1 9 JAN 2005 -1- PRODUCTI ON OF NAPHTHA AND LI GHT OLEFINS FIELD OF THE

| N\VENTION 5 [0001] This invention relates to a nethod for treating n&ShiANa005
and making |light olefins fromthe treated naphtha. In particular, this

i nvention relates to the use of a naphthene ring opening catalyst to
pretreat naphtha feed, then subjecting the ring opened naphtha to a

catal ytic cracking process to formlighf.olefin product. 10 BACKGROUND COF
THE | NVENTI ON [ 0002] There is an increasing demand for light (i.e., Cto
C4) olefin products such as ethylene and propyl ene, which are useful in

pol ymer processes Mo n he ] j ght olefins is
growi ng steadily mm@&} "‘?}g &jﬁgﬂ%“: f oreseeabl e
future. Aefins are forned in a variety of hydrocarbon conversion
processes. Steam cracking and catalytic cracking of naphtha feed are

exanpl es OFIBLOCOFTHE INMENTION ght ol efin product. For exanple, U S.
Patent No. 5,993, 642, discloses hydrocarbon 20 conversi on processes using
zeolite bound zeolite catal ysts. One such process involves the catalytic
cracki o] apht.ha.feed to produce |ight.olefins at, .typi,cal,.tenperatures
of fro ab[ﬁ@@OO%%%‘ﬁB pn Felgtss tP@ngﬁh%B_fgf “%%Pamhaﬁg‘ﬁm?]@% di scl oses
a process ' | ' Ni hg,: . r pht henes
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in the fee 0 parafrfins. non Ic C I's”use ring opening,

and the pangf 6f Dhaphithefe!HAL Gpefinkcatdl QB Préwéht Maphtiarfead) thefi sibjedtigt to an
I soparaffin pr_oduc?‘.i 19 J%ﬁpzoog -2 ?OOOB]r The kgown p?g’ceduresjear egeither

not concer thedring bpeqadonaphithrgtol a gatalytic cracking process to form light olefin
product.
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BACKGROUND OF THE INVENTION

[0002]  There is an increasing demand for light (i.e., C; to C,) olefin products
such as ethylene and propylene, which are useful in polymer processes such as

15  polymerization. The demand for light olefins is growing steadily and is
expected to continue growing for the foreseeable future. Olefins are formed in a
variety of hydrocarbon conversion processes. Steam cracking and catalytic
cracking of naphtha feed are examples of processes to obtain light olefin
product. For example, U.S. Patent No. 5,993,642, discloses hydrocarbon

20 conversion processes using zeolite bound zeolite catalysts. One such process
involves the catalytic cracking of a naphtha feed to produce light olefins at
typical temperatures of from about 500°C to about 750°C.

[0003] U.S. Patent No. 5,770,042 discloses a process which includes ring
25 opening naphtha feed to convert naphthenes in the feed to paraffins. A non-
acidic catalyst is used for ring opening, and the paraffins are subsequently

isomerized over an acidic catalyst to an isoparaffin product.



olefinin the main product, or they are limted in the anount of olefin
product that can be nmade. Low conversion to light olefins is bellevpgthzﬁ5
result at least in part fromthe high naphthene and aromatics
concentrations present in the 5 naphtha feed since these conponents do not
easily convert into desirable |ight olefn1products. There is, therefore, a
need for processes for formng |ight o fin products from naphthas
cont ai ni ng napht henes and aromati cs. RY OF THE | NVENTI ON 10 [0005] In
one enbodi nent, the invention rel ates to a nmethod for treating naphtha,

maki ng olefln rodyct. fromthe treated naphtha, and_ the products,. associated
therewth. | 5’ ﬁkﬁd‘fwﬁbpt%é%rﬂ%iéﬁhﬁg‘l% cﬁammﬁé Wit produsiiglightng
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anot her enbodinent, 1t is preferred th contacted with
a catal yti paﬂtIﬁ;omﬂieehﬁghmphﬂma'randfaramaﬂbs/ﬁM@htmnonapfdsyﬁttm thO preferably a
polynmetal lic catal yst conprising Ir under catalytic conversion _conditions.
The polynenephthe msan%ﬂleﬁw@mppwés d@lry)t@aﬁbr pemxery inte desizaelight i on with

at | east on tal, sel ected. f consi st i and
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ring openeg; AIHJI‘I% , the Ir is present
in a rangego %ﬁn&gb&%hhﬁngytto a %ﬁg{e@@s /0%9(?1?5&8 "al so preferred that
the Pt, Rh, or Ru be present in a range of from about 0.001 to about 2.0

