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US-A- 3,291,726 issued to D.B. Broughton also describes the use of
20 simulated moving bed technology to separate normal paraffins from a petroleum
derived fraction. This reference further describes that a suitable desorbent for
use in the process may be provided by fractional distillation of the unit feedstock
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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20  or withdrawn from the process.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 to a steam cracking unit can be quite diverse and can be

chosen from a variety of petroleum fractions. The feedstream to 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 to 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 Cy» hydrocarbons. A representative feed

stream to the subject process is a Cs-Cy1 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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counteract the increased rate of refornmer feed generated by the overall
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 employed
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
process.
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zone, nay ?ﬁe@%ﬁb\%pb?ﬁﬂn@%eﬁ\a!ﬂy@nomf basorBeAY el aNstsAahesiSdésdrbent
produci ng et hyl ene, i ch 1E)ﬁr/ocess conpri ses passing a process feed stream

g
conpri si ngdeiered dign e 18 qrassas braughntha ddsgrizantt hrideyidesarbend rhas

par af f i ns th nana.nor.nal [ NS | fed: LS oo

fracti dhat ﬁgﬁeﬁ%e%%%@%%ﬁ;@i ISBPHE tngﬂe%‘&;érrbi]ﬁ)bﬂéﬁp gﬁﬁr‘f& E‘??é‘"#".%} 30
fracti onat ihenformatioh Uf & 8tréarmsiefdrtelt Bshedin @8theiaxirach sftbamr Fihé iextraend a
second process stream conprising C6 through C11 1 hydrocarbons; passing the

second pr oB¥RAMsCPBNSEAL HeaNUTBbr PAAHINSz onBICH Wate aREYIQHSIW esalepivebt i on
carat 1 ns. el G S RefiRa s ABNAOB SR # R alerl ThoBias

| ocat ed i nstréamdd sempived franotiee adsyrptivel separdtionnadrne 4 tvizchme cara passegl C5

nornmal paraffins and non-nornal Cs through Cl, hydrocarbons; passing the
first ég oct4e assecond iractipnatigpszang: ﬁdﬁ%i%ﬁ’et,o mb@%a@@@sat eqedEr S n.

CO”d'“O”STpi%f fraBRorR Ry %héeissﬁeéigg{eaoéh&%rét%fdaﬁo'e?egéa affe Shtdtirgy

desorbent streany and renoving nor paraftins from adsorbent” present in
t he desor phydnocadmomst inty isehet avervendasiteast michnmine thvep O silespriggntt ambaghetCl 1
normal paraffins ?nd Cq garﬂ{f'nﬁ se arlrratin .t he tbaffina e stre in a

second fraPPHYRSSIEAT BAR 17 Hi&) CaloimnPENl Rarallinssef g AXtGGH Firedmy  Laese

paraffins gagna bardHing FHrecﬁéfséd HeRTYE oY 17811 Qﬁsfé&h?b&ﬁc% F6HE gor mal
paraffins; and to passing at [east a portion of the extract stfeamdirectly

into a2t eaperated lat siearoneraciiagatandition effectivecicacknveyt doediarafing raaialy
or of or abl y o B R Ry G ot it p B RE B SRR The ~ 7 oo
fractionation o siki éinbadindénit e YRiTe OUslatile0Ce SilydrbEQBIGRS Cantheh@ntrder , be
performed in other suitable is equipnent if desired. As noted earlier, the
conpl et e r&lE@Amr \argf copcentrated 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 step 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 to as the raffinate stream. The raffinate stream also contains Cs

hydrocarbons which previously occupied the void spaces of the adsorbent bed(s)

