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RI NG OPENI NG FOR | NCREASED OLEFI N PRODUCTI ON

BACKGROUND OF THE | NVENTI ON [ 0001] Et hyl ene and
w@e@sphase, |ight ol efin hydrocarbons with twoPOr/Ustweaes7300

carbon atons per nol ecul e, respectively, are inportant

chem cals for use in the production of other useful

materials, such as pol yethyl ene and pol ypropyl ene.

Pol yet h r r
commn BEGINREE R RIS EEAIGLEHE PRODRCTIRE
variety of uses for, for exanple, a material for
fabrication an [ Lag. O her
uses for ethyl %\g&mﬁ%@mgi%ﬁe production
of vinyl chloride, ethylene oxide, ethyl|lbenzene 2%%
[00013] coFibllenseredipropylersk ik olebin hyglraspapens With W giFe LAPGREIOmS per

duces. i al . . .
o AR 5 RS LB 538, At s
mater?a!ls‘? fidh RpHBHMEIAR and§diyHepyIeiel Palyegdtene pad palypopylene are two of

I qui ds, "and carbonaceous naterial s including c?al
the mp® cyminen phastiss fovsd oy usa igday ephhave anside vaEgty ofppses for, for example, a

e RS SUEA B AR CRIPLL P opycs
incluRANVBRNu Ron T il yNYEDAAON L RAO8Yidd et Mseds@atant alcehsli Steam

I's a process for converting a naphtha feedstreamto
crackiniggbrtpyodlgdis, g hydihearpme peskicessssentinllnalkof the pipylenc and propylene.

separation uni.t L C e es the cos f [ L
HydiaRinas oo s Kb el TR Ry PR Py AL b Beom tauias,
and cdiBEnREOGEA SR Hfififhgrohll Fetjcl®d PaQRS of hiye@FarGoMmaterisl. gn

primarily n-paraffins, and a second process stream

impofiaitddsiregn namapbthatdedsiseamorkiclbismsodurkeé dyineohel frastispatian of crude
_ streamis processed through a ring opening reactor
oil. that hydrogenates and converts the aromatics and
napht henes to paraffins. The paraffins fromthe
adsor pti ve separ SUMMARYORNHE IN/EYHKIYenat i on ri ng
openi ng reactor are then passed through a steam
[000%5]" 2C KB gréégﬁttin'tfé?ltiﬁﬁ @éjélﬁflécésls ghtt coaketing 3 naflhs feedseeasasto light

I'ncreases the yield of light olefins froma naphtha

olefirfse eltetprecess ushan prsrpss sapyraiept ﬁlr@ihyhircy redicey the copiot separating
o R T ¢ U YA R RG, T e s Sis S BTyt proces

strealig]rb?)e%ﬁ%ﬁl Ig?g%:rgg tpapdrihd, Andh Q8idak ippdbesd A conipridthg non-normal

s of the present invention, a ring
hydraagstineg The agdoad presssstdaas prpdesserk thaoughsandng epepig reactor that

o R b B BB s o o
kAT Y1 O SRRyt orept s v

stear$ €ALkIng vaitsd eeutuce AgttiohginanThisfrmoceshimcpraseibe yishl afflight olefins
ight ol efins. The iso-paraffins

I re pas ed ta_an
fromjasepiaZerdsERiTanithe PEPCSRARSIPERDY BRIUGE 1p passing Of a py-gas strcam
generated in the steam cracking unit to the ring opening reactor to further increase the light

olefin production.

[0003] In an alternate process of the present invention, a ring opening reactor is used to
hydrogenate and convert aromatics and naphthenes to paraffins producing a paraffin stream.
The paraffin stream is separated in a fractionation unit to separate the normal paraffins from the
isoparaffins, where the normal paraffins are sent to a steam cracking unit for the production of

light olefins. The iso-paraffins are passed to an isomerization unit for the conversion of a
-1-
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- 1 -portion of the iso-paraffins to normal paraffins,
and the resulting mxture is recycled to the

wa@ad®sHopt4don unit. The isonerization unit furthBCT/US2004/037300
increases light olefin production by increasing the
amount of normal paraffins recovered fromthe naphtha
feed stream [0004] O her objects, advantages and

_ : . ; . : 1L .
port1§g gg {rhggéd—?%ﬁftﬁ%s td ng&#’zﬁ l‘f)%%ﬂlﬁnﬁi', %&ﬁcﬂﬂ{e 'rééﬂ%tir’ffg nr}lntxﬁgg Hecycled to th

hose e art
adsofpeioh @nitn T 'hd édomidrizdtictesit fuptheoincrebivs BghDHSERpEOuENOPY increasing
THE DRAW NGS [0005] Figure 1 is a sjnplified process

the amoypf of negmahP A ABRS FRFoNFred foBdihgBARNthy feed SBBRTRT ng | i ght
| efins f ht ha feedst 0006] Fi 2 |
[000311661:@3%&?%% cniaccs P&fﬁfg&nﬁi&éﬁ@g% thggngfqventior: will become

. e . . . ' . ht h

e S S S i
showi ng an enbodi nent for producing light olefins from
a napht ha fee@ﬁfﬁgé?ﬁs%ﬁpl'fgo?‘ri@]%? %Bgé’m@st he

feedstream through a ring opening reactor; [0008]

| [0008] gurtegute ilSs asingllified prtcess flovcdiagram| sbow digag earhodiasat fy producing

. .an enhodi nent for producing light olefins froma
hgﬂﬁ&ﬁﬁ§%§n¥%@ﬂ%@?ﬂ%ﬁﬁuﬁm?1e first processing the

f eedst.ream.t hr h. a ring.opeping reactor: 009 :
r0008f g1 156 88 P4 & v e SoB L gp SERGuEE sgpiip for producing
lighti@fnk Aond & R4Phtha¥eRliBanf eedst ream by processing the

feedstream through a ring opening reactor; [0010]

[0007] QUIEBgGe BSs Qﬁr&ﬁ@%v&‘@ﬁgra@fshb@ﬁl%laﬂ\éﬁmi)tlﬁxﬁbn‘l\/fdr@mducmgeight
depentani zer; and [0011] Figure 7 shows the product )
olefignirposi ntaphtha feedstraalns whila firs peosessinertbateedircapptipoughEpring opening

DESCRI PTI ON OF THE | NVENTI ON [ 0012] The great bul k of
1eactohe et hyl ene consumed in the production of various

asti.cs gnd rochem c S | e i .
000} 255603 o R SR 5t A BB or procuin
light kR Frony S h e e B reh STl Brstfbekdivg thefesdistiédnthirdigh a ring

feed streamto the cracking reactor to reduce the

opertmygheadtan, bon partial pressure and enhance olefin yield
and to reduce the formati on and deposition

¢

[0009% bdFigere Sus simplidied arocpss ferEouciedigh oleBiai fipms naphiga feedstream
i s theref . {

by P€$§S§%Sgﬁgé Be sl Globe HBBobT Rk o5 T on of the

o B 15y AR AR SCa R At peMiennr

013} uﬂaw%%?Eti}?%ﬁd&e?c&]?ﬁﬁ%ﬁ%% 88hnpllAR ke s-

- The nor na ing o rocar bons endency to
crack to Ii%wt olefins is nornal lﬁ( 1gliEven as
ETAILED DESCRIPTION OF THE INVENTION

[0012] 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 mixed with the feed stream to the cracking reactor to
reduce the hydrocarbon partial 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.

[0013] The composition of the feed to the steam cracking reactor affects the results. A

fundamental basis of this is the propensity of some hydrocarbons to crack more easily than others.
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normal paraffins; isoparaffins; ol efins; naphthenes;

and aromatics. Benzene and other aromatics are
w@arosioeuB@r |y resistant to steam cracki ng and PCT/US2004/037300

undesi rabl e as cracking feedstocks, with only the

al kyl sidechains being cracked to produce the desired

product. The feed to a steamcracking unit is normally

oo oot o P SRRAL R X8 DL R XOR B o
normial pREFIRG i3ophafitsf Hlefitd; hapBhdhenana@u@nlatiss Biasincahl ether aromatics

feed conponents, such as naphthenes and aronatics,
are pirtiowtrthssiv@aiotsieammaraskite adtundesimbla s eafifag fesHstogisewith only the

hydrocarbons t hat. are. nat. the. n ' . .
o RS AP A5 SE5 e PREALLI 5, 638 Bcing i
is noAYAAGAKRRE 8f BRIModAELOAR i hottbyl thps Gfeydidrarboa@dd tabén number.

to the steam cracki n& unit. The present invention
This pamgajy teeeltsan prhsgsisry difficuino semaratglessesiptipriner ¢gmpppents, such as

RO e e —
are ng@tﬁg 25mEAPAEAING cBl BTFBE KV Sllvehdbkirae86n Baddbiptién. These

I verse and can be chosen froma variety of petrol eum
hydréaagmin carsbe Upigeadeé uisnpreenthe eeddiecksa fjessitanpeioeldsg unit. The present

: referably has a_.boili int range .fallijn i 1 hin.
invertio8 TRAPIRSAPBGP [oh GO BT g tPestgmets <3¢ iphthgBs b bitplfing and
sepafalify ge{rﬁi?ﬂs I pas i th @K aslciRRIALGARS NOt contain
appreci abl e anmounts, e.g. nore than 5 nole % of
[0014)y AT OGRQQABBeant o LB SAtIah Mt d@eR qBite @RBIst and b be chosen from a

subj ect process is a - Cfraction produced b .
variety afgteiroleai fficons. The fesdstshmeo Medtbieetaupeeds pl@%lqr@hé hap a boiling
. fraction. Hydrotreating..s desired tag.re h
poinga TR it D6 GAN BRI LT PR 'ERE R8s aity - igE pefemed that the
l L SR ARGIIERLERBA tALA ¥ endl€ @ of §1,dydrocarbons.
:kedgﬁﬁﬁfgggpﬁg%ﬁﬁgkay5nﬁrising 03] Fﬁrough 9 o sy '
A reprgstmodiae fred stredfine the eubjeut bocgasés @CabCy frestien progaedsdyy fractional
. .nunber. range of at |east three. It i.s within the,scope ]
aisiiion g b PBEred melfCRb o A ke el P s B BRSulturand
nitroﬁérpgo%%t gptﬂp féeﬁ%o%'tgﬁ&degﬁibl% h& eRe A\t &Ind rBhrEintative feed is a similar
ydrocarbons.In this case the |ightest (nost volatile)
fractiondoopasing @5 throtgh Chhydyahadwas. e deedavidl prefemblythreae @ darbon number
into a streamwhjch is usedf%s] tbhe desorbent in an.. th
range gk g96} eeeslh s shin 1¢ S£epROr thind ch@ﬁveﬁtwaéﬁatébﬁ feed stream to the
| iBeA! - i lightest (most
B T e
volafidRgiodri@ns,@he OF hydtolsaoisams ansoncdittiased inght stfermovhionis used as the
w Il contain a variety of hydrocarbon t ?es, byt
desopheat iaraatsHsoRb R AP#TALIQH Zqng akiie lht togeai I 28 Biggesorbent
carnbo . ] i 5 CxorC
L T
hydrb&eblsils I Biagi ghttfekcsor Wl (Untie s Saridy oliglirddarten Tghes THue preferably
feedstreamis passed into a first fractionation unit
cont4ios atTedss 99 makth ofithe sasme earban mbes a distillation unit
and is des}i@gne_d and operated to functiagn ats%]? .
[001§E pe in e papodigisat Hie Riecephis SRR Figuhyhd Ao REsehha bailige range
firs . i i . i .
ety e PRI RAAT 21, 08 LU b8y B Ccsonstion
unit €82 Thid Grat fisradehuhit D@iskedistiMatiehunit and is designed and operated to function as

a depentahizer separating the entering hydrocarbons into a first process stream leaving through

line 14, which is rich in Cs paraffins, and a second process stream leaving through line 16, which
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- 3 -conprises and greater hydrocarbons. It is
preferable that the hydrocarbons be substantially
wo 0059ed3d rom t he hydrocarbons in the second pPOT/ESH04/037300
stream as the C hydrocarbons are to be used as the
desorbent in a unit downstream of the first
fractionation unit 10. [0016] The second process
r .
com e gRAER Lt 2 ISR A SRPE MLABALbe sosanily
remosad frabl the hydrecarboat in the apqond pracassestiban, dshibe €phydrbéacbons are to be

situation of the process. The adsorption unit 20 is
used @y Fhﬁrffe§<§ae%fn AU RowrstEaE of H@rftrstcfaqsg%aé@a ugst 19.

| ecyl ar si.eve or other appr.opriate adsorbent for,
[0018Hs o Hier e AFORESH HEHE 1° RES RN s erafsparation tnit 20. The

ot : . e ' N
adsof S8BT SAAANNAR of By SidaDIE o thar WihorRo figfor the specific
situatidis of the iporwessniThe adsbhgionemitr?d ipcan@issd of 4 badof alsorbent comprised of
eparated in the adsorption unit _ 20 by the sel ective
amolgglsF PIEY 0P Q4bd aPRIPBTAIP ﬁﬁo&e_nmf Aorhiad laxcg?q%bqnﬁ- frgmiples of
suitaﬂlggﬁg ﬁ&{]seﬁﬁg%on-rﬁﬁts ﬁ'lﬁjcsll?([e? Bﬁt%@e mﬁ&@ﬁﬁ%ﬁ't&%w@ﬁ%ﬁrﬁs& simulated
under goes ah adsor ption step, erei n select

movin@iead adsvigionfunith eTixeeond] poase sitcast is egrracdinahks adsbapdion unit 20 by
onto the adsorbent, and followed by a desorption_ s

the SqREIS; HSURUTSEN GBI MOBHR PO RN deSPRHOR Pishn i dsorption
. [ . 1
sopafif3R pREMsniledah 8% ior 16, HGREH ElbchATBARGGA: B f: sccond

proc&¥Q sFedm pradédrbétsont® theiads@bert,v@d dclfowddesyta desdrptiomstep wherein the

desorbent is passed through the adsorption unit 20.
selectegieppiponerts #rg despabaddean ghe adaorbendp In thisecapgs thegselected components are

raffi re s rat om t e t
e o 5 SRR O P SRR MR S5 Asoron
until GQFPEBETH i SpRicdithougietends@pasasst i r eam are non- nor nal
hydr ocar bons and pass through the adsorption bed
[0017af fRairthe ddverphion siep) thethodiy:dl paatiing aresepassd Gioin he second
the adsorption unit 20 as a raffinate streamvia |ine
procezs streay B pdsointion gniortbe adsegicpt i Bie remaiginggompeneepf the gecond
del jver to the . a rption i i:
proc i s B8 kARt lte bR O p A ratecte
The RérRRG A BEdrvditsdhs ?Eﬂs’% Riuof the bdsoffit®RluaR 20tk @ rdfaaME effeam via line 22.
normal paraffins fromthe adsorbent, resulting in the
[0018pr mebureny thé dexbrpeish k@pfa ddsoidandis délverxitts drtadsérpeaunit 20 through
conpri ses through nornal@&ydrocarbons and a portion of

line }andpasses Japgehiae adsogient i hedgsasbesy Bes preperties which enable it to
. -h . [
dlspla%e%g gga[\}?%?%%% fﬂ)%aﬁﬁe%sr (hté%h ta%ig(gggerlstﬁ ééﬁ ané gg%éﬁ%ﬁ%ﬁt%ﬂ 8hn extract

streaf, alel e} RAétis@Bank Bbhprds CF e oS00 fofnia Gl iebabbndaigortion of the
30 is also referred to as the extract columm. The

desohsgomatefiglagtin dracasorCuidrocaops, Hessixgaetctrasd lesyes e @dsorption

. epar,at e the d bent f .the thr. h [ e . .
unit 30 REe % R Ao Hekor et B0 b TH Y pgionation
unit 30 RAUIQBRBX i RGhe Sltfa@EIOIEhN.t THOIBEhdRABhatRAALTI0NS designed and
The desorbent streamis recycled fromthe second

operfited tet Separateithndagaibentdom Hredesghrougln €1:3®mel panating, producing an
dsorptjon unit .. The extract str I S sed ,
over]?q,??i 6{&}8(}{!)?@ ﬁtéeagahar{%%l léo-{lg{rgg rgc? g&m 8F gﬁh{ougg?ﬁq-ﬂ%tmal paraffins. The

desorbent stream is recycled from the second fractionation unit 30 through line 32 to the

adsorption unit 20. The extract stream is passed through line 34 to a steam cracking unit 40. The

steam cracking unit 40 is operated at steam cracking conditions effective to convert the paraffings
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steam cracking unit 40 is operated at steam cracking
conditions effective to convert the paraffins - 4