W.% In a particularly preferred enbodinment, the Ir is conbined with Pt. 1
9 JAN 2005SUMMARY OF THE INVENTION

10

[0005] In one embodiment, the invention relates to a method for treating
naphtha, making olefin product from the treated naphtha, and the products
associated therewith. The method comprises contacting a naphtha feed
containing naphthene ring-containing compounds with a catalytically effective
15 amount of catalyst capable of opening a ring at a teriary bond and containing at

least one Group VIII metal. Preferably the group VIII metal is Ir.

[0006] In another embodiment, it is preferred that the naphtha feed is
contacted with a catalytically effective amount of a polymetallic catalyst,

20 preferably a polymetallic catalyst comprising Ir under catalytic conversion
conditions. The polymetallic catalyst more preferably comprises Ir in
combination with at least one metal selected from the group consisting of Pt, Rh
and Ru, and the conditions are effective to ring open the naphthene rings and
form a ring opened product.

25
[0007] In preferred embodiments, the Ir is present in a range of from about
0.3 to about 2.0 wt.%. It s also preferred that the Pt, Rh, or Ru be present in a
range of from about 0.001 to about 2.0 wt.%. In a particularly preferred

embodiment, the Ir is combined with Pt.



100081 The napht hene ring opening catal yst may be supported on al um na,
silica, zirconia, titania, any inorganic refractory oxide, or a conb%ga}&g&
thereof. Generally, |low acidity supports are preferred, and in this eé itle
the support may 5 be nodified by the addition of an alkali or alkaline earth
netal, preferably Ba. 100091 Ring opening is preferably carried out at a
tenperature of fromabout 150C to abauf_ 400C, a total pressure from about O
to about 3,000 psig, a liquid hourly space velocity fromabout 0.1 to about
10 V/IVIHr, a hydrogen treat gas 10 rate from about 500 to about 10, 000
standard cubic feet per barrel (SCFB); or various conbinations thereof. The
liquid hourly space velocity is based on the volune of feed per vol une of

cat al yst Ur mhb- . r to be
treated hg@hggpi nlﬂrt}l!eé‘%pgtrlllgh%:ﬁﬁlgl&‘%gﬁ%l%%%fgﬁl%gﬁ{ﬁtﬁkﬁﬂlgﬁtogﬁ% range of about
0Cto abOLﬁiliZééQ@cohia, tifanidd, G iABlpanR Fafadesty dxide! oF W dombinaibs Merebf.| €ss
than 1 ppm [00111 The ring opened product is particularly effective for use
as feed toGeneraHyaloyt aciduy suppords aneipreferred; And in dysregard e supppromayed
product is contacted with 20 a §atal ytical|y. effective anount of a catalytic

cracki fg cbt mogiied by the addiaen pfan alkalicer lkalingearth ietal; preferaklyaBaol ef i n

product. Preferred cracking catalysts conprise |arge or medi um pore
zeolites. The olefin product is particularly high in ethylene and propyl ene

cont ent . 2{p0RBTAl keh BESRLAT bEMe Iy erleb\EAT Gherh Atk o7 (RS abhed ment.

the invention relate 0 a process capable of providing a |arge quantity of
|'i ght ol ef 150°0rwdibout 4007C;a toedl présutefidm divvtlo whtbouo B @00psig,aoliqaid s
particularly high in ethylene and propyl ene content. The 1 9 JAN 2005 -4
process i nyeurixegpace r’VngﬂbérﬁTW@ aheat Ralpter ahawt d Or Yy Eroa hydragendrgat gas
ri ng-cagnt ai ni 0 S in pht eed to form pa Lps. [00131 As
Used hal ;A o, AR S0B 5 abduf, 36 APABHndard ffbic S Bafyel SCH/B); of

various combinations thereof. The liquid hourly space velocity is based on the

volume of feed per volume of catalyst per hour, i.e., V/V/Hr.