6



. adsorbent or I n severa

hydr ocar bons, or other |ight hydrocarbon, overhead fromall three
fractionation zones wll result in a surplus of C5 hydrocarbons and a need
to draw sQgw2@§716 hem out of the process. An alternative igctgsilbfy some of
the C5 hydrocarbons to exit the process in the extract and or raffinate
streans. This can be done by 20 adjustnent of the operation of the
fract i onat NERHFLWBIShJE has PABEEq)s d hisris esprent @{H??ml SPTEVINE Sty e on.
The use of w0 a r : I 1S anpl e
of this op?‘?poazgqm{aﬁ“géhihe\z/e a@e?tg%%rﬁéénﬁ%é}%ﬁﬂg%eé dlzgaﬁt(') n%gﬁﬁ;z Ogllér ects
this |ightitrateferradl tooira tisali dridse tiny daffinatd @oluroms ufheg raffinates stredmt isal so

reduces the overall cagpital and operating costs of t he feed preparation,
" Uhus. hel pi SRPAGIeHCH GUAMNA ! 5ics e cverifedch stipTeAf TiBR. 1 orRBds BaRBTon
step ofs thﬁre%h‘%‘lcﬁcﬁneoﬁﬁcr%?&rﬁlg?b%Eﬁé YFARS bidduch isi@af.! afige ohemheall

par a on a sw ng bed basis. However, it has
been foundsttdean isirichlint@d hydiocaropriseand ik cegyciedetas theaadsomptive sepatidion

| advant high i t d .. Theref. 3
comrer ci al 24l oM cdNBRHamY iioam SOmATsPs, AR ik &l oy of
m xed par aidimit SArafpR! fabfRficySand riphtetead angumt passéd Grfo BOxhRtieed

(SMB) technology. The previously sited references are |ncor80rat ed for
t hei r teacieforgiag zone pérfoorthanpreductiamiod high aetane Foetohduel eeamiposents

equi pngnt d hni ques for. 9. .W,Q2136716 PCT/1B01 /02U 12 operating an
SMB pr ces%ﬂ?%‘}fedﬁém?‘gﬁ%ﬁr‘?ﬁ?sﬁg’-‘e}ﬂ'% 3@8,833; US- A-3, 214, 247; US A- 3, 392, 113;
US-A- US-A- 3,455, 815: US- A-3, 523, 762; US-A 3 617,504; US-A 4, 006, 197

US- A- 4, 133, 842;'&:’%1%%0&:‘ ARgEes O AS%’!eFﬁ‘AfeFP”_Qﬁ_?Sﬁ Wﬁso%%ﬁrﬂpa@%e%‘@i ng
bed Operatd);?dbn‘M“Vﬁhaﬁ@ﬁ‘s.bq?d}elfrfS%ﬂB%g liH%'@Qoﬁhn})éaém?%grﬁayaggsf%ﬂ%rbﬁm S

and conditlon_s but which sinulates cocurrent flow o rbent and
li qui d i n portoad¥othet exracthsineamsol thaledseiption zoneUg- direeitys to 4hasted82 and

4,498, 991. | | L f h d i.an. ch in.th
bl ect 1 FIRRParoTRE Lot batyanBing Prostbih Sl B Rl pblisdout 20
to about Z5@ferred practicem imere'is SGtitRNA LY WhatdARAGNRETE el Steaht 8flline 1 to

Tenperatures from90C to io 160C are highly preferred. Adsorption
condi t i onsallvsthepieigatioatsifCs draerrbanp irethisimanser.f Thieqpassage whtha amtiret he

Bhout 57 KRR BBept S RIRES ind HSIpIRN Bl S BB @R8Rhy YR e

t enper at urregluessl thiy esstusfetha@sovestall predesadsio efiinirites Anglicaphalsand bp:e&tin[g
generally preferred that an SMB process is operated with an AF is flow

rate throuRPenge aidReeytrackcolema ¢fiihe peopadaMBaadsorpliveaperaration zeges: 0. 5
wher e [ I fCir i any . of CtJ and F
st he:}%f ;ZTJR %%&\%v?rgpgéﬁ%%@ a&%:dch%?attﬂ[n ﬁeths'%)bcfoggétnﬂi E%gﬁgﬁgéﬁtg?uﬁg no

si gﬂi fi Cﬁmﬁngiaaticm 'resmltﬁrirrllgpewer bﬁg frooesd. |h'ﬁhre: gassag;ﬁ;of aldEo]E aqmgllimsbﬁﬂwen
within the adsorhbent ck rs. t is, e adsorbent prefera remai ns at
the 'sane. (@S SBCREYL KRB IR IYREeL 513K Z0MGurs nEobURR - h9Std | DR and
desor pti oryeshisertdsfichaNts Nﬁﬁgrily,”nériﬁﬁalfy'dbﬂut 880 Irhfal péPaHﬁnsPéﬁcfj ALY

conprises silica
a good feed material for the cracking zone.