WO R0Us04R36t r eam conpri si ng predom nantly et hyl BEIEUS2004/037300
propyl ene. The ethyl ene and propyl ene streamis
renoved fromthe steam cracking unit 40 through |ine
42. [0019] Wile the overhead streamof line 14 is

ot RERE AabRG B BUSBBH P el y RARIE; SRR Bbigpt IRt propyiene
streard GSRIHBES frORARSsibRALraSIAAB A 46 MRotAIREIAGNt NUSt be

rejected fromthe process. One optional way of
[001%I Ve RGhS §P@hall strklfn SBIHRI 188 badséd foQhe Ad¥Brpiioa aaf 20 hodesorbent,
ave a bleed line fromthe process through Iine 15.
the cqn0i0R20]s Proeess aff ¢avatyend reayeling qfrdseriberd mpgns gt some of the desorbent

o §E S FahRoshe BRESARl R BRs o 8 o
proceBd B3RS § ;s blRd A frbRahepdtdse &ifolidh 1aRers. ng t he
napht hene rings and converts the naphthenes to
[002002r afrhé ReFfindte @t?@ﬁﬁ,?fdducdd"tﬁlrihig A eepiiogsteacpasedBrough line 22 to
i ncl udes hydrogenation for converting aromatic i
a ringepepingiekstar$On Iphting ApeningHpatehprpesssas s TalEnaiestiepa by opening

ri openi ng, reac 50.far the hydro | :
e nigloR PER° AieBen o Beniapss 0 Bulis? RRARRb] g RE opening reacor
50 inQRES HYBrdeRRGHR For@nb&itihg HBIahE cSthRAMIS taiphthgndsn Hydden is

The steam cracking unit 40 generates hydrogen as a .
supplindip detuidig efeninigeeasta SR iforghphysiregenationn Orsoippecetob ydrogen available

napht h b tl d by _the i i : .
to us LAY Y8 SOPE PRI b RPRYYs Baup orecLge b 2hs B Reking uni
40 ge‘ﬁt@Ita?és Yl%lrog\é}\hs & é_’l_lﬁh}Ip?écM% of IRLer @R MBERE TheconabliddyaipBthenes are

stream fl e ring opening reactor 50 produces a
subsaqueglyogpentdioy the ciog spensig eéatyst.nBbe pagepeningireanteyH0| copprises a
52, The ring, openin rocess stre can.be. passed to
el g AR P 565 AR S R eor s
il i SRENAMG: PR YA B0 lideI$H2 Tin bfiflg process
pr"d‘%%géﬁ}h%g%g?%g glgbésétgream canl&i ncl udgg}mlet hane f}éﬁ%ﬁp P
streaiepe bdipagedto thhetean npoking i 40 fortchevarsioh phthe pargtfinsserpthylene and
and the reaction conditions of the ring opening
propylgRget or 50. The net hane takes up energy and space
ithin the stream cracking unit,. .and. can i rfere
002§ ; p Pramecpssine piecke agr Py sraLaugf BRI GHlp frirgtfis on the
com%ftﬁﬁlﬂ)ﬁ #eRfhRUERY 48 tditadtiondusdition FtheidydRARge reactor 50.
en the conditions produce nethane, it is desirable ,
The methasnmakes tphmergytahd sEack e thinethp stssimeyatkieg wih gndernriniegfere with the
process streamto t steam cracking unjt 4Q. The_.rjn
steary, GBAKAG PRICEEEE @Wagg?ﬁ W tﬁﬁ%@%ﬁl H‘?%E?&he Plioa%“’é’&? o gihyfne. When
b3k felth LéhndVeahd infiahd Bifordabsitihe 1
the C%E&éh%ﬁ%r%&%rgg%étaﬁ%’gﬁsgﬁ&lr?ﬁi t 60 (gs‘;epar ates t heor irﬁr?gsnﬁéq °rne
openfigeitbddgs fircaneteshesdt¢amprradliinurdt 4fbt Teeningipesngparedssestream is passed
paraffin process stream conpri si n% .normal a

throvgg ding 3¢+ 40 #7 ARonTHemeiianizak ot iy rActianationyyi 380%? fhird Jractionation
. ro l4 f.fi i e

o B8 AR S 400 v

streafrQ2&]risTdenosinelcdi Gsoasaeiftifs. UMet meétfane shreard ds teimmived overhead through

enerating |light olefins, generates a byproduct : .
line 62, and the paraffin process stream is passed through line 64 to the steam cracking unit 40.

[0022] The steam cracking unit 40, in addition to generating light olefins, generates a by-
product known as pyrolysis gasoline (py-gas). The py-gas is a mixture of light hydrocarbons and

includes benzene, toluene, other aromatics, and naphthenes. The py-gas is separated from the
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known as pyrolysis gasoline (py-gas). The py-gas is a
m xture of light hydrocarbons and includes benzene,

W odosmemE30 ot her aromatics, and napht henes. TheP@U§HS4/037300
is separated fromthe - 5 -ethylene by a water quench
stage. The py-gas is passed through Iine 44 |eaving
the steam cracking unit 40 to the ring opening reactor

) ] o . = _
cthyfele bY A5 RY JOARNSFRKC TR BIVHEER: BBkl kB Bling the stoam
crackiag dsitt #@ eomhe Bink geingfactbr §0. ONRSS/-gak d&23nglpidvides an additional
. raffinpate streamnay also contain sone hydrocarbons
increggg @rhe, Hghtioksiin ryfoéwgl% frapn a nphiha fepdsiprErid the prepgat process.

sorhent bed(s) through which it has passed. . )
IOOZ%ﬁt i oﬂ?ﬂ TpffinaterRirepngmpay A0S OB RN RRRe S YGEPCREoBR Which prpviously

‘ ‘ . . . pef :

oo ALY SEEEPOTE QLA 0l SO RE A 22 gt e
raffilhesticaut ¢an Herpasdet amatduah frabiidnatisn anitl@e stica) beforapdsing the

for separating the C5 hydrocarbgns that are passed out
raffipgte pteranyigdbe PRg epening reacke 5@ thhe fopthfzactippation ugit isydgpentanizer and

T p ) . . o
o of RO HB 2 RF ORI A0 b PRI st G
raffifl& steeafdYel helfy aitio Grastianati @it unigpiodte £ Ci Siclp agatwhioh idrecycled to be

ring opening reactor 50. [0024] This systemis usually
reusecpds thydesortgni 8¢ pesnah HEbPBEIRn stisrmavingh is passed fpdhe Ting

the. can be run on a continuous basis wherein
Opm¥ﬂ%w%¥&; "and second process streans are directed to

Lt . el . ¥

o028 o5 B BTG S5 s b ERLablBSuch e sysiem

can beve Bhia@ontifuchib Bidls Wherkin gt frsPandAscomdtplodeBestienims tare directed to
__enbodi nent, a naphtha feedstreamenters a first
differgn adsogheat vk 20t diffegent Hogtigh |1i ne 12. The feedstream

i.s split. into a first process stream conprisin )
[002§f i maélil riereaie RPRPERAL RS Presp! MyeRUMndR oD ipdTae 24Aq with the
s AR, 01 QRSB ERI BN 50 BPAGYIN 10 st ine 12 T
feedpifeands splittifit® @firktpro@sseam@omprisidg oriplatibnCslgpascatboanleaving

unit 20. The adsorption unit 20 adsorbs the through ]
throygrling| 14 pandes Jerord RiRerspFtatceepasinge thigpsh G rhydracarpans leaving

t i W i rst. enbodi .
o B, AVl Rt it baro e AR RTBRM I thy 0. The
adsofgtioawgh 20iadsorbdhe 0); AetUESSC A Rodud] haitfitahe PRodUEEEY faffinag stream

through normal paraffins and C5 hydrocarbons. The
that legyes Alarpugh kesdd. pas with thedirghegborimrat, 2he figst progese giiepm enters the

I [ i on uni t..30 producin third process eam
scsoik AR ERA B HRl Bl 1 MBS %t S n PORBR B e b8 .
norn$ pABMnG AW Us By dBcdrbéhs! Mhobahch@fdR paiak airbiglSline™0 a second

third process streamis passed through line 32 to

fractiongtyerl enit Heprogudiygia thirdmieness siicai gemphising thedpchyidhasarbons and a

oA S BN S BOE R =T s o
is pa@@ﬁ\‘@lﬁgu%}f)lilﬁa 33 10GeSRRIND5 hfR6dLbom ds d¥deseat, And R fourth process

raffinate
stream is passed through line 34 to a steam cracking unit 40.

C (D

[0026] The raffinate stream is passed to a ring opening reactor 50, wherein the raffinate
stream undergoes hydrogenation of the aromatics to naphthenes and paraffins, and the naphthenes
are converted to normal and iso-paraffins, producing a ring opening process stream. At least a

portion of the ring opening process stream is passed through line 52 to line 56 where the ring '
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stream under goes hydrogenation of the aromatics to

napht henes and paraffins, and the naphthenes are
w@oemwsest4eed to normal and iso-paraffins, producP@yus2004/037300

ring opening process stream At |least a portion of the

ring opening process streamis passed through line 52

to line 56 where the ring - 6 -opening process stream

IS recyc t.o_t ion uni O- I
orenl A B 0005 BbERaH T 28T e e 0
genchai@-apaikaié bNformaANghdieS-Yehifig, dnleedytgy 0P Rk @Eeﬂaﬁgp@sas stream to
streamto the adsorption unit 20 increases the .
the adeasptiaarupit0 ipeseasas theaecen ey 9§ nemnab aaraiting t@ Aess @ Bgieam cracking

. ackjng unit .40, £ he process of r ing . the rin
anic G088 B B Bscor e B o o PR DBl SERAF il d B of
iso-pafffifasahd biithe ﬁﬁgﬁﬁnﬁf% pro&s$ $tREmAP BiveRE] @ Ik $Pactd thesigh line 53.
is diverted to other places through |line 53. [0027]
[002The ShtRataml aedkindnit it créiesyaat edidhis gparatdt fedmitlse light olefins.
separated fromthe light olefins. The py-gas is passed
The pyrgasig Rass¢chi@rongh dige g éo the mige QB@M&@W@%\%@ athenythe prrapss

t he - IS drogenat ed .and_t t-he re
B R R
gas iPYRRBSsstBtoe6EERA M e sREmM @&k oahit0 tb fatet 6Rase the light olefin

cracking unit 40 to further increase the light olefin

yield/fragh thefnaphtha fesdstegent ha f eedstream [0028] The ring
qfening process stream nmay conprise sone nethane and

[0028] ghtTheyhespering REPCETAUEHR B1ay KowRYse SPHE heth#eradhight ydrocarbons
ene d-as_a.result.of a [ e} f .' .

2 BRI R P Bk e Bl A AR o Bl AP} Btnate srcam

compdsitn® BERNbEatin@eh@fiofbf the riffedfRame réft@s0e Mehetandih generated,
met hane may optionally be renoved. Renoving these

the rhdtigine nimydptiozallydesemared. Repwying thgse dight hydtdvarhengiang especially the

i nprove the effi.cienc f the adsorption.unit 20 gnd .
mettREWEY Eupiote G P OR S 06 A0SR SO0 G HIErr BT kil unit 40.
The Sh§ SRMRrbQBA SR A1Y fAERY etoddhNeP?2 th Gink 5N @ndPasses into a

and passes into a denethani zer fractionation unit 60.
demdthaizhe firattiraniiorewnic60. s Beadeatedmnizhet( sepgratep dhei g qneoisg peocess

streanwi&go a_ net hane richwfrgce%ﬁ streaq% aqd a .. 1
streaginig 1R RFReESS SiRPL AR 2 dSMrPaT4RY BAAERHTICAR fomprising norma

isSkatiAd. 1 t leG 1PPRCRBBrcvlh %862 SThe demethanized
and lps)assegﬁ{ hi;%ﬁgﬁﬁzlt}?nﬁe&lége&:%hﬁwder}e?hani zed%pr ocess e demetianize
process stream pasasds thecadstptiow st P@ thooughding 620 t hr ough |i ne

64. [0029] An optional process in this enbodiment _
[0020hc| uiesptidnel preeessin this eidbodirany mcludes thaiuse gian ifgreerization unit 70.

i sonerization unjt 70 will nerat e an ui li.bri,um .