[0010]  The preferred naphtha feed to be treated has an initial and final boiling
15  point within the range of about 0°C to about 230°C. It is preferably provided at
a sulfur content of less than 1 ppm.

[0011] The ning opened product is particularly effective for use as feed to a
catalytic cracking unit. In this regard, the ring opened product is contacted with
20  a catalytically effective amount of a catalytic cracking catalyst under effective
cracking conditions to form an olefin product. Preferred cracking catalysts
comprise large or medium pore zeolites. The olefin product is particularly high

in ethylene and propylene content.

25 DETAILED DESCRIPTION OF THE INVENTION

[0012) In one embodiment, the invention relates to a process capable of
providing a large quantity of light olefin product from a naphtha feed. The light
olefin product is particularly high in ethylene and propylene content. The



5 conposition refers to a cycl oal kane or a conposition containing at |east
one cycloalkane ring in its structure. For exanple, the termcan refer t?
either a C5 or C6 ring-nenbered cycloparaffm The cycloparaffn1can1é3é%N 005
i nclude various side chains, particularly one or nore al kyl side chains of
1-10 carbons. In addition the cycloparaffmcan be attached or fused to
other ring structures, 10 formng two g three nenbered ring conpounds. The
additional ring nenbers can be saturated or unsaturated, as |ong as at

| east one ring of the conplete structure contains a tertiary carbon. The

ring structure containi.ng the tertiar carbon is preferably saturated. Such
a st ruct urREOFRE %%OIW%F‘BSQHFBH% eGﬁBﬁl@chrfb‘F&S M&?ﬁfﬁ!‘éc ERERANYNE M t he

group of I ' f phenant hr enes, ant hracenes,
acenapht harﬁ%@?ldg%%ﬁ %ﬂgﬁfﬁeﬁé‘s‘wﬁﬁg{bﬁgﬁfﬁ@ partially and conpletely

saturated anal ogs of such conpounds, wherein at |least one ring of the
conpound contains a tertiary carbon, and preferably, the tertiary

car bon- cor{0@i3] ngAsiusgd iherednt ainapletien€6r 4 GihthemNapingreortasdsgr eam f or ri ng
opening will typically contain a mx of hydrqcarbons having one or nore of
t he naght HFORPISIRN E‘iﬁ%’tséprﬁ isloalkansoer a pomBositiaA coRtaIpiag At Aeast one

ring-containi ng conposition r ef exabl ontain_at | east oneg al kyl

Subst i ¢ uery IR in itf pRuctfe, FOexAmglfy e sfimd peb Tt (@ elthet 4 5

vol . % of . 'apafr' ”gﬂfeod]ﬁc%' ' ef erably
at | east Zifo%fﬁg%n\?waﬁyg?aggggifpre lg'r abl'y “at qyéggltrpgﬁ%tw wsﬁo%pi cally
t he feedstgiéathains, pasticgiaily @nkrormerecilkylsideclkdingbf 851 0vedrblmef Imt | east one

napht heni ¢ ring-containing conpound. 1 9 JAN 2005 -5 100151 In a nore
preferred asddideon theeyclepasaffindeasche attached or fusadntg ather ring struptanes, r i ng

compoiids. (RFMEHE G fbireh T RRTER A ROy The AT RoTA\HE MATERY
exanpl es ofa e SfuGMPO RIS iARdIE1 s $84sR e rifisl SBhE XohipiaRt anes.
structure contains a tertiary carbon. The ring structure containing the tertiary
carbon is preferably saturated. Such a structure may be represented by one or
more compounds selected from the group of naphthalenes, indenes, fluorenes,
15  phenanthrenes, anthracenes, acenaphthalenes, and biphenylenes, including
partially and completely saturated analogs of such compounds, wherein at least
one ring of the compound contains a tertiary carbon, and preferably, the tertiary

carbon-containing ring is saturated.

