractionztion zone comprises a

flash or rectificd flash separation zone.
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