The {5PREtifa0B i 4P Wl seeaete @ epibitt Hxtoipel TPy A impgpcfins. The
ring Bé]é?l?r?%iﬁr' o&ds§ SR pREBINE RokBi82aiSR TR 78 8indQRe 14Binbrizé8lon unit will
ahd the 1sonerization unit wll generate an isonerized

geneptoareissmeti zed pnocesostprins cangpristngghiighl p i vaa¢ i amoants whnermal and
. of pormal .and_jso-paraffins b i ght. Dependi ng on .
iso TR D 01 T ARG o6 dURt o e PIRACGper e opening

. e I r‘. . .
roactg 36, ¥ imtbpehi it ARG A P HARER Jp Bleli ST AR0ic 70, or firs

throughrtheiddmdthenizbe frat thumaiiareunif 60a cTledstandrizad prictsse@eant wall pass through

i sonerized process streamw || pass thro ,
line 72 to the adsorpti%n unit 20, where the normal p%raffins are aéjs%pbed and produce a raffinate

=

stream rich in iso-paraffins. The iso-paraffins after passing through the ring opening reactor 50
are recycled to the isomerization unit 70 and will have a portion of the iso-paraffins converted to

normal paraffins.
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line 72 to the adsorption unit 20, where the nornal
paraffins are adsorbed and produce a raffinate stream

WO 2@l/0#1330 so- paraf fi ns. The i so-paraffins aftePCPaSE0H037300
t hrough the ring opening reactor 50 are recycled to
the isonerization unit 70 and wll have a portion of
the iso-paraffins converted to normal paraffins. - 7

-1 0030],.A third enbadi . il ' h
00 003P b A b PSR PR e
50 th¥dughai@ 11 SandROWMdWnn FiGidé & Phe dhACopeniE rOREGH Fpro@res Hfing

50 produces a ring opening process streamthat passes
opening [Eodeiss reamrthaipassaato ofirstfraationgionimsugrhtougle ling12. THee ring

tin ing. r tor 50 ef er abl urther. ipcludes a..
opent e R BUE TS B AL T RSl ey gE8s e
arordaf&s AR pAhh SRASEIBRANThe M dpeBlg 2RI BO als83fchOds tR¥naphthene
al so cl eaves the naphthene Tings and i ncreases the
ringseamd timdreasés the amabintaf doinsad apdisafphiafigns in the@ng opeyingpeercsrgstream.
gro&ess streanloThe_fir t fracti.onation ﬁ?itiéo First s stream
The Qesh Spctioaaiqint {0rsspapien e g g 8BRS POFFE ST {TBo & fFyt PEqees
rich 1 & catboReMd d £horldprBYRE QEAFNQRSHRME @ tARHSM e, hydrocarbons.
process stream conprising through hydrocarbons. The
The fiist ptocess oitemmsleavasembitsefrra®nativg vnitri§tthfougle tineivht Tlasecond process

unit 10 through line 14. The secon rocess stream
streapyRasess (RPSLGH ﬁt_ﬁénf Scipfica Pl o P BEPOAF Rl Bt g gdsorbed,
and itoplfl? ROLeRAte RARA! donfhRisHeSs AP RS dnd P& dRLABRmE I{araffins. The
raffrnate stream conpri'sing Iso-paraffins and ot her
raffinedd streannie drapar of thirovgh lihh@2r af fi nate streamis drawn

of f through line 22. [0031] A portion of the first
[003f} oC eA possibn efthedinsteraceshetreanisntept the adsenptiontumitdlmghigh limgel8 and

e S Bt 4 Lo 00 b 0l B
extrag%( gtfe%.glt co?&dh?@?tl‘f@ﬁ@ﬁfaﬁbzﬁ‘&ﬁhp End s OBEnP AT LIRS s@6h is passed

S
esor bent. extract streami1s passed through |ine
throdh line 24 ts e sawndd finathatioatniod0, whiete tBOnomied paraffine aresepahted from

Cgaraffins,are separated fromthe desqrbent form g .
e B e R S A1 eSB! T e scamis
e . . .
o BRI 3 DT LR AR, he s
paraffihe areOFa%ld o thikfsbovnd draeti@atios tnif BO thréuph Ineddnal a steam cracking unit
fractionation unit 30 thrOU%h l[ine 34 to_a steam

40, whese e pgratfisiaraeackifde EriiEhpalelny %@l%‘éy’@i@%%&ﬁ qnghe desorbent
contg A }%leg{;}gct Qér BTHJI e ex%ﬁ { 9R chn bgﬁiﬁ’&w 8 %eﬁs@ea!npgracldng unit 40

esorpent contert 1n e extract stream the extract

direc&lyftﬁx@ﬁ?ﬁ:ﬂﬁbm directed to the steam cracking unit 40
directly through line 26. [0032] The steam cracking

[003ani t T stdat @skekiid it 40) igaditiai to rgndratgiztlight elefing generates a py-gas.

generates a py-gas. The py-%as is directed to the ri n% )
The ppens Mdliredadodhe Hog opanyigfsaq o through e /M, Blg‘spy—gas is substantially

con B0 PRS0 AR AL e
feedRapdthha feed stream

[0033] The raffinate stream is passed through line 22 to an isomerization unit 70. The
isomerization unit isomerizes the iso-paraffin rich raffinate stream to a mixture of iso-paraffins
and normal paraffins and forms an isomerization stream. The isomerization stream passes
through line 72 to a third fractionation unit 60. The third fractionation unit 60 separates Cs and

lighter hydrocarbons for recycle to the adsorption unit 20, or redirection for other processing that
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[0033] The raffinate streamis passed through |ine 22
to an isonerization unit 70. The isonerization unit
WO s@soridzes the iso-paraffin rich raffinate stPERDS1004/837300

m xture of iso-paraffins and normal paraffins and
fornms an isonmerization stream The isonerization
stream passes through line 72 to a third fractionation

. unjt 60, .The third.fractionatio nit .60.s -

s Dask LG EBF CPufile B SPBE R B e Byrun 5 iR HBleiine o4. The

isométhfior?Rcy@é stfedfll dofphik&@h hiue bh g6l REEISsph@ffifdadndss passed to
passed t%rough l'ine 62, and an isonerization recycle )

the adsbrpeiamunh 0. The pawssbntdf isouppnaffinnéo®4he Flserption unit 20 to a mixture

of isoin%\? F‘é .za iq%gl_@) f_’ %g%lﬁi’lﬂ? ]inﬁéf,g ﬁgﬁsﬁ%g{%é Iéélg 28 ?mg]r.o;\(/%sgﬁlg orall conversion
of thefa[%gﬂﬁﬁ_tfééa&rééﬂi{o 1%(% olgﬁ]@s. conversion of iso-paraffins

m the adsorption unit 20 to a m xture of
[0034]S O- Ripkighdliyns p@ien BOhE®onka &fdnl BEyclgbthi@ can be bled off through line
I'sonmerizatiron unit 70 inproves the overall conversion
66 andfronthe tonathértuinits, firederting passing some ghthe djoateripaiion[rggygle stream to the
Optional |, a portion of the isonmerization recycle
S“”“é@?@%ﬁgﬁ%ﬁm%e bl ed off through line 66 and routed to

_other, units, . includi assing _sone &
ons§l s Kb St QR B PG G Sl By, o
feedsHBarh i SssddlR3Rgh tnd PUiotaNirRriRAingREHct0d 50! MRe papdsiarTeedstream is
Invention is shown in Figure 4. A naphtha feedstream
hydragsngied smtithe haghtighed jings areopened foperhinEatessnddpighenes to

'he napht ha feedstreamjs, hydr nated a . he . .
paratH NN TR HE POl d RORVTL B dLe g openine
proditd théatﬂ?ﬁgtﬁsge@ (R Al freN3 o 4 BN FAkHdAiSn hit 90.OPiefimgfractionation

uc

pro reamthat is rich in paraffins. The ring )
unit Mpephmats freddetstreat ntaatiis ppasseticath thatepmprisee primagity Gs and lighter

first fractionation unit 10. The.fir fractionatio
hydrgahons (g gpe et GECPTEFUBIBE PURRN NS o HTT Sp T GRaRgs. The

fy | {BGiahYd@stidn MY The adsorption unit 20

ccof 80 i SRR B TP LMASAB I Tt asrpion i
separa@epnd seing the oogirl hardffims droloths sechné prwessrstiepn praskysing a raffinate

stream passes through |jne to_an adsorption, unit..
streapsOmEREInASB IR B RFHO0H- S ARTNES S Puoe iHighline 22 to o
third @&E@a{aﬁeﬁl LAk B(').n'fhcf ﬁl{}ﬁlffagt?orﬁﬁ&? Bkt B 8588 %s s h§@carbons from the

producing a raffinate stream conprising non-nor nmal ‘
raffildyeldiRaar Wsos pasd tteoughfifriersat &hs(sdadopabsestreahraaodh rédypled to the

22 to a third fractionation unit 60. The third sine C
adsofpiian wnisABt Thmthisdifrackenaiep 4pik PR slseeenyar A B S P pmprising Co

t raffi i ' . &6 Furtl
oo PSS SRR TR, SRRl B0 e
proc@dm@uplts, @cHindifbr AAmpleherefdiiner8d.r act i onation unit 60

al so generates a bottons stream conprising through _
[0036PN- ITHertaht fryddsost@ningusses THreudhdiredreo sine 3 andrederethe adsorption

_through line 64 to further procesgin uniés, such as.
unit 2 Thedarspprecass pEssy 4ty 23glesqrbprian Hidlaret ?H%FB‘EB@%“S that have
sitrea es ' 1 i :
been 3l FR TRt oG Rt b frc g 8 B S] orkfRing C.

throlBSOY; R6Rhal pREfftHs Spl apesioh e ATy Bdrqearbahd frows thdddsofbante The
been renoved fromthe second process strea

, stream
extragbsenant paseps roesh lingci teeseeand Eaonagippynit 30, wherein the Cs

hydrocarbons are removed through line 32 and recycled to be reused as desorbent. The second

fractionation unit 30 also produces a paraffin stream that passes through line 34 to a steam

cracking unit 40. The steam cracking unit 40 converts the normal paraffins to a light olefin
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t hrough normal paraffins and a portion of the C5
hydr ocarbons fromthe desorbent. The extract stream
w@awsms748thr ough line 24 to a second fracti onat POTUSIU04/037300

30, wherein the C5 hydrocarbons are renoved through

line 32 and recycled to be reused as desorbent. The

second fractionation unit 30 al so produces a paraffin

r pass ! - '

productt t?eaa%{h 83 oggﬁ]lrc%{éfl ?1%9 I?% Eﬁ(? %tgajﬁg%gﬁ\r}%hﬁl@g? %fs@%&ie?zges a py
gas sﬁ@z&ﬁath@py gﬁsfﬂs Reyéled trdigh Mine okt & the ring Yperingbuctor S0 foeam

that passes out through line 42. The steam cracking
hwh®ﬁmﬁKmeéK@@C@émégates a pygas stream The py-gas is

ycled through line 44 to the rin

peni_ng rea
(00380 1 fifily embgdiment efrihaprasent ycwjsars %@Wr{ B33 ﬁt\steﬁlbodlment
s O D B SPATES B, gv

and us&®a Padiafubd dSISequﬁ)n&:nSﬁle)@ﬁjuﬁdStamKNﬂtlga Hng bpehing ma@aiﬁr afsnaphtha
l'ight olefins, and uses a m ni num of equi pne in
feedsgiopms frem d;ffelwmt il spurdep ger@peéwhﬁfsr%aﬁ@} C@@?OS%@H% aphing
fee d Lrea :
feedsaﬁeglp ﬁ%m /3l bg{n P@Aﬂé/ r‘r%é‘geq{eld g(#] J‘Sl’orﬁl%y or a gs tOIrJféh }rlT\{drogenatlon

and riddedpehidB, e nepHIS i@@dsh@iuh YarCBapecdsesdt withdu® Elm‘r&ilso@‘nﬁn umt The ring
i so-paraffins thr oug dr ogenatl on and ring openjin

openirtgeprodyshstheant ie passed P t(pa glean SEGKRE VR ]ppre the paraffins

adsor he ri enin roduc e,
are 6 4 By i QESerstfgneAEL LB B BB o 1?%&1 through fine
12 to @k efridignRamalilit 105 ThE ¢irk GraviRina8eh tiit 10 Gphratds @d Mg opening
Optionally, the ring opening product streamis passed

producn streayh irltd A &irst prctcossatrﬁam somprising inghand, @nd A Agoond procggsétream

Lrst fractio nit 10 separ ates. rin
compiRR bG5S 1or gt FROREEL TR oLl SO R o g eam
passéﬁfnl?ﬁgl? 11n@[’61toqh§ @c@ﬁﬁ draBKiAS Q8iS 46 tWIRAMHe QAR aﬁ’é}converted to light
substantially and hi gher normal and iso-paraffins. The

olefise dﬂwcktq{mo@edsngmmtaéwmlmme@tes lpytggh, Whigeresplesghroggh line 44 to the
st eam crac é&ng unit 40, where the paraffins are
ring QRENAS ERACL Y- i ght ol efi ns. The steam cr acki ng unit 40

[003gils 0 &gfieﬁg‘g% lﬂﬁ a@b\g%ﬁoﬁ Hlap%g%r{ag?)n% %ﬁ %:slt)%%]é I’ip LOVES ftemaete desorbent

mate'mﬁléem berAbddnent! RrshORAN Midhied, FR0 Strea & p’&§se§ @&Bugh line 12 to an
lows for alternate desorbént materials. In one

adsoqrdon dinir@ft Thasdshgion unii 28iseparaeseandfretaits grernoampl paraffins from the
assed t hr.ou |ne 12 to an. adsorptio

' Q. Th
tecalfagH BPBHTEA W étéeaa}msgw&owgpﬂﬁ?h% Bl

N U (RN LR e A

isa I@%Wﬁ&ﬁﬁﬁ hﬁﬁﬁ@a@@ont@faﬁb@tt& thd AGnANEyR&aeSchs il@e naphtha feedstream.
adsorption unit 20. The desorbent” is a heavy nornal

For dwyaphthodedustieans ithihydrocabersen rer@sthronghl Cocrangso A qu adhgavy

LRSS 8 Tap e SO v
norn{}f ﬁ}%o@%ﬁ&(}ﬁls d@%ﬁ% AL Hférfeécﬁtré‘ﬁﬁ R4 f(ﬂ‘%l%é‘cﬁzﬁ@am QithAarger hydrocarbon

nor roca The choi ce 'of heavy
molecules, a heavy normal hydrocarbon having greater than 12 carbons is desired. The desorbent
displaces the normal hydrocarbons and produces an extract stream. The extract stream passes
through line 24 to a fractionation unit 30. The fractionation unit 30 separates the extract stream

into a normal hydrocarbon stream and a desorbent stream. The desorbent stream is passed

through line 32 and recycled for use in the adsorbent unit 20. The normal hydrocarbon stream is
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normal hydrocarbon is dependant as the feedstream and

for a feedstreamw th | arger hydrocarbon nol ecul es, a
whe@sp4me0 mal hydr ocar bon havi ng greater than BCI/US2004/037300

carbons is desired. The desorbent displaces the norma

hydr ocar bons and produces an extract stream The

extract stream passes through line 24 to a

fractiqnatiion unit 30.. The. fractionation unjt
passed el Be 3¢ o2 St hais b Vb Sl Bt bl aeggpveried o
&P@J . RAIRE WheSids6AR Nt id BéhsHRSQ PR ke adtitichal
ethyle%gése O?ﬂ?%%é%@ll%i nte%aSZeang recylcl eo? for usetpirn tshe
desorbahs canbirdddedhibroD. lin€36. nor mal hydr ocar bon streamis -

10 -passed through line 34 to a steam cracking unit _
[004020, Wheméfinate dteamqanss theuzhfling 22 tap 8ng ORTERE wactpip0. The ring

.ethyl eng and propyl epe. tiqnall '
operiGBTRegRE PROTRE B baete S by eeiEg A B glyius
naphtRAR&H tcBﬁ)%HQItfﬂsl, hitPopefingAfitkdne Hie comipbintR i€ pathff@NThe ring

passe$S through line 227to a ring opening reactor 50,
openiif eeacton§0 preniasg ringapening BOCERS shears esmpihvng parafiing that passes

stream by hydrogenating aromatic conpouynds to, . .
througla i Nerbhe 16 FEBRB GURTES BN PEDEHOHEE HABR KR ppih 40 where the
paraf%? X QUGBS L ProR i el g Eroépﬁné, IWHcIPRE Phddsd feahAine 40.