20 [0014] Naphtha feedstream for ring opening will typically contain a mix of
hydrocarbons having one or more of the naphthene ring-containing
compositions, and the naphthene ring-containing compositions preferably
contain at least one alkyl substituent. Preferably, the feedstream will comprise at
least about 5 vol.% of at least one naphthenic ring-containing compound more

25  preferably at least about 25 wt.%, most preferably at least about 50 wt.%.
Typically the feedstream will comprise from about 5 to about 85 vol.% of at

least one naphthenic ring-containing compound.



5 et hyl cycl opent anes, propyl cycl opent anes, butyl cycl opent anes, and

pentyl cycl opentanes. It is also preferred that the hydrocarbon contaﬁﬁi %20%
the naphthene ring conpositions which are to be opened include C6 ri gﬂ -
conpounds which do not include additional ring nenbers. Non-limting
exanpl es of these conpounds include cycl ohexane, nethyl cycl ohexanes,

et hyl cycl ohexanes, 10 propyl cycl ohexangs, butyl cycl ohexanes, and
pentyl cycl ohexanes. The naphtha feeds used in this invention typically
further conprise paraffins, naphthenes, and aromatics, and nmay conprise

olefins a mer pus ot her drocarbon co unds. .15 100161 pht ha feeds
may be- obdUPRSIT 1 Foafihig Pacfoies entadren e AYBHheartion ComgPaIEig) oo of
napht has ' . L d: | ' : icularly
"Tont ot r o iphiheBYirCedtnosif Gl bR UIE (3 bl Rpebd Wil ipBRICH3RppBRhe, U T
gasol i ne, g edniposids whichaloatst ifieladt lad@itidnal Hh?'rhémb@rfspfmﬁd-linﬁﬁﬂ thas or
raffmates fromextraction of aromatics. The preferred naphtha feed 20 is a
| i ght st r aixgipleuof thapthcompoiinds hekdeicychipentanesmethgdcyslopentanes, an i niti al

and final boiling point within the boiling _point range of a full-range
napht ha, §thycyslapestanes, iprerylayclapentanesabupdeyslopernianes: abflt hin t he range of

from about o1d Lo e f J | i ght
napnt a._hasngcarlopgthes 15 alcd msTabidinat HEnidiBtarblf coREfaRBufe, ' doc

pr ef er abl yndpheiene d4itigRs WARKH ardd6 1R 4 in@hd® O lrinpdcdiRpdiindsr OM
about about Ii%IOC to a %ﬁtgpISOC, pr ef er abl yr\tﬁ)reg?n abo{dt 5§C to dgg%ut lsOOC.

Wi | e t he whithtdendtaadudeynddiiunal ring snerhbersc Mgslindting exefmplasest thegght has
contain sulfur in an anmount | ess than about 100 parts per mllion (ppm by
wei ght on empoundsineludg syclohexasnes methylgyplohemespethy kayslahiskgnesess t han

bout 50 d t f bl v | th t .1 d th
vt anttor oReyRIEIeRenE, R RIS gR Ry S0 hea I h S B R DAy e
pretreat edglgs ﬁm%%neﬁﬁé}ﬂ@p%ﬂ@r fur@et 88IpPRARE Pardffins AldphBidnes, and
aromatics, and may comprise olefins and numerous other hydrocarbon

compounds.

15 [0016] Naphtha feeds may be obtained from any appropriate source. Non-
limiting examples of naphthas which may be utilized include straight-run
naphthas, particularly light straight run naphtha, natural gasoline, synthetic
naphthas, thermal gasoline, catalytically cracked gasoline, partially reformed
naphthas or raffinates from extraction of aromatics. The preferred naphtha feed

20 is a light straight run naphtha. The feed is characterized by having an initial and
final boiling point within the boiling point range of a full-range naphtha,
preferably an initial and final boiling point within the range of from about 0°C to
about 230°C. It is preferred that the feed be a light naphtha having an initial
boiling point of from about 0°C to about 40°C, preferably from about 0°C to