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

30 flow rate of line 1 to balance out the removal of non-normal hydrocarbons in
zone 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



al um na nol ecul ar sieves having relatively uniformpore dianeters of about
5 angstrons. This is provided by commercially avail abl e type 5A nol ecul ar

si eves prpgdugssidy the adsorbents group of UOP LLC, fornesdiyidogross Nde

Di vi sion of 2s Union Carbide Corporation. A second adsorbent which could be
used in the adsorption zone conprises silicalite. Silicalite is well

descri bed frastionate thecieffiinate stream of linest2 de samavel Gol anched aayclisparaifins.

Che ot Lo IS & b, AReafoRing® ow hPRiifa ik tarfite PElkeL Rl impogl] Lr
Si eve," 3qpiehtl frackiohal digfilationb coimnl 243 Wi Hunagtionnobdithier sbleschrhés abn by
reference for its description and characteri zati on of sj I icalite.

Silicalitdempvg thydlgbtm i Rydrpgarbensiang eptionally semecen alt Csihydrogaahonsy

i nt ersecti { 'Eﬁdﬂaf.

geormet Sl es Mp%ﬁﬁ% ﬁy?r a%#?@@ni\/éf r{Tﬁﬁl ca# }A?Hg{h%saﬁgr | Otﬂﬂ%

02/ 3671G Rﬁ@felraﬁy/a@a&téd fxaliow Dalrmp@themssolremaln Inethgrfeau to tHeeforming as a
si ze sel ective m)l ecul ar sieve. Due to its %:B numfree structure corrposed

of sili corZRox T his degree 0fi hydragrrbonsemayaly %ﬂ:ﬁﬁ syifiglent s

I I
S e g boR a8 ST hsiothBpciese 8t By B
whi ch r edyprecedse 'EhasaldyltnouabirmtwnayloomasIslyneﬁglsttoeeffemtsal TheyGe:G; oderiad an
dsorbent. Th ilicaljte i Th i t of
e hlfor A 14y o8 Sl iReling bR SEk oK B o
hi gh physiGgbessif qEngIrI‘ aRfoftioH, t’('hgt 'ré’fﬂafnﬁ? TANGS - m’éﬂﬁlaﬂi%' aARER L DRt ai n

the active adsorptive material dispersed in an anorphous, to I norganic
matrix or rbfmdnmg ferextls thve theapn@n artaﬁidpluamate@lgl t FférraeoveraIIIpmfoemabce afl ui d
to access dso tive. or fo Ny
pouder s 18 TeGuRAg GPER L L aBpmeven i ki PoRCGReTREY Bafivl naer
general |y jgs€£l ay conpri si ng a silicon dioxide and al um num oxi de, to a hi gh
purity adsorbent powder in a wet mxture. The binder aids in form ng or
Rt Ung ey be AR (el Envaliif, Rfolilo2ond BuP cBURE BIHRANBA<BE 8

ar e subsecmremaltizaiien zoned Gatalylnderefctrmlrag)m/descrﬂdeel il Bgrttd oﬁrHaarmItmophcnfs

bi nder of der abl h.. The ad | bound
PtoC] v edo R QR, A (7o edfion; WaRbee, Ao marS R diaerar el nodE "o
| ar ger masmpsreomiayesbry rﬁay%rﬁ@we@ld&ialyamoﬁfamgrr@ematmnpaerﬁd (’Eiheén Ty

thus be in the fornmof extrudates, "tabletsS, spheres or granules having a
desi red paemisiae or iginumpren & zebijte: rawha@%dt zgolgermihis zstalystcmeysbe16 to

per modb e TR I SRBGarytlg STz B . peHinBRRLN & BsadRetlor,

active nolt arF@ntI@e'relrmmmms Phrovitked dasloBhest 6)00H (240, d6,048)178 badi n Zs
the formof small Ystal S Rr esent in the adsorbent particles 1 n amounts
ranging 6 036 845. AI four of these references are incorporated for their description of

catalytic reforming.