Uces a ring opening process stream conpri sing

[004mB2r afrhd Bsad RAkLRB SRR A0 hidaedpyldanes HByprddiet vhivh has an aromatic
openi ng process stream passes to the steam crackin

contenni @pté@aliy) éneepyt-trss ippasaddt throsglatine #binvthe g OpeRing Wy %’n @here the

and propyl ene, which are passed thr h |i 3
Dy- 2P GOMEO M IAOR Ao R gPeTRIE awvgﬁ&%%%g%ﬁﬁégg%m%m
pmﬂﬁﬁgroduct whi ch has an aromatic content. Optionally,

e py-gas is passed through line 44 to the ring

[004ﬂpe NG oyt imtflis eYhBHRndntl eheimedspening Pesc@Sesiream may be passed to an
ydrogenatiron and ring opening to convert the py-ga

s :
isomérizatiors trie@ot shown) iwhersar sedmish il Bopa1afigptis spruertyd i gstream with a

. this enbodi pent, the rjng openi process Sk
mixtsg O BBIT S L o P PP AN DO o PR & e steam
]ﬁgtrn ich in iso-paraffins is converted to a stream
Cﬁwﬁgé a(£1xture of normal and iso-paraffins. The nornma

[0048Nd ia3QuRAbSdN %@t A6&n) RER tHasassHientihauddspassing a portion of the
cracking unit 40. [0043] Another option (not shown

ring opehingtphocsssevttoanti towret adserplionienit HhsElinfrdepwpunish ﬂW)OFH%l and iso-
ring openin rocess streamifo the or.pLi [ .
paraf o R TEGE EBBBER BRI of REPRBRR SRy Sopar Bk e dp whit
recy&iﬁgﬂ{e%n%ogﬁﬁﬂ{}%chﬁf’ﬂ%@t of normal paraffins to the
S

am cracking 'mit 40 while recycling the non-nornal

(0044 1 G25B0NE, fLAIGA cehbialeniiiasni fedsiumciofgaiar@hippunds
contains small anmounts of sul fur conmpounds anountin

amotiging eskst than 10 Grantgssts par mi Lensppr) oAb SlesiA bisss. Bipictably the
oS S 35 e R L0 g A i
step SRAS BydrBRGHinB! 1B}k &8fidiAgor hydrodesulfurization to convert such contaminants as
sulfurous, nitrogenous and oxygenated compounds to HaS, NH; and H,O, respectively, which can
be separated from hydrocarbons by fractionation. This conversion preferably will employ a
catalyst known to the art comprising an inorganic oxide support and metals selected from Groups
VIB(6) and VIII(9-10) of the Periodic Table. Preferably, the pretreating step will provide the
process combination with a hydrocarbon feedstock having low sulfur levels disclosed in the prior

art as desirable, e.g., 1 mass ppm to 0.1 ppm (100 ppb).
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step such as hydrotreating, hydrorefining or

hydr odesul furi zati on to convert such contam nants as
w@dos04™@eE, nitrogenous and oxygenat ed coOnMpounPiST/US2084/037300

S, NH and H O, respectively, which can be separated

from hydrocarbons by fractionation. This conversion

preferably will enploy a catalyst known to the art

onpLi Si i.nor.gani ¢ _oxi de suppoar.t . :
ro0as]ey e e s RS Yol S roF g a8 PR AT comprises a ingle
fractibied] dREi1fiohadBlugan. Rhe trat@iHadon b@lifinglof €Rtvafiguspopeswitrdams can,
provi de the process conbination with a hydrocarbon

howeferetis paxfoimhdiun other soiiae pquipmens ifedesires]. dmotedgarligr.ithgecomplete

o B BT8GR BT P
zonesZ\Qﬂlgﬁésﬂmla‘%Mﬁ)@usi dr Cté S dREASESSanB aGle6d RUriw 6B bF &M dut of the

single fractional distillation colum. The o _
procebs. Atk inmnaednomorodraspffs il he frofm théErsy and/erssconddeastignation units 10,

streans. can, however, _be rformed i.n other suitahle
0. Ariiegrent Atp IS spse of 6 Cidvud-ahmms et ey Adpgeract and
or rafFR &R G AL IThiI A BE %&qgfcadjtgfmé?ﬁ Bethe bb&htiorhyhe adtkBtion zones or
overhead fromall three fractionation zones w | |
by the esoftan iithesenstly lgsh esacotep@Bitiny. diheaiae biomsimatedlash meraiontad a refluxed

s o0 o DO 1 BESS S T R SRTRB by e

' ] L QU cAb oaCond¥hiAé bREARL Y Glsb $eduBesdtht BVérall
thlsHéi&?n@tdﬂgﬁglﬁhgg%é&%ylm%%%ongnto g%(?t the process in the
capit&int dpéradupceosts of dfeffeetbprepattiomans. This can be done by

adj ustment of the operation of the fractionation zones

[0046]r byIht hésoustmnakpantiomsier eithd subjest proessa can bepatamed i a single
The use of a sinmple fla zone or of a . refluxed flash
lrze o 6! FGOGHE W B! BRONER S Drige b8 P EFGucr R been

found ﬁ{a?ﬁﬁlh%%dtrﬁ&%‘%gé@ qsgﬁb'ti% brafBh Yrodide§ Sdveral Bdvintdged¥uch as high
materral to a suitable hydrocarbon consum ng process,
puritpuiid eteery. FHeetse tmywoemartialsagle pefrochamioapsapatatipis especially for
costs of the feed preparation. %1%9@6%1 The, 1o bed (SMB
the reggesy of PéFRISBERRS 470 ReXerBld ping REDUAIR] eupigsp et Boyigg bed (SMB)
b 0 AN f L DER; i
e T
perfdrinafi@sof Beeprot ey rlrtheadetailsmul aatipthenoatidngchnépiea tis oppiatingan SMB

procap e doiacin LoV TP Rt P kA Rarhlar LB s,
| tdoBNS7: halkhy. .
UsS 32&3:%%2 2@ g 826?2#@?@5 grdé)g gg? Te(g;f%) %éigé‘,gg%’, naglﬁ gst nﬂig%{’g%p Wedi¥ferent type

of siGAAISKEd It opeBibn & hixdctah BbBYrférart nsing gimilaf kguipment, adsorbent
previously cited references_are _incorporated faor their )
and qopditionniutorhiethemplates spprrrabilow of Hiegdinrbrné 4ad ligifl {thibe adsorption

o TP A 2, 0
M ot bl S i TR —
in geherdB4 1QBeratbredhideastéftim LY RE250PC shituframesd tr@001Gbdirgipreferred.

operati on whi ch can be perfornmed using simlar,
Temperatugasarem A Esorlee e asghviehl y s faried nAdseiptiopsongditions also preferably

inclqsdh g{ﬂ]}%&%ﬁ § g 1glté}rlt(r)te %al%cltlal%%g Bro%&g RS ﬁ&lﬁﬁ pﬁ%g; Whidd in%ly be from
100 kPa (atmospheric) to 4.2 MPa (42 atm). Desorption conditions generally include the same
temperatures and pressure as used for adsorption conditions. It is generally preferred that an SMB

process is operated with an A:F flow rate through the adsorption zone in the broad range of 1:1 to
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chanbers is described in US 4,402,832 and US

4,498,991. [0047] Operating conditions for the
wa@admsngi4Bon chanber used in the subject inventPORUS2004/037300

include, in general, a tenperature range of from20 to

250 C, with fron0 to 200 C being preferred.

Tenperatures from90 C to 16CC are highly preferred.
sor

Al tion conditions.also preferably include .
5105 BgRb B URREFUR O L4 CHANHL 4 ASF e PP BRI i s tpyfeed low
e A EARBE IR TR, B8O A PP R R ek coniins
or desortsntictenpdsttion avithin tepdsabent elsanatreds. ﬁh@tsismh@acbgrbgsfédeétﬂbly

adsorption conditions. It js generall referred t .
remaigha s rEERseres BaiehpidEpPranebdh SityER dftomton
[0048:| gr ?%ggg%gﬁe%tdl%%iﬁthgﬁrsi 8{1]% It&g}z@ﬁ%gﬁ%%?egol%?a&gﬁﬁs% alhminosilicate
moleéllﬁérgfe%@ﬁa{vﬁfg' reRfival§ LS rhVSor® Bfatheted GfBan@Bors. ThisiB rovided by

feed flow rate. The practice of the subject invention
comntieecjully 2ilnide sipg dAf mclacitlansavieapiodncedbydfel &L.Cng

conditions or desorbent conposition within the ) L
[00493 d s 0 Atrendndcidserbent svhicheauld fee useéh in thel sdrormiion zone eeppiiey silicalite.

.. remain t the.s t ature throughout. .
Silica s A ISR LD LG B g pe PEhARE AT S IR PHissued o
Gros@dSPTDRte &b‘éﬁ}éd'deschPﬁoﬂ is"Stindae Sy Btitle sARARePASi®F Hptinphobic
conprises alum nosilicate nol ecul ar sieves having .
Crystakiba Silice Molemildr Sieve d¥aturdi Yore2 B, el 9, 59%rgs ity depsription and
i s provided commer ci al | vai.l abl e..t 5A . .
charaggrgna SGraleS DS iy Pits St Bleyaleulasigre havine
inter 1t Hefd 1EndiSREh Wb &rBR-REHDEdRIRLRNE A circular
inter BERA R ilEil leR 1@peioith bib (08 Bk in
and 1871 A tltipatalibe thelrhajosaxik. Ttisesend siivalite [gesahsedechinitys a size selective
4,061,724 issued to Gose et al. A mar(g q.et ail ed, .o d
molegidaicigvst Peniofis fwpingm; fFrestuctye dogipgsed-agsiionn o, licalite does
- ' y§itiadisd I deb el ©S Y20, 194 EUS 5,276,246 and
not SWbﬂggc%ié%él%fgrﬁgg%%é ﬁ%és%ie%or “Tts descr] ption and ar.l
US 50193990 Etfeke Bisicatly aflatsid tranahérttewhish kéduat theeafalytig activity of silicalite
hydr ophobi c crystalline silica nolecul ar sieve having
to allpyytisruseas 3oraglseféit. or t hogonal channel's forned with two

cross-sectional geo ries, 6 A circular an . 1-5.7 4
1005 | it aghvesnmeRBenva] B 2aa aent Hiosngi a8 e Juf fipde
RELLY bk ' i | | eRAARI orfidrBE contain th
e B RPN AF A1 SERSAL AR sl conan
activel b@oiive nsdtdrial dlspdreeddnes amotphehg wndrgamiemetizryy dinder, having

e i e o RSB S el Methos o
basj cal : i. " . .
T RS e A T B Sl R0 o
bind@NgcReRUy Aenly.cohBbiay a Fieor diokide aad ajparigurh orideftha high purity
adsorbent is normally used in the form of yfart icle .
adsoghgyl raveieninesw elapixhe. h@ ﬂ;)n}q@g, aifg iy fogping REREE QIRgrating the crystalline

.attedti i st ' -
pertifli (196 PRAGET I HEOREr PGy DR R R A Bic{iEles orformed
into héXA5 GARhGrd'RbEd ey dldikarin ohRY io@nodtameelay taaa amorphous binder of

cavities therein which enable fluid to access the
consaidebdlneaheningltstrengih. Thegdsbent gy also be bound into irregular shaped

particles formed by spray drying or crushing of larger masses followed by size screening. The

adsorbent particles may thus be in the form of extrudates, tablets, spheres or granules having a

desired particle range, preferably from 1.9 mm to 250 micrometers (about 16 to about 60 mesh

-13 -



10

15

20

25

30

formng the crystalline powders into such aggl onerates

i nclude the addition of an inorganic binder, generally
W@ 2@bay7460npri sing a silicon di oxide and al uni PCIUS2004/037300

oxide, to a high purity adsorbent powder in a wet

m xture. The binder aids in form ng or agglonerating

the crystalline particles. The blended clay adsor bent

s S SR GRaS S WAL AR RS bRy st

genePilg@ked & RIRYErt the clay to an anDrphous bi nder of
consi der abl e nechani cal strength. The adsorbent may

[0058] SO TR BEWRcIeBIlfr didveRPhhhatiens bR dddasent Wileprefe@amysble in the form
by spray drying or crushing of |arger masses followe
of snngll @ystas prosens i thg adspri@namlbsemtmmr@nge@ fiemp 7oKe 88% % of the
for f ext ruda Q
partif i oe R oo AR gh VAR aics oo RRGECR B aongpply determined
at 900P©) rﬁftl:r e drBerd REs BEeR Eﬂ@iﬁé& 1§ ofdeP@Ulriva Bfft 01 v'ﬂl)@illé m@fer. The
mesh - 13 -Standard U.S. Mesh). days of the kaolin
romanoe! tha pdroriget welptrersy ge Hiegnerainyergnatrivoof th¢ binder pigsent in intimate

eneral |y ed a ders. 051 e act.ive m)
mix G s s et of e Shigelst Bl R Bk BRuff FEY b fn acjuncr
of thé H?an{lﬁﬁfﬁhﬁé EBdsIforchY Siligd1Re, Rb@x@Rld, frofhBe ﬁﬁ&ﬁbﬁﬁmmcomplete
particles i R anounts rangi ng from 75 to 98-wt. 9% of
purifidagopef the clliealite dadingits madudadtire- f r ee conpositi on.
Vol atil e-free conpositions are generally determ ned at
[005¢D0 (GThoaé sleHed indheats wilbanpreckris thbeibn perddraianeiof anpdeprent is often

ereallisE e NG O A1 79 B o G YL E] & Diie
conditis bﬂe&ij Sfeall &ﬁ?ﬂ(‘)‘énlbﬂ ahdhi Rk cOmtshtWT ehaMdsfrbeReTis @ timum
particles of the silicalite material. This matrix

adsortenesdnapositem and opmatmg agnditions for e pregses are thereferg dependent upon a

ess for .the cali e,.f r. exa
o R FBHAES JR el ST 824 BReEort 0T hé Sasoroent which s
expr§%< laclll ffé}le Inliff tE bP e 'réc% ﬁ'i%ﬂﬂt@k@ bH If[?‘lltl(l;rp@iﬁ} tedBSBe LOI test the
d'in the art wr appreci ate that
volaplemiatenantent of the rzeddfccadhxﬁbd:nt usdeaﬂrnmcdgxyebﬁ Wylght difference obtained
i nfluenced, by a nunber of facto rel ate its
befogemg G&iex 1y ngsaLF@WPt-]?sOfélﬁ?eardé?r & ot l}néﬁ%an T R
t
ninc GRS SO oifle WIBCURS %%%%ﬁf%%“ﬁ%ﬁ%%&aﬁ&“r T Wbfoct process it
pref@mﬂdhatltmarfemontdmeome adseebeat esilisen efl bOS a0¥}PEE @é Fetss than 7.0% and