25 about 30°C and a final boiling point from about about 50°C to about 150°C,
preferably from about 55°C to about 100°C. While the naphtha feed may contain
sulfur compounds, preferred naphthas contain sulfur in an amount less than

about 100 parts per million (ppm) by weight on an elemental basis, more



aromatics, or for some conbination thereof. Pretreatnent of this nature may
be 5 acconplished by hydrotreating, hydrorfirm ng or hydrodesul furization
processes capable of providing a naphtha having | ess than about 10q ﬁpg%zwﬁ
sul fur on an elenental basis, based on the weight of the feed. Sorbe Héi d“
I ncluding regenerabl e and non-regenerabl e catal ytically active sul fur
traps, capable of providing a naphtha having | ess than 100 ppm sul fur on an
el emental basis, 10 based on the weighg.of the feed may al so be used to
renove sulfur fromthe naphtha. [00171 Non-limting exanples of naphtha
pretreat ment processes capable of providing a naphtha having | ess than

ot ZE{T O coBRrapf s} il ByF ol rf’%g%%bg?ﬁésfts@w%%r&ﬁﬁ gt §65u I'ppin ?go.bGIZESS’
The pretr SRornn e hCiEh; PF @2 Teckfon aphtt fibipe Si6ie anSPo Lpol R T o

desi r abl y nplysé pretriepred a6 ré@sse silfiicaritbsthed bbitadlinatits Qdosafrateor | ess. Low
feed sulfur levels are believed to prolong the life of the catalyst in the

20 i nst anargmatiass or fgroongicambingtipn dhicreok dPretrentmentofithisinatercimayibehat i s
hi gh in al kane and . .cycl pparaffi ontent, preferably_ above about 75 wt. %
and note 5?@1@19%69 b%*b)ﬁﬁpﬁaatf% hydeeretingig & hydrode Zaiigp PRECESSCSAI t hough
aronmatics ] R | [ {1l d ot her
corrpounds,‘:Eﬁbl?éfg@@?@%l%ﬁmgﬁl‘ghg%&gm&%#&t con?lseuﬁlf§ L%‘m F’Bg@ than 10

W, % i n t BRRAITENIS) B&sed dif theSwei@REof fHel feed .0 ShARMLS, hfcladRigat i cs_cont ent
| ow, since they are generally difficult to convert to olefins. The

pr ef er r ed regembtdbde hnd dongegenerable chtalyticatlyracéive sulfpr ahps,adapableadfow about 20
wt.% and nore, prefera IK rangi ng. fromabout Q0 1 9 JAN 2005 -7 w.%to about
10 wt. % Wevidingmpanhtha hawnglessghapd PR ppm sHfuf ohan elesnenddlhasis, and ol ef i ns

cont eng O%Eigei on hnzew I { of {h%dfeE rﬁgaey alisct) bie Susg\éi %‘ irer}ngxbeesuﬁﬁfr%or%fﬂle

naphtha.

[0017] Non-limiting examples of naphtha pretreatment processes capable of
providing a naphtha having less than about 100 ppm sulfur on an elemental basis
15 are disclosed in B. C. Gates, et al., Chemistry of Catalytic Processes, McGraw-
Hill, 1979, pp. 390-433 and in U.S. Patent Nos. 5,935,420; 5,928,498; and
5,925,239. Preferably, the pretreating step will provide a naphtha feed having
low sulfur levels, desirably about 1 ppm or less, more desirably about 0.5 ppm or
less. Low feed sulfur levels are believed to prolong the life of the catalyst in the

20 instant process.

[0018] It is preferred to have a naphtha feed that is high in alkane and
cycloparaffin content, preferably above about 75 wt.%, and more preferably
ranging from about 80 wt.% to about 100 wt.%. Although aromatics may also

25  be present, along with various olefinic and other compounds, it is desirable to
have an aromatics content of less than 10 wt.% in the naphtha feed. It is
desirable to keep the aromatics content low, since they are generally difficult to
convert to olefins. The preferred naphtha feed is low in olefin content,

preferably below about 20 wt.%, and more preferably ranging from about 0



the invention to separate olefns, aromatics, or both fromthe naphtha in
order to forma preferred naphtha feed. It is also within the scope gflAtN%D
invention to 5 conpletely or partially saturate aromati cs whi ch may 6 )
present in the feed in order to form naphthenes for subsequent cracking
into olefins. Accordingly, it is preferable to hydrogenate the aromatic
conmpounds to naphthenes by providing the appropriate hydrogenation
conditions. Preferred naphtha feed hydrogenati on processes provide a

napht ha having an aromatics content |ess than about 20 10 wt. % and
preferably ranging fromabout 0 wt.%to about 10 wt. %_ Non- I|mt|ng

exanpl es oWtdadapewicklwe o.o Wheaea naphihe has one osmose oF ausaror@@uas "Aromatic