Wm ch

A preferred embodiment of the invention, incorporating this direct passage

25 of extract to 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 C,y; hydrocarbons including Cs
through C44 normal paraffins and Cs through C4; 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 stream comprising Cg through Cy1 hydrocarbons; passing the second
process stream into an adsorption zone of an adsorptive separation zone

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



fromabout 75 to about 98-wt.% of the particle based on volatile-free
conposition. Volatile-free conpositions are generally determ ned after the
adsor bentywlasskagn cal cined at 900C in order to drive of f pafplipy@habi | e
matter. The remai nder of the adsorbent will generally be the inorganic
matrix of the binder presepnt in intinmate 30 mxture with the small.

bar 11 o1 o5 Ohantly"Sf PrCassabentlosalkd T e ushrpian rafe: fouiklhyA peligate

adj unct of cf B BHHMEGAG | REFESS Darfinkhanai hofdHd I 1RSaHR! from
t he intentlsonally in@?)grlr?)qetcg pgri i e?t%ﬂgo?n?hg gi irﬁgii?g Jﬁr? g pt"s
manuf act ur bydrmcarbibs) passing the it IpBode 2t icar lintoea desdrpiidnizonehepernatedni | |
appreci ate at the performance of an adsorbent .is _often at i,nf| uenced
by & nunber! JPopiRloFEnHBone epL BRI SeRRiaLPY oAl BashPardfishg
condi t i onsdeéSBdneLiream, aATRERVINY nERhIlRalfiRb Qfon@@aksmen@;aréé&tW%% bent .
The opti mum adsor bent conposition and operating conditions for the s

process ar €esorptien czanedpyieltban exoact sstraarb ezonaprising &rer tiragil Gramosiiaks .

nerei n i n PRI 4 CF LBfinscathatenih rat AMERS RS AT R8ER T
test the vihefidniomkoms igeN4 aRird Qrotdss saehirt conprsmgbent paraffihet grdiaied by
the weight difference obtained before and after drying a sanple of the

adsor bent UBDEEGAGSIRAM| ¢RIPRIISIBG das thHiough Suc Mesnaidaloparafiing anteri od

£t e ; 7 Oht . .
s pr o, reaeng Ht, REsCA MG B IRE ekt SFLE credl T o PR ST 2,
900C of | ezend bporated %t sieanpcrickingldonditidnisi and predueingetiaflehe.om 0 to 4.0
wt.% An inportant characteristic of an adsorbent is the rate of exchange

of the is desorpagh 6Phthé NeadtichbAsh £sHEROREABIoRd tiﬁethfee??’od‘ését Breteraplyer i al s
or, in other words, the relative rate of desorption of the extract

conponent . CaMpsises & sioglerfraational distilationdcelaant yThe fraptionatinnner spliting of bent

component 1o YelRbs AoBFEL RESL ol RIESRET vbipRERHES dbuf®! LM of
desor bent sguipment ncedesirddd Aenntted heaflier! atle ZsonGsIBRONRILove8Ndof Cs
therefore, permt a reduction in the ogeratln cost of the process. Wth

fast er rat BYdigcadiansapyotherelight hyslieearhennaverhead fram allothsee fiasieaatiot ough

th d.f | |
Cechinge SR PR AT AR i B S
mat erial s #iepulott bate prosesscAnwdlteynativeais tb allatvosdmd ob thes Cis diytitocdresrss t han