on a nunber of |nterrelated vari abl es. One such
Pfefﬁfébly%‘lh@l‘i@f%%é%t)@rm@&ﬂ@t -of the adsorbent which

o RS L L Bl RO G70 Beren
for t@@é){tﬁﬁt &%Hoﬁ@ﬁt dﬁ’}l} B8 AB@Uh haferRUSE! ReMer Wordle fh‘;‘errE[hﬁ‘@jrate of

e weight erence obtal ned before and after
desoiiftwnnﬁ thee eS@xﬁtJd @npbndr, él‘msj&‘mrdamnﬂstuatelmmlﬁculmtdﬂhe amount of

i nert urge such as nitrogen for a_&erlod of tine
desosiegn maftait ilgniee i Exeiose e Biopeshdh KROVeT isyex{TAg component from
the a%?&%ﬁl& Ee?? f' e&cﬂaﬁ feﬁﬁ&r th& grg%ﬁtof Héb%r%ﬁf ﬁ%teﬁglrﬁe@&td to

e sor fesufts I'h an | ess

reméveahe dxtf camqueﬁf atdahérgfond, phinfit 4 t’Bducta:mgﬁ thtﬁ opferatimg Qodt of the
prochSOth faétgr 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. Ideally, desorbent materials should have a selectivity equal to 1 or slightly

less than 1 with respect to all extract components so that all of the extract components can be
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[0053] An inportant characteristic of an adsorbent is

the rate of exchange of the desorbent for the extract
waeorposmss of the feed mixture materials or, iPCDUREN4/037300

words, the relative rate of desorption of the extract

conponent. This characteristic relates directly to the

anount of desorbent material that nust be enployed in

he process. to recover the ext
aeor G ORE ST Bl HIP BIRAREPIRALER oL
compBhent&SAREN i spIRtlcb et aRESH] n subsBUent aligorpikd A
conponent, and therefore, permt a reduction in the
[0054Per BKiAm20IStisstbd i Klgegsnja)idsbrifeastieuserofit éprepilse” of a
exchange, less desorbent material has to bhe punped .
desorbént comghoneneingancdBregess foeysarvariaa nprhpafEinsy | hepiepulse is

. tream for ,reuse in.the pr ]

e G S S8 Y A Bt e

of thé;flé;&ﬁ rih@lpfepBiie ehdrsAy Riserbeml dahbati at ¥ peinubéfoteo(ddwnstream) the feed
g

htly Fess than 1 with respect to all extract
injectimnpimeAtrelasd SIMR praskdsingfteqhnisue & thaste orpRsilishs Thggone flush

b - 14 - b | i t.h [
formg g‘p\éfger &engy es\%{aﬁg)g ¢ ?q%&%g& f:)gfa’%t l\é‘gﬁiémse%&flgegp ?126)( rsél{t:)?lw e.g. normal
pentan TRENENEIn £RR abi&rfondofi® VakiR: eS8 dfenion8BlusH feghirdst rBore

subsequent adsorption step. [0054] US 4,992,618 issued ,
compllioat&d, aid kipsandre pastiyaptagesiie the 9sq ¢lezong dugyis greferred in the adsorption

"prepul se" of a de bent t .
ey BT R DL s
comﬂrg)gérg[?g%béﬁ rdTRERY Bvdrhe d FRAPIE eXtrak atdI6r RRiHagCdoluitisTRbassed into

I ns across the carbon nunber range of the feed.
a sephiag sphig@ulonanent Bigk ptitiy saemopbéniovdratrbregth eemponsss ¢fithe mixed
before (downstream. the feed injecti.o oi nt ., A. .
compoapidsspris i icpREE u@@ﬁ%ﬁ}iﬁq@@e TuSiy Hidas Eupérigfgpgation on the
| ; iqfesty fithflové pRR: dhich Bethe use of
use of 3 S BB oh R g oy R R o
flushie4ad maEBE abgined from EH 8201 AL;TBR3 284,09 (UD3,725AR; US 4,006,197
Wiile the use of a zone flush requires.a nore
and G 9B J4 BICTRRICRTSTHRSETERLE FipintAcRIng QPelirg 25ifls of SMB
techriS & of zone flush is preferred in the adsorption zones
&9 hi gh purity extract product are desired h
acty 1 t 1Bk #6ds GRANRRASNire des RIS Hbllows. A
[Oosicoyggggpg%egﬁeﬂg%wﬁlgignt eoextra%:t and/ or faffi nat e _
"feed Ml B 'SisiaSniX&es ecnthining oae separeaxeraggbimpprentcaidng or more raffinate
high purity stream of the |ower strength,conponent of
compamentyit brisepareirsyrthe prosess ey Tred Sipame R et of a feed
. the zane fl|usk A | AR thOBroRBsst AR "s&fct
mixtge il 8%@%%&?%0# g}r&é éﬁgﬁgﬁ%ﬁétechn?hue; to ¢
compdHRhOYEa BErApiEH opUlabd of cotmpburas thdnés mse selectivelgsarsorbed by the
streans may be obtained fromUS 3, 201, 4(%1; US) .
adsoghept7whibo® ' rafigal cormponery: 18 @gom’pg@y@, orgypey d:oggogfr,lcbt@%t, is Jpss

Whi ch 4are.d REQTHar efalf | b RCht @R capable of
e BB L 5L A Bt S BEhfoc SRR, B ot
desoRfing B SxtiaBVQIHMpdABat ¥k tHeudsdredniETheseath teffmate saeen” or "raffinate

efined as follows. A "feed m xture" is a mx

outpoEAEAIm megnR Srearn ArothiclexarGEs CoBTHPBAY STHHAL HRE (s adsorbent bed
afterncgé gdsg%fti%in rc])?g)?tract compounds. The composition of the raffinate stream can vary from
essentially 100% desorbent material to essentially 100% raffinate components. The term "extract
stream" or "extract output stream" means a stream in which an extract material, which has been

desorbed by a desorbent material, is removed from the adsorbent bed. The composition of the
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conponents to be separated by the process. The term

"feed streant indicates a streamof a feed m xture
wWoR0081047430 passed into contact with the adsor bePCT/USHA4/037300

in the process. An "extract component™ is a conpound

or class of conmpounds that is nore selectively

adsor bed by the adsorbent while a "raffinate

conponent™ is a co n tvype of co und _t hat:n
extafi GERTR GPLEEY GoRy S SAaT LW siebREal RS AR 81 100% exrac
comddBiRE i al” shall mean generally a material capable of
esorbing an extract conponent fromthe adsorbent. The

[00541€T MAt 1kt JoRedn® of tHe@Rtrhct Qfreant add the adfEinel btpdsim st paaed to separation
neans a streamin which a raffinate conponent is

means gypivalty ftactiomal WistiH ety dokimnspwlierat keastapertiansedgsqrmt graterial is

oG SR oSBT R O
prod Bt Sl lrrikde F&ﬁﬁ&t‘ hihh ¥reh@RYrdcdbéd hathe preRaRanisng, Tispectively,

term"extract stream’ or "extract output streant nmeans
an exarasttcomgomént anhi cHfifinate eocapauent indigbei eancenjfstiens thaw thesetpund in the

SRR s 1 Ay AR 0
may B¢ HEAE tﬁ@&sﬁ@d Yorhp REU@P %ﬁgbh@cbﬁtaﬁl%%h@i@&@ﬂ Bedentration. The term

material to essentially 100% extract conponents.

"richf BABGhdeAtto iretiste pormcemrasiondf thh éndisatadaompotiné anelagi@f eprapounds
raffinate stream are passed to separati on neans,
greaten iBae3) IPIefReEERt onal di stillation col ums, where at

005 BB DB S8R HO S R B T SRS B i

chan{%reﬂgqﬁt%% nuhifRr bEFFEs. TRGAIAGE pRIcEA S descifthed in tétfsiofatoe5 zones. First
product” nean streans produced by the process

contawobdterea the feed spmn tind theydscabeneistoatdetin Zonpb therrdseptiomzone. The
raf fi nate conponent in_ _hi gher conc rations,.than, .

oI SR PRE RLZERE FSCOmey B RHGER g ciu Y Faptgns the

undeéi%érdggérﬁl%gﬂgét%é‘ T fTRa20%0E BETd 1S RATRBH frof¥Be BAJoEERAE in Zone I,

e rich in the desired conpound or may only
refer@dné ad Mp@ifidation eareth the peditation Zane.thelmalesisgdmatfinaterronipgnents are

intended to indicate a _concentration of the .indicated
el rome i e S5ERBSRL oS o B e om

7 - |
e SRSy bl NSO, AL Lk Aok

desiret aoher {s$¢ledssdl Grom the adserbent byexpesing hislifiidhyng the agrodcatwith the
IS described in terns of ,4Eé:>r 5 zones. First c nt%ct d
desophsnifaabile Rbasek de selpasadhilesind SAMCHYEACHURPANY G HEFYOFTY are remove
ne, |l t i : . ;
e

betwebfiBbrids M T WhHidh & med thegrepste Foned and direfr( Z)ne IVhdesorbent is
is, the raffinate. This liquid is removed from t?; i
partialdsismiosed frpm tipadsorbepieyyey Hewing grixyreplslgpqrpent angl gpdesired

. th i ficati i i
con s e 5 B A DRSS g i o zon
I b?ﬁ&%fqﬁﬁﬁd Bedow Yosurfmt ®thadimwhiedimottonedshd ydserpat fadne done I

romthe desired conponent by fractional distillation.
towaréh ZZerrle ADhorsfthernegheipbangiéon of sirawpied mpyvingted 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 normal sense and are

interpreted based upon the overall direction in which liquid is flowing in the adsorbent chamber.
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desired isonmer is released fromthe adsorbent by
exposi ng and flushing the adsorbent with the desorbent
w@ pwbioha3phase). The rel eased desired i somer aPdI/US2004/037300
acconpanyi ng desorbent are renoved fromthe adsorbent
in the formof the extract stream Zone IV is a
portion of the adsorbent |ocated between Zones | and

v Y VOB TSR S50 N ko pien

upstrédr@ ¥ dgivalext tdra@ u@ﬁvaﬂﬁﬁ%?@ﬂbc@tﬁ it figbeian®el, conponent s
of the feed stream The Tiquid flow through Zone IV
[0058)r eV &nis SHBHracasn ticisoverdfstepoBg. ddsbiptido aed ddsomptiiod, dvy being
flow cocurrent to the sinulated notion of the |
perfopedsipatianeorinzgferent parisof thegpass pf aggorhspiaretamsiddr gig adsorbent
X | r .
cran RN L 1S5 TR O AP Qo o
a swikk bkd gstmemeﬁﬂmscap@ pastiba pefforcidin e sdmdweleh natmgptedbasis, but
page 563. The ternms "upstreant and "downstreant are
adsonpg e aibdespiptipm wilhalopt lshheacusas HiesSamediB- e i nt er pr et ed
based upon the overall direction in which |i %ui d.is .
[0059] ovi The araat e coprare BapkiBdredstock glihpligh ségerally mounting to
TR ; . '
s i e SBOBETL bkl 800 OIS HENBR Pan mor sy 5
10 ma&hui \ba tienbtal. Hene viepWaithdthe fentidvg hefrthd naratal paraffims fifoen the feedstream,
chanber. [0058] In an SMB process_the sevgral stﬁgs .
the agongatic semtentis insrrasasrpaEesably: anstihe affisiopey plghe BroceTS /K gonverting

si.mul t aneousl y in_ di t . :
wor JETp GRS ek HRAS a0 bamBhed B8 BBy Pl
cons@uBERSE $he PréfetrBfcBNERS SptisaallPaongwik siallsrachommtsiof teloene and

or nore adsorbent beds in a swi ng bed systemthen the
highertteplingraagmaiecs pathinthabeiling rangebdesambad abayer Fhgmndserption unit

TE AT O R
in isc.it)—gm‘léﬂﬁls ﬂfbﬁﬂﬂl@lﬂzsf SRS AsCs. Fi(?lﬂﬂﬂﬂibvx@ eRefeallisyof andigperige reactor

ess an the al kanes and cycl oal kanes, may )
opergetprdifeeiitempatues 20thresEiggednerisireare figguan adgomtipp unip As can be
0 .
e i S Bl BB g Hicne
subs&gﬁaﬁ;%dukﬁoﬂ NloBAReHrARRd eci ably, and the efficiency
of the process of converting aromatics to paraffins is
[006011CT @spRtha FRANHER EndEHROIN cERPRED CRSifidieed fonké HAg-opening unit,
aromatics constituent” of the preferred feedstock,
also bpavioasstht singcloapgaizone, siidhl containsaurraklysridioring:pleavage catalyst and

oI LR R CE ML 1 b LR R i e o
conveRIdIRb liBRkAbbiMgs. e fink RfsabaRhAB of @eelHisE €88 ordiste platinum-group

produces a raffinate streamrich in iso-paraffins, .
metafsa pedterhiesm trrgtoey comaistiog of Hatiuane pAlladhonsrutheaivmme shadiyn, osmium,
of . a ring opening reactor operated at differen . .
and ridiHe R X&C%Cﬁc %”PP%FP‘P?B‘S%% LTS ?F%Fﬁcg’ﬁy inorganic-oxide
LRk BRI BaF sie S THE WA REdC 5P oA BIBI dubStaia? absence of acid
and gﬁfn%gt%conpl et e?lye/ convert ef thcerLg)%ios a high _ '
sitescfoneemsploas of inhapittphepeety an threughui tis exaohbngel wigh ogtugrthern basic cations.
of normal paraffins. '
[0061] The weak acidity of the ring-cleavage support may be determined using a variety of

methods known in the art. A preferred method of determining acidity is the heptene cracking test
as described below. Conversion of heptene, principally by cracking, isomerization and ring

formation, is measured at specified conditions. Cracking is particularly indicative of the presence
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[ 0060] Napht ha feedstock and hydrogen conprise
conbi ned feed to the ring-opening unit, also known as
w0 b@s0i1age cl eavage zone, which contains a weakPgT/as810d4/637300
ri ng-cl eavage catal yst and operates at suitable
conditions to open naphthenic rings to form paraffins
W t hout a high degree of conversion to lighter
roduct.s. The ring-.cl . Y. '
or suff S il A ke Ao RRER 8 Tl FOSRE RERERERS o
convéi9ibg hid padc@hrplodt drivkifg i #ld IegicnBest: dbinenicmyenetutiglisinys than
osmum and iridium on a weakly acidic support )
30% ewhpnleiglgscothen 5%. e kesbiupportsedsnansisaty np merean & Zosanyersion and

rag% a Ia%%e-pore nol ecul ar sieve. The "weakly acidic
negligllsf13dkinghas a substantial absence of acid sites, for

Xa e .as. an i t .0r. aor t L .
10063 o 4231 R iR R B g b Bforgpetor. I his tes
procéd8Rkanagécttidally Bbatéd@adioig icaliedwal 256 tRudvRs mayroheters to 250

~ determned using a variety of nmethods known in_the o
micramaters A4G:6@ fssiadrtiokes made bY cershiag thorsamyplearilesy Epch Gappbyst is dried
. ..heptene. crackipagtest @as .described - i
im0 RS PR, S PR BRGb Re Ql OLF S o
redudiioll $reh@ieRPldr 8 hdul afBSW RdIRing RREbEdned condi ti ons.