(rooay "y b gahadl SRR sonER) bibids e wetfemes aneR dhisHghin e e Fha ot ep.
prior to the i!h'v@ﬂn&g éjﬁ{iﬁ& %&fnﬁr aﬂnmof'ﬁm' @Itn'tﬂg nraEﬁfh%% ora{k t%orre 15
s It m erera

enbodi nent e to separate at east a portion o

aronatics fémmptréfemedmphﬁaaffeedi leiwaltb evitlin the @d(?etd“fetht Wiehtidnitygdr ogenat i on
process capable of saturating at |east 50 wt.% of the separated aronatics,
based oh t hemplasekyl onpargally smtah@awpmcatwhuct\mmbe psesenhubﬂne feedodi nent, at
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[ 00201 | n prosessesvpromideraendpihtld having anaromaticheoritentless thanabout 26 with a

10  wt.%, and preferably ranging from about 0 wt.% to about 10 wt.%. Non-limiting

examples of such processes are described by A. Stanislaus, et al., "Aromatic
Hydrogenation Catalysis: A Review," Catal. Rev.-Sci. Eng., 36(1), 75-123
(1994). Hydrogenation can be accomplished along with the ring opening step,
prior to the ring opening step, or by some combination thereof. In some

15 embodiments it may be preferable to separate at least a portion of the aromatics
from the naphtha feed and then saturate them with a hydrogenation process
capable of saturating at least 50 wt.% of the separated aromatics, based on the
total weight of the separated aromatics. In one embodiment, at least a portion of

the saturated product is combined with the naphtha feed.

20
[0019]  As discussed, one embodiment includes the sequential steps of:
1. a process for opening naphthenic rings present in a naphtha feed in
order to form ring-opened naphtha having a greater concentration
25 of paraffinic species than the naphtha feed, and then

2. catalytically cracking the ring-opened naphtha in order to form
light olefins.



sel ective ring opening catalyst to open the naphthenic rings of the

napht heni ¢ ring-containing conpounds in the naphtha feed to forn1pai fﬁNqﬁ%
Selectivity for ring opening is related to the propensity for cleav ge'%f a
ring bond which 5 results in product nol ecul es havi ng an equi val ent nunber

of carbon atons and at |east one less ring than the original nol ecul e,

rat her than cl eavage of a bond which results in a product nol ecul e having
fewer carbons than the original mol ec§le. A perfectly selective ring
openi ng process would give only ring bond cleavage to produce nol ecul es
havi ng an equi val ent nunber of carbon atons 10 and at | east one |l ess ring
than the d0029hal Imadcecd vath therfirskstep) @naphtbafeed ik cdntactedwinthst r eam

cont ai ni ng ﬁyLy sjngle ring napht henes_ of n_nunper, of é%rbon atons, the
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for ring 00211 Speci f I'Ty,” one aspéct o I nvention provides

a cat alsystretiilss ini prodbétghblecales havingear equieslent hurnbenepbirbenatdmeand at o
paraffin product containing a 20 substantial quanti té of linear and |ess
branched p&astfonedgss rmgthamtbe original olgenle; rathesthyn pleavage ok bpad converti ng
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linear par@tivage tbpredicenableciles daeidgearequitalenf himber 6f carbbii¥tomsi de chai ns

and longer paraffin substituents. According to this definition, |inear

par af fiths andeattlnastepetlessimang thandhe origisiab ndepdenfor example fepgna feed to
talyticall k to |ight . fins..1.9 JAN 20Q5

cataiytli Cahyci/roggr%gn stream' ¢ ntauq{neg cl)rﬂfl single ring napgamenes of n number of

carbon atoms, the product from perfect ring opening selectivity would be only

paraffins of n number of carbon atoms. Thus, the greater number of product

molecules from a ring opening process having an equivalent number of carbon
15 atoms and at least one less ring than the original molecule, the greater the

selectivity for ring opening.