1 with respect,to all 2s extract conmponents so that all of the extract
conponent SNt I REAseSE da T, exiragt ATl g EiassieanI% Thi,sanbeslape by

desor bghnt & ehhaht t @Ctra SEURRIBAN I iSPl
desor bﬁt ﬁgﬂ?gﬁ%{“ ioﬁ'?lies etsrglgéjneﬁf tggsg?pt | onlagt %?&?JQFA@)I Eﬁ%gjzs,%gfg%ssued
to S. Kul pinberentynjessdesacti $emaratien.usthefuse 'opraesirhgle” flash ezones oo ehta

ot Bnded « IMURBANES 78R8 oo bEE SRR OE TR eptor lierndiiie: Lor rEleStf es °
t he car bonigenrlfie. r amiEe not ohiledfresd. th@ﬁgﬁt{ ﬁ?ﬂ%ﬁ@ 8N4 ufitablte hpdRRARASIH

chanber at a point before (downstream) o eed injection point. A
rel ated SMPRFWBIEISPrRgessdiviialsereducesdhasavesdll capital andugperatimaeostsef f | ush

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 advantages 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 techniques for
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1?7 WD 02/3Gr16 PCT/1BOL/!)2012 fornms a buffer zone between the feed and
extract bed lines to keep the desorbent e.g. normal pentane, fromentering
the adsorglyBRszeNe. Wiile the use of a zone flush requir @graAiRAE12
conplicated, and thus nore costly rotary valve, the use of zone flush is

referred in the ads on zones r r

8e3| red. | bpﬁfeglﬂg %g“& é[?&’ﬁ% maydie R%Hegﬂﬁngc%é%%ﬁ%énﬁ%&g#ﬁg%% g(,sovered
over head fr t rac | n i S 0

Coparate o T2 ) UBKA- TSN 488 B160 U Ao 08B, LPASSBIT SO A
conponent @f,008)897; kJSeIAGb‘rﬁBJMQ]tarttbuS-AethnM 951 e cAviffezentatype usfesimradateti e
zone flush strea Furt er [ rmati on on the use of. dual 0
onor bent o oM G RefairiRIRnRER cAB Her BTm eSS sinar PaYPETG SO s o
of flush s arn%%dﬁﬁms%t a}hﬁ&f ﬁﬁuﬁla&é@&d&'ﬁ%n@ﬂ@%fﬁ%ladéé%&t%r%%u&% the
US- A- 3, 715, 409; US- A-4,006,197 and US-A whi ch are 1 ncorporated
herein by raeiserpmme:hfambetrﬂa descehedm"lldStAr nd&aééloeﬁﬁé(ﬂnﬂ 4498981t echnol ogy.

For pur poses of this.inventi us t used _herein,are def| as is
ol 1 bwer A o1 cedmraing <ohdls 1t (8. 3ebfieln! Fne Sodore S Jubie
conponent s uWéiHh@ﬁ%&udémﬁ geﬁé\faf 'artéﬁﬁ)e%tm@mgb%f\‘r@rrb&b&ﬁ@@rtéta@@ub%(ﬂ@
process. The term’ ‘feed streant indicates a streamof a feed m xture which

i s passed ivwithofrenabeut G4 thabeld 200361 bring niefetrefn Terepgrabives sronnQ0°@xier act

adsorbad by'oDrE SRLORIE SIS BlsrRR RHFOHS e BT RELLETHY o
type of conppessidle tdufficierit tbepainth aleé ipredassafitsias memlqul'cﬂgshats@r Whicte seeyobet
material" shall nmean generally a material capabl e of orbi ng an extract

conponent ff i abrUt,ARRRIPORIIC  tPhabewl &7 KBar (GO RsSig) r dapgorption ieanditioas e
t put st t d
Promthe. acenerdl e Besietens Netftetatufbel BhUESErE U HEE ol SdSSHRURS

gonpo; iti orconﬂntlbhls It3s Henaratly @lteifeagg gl;at an?]lcSMB Ipmnevssaercop'eadtéd/ 1\9&’00% AF
esor bent teria S ntla rarri ate co e ter
extrads sTPUARRISJAICUG: INeCRISHPIAN 281 i ine Aiearh TGS PLARPI 1 ihie B0k
extract ”atvﬁfférﬁlA iSHeE DollarR, bl%g@ BII_dtﬁﬁ;%Té?i%H" iy s@le@(ﬁ;\?é)Pﬁl%n\t/olﬂﬁ'FeeéﬁcPF is'the

renoved fromthe adsor bent he conposition e extract stream can
vary from deatfiowabtey Thequacticsof e suljectriaventioal retuiressise sighificagt isdiation