Cracking is particularly indicative of the presence -
[0063]7 - Qe SédcRNE: (BEH BroBglt @S the Aesiraldpyradional inmedtadeys #25 °C (inlet).

suitable for ring cleavage denonstrates [om1conversig9
The feedistprant todhe madigr Jomprisesdvrazgn g sapBatpd it ddhepisae at 0 °Cand
.conver sion genera .is. |les 0 ' _
i SRR 80 Y e R B  Aly  ofe
heptdnB3RuRIEIBAYEES isORrisd th Neetdghbhel ieek Anglysib BGB2brmdkby
hept ene cracking test also is effected in an .
analyaingsbpbifivees using egesyowatogiaph  $amplesdor anstysisear puogatically taken

Lectrically heated rea i,s.| e .t h . :
e TS B P b5 080 IR a2l vt e e
flowRE 41560 8§/nIRIR 7BYmiGhites Rith the f8&d %ﬁrmiv@a@ ar 1000l @ AminFactos minutes
catalyst is dried in situ for 30 mnutes at 200 C

with tisi faerl gdsdluivmate ity tRSogamin. Adefeonl 2 pitutgssvitniba fesdigpelowepte at the

. reducti on .treat t for .one hour. at 550 in. .

niial G Pt Beafete PBALY Bk Blep AR & Byiqus sampleis
[ hQnal Edtitte Quithg th%esCin weight t

e b 25963 000 AR L L AL g -t

indichtal thgenmgastieatfithat¢f@dentistrbara.hept ene at 0 C and

anbi ent atnospheric pressure. The inl et ter@er ature is
[0064k| d Abteasntyely, wreek eciditempy bechasacteriged by e ACHESfacstmmylacetone)

st SRR S0ERe Wptrd i3 BRGPSL EHR ARG cmeitor n

prodﬁétfi% MERicHR: BQa&di%%hﬁ@ﬁﬁﬂﬁIc?@lB?&ﬁenoﬁé‘lﬁ@ﬁ&&s fb@dicity. Conversion over
anal ysis are autormatically"taken after 15 m nutes of

the sopysirt efzthe mpemtanidoring b SaB@UEgendd at FOSE agate b0 emipsshould

~.mnutes_with the feed flowate at 500 cc/mn., at .

sield e bss Heeh 7S IEeHD eSS Fud B 6T ERTo 650 COBFshn (st

prodatpt?céﬂ@s\%hﬁl?é)giﬁﬁwtr elof8F0daszskp. ow ate at 125 cc/mn.

and af ter mnutes with the feed gas flowate at
[OOGH‘ e i Anbirat u2Rf nfeodiof mehghr&%cabidﬁtpﬁ NS erPIb Gefnp@du@aprogrammed
owate Is adjusted after the previous sanple is L
desorption) as disclosed in US 4,894,142, incorporated herein by reference; the NH; -TPD acidity
strength should be less than 1.0. Other methods such as 31p golids NMR of adsorbed TMP

(trimethylphosphine) also may be used to measure acidity.
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taken. The analytical results are reported at each
el apsed tine during the test in weight percent
WO p@so#t43ng t he conposition of the effluent stPERDS2004/037300
[0064] Alternatively, weak acidity may be
characteri zed by the ACAC (acetonyl acetone) test. ACAC
is converted over the support to be tested at

100663 P BEREG oy ok B G PR et s 6 Bl Shndifrive, high-
surfade MGG S8nil %ﬁid‘é'hfaﬁn% @@M@é Sieaof 0¥ &F Sa(hmz/g unmfotromfsupm should

invention during a mnute period at 150 C at_a ra
also befunif@@n ocdamipesision andrejtibly teleastory Frufhe sopdigansgytiliggHin 'fic process

By th leem AR g&ﬁhﬁf@%@tgﬁ 10 1% %;é d Rt %%%ﬁé& Fta%%\f%{ef‘éél%ggiigatlvely
homo us/ ®n c{og%@tloﬁ\nﬂiuﬂ af the %ﬁﬁp&rt 1§f8tnhﬁﬁ.lr@<ﬁf tWBaﬁ widré\gefractory
cidity is NH3 -TPD (terrperature progra

materibds treplating amsurds eﬁh@@@@awrmlwlkbeg@nstmznd uﬁ@@mp@rca%géaut the

entlregsﬁé]gérg Itg)é 1r{tgr§c§al?£glﬁfu§e ﬁllthlé_lﬁee§c-ggg f)ﬁ%la gressérgﬁﬁ&aegﬁ%ﬁ Efractory
N\ﬁ'@g f 2RSS Bedial R ohfal élﬁ@ﬁﬂb){kﬁb@ﬁﬂhlrﬁ egib.SBoria, boria,
lnmg%géb%§euse t% neasureaacfglty - 18 -[0066] %%1
silicapihefign rsitbawaaddeyia atiahic-abumipa aiunspe-batii|siliceFirpenia ard gfher
por ous, ~adsorptive, highsurface- area inorganic oxide
Hﬂx“ﬁﬁwlﬁﬁ(’fa surface area of 25 to 500 m/g. The porous

uni.f or.

[006’ﬁe| a?]i[l\t;éqr%o F‘é‘? Ifﬁ%élftBlfy)}n?rgatllﬁ 8)(1?% Eo&lu;iel: gﬁgg {es«?rﬂ rﬁ%ﬂﬁon comprises
alumind S RfaBfe n§¥11atté?ﬁlsta% R cHRfaf1Re Miniin &OEHONG dsitildthétal, alpha-,

I's meant that the support Be unlayered and relatively
game Mgieneauming withrisos slplen, anﬁfgamma—ﬂumn@ gy}pg best rgsyltsy Magnesia,

m xture of two or nmpre refractor Ier
slonq G DAL A A RPTGY B PR Bt G sgppponent of he

{ Etory fhbrghasic oxide will h

L A TR A

an apphégrbiullodersith bAG.B oo ¥.1ighoragd mirtace mraa@i;a@@mnst@s sudhthatiile average
tltanla zircon a, cnro

pore b A0 00 i e SR DS ARG e st ras
SOtOCSIBP -alum na, alum na-boria, silica-zirconia and
i xtures thereof. [0067] The preferred
[006§E! 1 %‘?ﬁé{r 10b%AP EGW@&%'H@&%/ He P6rmi@nionh ultgb]pER8I§Ematerial according
I'nventi on orrprl seS alumna. Suitable alum na
to anjref elreutaihm@eselqtdvm torthmb altillediia thé catilpsisakisoprnueg ah §Pheﬂcal
t het a-, pha-, - nd, et

LS e E e
alum%ﬁ%%e@rnt@lnpﬁ Emia sy AHoR it suitabi g@ﬂ)tﬁﬁ"ﬂz@zﬂzld and water and

rises ternati've inorganic-oxide conmponent of
therehfi€r déedpahy s miangt qitleedding doéancbqgalhx@agmmm i q@,batmq)eform
preferred refractory |norgan|c oxi de have b
spheamb angigles Bl pk algeing gl which grosagily Cfni(e%@}gcle AFAPIL PI&H@ Support by

ar ea Cgar fbcftogﬁl gtah ‘%%ta%dﬁgeﬁggr{} %o%eﬁﬂf&s@@ﬁsmrrﬁethods and thereafter

€ pore volune is
ronu% 88 ek tudhiesih@lestsich dphirpiflaneil aptesichlpailésardd@med which can

then bg dried and calcined to form the desired particles of spherical support; and (3) wetting the

powder with a suitable peptizing agent and thereafter rolling the particles of the powder into
spherical masses of the desired size. The powder can also be formed in any other desired shape or

type of support known to those skilled in the art such as rods, pills, pellets, tablets, granules,
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[ 0068] The inorganic-oxi de powder may be fornmed into a
sui tabl e catalyst material according to any of the

wo e@lniyees known to those skilled in the PCT/US2004/037300
catalyst-carrier-formng art. Spherical carrier
particles may be forned, for exanple, fromthe
preferred alumna by: (1) converting the alum na

owder . j.nto an. al ugi na L Qf.: W i .
extrffE% it 1 Bt oL GAE upR b RERE LRt b bl
formfM%ftur e of the resulting sol and a gelling agent into

an oil bath to form spherical particles of an alum na
[006me! ViHeGhefFed Rami df Yagiervektigidot the singatmmagel catilysais a cylindrical

support by known nethods; (2) formi ng an extrudate .
extruflatoifheteatrpdatel partiply ety R BB e fSieq 2 mipa povider

. rolling the extrudate particl i naj i .
o 3 e SRR 30 P B S O A s, s
like 14tb@4 uBAthrCaXn@ARe dbihfioformb e hd @giouatbfpedtér adiestodbrm the dough
spherical support; and (3) wetting the powder with a .
is typseaily awificiepeiotgive mloss gedgniGe LT Erof AJ[1 PR g%, With a value

particles of th owder, A4.nt ef | | -
o ssREb e St BRIRR, TR APSH R TEESR 188 a sty
sizediORS fofl8 Skt @ihtSHARGe0r type of support known to those
skilled in the art such as rods, pills, pellets,

[007612b! &ths exGlid@dpLEcles ard Briedattarerelpérare afrid0lto ReO Y@ rand thoy calcined
met hods well known to the gractitioners of

th
at a temperhipsst of g0 de 880 °F &g mg’o p%0.5 [cq)&@c!urq-‘fpeefﬁpgtﬁg p]:eéqred form of the

rmof carrier material for the ring-cleavage

fo
refragiQpVApOIGRnif OXIC ey | ndri cal extrudate. The extrudate
rticle is.antl oml i8] X128k} EthB ZEd1RE To8rs th
0078 it BT i, R B EPREAR, Ui o o BPPEIRE [ he
selecB9RY oSpasaffifls @thefibished @tilydt. The edquired oiedk acdityinayibe effected by any
nitrate, and the like material unti] an ex_truglabl e
suitablounyithads irfcbidingimpreanagererien efchipace FIRIBZROR T PR5 OhRfE Of the

alkalgi.j gx?ﬂgz{ik%ﬁwt(:)é% 5%%%#9,’ %S uéi@l}gi?&%iuﬁqg irgégarﬁ}ta %%Lhﬁ)%\‘ji\; ?ﬁo%ed as being an
econ\'ﬁﬁ‘llidéﬁ%/ AfiraSovd RSEoJOTE initdhal @EB@REB/ ik Ysspeiatea withchn ahtva such as

resulting dough is then extruded through a suitably
hydrexide chititeort ohdlige ﬁu@y@sm@gﬂ@ obl@ppml@q cg)gl_smt[egigvy@l} wepgacidity of the

iR R S T A D TR g s

of sdBfdnGn fa%t;n‘f""y R8pdradr Bf anCnivuhOsulficiiaus rovitleal wedkly dchiic catalyst. The
preferred formof the refractory inorganic oxide.

alkalj 60ak]lineteaitls metd entyibalcoinpaegnpted atoag avilhst plpédnugergrqup metal
acidic, as acidity in the zeolite | ower e
comangi, 64 e gS s Mahabrents ppaFieFohRERRgE iite prencg el e selo
ﬂwgmgﬁQﬁgﬁghﬁg apidi ty may be effected by any suitable
net hod, 1 nc ugi ng I npregnation or ion exchange.

[0072Pr &g akéHaRe s afRReBkt VERh&h&Y oftif€rpdriand wedkchealityahtob e catalyst.
earth nmetals, especially potassium in a salt solution,

The irordanicemeade sppbe inepntacted suioriotionopieiningan sxecshef Ast ions over
the sy pregse etten Py ATREER G Sl le ) St may be
used iR BAEvE RREHoaL R cidtifalt MBRKoIBEbEb¥eY IR subP@t in a fixed-bed loading
tank. A water-soluble metal salt of an alkali or alkaline earth metal is used to provide the required
metal ions; a potassium salt is particularly preferred. The support is contacted with the solution
suitably at a temperature ranging from 10 to 100 °C. Another suitable method comprises acid

washing and steaming of the catalyst.
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finished catalyst, with a nitrate being favored.
Optimally, the support is cold-rolled with an excess
W@R00SOk4BO on in a rotary evaporator in an anouPCT/US2004/037300

sufficient to provide a weakly acidic catalyst. The

al kali or alkaline earth netal may be coi npregnat ed

along wth a platinumgroup netal corrponent as | ong

th '
10073 o' DR aBLARLEAR AR Byt 1R Shcfedl p BACE Bl B Rrmed o

"synghefi¢ Rydiethielte" dhaétizddDis eﬂ&ﬁdﬂﬁl@ﬁble&lyﬂmx@de{ HyﬂﬂjtalM&: is a clay with
met hod of i ncorgor ati n(g weak acidity in

the ié@ﬂ amiygqll fonrpela ohifegah(@HbX(CH) S hPp#id ClP%Flbbl@lﬂt%’c%né@gS with variable
magnes um/ U.%I%JILHIII ba? %s 81%2%@' ) 'dﬂ§J g}%ﬁ CWS&" ﬁélcﬂghgé dds@%d in the Journal

ver e armun weak ac

of cecbtybi@ LQAhSZﬂTJSS’BMQBﬁ)b‘d@ sZﬁhémarﬂfcaﬁmﬂk aed bmcmyntmc hydrotalcites,
used, an effective net is tocirculate a salt

incluslgia materielpbasing Mg asd g oerlaced by ofhﬁs(@étalfe@alcwapmgf ugh fayered
f an k .
doubé%ﬁa#o%?sgpsuﬂg 1rh<§egéu?tbonqug a%er?%sgrugeaeualmr g f})nl Jfaterials which
are dffRBBiel PdRERE DL Ko Bdlitions of@E tdsGkihaeyal kRS r ed. The
support is contacted with the solufion suitably at a

[0074E P eTREsH efbbaiftinBOffiliedprestt duppdiD Bre@ischied EUS S12i54 Ab3 end are
met hod conprises acid washing and steam ng of the

solicsplugiops of a divaentpgalzajdemad 4l tméarl@ﬁm% oxidethgping the gsperat formula

ot 5“@%{‘?@8@16 ﬁi%tegt ak c?rg tlg% h?’ sryn’ﬁ);étéé? iﬁ}é&rgtrafaggtg éfi's matenalcf whose general |
fomﬁ‘.l%&’ﬁb}eb P RYI AR WM@#@HL& 1500 M P aya thlbnttlﬁﬁal or combination

ideal” unit cell for and cl osel y rel ated anal ogs
of dmalm metals a@tcéedrﬁgmélsa mlac@mshn@wﬁra@gr@@umyalwnr bagim,ynickel,

cobagtf 11%3tcgpg;§ i'cu%d Zl§9t 4s]a E%“f? %&%géf&' (ib i 33918{1 ﬁ’g Pegﬂlaletals selected

fronf:tﬁég oMb lcbnsikinig OF amHERIS YAIRE, chrof¥ 6k Ok, @hd BSithanum. Both M* and
including materials having My and Al repl aced by ot her

M"* ety &k snix Ceds off nwcalsabslmgmtohhd xawpmjb desabloge Jfemay be pure
resul t e i on of the structu

nickf I iy e OB eel B mfehegym A el hihE Rttt é@‘@?% ey be

solel?%ltﬁﬂhhxﬂ oP anﬁkﬂu%@f Mminlif efnﬁ%Hfo‘iﬁlﬂlﬂ SEdv@h a%ﬁk@@éof three trivalent
0074] These embodi nents of the present support are
metali sich esaddmimint)ShfonAbr, ZutBgallinohn.akgs swhnidn,sodshtisualy caborate

di val ent netal oxide and a, bj v | ent tal. oxi de hayi ng
althqiigh OFER Yl T bR ATEPIBNRA SHOUBITT Y FERRELY PGS SR oA BYR(S sulfate

[ e a} Y

chlogbééj fg@@gg Shé/ ind@, rﬂ?(fh?&h?tle Sm%%%&%ggﬁa drlhgg;n@séihﬁa NEis
aluntizdm) andrA m@aﬂbbnae k:mnespf)nd}ilw &ieérytlmmim&l ssrieel ected from

the group consisting of magnesn um cal cium barium
[0074] ckédl is prefbable, that rthrm(,M“&ib)ﬁM? y@){dHziolid soluti@n has asurface area of at

o € R 1 DL T 12 1m e
rangd ‘?IIOHD t0 356 817 g‘“ﬂle fa'h%r?(i’y SNt LFRENARH Wiy 1808 Whydbetween 2

e mxture metal’s bel onging to the respective
and 20 aﬁmthémtloexﬁ:trm H) bdih@pmfeyrethe pure ni ckel or may be
bot h ni ckel and magnesi um or even
[0076] ¢k eMetimdnefgireparatmpald known3n theyartyend can be found in US 5,811,624

US 5,770,042; and US 5,463,155.

[0077] As with any of the catalysts used in the ring opening reactor, it is preferred that the

catalyst also has an isomerization function for converting cyclohexane to methylcyclo-pentane
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solely alum numor a m xture of alum num and chrom um
or even a mxture of three trivalent netals such as
wW@besios4s9 chromum and gallium A is an ani oPCT/BEN4/037300
usual | y carbonate although other anions may be
enpl oyed equi val ently, especially anions such as
nitrate, sulfate, chloride, bromde, hydroxide, and
I . .
S R o ASoA SR Bl 1 RBRERY g My o of e
catalipytchk dtigsiet e deaveaCs rifd(ia] a Cirihg preferable that the
(MO(MOOH solid solution has a surface area of at
[0078B¢ astTHb&ﬁrgrd@,vagmt@ qithé presdmit mvantldrﬂasbseﬁs&ﬁ tob¢ gainglarly useful in
IS even nore | rable that it be in the r

compingianag romeHG T P&ﬁghfwér%f By x3djcie (i Ronting i @ietcs in the feed

o S, D o Bttt i
incraakedpr eparation are known in the art, and can be found

in US 5,811, 624; US 5,770,042; and US 5, 463, 155.
[007PDO7 7A1tl'A31 glvhydro gmyamiﬂi ghhigydradagions tety bs eajnd>wdtblyeﬂasli1 segparation

ni n ctor s preferred that the c

and G B AR o8 AL gt iie BSTTRHEER S Se e B 4g cone and the
isorfeHZARRSBAL $he iRte gﬁ&&ﬂtle %ﬁ&éxﬁbl@ AR fered %étv&fe%%nes mﬁlout separation of

I soneri zat'ion of cycl dhexane to MCP facilitates the
hydrogengordighttiydgochthoas. i Thie erbthtingc Sammh(yrsteaaﬁ)nl frovidesealsdated, paraffinic

to cleave a ring than a ring. [0078] The r|ng cl eavage
intergiegigtegp ﬂi*qnlé‘)fﬁ?fé@gﬂli‘ Z@ueVehiel giner aély 6%1@%%% fyrihepeating to effect the

requH?tﬁ fsb iAoy ¢ fréﬂlre' c%&gpbl.r@ﬁér at‘@x&ﬁbng%?fég\&éeé?%% {?fg%—cleavage

para ins. By reducin e cont
zone e[mdhmhmﬁﬁaﬂ)nt Znt feryibs appropa e fcﬁmerﬁp@ﬂuretﬂwltﬁﬁ@m fdri thenstartup of
of catal yst available for isonerization of paraffins
the gracephieauedraign. [ 0079] Al t hough hydrogen and | i ght

drocarbons may he remgved by flash separati on and/or .
[00893/ act ps&fafti%wma HeTHIE-(eavass ﬁﬂm igometizateReRngs @aﬁgﬁ&é%qﬁed using

the (.Ia&?ysf fnrbg'p&ld%%& er gagjﬁoé}lﬂ bE(tf Wu'l get &Qﬁ’, ot iH% batch-

ernedi ate pr érre zones
typeWwptianoi. Astplrtaddispsiemfis fmﬂm@g éThe(IEadtanghhailbdjcc@w&lmm the bed of
The exotherm c saturation reactiqn provides a heate

catalygiparticiesiie cither Bpwardi davenyasdaiaadialdinst fashipn. Jhef%éams may be in the
11qu1 34% gﬁun;?erdg’lq:u}/d {Tg)g?gﬁeﬁé diQ Jaﬁ_(%rgmg{ e c'xﬁ&ctre? v&ﬁ{hftﬁé:&atalyst

e réqU|re I'on te cool er or

partleleb'l,aﬁltﬂ‘@@tﬂl&l( eRalGgindettiBe byt dpplicdtiog of Liraragst inodition to a
and isomerization zone may be appropriate for
pnnxa@hﬁé]u&maée epaxtian; [The {pogerizagion @ﬁl@f« 158%Pe it ele Fractor or in two or

mon? f,elli)arag IS%C\/ ara gvltﬁ ﬁaﬁaﬁ:ge {ﬁr%grllsgg?r ttlg 21%}%(\:4 th% ifle %yfre 138menzat1on
tempéPAting id MeintAiedlay fe chitateftd ?S&ﬂ'zbﬁé‘j TSHSAreidre @eaﬁﬁ)‘{s MGeefice are
system a fluidized-bed system or in a batchtype

prefespsdrta enabhe imppr cb‘i’exlesi}lmaa@%ﬂmﬂgh soprad péindisddual Fractor temperatures
and fof %C Pca%al}%? ¥ep %Gl‘(l‘:lgn to% a p1otcgss tsﬁlﬁd(?\%j. of

[0081] Isomerization conditions in the isomerization zone include reactor temperatures
usually ranging from 40 to 250 °C. Higher reaction temperatures are generally preferred in order
to favor equilibrium mixtures having the highest concentration of normal alkanes. Temperatures
in the range of 150 to 250 °C are preferred in the present invention. Reactor operating pressures

generally range from 100 kPa to 10 MPa absolute, preferably between 0.5 and 4 MPa. Liquid
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catal yst particles in either upward, downward, or
radi al -fl ow fashion. The reactants may be in the

woO p@aiogr4phase, a m xed |iquid-vapor phase, or BCTEPZINNG/037300
phase when contacted with the catal yst particles, with
excel l ent results being obtained by application of the
present invention to a primarily |iquid-phase

hourggsié%t \ie?&itie:sr ?ﬁ}g{ﬁ%%%%b%@% tufdl! ?f {95e bierhy\%{o[%hl%gh Peed per hour

or or in r Tor € separate reactors

per Wllichéd atalf g MG tht Nah OSSR RS IO beltgidetbdt the desired
i sonerization tenperature is nmaintained at the

[0082t r aifigoden iemidedAditieor réinRin® Withilieepar&ffiaicaniemhdtiate to the
sequence are preferred to enable i

. =qu . roved
ISOmEE ZHOR IZ9BA 10RO e dTIg Teip ot lpidregen P HTrpeithan feahef 4P to 5. The

R 00 5 PR G S SPLASIER s

to the dediaftbis@Barhtiort fiGn ir€a@ bR effERhd. DiTh BytRodartsiny ded §@alt irbunts of inserts
tenperatures usually ranging from40 to 250 C. Hi gher
suchrag attigem andearpelt @mey e preggné iniBp Bydpgsp. Basershpdd be ferae\gddrom
to favar .equilibrium m xture i ' . .
nyac e i esh ook I A TdBY P A Sl BT bm sy s tnown

the aitaRGLpreferrd®Bmbedizfht the Af@ofned B di©barbsh bErapd & treactor effluent is
i nvention. Reactor operating pressures generally range

equaf fooonlasg thaa0%, genemallyRbvishise fhgmeed forregysiedbidyogse fipaethe reactor

0. nd. 4 MPa. Liquid - 22 -hourly space velocities
eﬁh@@ﬁﬁ@“ﬁ?%%wo.z to 15 vol umes of isonerizable

0085, S5 95050 T U Bl o i

catalybt@6RP6dtibib dd¥t xR Hatdifbelsw. VEBE (38 a8l tbipeinidhepay addctinite the catalyst
Internediate to the isonerization zone to provide a
by remsiving kigh-ectity ehlride &nmt tbe ptalys candseHur emgorsfiliodeggtivages the

5...The hydrogen. u i.ed.totally.from j
catalfi g s OOR APl dReRt BB Eh Sl RSl Bualy reduces
watck-BEndrR82 Rl iPhtes RPAE dddudBd O PP @aedsAhd Slilfdrég 015 pplat @hkss. Other
hydr ocarbons and snmal | anmounts of inserts such as

means Suckh greatsenptiom sygtamsriay the gepeesd ehtulfup andheatay e dedrocarbon streams
ter shoul d be remyved from hydrogen supplied from
Z“eQgikﬂqwgq?Hgmﬁgﬁuﬁﬁggh%W%ferably by an adsor pti on
stemas _is known.ip t rt.. preferred. S
1003Y 5 o arnane Sl Ryt Dl ia B b ek ffer Plonot gratinih

hydrb&¥@bdreeh Rl bk Usitasiaf iReedzatdd c@falysemshd Ramefzdion zone. One
_E%enerally obviating the need to recycle hydrogen from
suit

ledsoreciizaidon etdlysh epmptisss g ipéetihemezrofomed], hydrogen-fougp crystalline

sul fur are.catal yst poisons especially faor the
stonig i At s Ok AR e Ry sl S tndig preferably has
surf8 8feh P fdeRES R MBrR! P pr¥Rh8H nERONRE istlatRRRTRARRAYY Present in an
deactivate the catal yst by renoving high-activit

amovgttlof fiotke0.0F o mhes % af deyoomposition, snd bmmalénﬁ@@mékl; tp 0.5 mass %.

B SR e Dt A ROSERTE s o rs
VIB{@,U@M(g—lb)S G S)B HYBQIZ%{ na&ney, %énﬂﬂn,‘ﬁ&ﬁ?ﬁd?%ft,glﬁcﬁe@, dallfim and indium

required 0.1 m or ‘[ ess and sul fur .5 ppm-or
also ey e ptstrer Thesayssal Bucduamoaidisate pealicumay be eymshefioor nitarally

occurrr?nrrg? \érﬂ prggerafcfhjyl/ ifs leéleggg fr\g%t tﬁé g;oqlg rcr&?s%/s%ﬁg %%R%? L'ﬁ‘,r mand MOR

with mordenite having a silica-to-alumina ratio of from 16:1 to 60:1 being especially preferred.

The zeolite generally comprises from 50 to 99.5 mass % of the composition, with the balance

being the refractory inorganic oxide. Alumina, and preferably one or more of gamma-alumina and
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are well known to those skilled in the art. [0084] Any
catal yst known in the art to be suitable for the
WO s@soei4z@t i on of paraffin-rich hydrocarbon stPERDS2008§37300
be used as an isonerization catalyst in the
I somerization zone. One suitable isonerization
cat al yst conprises a platinumgroup netal,
eta—zl'%ﬂfn? el L AEd Sk lnl 'oglﬁiegi:lﬁﬁﬂep g&?# &Qﬁc?c&@gsit{o‘ﬁ Asclosed in
Pact ry irnorg |c OXI e conposition
US 4735,92% hicyrpoasedohesdin froiceentif@abpief@tndeastto580 m/ g.
The preferred noble netal is platinumwhich is present
[0085h an Aaprefientd sbmkrizatiof cathlysicomposition ¥ompritehene or more platinum-

conposi t and optimally fromO0.15 tq 0,5
grougapciplytq 1@§qu9 2B B &qrga@u‘a%%?@d@f Prgfeaanly thergatalyst contains a Friedel-

Craf%lrrg%[gl) f?aﬁl\ﬁ?;(l@i_ E_ﬁl%rg‘]fnﬁanw&é b% %ﬁ&%&@%&f E‘g?} Io;at}rr]nal platinum-
groupmudial 1£:pllaﬁtluim MIdhi‘lebneS@alﬂ, anm@ma of fackn O @| Fmasyey. Te inorganic

present. The crystalline alumnosilicate zeolite my .
0x1d5 arefsrably spprigss ahlav% avifhyons @& grors efggamgpralyrenaeingista alpmina

prov‘f’cﬁ!?%%sﬁl shﬁhofrﬁgllﬂ rtl?eu&ﬁlgeg Fli‘]a{é&{aaﬁ %q ole fgﬁﬁ‘ij of FI:!ﬂcm%gyhndncal

extriidatd. The@torhpdaitiohtndy dlw ftain Hesragnie p@l@ﬁala tbipdredt, e¥ithadrbon
The zeolite generally conprises from50 to 99.5 mass %
tetra@hbti@rebqi@ﬁmré’gn?d cnd thg t@ﬁﬂ tiHeridseqoairakispiing ta hymass %. An organic-

chlongg p%?nto pere c arbgra&rbonqxtracglonﬁde 1%@0%5 :glﬁﬁlg% gpeef‘%t?onqg n¥a11|1ta1n a

oner or rmT M na and - m na

condehatidheIf 80 ke300 MAsPPMH 6 Ph6ier infthe EdigtinétEledd.| Gih&f detdi and
conposi tion are disclosed in US 4, 735, 929,

alterpaiesigs phprapaselicnesians Ang pparatipneasihe rrefprrpg lsp@ﬁéz%mecatalyst are as
t h t t taly

oA PRl LS T B AP v

[oosgft al fh ifo @Lz%&@ﬂ‘ 0 %g?é%gl &lnébglﬁ%‘}géé‘% &9 8 E’écgg fotptlmally

ef era e ca
compEdiad oﬂi@cbllrﬁtﬁe betldﬁaBdhbtﬂlaﬁUﬂb@lhhﬂﬁ h&&n@@s@@at@@ pEsir@hdres and

preferred. The optinmal platinungroup nmetal is platinum
sepagghing i ghist gamepnaAnts framem lammﬁm@ph pragistolnaddgion, arérgglonator may

sepagagee afbngI%%a?f@h g?ﬁ)c)égtrr%%,grr efae ¢ % sy corx,}ae gs\gll%h % Eeg%e? gémg recycled to the
ringRle@VigdizBfk. ORBdr técBldliésSas tﬁg‘ht ehé ¥t niaki®e GRofoR4ted into the process
matertal is in the formof a calcined cylindrical

compiatierdatseparapsopunafiivsichi pyadushfromireeycleotreamn toanngﬁlgeémgazand/ or

th L et
isonRRgiih SRR Siekr s s SebRbEeon &pPBiflg-igre
adsoﬁﬁloﬁ%a fré%tm‘hrdu&{ GRRIsGEN BB R IcBAPE s coRta8if BOh¥phtha feedstock
carbon tetrachloride, is added during operation to

in thergsonteaization zo0n evktain homm] piraBh-tich Iﬁcduqmggarptmg thé product by
n the c i ned feed. r. det ai

t x 1d
ol BRIt pAsBPGR o BRaR U ins g Ui TOR R RO prceute and

Cycl1E§ %&Eﬁt@ﬂe ESHRERE %ﬁér@ﬁ‘ln@ ainﬁ'c%ﬁertﬂ{gethééy@ﬂc%‘sbgéﬁﬁm' ddncentrate in
, 999, 074 and”US 3, 031, 419 wh are i ncorporated

the rhgrcéwvangmeitcepledw pafaﬁﬁﬂﬁﬁntammmmh mateystedzotiee isomerization

erall ri ses a separation sectio
zoncg AL YAl G A lsS CARSFBIFH SERALBHLM- pRAasHeq s b4 BORYkRgatins, and
opt1(;h%}ﬂ/ RO RSy &ifle & RPUpLERIYEFHRE Fecycle to isomerization and a cyclics

stream to ring cleavage. Optional but non-limiting separation embodiments, including adsorption

conditions and adsorbent characteristics, are disclosed in US 4,585,826 and US 5,043,525.