AT Tt e N T e R LK T S R
distillati thaWsJ,Wﬁ@%ds%@h?p@erbﬁ@%n@w&oéttt'h@r!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 incorporated herein by reference for its
description and characterization of silicalite. 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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of desorbent material is recovered and an extract product and a raffinate
product 13 WO 02/ 3Gr16 PCT/1B01102012 are produced. The terns "extract

product” wWody/seAkfi nate product™ mean streans produced bypE{gRiREASS
contai ning, respectively, an extract conponent and a rafifinate conmponent

i n higher concentrations than those found in the extract stream' and the
raf fi nat e ®i$.edhisDivesiclioalite grrat selestiviynas arsiartslectivednalReviat sieyer &R s may

be rich in t.he LI 0 | v CONG:AL: A: LRAGT

concent raﬁoo'{r]i;. aﬁlj"ﬁghlt’@ﬁf:ﬁce' g?@#&%l @W%ﬁoﬁﬂ‘%ﬁ ‘%'g*'@%%‘ anéﬁ't%ooﬁo%gn rtastnoown of
the i ndi cajopdexechangs behavioc | Fas siicallien® aohd zegliteaSilicaliteds alsd descabesincent .
It has becone customary in the art to group _the nunerous beds in the SMB
adsor pt i onUeHinfo2P8%, 14t &2/ Gedfband &QM.Th%ad}asiﬁa!Méelﬁieo@é&atmn@o
and t he adufichdbBethelodiélyto SARAT ot Sifdihe 17 2haf s BELEE AdrbgRe B T 0
st at i onar yugghassiliafiteZiemot prdiegedres surrounded by |iquid which contains the

undesired i somerlg.s), that is, wth raffjnate. . This |jquid. s ther’rpved tfrom
the adsorbent | FSERIVG |compainent of s assomast s Marmalhy kisgeiB. then/oeo
urificati ; | HI i r@m : lEai e om
!to he void vo dérrlgn%qd@ﬁgrég%ésj@ggﬁgtm@%gﬁg@bﬂaéﬁ ri aﬁaml&@ﬁﬁif&éﬂgg?%qﬂd
separ at ed &gglomenated eontainl the aptives adsdrptive avatedal adispirsed lin ani anorpghougone

11 of the adsorben .chagbnﬁrs) t he c;‘%éi r@d iqs)orretr i% rel eased f%@mﬂth _
adsor béht  B9rRAR T QhRINART VNG TAENgs g eitef TR ML 8gRIR AU b i | e
phase) . Thg 4R adSESPiRAMaRIER MRIbdSForfNRAIAL PEstAIRSE hERAEISARRD |

renoved fromthe adsorbent in the formof the extract stream Zone |Vis a
portion of sudieaggloordsaies include dhie wsiditionnofzan dsongaaisdbinger, \geinerallysa Wi t o

The. ageor snbeayg sshaionds A0 BumnGRRRIAET: odia BhirdcsdmeREREen: o ot

the feed sirgagbt Miguld.auTke bireler tdids i HorARing drVaQ?Ioﬁfe@a/tﬁ@t theC eR/sedliirigat i on
of Zone |1l by Zone I liquid by flow cocurrent to the simnmulated notion of

t he adsor bpaticiesomlberdendad clayadgornene mixtuse wpal benoxtalgr i cxlingdriceh of

et on of PHIRGS Rr Tt F BRREs WL AR Ui alEnfr SRBEN B FRICICEOARA, o
The terms thepslayetorianaachorplouss bingier'ofacensidareblee hichahioal BrengiBo Mthenal

sense and are interpreted based upon the overall direction in which liquid
i s flow ngadserbert HiayYorlsere bieanddpto rragularsshaged pgdickes foryed dhaispiay

LavaPene VIR A ERGRUES ol npshed aBhaenty SharBisepheyy shesiash

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, water 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 to about 98-wt.% of the particle based on volatile-free composition.