224 -



10

15

separating |lighter conponents froman isoparaffin-rich
product. In addition, a fractionator may separate an

WO s@pasaBdi n concentrate froma cyclics concenPCHUS2004/037300
with the latter being recycled to the ring-cleavage
zone. Ot her techniques as taught in the art may be
i ncorporated into the process combination to separate

[008'7?S op a@gtf(fn' 7 HheERomERAHEH chQgplé' ﬁlggrﬂ)%te%lt\{’lm e dp@lgqng reactor

eavage and/or isomerization, InNc
50, amdhemnd:rmb}esm thegresdstanpintion. Ak sﬁ)mﬁ‘flﬂlgnﬁm bt @hd 5, the ring opening
| ecul ar - si eve %dsorptlon and fractjonation. One such

feaC@ﬁé% Hickndt 2 cabaht fardsomesivatien plile pralfima fhingerasedBe aprgeak paraffin
{ r
yield, gl;ﬁaef fllofrclzé ??@a&él%‘?sg 1‘5\8%&; Qligé;céetg?ag?l?e ﬁJ Pat‘glﬂg Hi?cgtmr%s fBr the isomerization

procmlvaﬁlbbmamr@@mtmﬂsmgalfﬂoﬁmmtoadsecmI on conditions to
obtain normal paraffin concentrate and a cyclics

- [0088bnc dﬁtrﬂlat disassivaamd infprinatigracakEining, 1scam:hzaﬁmmtzﬂysng1s available in

C ff|n concentrate in
U ¢S bt 8 5 BRGS e o TS AT FLabich ar
inco i‘ﬁ&iﬁ fe‘? g Cﬁgntl{hg@. i soneri zati on Zone.
tern tive e cyc S concentrate contains
Iom#branched as wel | as nogpab paraffins, and
optionally is fractionally disPllled to separate a
[008R4r afIiimiationeusing ering opsing piczedsicnmaphitia deedygicéanasshow that the

rean1to cl eavage. tional but non-limtin
paraii’t lgqﬁ%&ée( Bdhe sujt %élptﬁ?ﬁe?@t%@o r%mu&gons usn%g the ring

oL T SR DAY B ey k. T

1 she\{/:OﬂhS Z§sulipfioondinilatiohd dosepuey yizldtestimates 6erdiht blfin production.
i ncorporated within the r|ng openi ng reactor 50, and
The piguulaonspiees fop a pirsehpapbiiiy feechrenmnesicialaapbgped, s model cracker
' DD
pyror})s g‘;ag& 51 n’éO(%PFeeg Efr ?1@& l\)iie{s(;)&%e [ ;grg | Onf\/ﬁa?%%lg 18 zbgroc?sfs for separatmg
normiad hiyhecabse fidie arhgdﬁ‘diahrbpﬂ i@k fukenanyd i€ lifensdd By TP CECOf
catal ysts naybe affected as the operating conditions
for the isonerization process will be in a tenperature
range from 350 to 425 C. [0088] Further discussion and
i nformati on concerning isonerization catalysts is
avai l able in US 6, 080,904; US 5, 382,731; US 5, 334, 792;
US 4, 834, 866; and US 4, 783,575 which are incorporated
by reference in their entirety. Exanple [0089]
Si mul ations using a ring opening process on naphtha
feedstreans show that the paraffin content wll
increase in the resulting process stream Sinul ations
using the ring opening process were perforned to study
the increase in light olefins fromnaphtha feed. Table
1 shows the results fromsinulations to conpare yield
estimates for |ight olefin production. The sinul ations
were for a nodel naphtha feed, a commercial naphtha
feed, a nodel cracker pyrolysis gas, and a nodel feed
froma MaxEne(tn) process. MaxEne is a process for
separating normal hydrocarbons from a hydrocar bon
m xture and is |licensed by UOP .
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- 25 -Table 1 YIELD COWARI SONS W % Delta (to
origi nal Feed) Mddel Commercial Mdel Maxene Model
w@ormmsad@l Model Maxene Napht ha Napht ha Feed ErBUKm®04/037300
Py raff nate Naphtha Naphtha Cracker raff nate Feed
gas Feed Feed Py gas Feed 28.3 24.8 15.8 32.7 Ethylene
Post RO 33.2 29.7 22.7 37.4 4.9 4.9 6.9 4.7 Feed 12.7
9.2 7.2 "' 10.6 Propylene Pog thR§14 9 13.5 12.6 12.4
2.2 4354 1.8 Feed 15.3 1475 15.8 16.6 Met hane Post
RO 19.2 20.6 22.7 20. ﬁE%BQ BrE Feed 5.3 4.6
4.8 4.6 Butadi ene Post géi\,ﬂPAf 7 ?N 4.8 0.1 0.1 0.0
0.2 Feed 25.8 37.9 45.4 25.3 Heavies Post RO 12.5 17.3
17.2 11.7 -13.3 -20.6 -28.2 -13.6 [0090] The
cal cul atfons 1 ndi cat ;fhat a 4-7% i|ncr easegemtul,rgmmed)

i | r aod 1 thn Ari ni Aa f eed
expect ed podg }élenr;;zmln © IoI ';1 : F/I over Mode'l ‘@ét@ﬂércm Model” | Maxene
and aroun qu\’[ B aﬁa%(f -'@ﬁ&erw ﬁrna € Iﬁmg ot hthall Cracker | raffinate
propyl ene BdécOdUCtl on over gt he| ori gi|lndtedf ¢edFeed N | Pygas

addfetdi on,| 2he si ntd-&ti onslSi8ndj cBt’e |t he amount of
heawk@s 1 €md N| Ng2ooul § be 7expegised tpy decrgase from 47

Ehylengy bund 13- 30% overthel originpl—f-edd— The—tests

A LI | T UPASA" AY LILILA' T CO

in e?:datp a'slibkt adfi al |ink ?’paspm@n t he production of
Propylchd (FPE RO ef 1hs canldb® expdéfed| Wit [t &2 use df3 a ki hé 1.8

opefrrding ne&tior. [40D91] VALl e tHe& ilnventiion has peen
Methate SEERDEW .2 h| Whad s ar € ppesehtioy donsd dereg 4 hel 69 4.1

prefer reg—gnbodimgnts; S 10 e [understood that th

i
! . .0 4
Bundibn D VeRELEOR—Ss—Apt—-mted—+otne—¢i-5cl osed enbodi pents,
ualﬁu ifOIStgbim‘é to cover % riwué‘ diftcati s and®® 0.2
equf<fal ent Z%EH angéhent s i4¢l ude®-ilt hi n, |t he scope of

Heavigsh epegiBpemdetls c| ai o3 - | 26.72CLAI NS [1.13A process fors2 | -13.6

preparing a feedstock to a steam cracking unit
produci ng |ight ol efins, conprising:

[0090] The calculations indicate that a 4-7% increase would be expected in ethylene
production over the original feed and around a 2-6% increase would be expected in propylene
production over the original feed. In addition, the simulations indicate the amount of heavies
remaining would be expected to decrease from around 13-30% over the original feed. The
tests indicate a substantial increase in the production of light olefins can be expected with the
use of a ring opening reactor.

[0091] While the invention has been described with what are presently considered the
preferred embodiments, it is to be understood that the invention is not limited to the disclosed
embodiments, but is intended to cover various modifications and equivalent arrangements

included within, the scope of the appended claims.
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passing a feedstream (12) conprising through C9
hydr ocar bons i ncluding C5 through C9 nornmal paraffins

WO nios/0&m3@dsor ption unit (20), the adsorpti on BPET/US1080)937300

conprising an adsorbent and operated at conditions to
sel ectively adsorb normal paraffins, and produce a
raffinate stream (22) conprising non-normal through C9
.ocarbons; passing a desorbent stream (18) into the
adsorption unit (20) operated at desorption conditions
0o desorb the.nor nal raffins fromthe. adsorbent
Roticaulospreage P oeds PEh i Rk Ui S RBR e Bfins,
&ﬁmggq&;cg paraffins and C5 paraffins; passing the
raffinate stream (22) to a ring opening reactor (50)
Mﬂﬁhg atféeRlstrédnh (123 tcemptisiaa m; (el S, Ettd@ebad iMéltilling Cs through Cy
catalyst for convertjng aromatic-hydrocarbons to .
napRrhd pesiErming antdspipiion tait (ROnihe edsapliopmit (29 eempigsing an

openarrh il aneo FRER RS REIGHTED s B s PRl g
| S QRRIuBE b irdFHnatl 3GEAA ?2% RemPxtiha&bn-abieaT(tBAugh €dydrocarbons;
steam cracking unit (40); and passing at |east a

RRsihE adesrbddd etrédn g1 8) PEBitgade6:PEES AniS (2B Pef) at tdesdritton

steam cracki ng unit (402. 2. The process of claim1

f ucenrdifionsgasiesasb Mg rams! pryafiine fpeeihs edwabsnt.1and produce an extract
risi ' i neludi '

TR L Sl AR YR B0 BBl R

pAEE Ak Mo CIPD CBR BRAR iR T VRRS Y dnfifnace

( 28jredne (XX pacaitatddeith e easlystfontinvening dremaisd-hedotarbons to

overhead stream (14) rich in C5 paraffins and a

f e SARIhSRRGR CURYYSEIOF eve(ting)naplihpnas 4 Rgrafiiiscll gRegpening
h . ' t .
B REE RN oA S chPnt RS SRS ARl Bgtin nc

Thesopaatfass of claim 2 wherein the desorbent stream

(18) is the overhead streamrich in C5 paraffins. - 27
padsind tre qxtractetisainf(24) taianstehnf eraditivey uitio@M; sidng passi ng

the extract stream prior to passing to the steam

passiog anlgasy miport{ch0)f, the tngnpemkty protess stagan) (Yato the steaint cracking
(30é.z$%rated at condition to separate the extract

st MBY Q24) into a extract overhead stream (32)

conprising paraffins and an extract bottons stream

(34) conprising through normal paraffins and passing

: Tﬂkepreaésgap&%i@@yﬁ@m&er%ﬁ@ﬁﬂh$34) to the steam cracking

unit (40). e process of claim1 further
1$eRETRE tiel B&stream (12) comprising Cs through Cy hydrocarbons including Cs through

Co normal paraffins into a feedstream fractionation unit (10) operated at conditions
prior to passing the feedstream (12) to the adsorption unit (20) to separate the
feedstream into a feedstream overhead stream (14) rich in Cs paraffins and a feedstream
bottoms stream (16) comprising Cg through Cy hydrocarbons, wherein the feedstream

bottoms stream (16) is the feedstream to the adsorption unit (20).

3. The process of claim 2 wherein the desorbent stream (18) is the overhead stream rich in Cs

paraffins.
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passing at |east a portion of the ring opening process

stream (54) to a ring opening fractionation unit (60)
wWop®sataaeo at conditions to produce a nethane SPCEHEA2004/037300

(62) and a non-net hane stream (64); and passing at

| east a portion of the non-nethane stream (64) to the

steam cracking unit (40). 6. The process of claim5

4. ’f]ﬁ(grérﬁg%s% 6PORY, | %if{ﬁ%e( ggﬁib%géﬁgsisgn‘gacﬁé eRrRP LA .p?ifoE %{fassing to the

ané stream mer | zat 1 on Ui
el adfacltdn@ing MU ol @ trh& fRcacitenanitgBo) aperttedatcotdiion to
conprising normal and isoparaffins; and passing the i
wPHRigdhe exiract siresny () inte 2 ereach g¥IPpRd $isai(Pe) ¢aaprising Cs paraffins

The pr s.of claimz2.further . Sl ' .

FRoHRREE R R bR Ry ¥ b aShe FaPRELE CRnARR bR Snd passing
5 the eR@Es bBGorh§ Srdeed (e@pstedd)crickirtghaif @oyst r eam

fractionator (10). 8. The process of claim2 further

conprising passing a portion of the ring opening
rocess strean1(52é¥into_the feedstream fractionation
5. T progepy pf clgim Frurther GEBPESIBE: claim 1 furt her
conpri sjing passin -gas.stream (44 erated by .
Rnne poam ez G fvE Paya Borns ety (DA HGE obning
I e%Eﬁ)(gl’lagigg ).ll’lit '(6(%%pérated at conditions to produce a methane stream (62) and a

10 non-methane stream (64); and

passing at least a portion of the non-methane stream (64) to the steam cracking unit (40).

6. The process of claim 5 further comprising:

passing at least a portion of the non-methane stream (64) to an isomerization unit (70)
15 operated at conditions to produce an effluent mixture comprising normal and iso-

paraffins; and

passing the effluent mixture (72) to the adsorption unit (20).

7. The process of claim 2 further comprising passing the feedstream through a
20 hydrodesulfurization unit prior to passing the feedstream (12) to the feedstream

fractionator (10).

8. The process of claim 2 further comprising passing a portion of the ring opening process
stream (52) into the feedstream fractionation unit (10).
25
9. The process of claim 1 further comprising passing a py-gas stream (44) generated by the

steam cracking unit (40) to the ring opening reactor (50).
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