Volatile-free compositions are generally determined after 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 silicalite 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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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 extract stream for reuse in the process.
Exchange rates are often temperature dependent. ldeally, desorbent materials
should have a selectivity equal to about 1 or slightly less than 1 with respect to all
25 extract components so that all of the extract components can be desorbed as a
class with reasonable flow rates of desorbent material, and so that extract
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
“prepulse” of a desorbent component in an SMB process recovering normal
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 technique is the use of "zone flush." The zone flush
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S 10%%(‘)( & égécribed in terms of 4 or 5 zones. First contact between the feed stream and
the adsorbent is made in Zone 1, the adsorption zone. The adsorbent or
stationary phase in Zone | becomes surrounded by liquid which contains the
undesired isomer(s), that is, with raffinate. This liquid is removed from the
adsorbent in Zone 1, referred to as a purification zone. In the purification zone
15 the undesired raffinate components are flushed from the void volume of the
adsorbent bed by a material which is easily separated from the desired
component by fractional distillation. In Zone Il of the adsorbent 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 IV is a portion of the adsorbent located between Zones |
and Il which is used to segregate Zones | and lll. In Zone 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 Il by Zone | liquid by flow cocurrent to the
simulated motion of the adsorbent from Zone lil toward Zone 1. A more thorough
explanation of simulated moving 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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stream comprising non-normal Cs through Cg hydrocarbons and
optionally comprising Cs paraffins;

c.) passing the first process stream into a desorption zone in the
15 adsorptive separation zone as at least part of a desorbent stream
and removing normal paraffins from adsorbent present in the
desorption zone to yield an extract stream comprising Cs through Cg
normal paraffins and Cs paraffins;

d.) separating at least one of the extract stream in an exiract

20 fractionation zone into a first extract fraction comprising Cs paraffins
and a second extract fraction comprising Cs through Cg normal

paraffins and the raffinate stream in a raffinate fractionation zone into

a first raffinate fraction comprising Cs paraffins and a second

raffinate fraction comprising non-normal Cq through Csg hydrocarbons.

25 e.) passing at least a portion of the second extract fraction into a

cracking zone and producing ethylene.

2. The process of Claim 1 wherein the first raffinate fraction is recycled to the
adsorption zone as at least part of said desorbent stream.

3. The process of Claim 1 wherein the extract fractionation zone comprises a
30 flash or rectified flash separation zone.
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rocarbons, the extract stream comprise Ce t roug 11 normal

paraffins and Cs paraffins;

10 the second raffinate stream comprises Cg through C41 non-normal paraffins
and at least a portion of the extract stream passes directly into the steam
cracking zone.

6. The process of claim 6 further characterized in that the first process stream
comprises both Cs normal paraffins and Cs isoparaffins.

15 7. The process of claim 6 further characterized in that a portion of the raffinate
stream is separated in raffinate fractionation zone and another portion of
the raffinate stream is passed directly into a catalytic naphtha reforming

zZone.

8. The process of claim 8 wherein first extract fraction and the first raffinate

20 fraction are recycled within the process as at least a part of the desorbent
stream.
9. The process of Claim wherein the process for preparing the

feedstreams to a catalytic reforming zone and to a steam cracking unit
producing ethylene, which process comprises:

25 a.) passing a process feed stream comprising Cs through Cg
hydrocarbons including Cs through Cg normal paraffins into a first
fractionation zone, and separating the hydrocarbons entering the first
fractionation zone into a first process stream rich in C; paraffins and
a second process stream comprising Cg through Cg hydrocarbons;

30 b.) passing the second process stream inio an adsorption zone of an
adsorptive separation zone and selectively retaining normal paraffins
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