[0021]  Specifically, one aspect of this invention provides a catalyst that is
highly selective in converting naphthene feed into paraffin product containing a
20  substantial quantity of linear and less branched paraffins. The invention is
particularly beneficial in converting naphthene feed containing a C4 naphthene
ring-containing composition, wherein the Cg ring contains at least one tertiary
carbon, to a product containing a substantial quantity of linear and less branched
paraffin compounds.
25
[0022]  As defined herein, compounds having a high degree of linear paraffin
functionality have fewer paraffin (i.e., alkyl) side chains and longer paraffin
substituents. According to this definition, linear paraffins are the most highly

desirable compounds for use as a feed to catalytically crack to light olefins.



-9 However, other hydrocarbons conpounds that are not strictly |inear but
have a relatively high degree of linear paraffin functionality are also
desirable. For exanple, a cycloal kane ring conmpound having a single]gLﬁﬂéﬁﬁ
al kyl side chain has a relatively high paraffin functionality conpared to a
cycl oal kane ring 5 having nultiple side chains. By the sane defmtion, an
aromatic ring conpound having a single, linear alkyl side chain has a
relatively high linear paraffin funchGnaIity conpared to an aronmatic ring
conpound having nmultiple side chains. 10 [00231 As used herein, a naphthene
or a naphthenic ring-containing conposition refers to a cycl oal kane or a
conposi t i diowevdraothienyydtochrtams conpounds tleatlakenet striofyilimeat bushaweca ure. For
exanple, the teen can refer_to either a C5, or, C6 ring-nenbered

cycl opar afrelativelyehigh degrrer off ingas paraffin duneftonadisy arg also desisable. &eai ns,

ticul arl | kyl sid i f 1-10,carb 1n 15. addit i
fﬁé cycl tpeas%m i ufonadk i cEERORRA Rabtpe b sEle inFR BLku FUE DS, nb o
ormn : me ers
can begsa\tqﬁdrs%{rgyﬁz)‘%%n?atlur gl?ié{dflﬁ ggsﬁgﬁgwaag@aatr&?goagg 9%%3%%6{1* (%] gt he

conpl etse  Isdvinge inwll ple Giieadiaing Beithé sdrite dafihition, Bh ar6makt Yingtdotnpduid
structure containing the tertiary carbon is saturated. 20 100241
Sel ect i velhavapgaismgle, Hinear alkyt sidechainchasfa redatinedy high lineay pasaffounds  at the

tertiary carbon gite, referyred to herein as tertésr . bond, cl eavage, is
B‘%?j 8

bo
desi r abl e HBEUORAIY COMPAFR( OAHIPMALSSIRE COMPPUR ginghple gder ce of
paraffin Jlﬁﬁgionality relative to the naphtha feed. The instant catal yst
and process}1 e 25 effective in opening C6 naphthenic rings at the tertiary
carbon site, an advantage over processes that isonerize the C6 rings to C5
rings and then open the C5 rings. Direct tertiary bond cleavage in a C6
ring géner@ORP] r eAs usedihereiny a naplithenedr a paphthehichdng-contaidingher degree of
| i near paraffin functjonality tqan t he product, L
composition refers to a cycloalkane or a composition containing at least one
cycloalkane ring in its structure. For example, the term can refer to either a Cs
or C¢ ring-membered cycloparaffin. The cycloparaffin can also include various
side chains, particularly one or more alkyl side chains of 1-10 carbons. In
15  addition the cycloparaffin can be attached or fused to other ring structures,
forming two or three membered ring compounds. The additional ring members
can be saturated or unsaturated, as long as at least one ring of the complete
structure contains a tertiary carbon. Preferably, the ring structure containing the
tertiary carbon is saturated.
20
[0024]  Selectively opening the ring structure of naphthenic ring compounds
at the tertiary carbon site, referred to herein as tertiary bond cleavage, is
desirable because the ring opened product will have a higher degree of paraffin
functionality relative to the naphtha feed. The instant catalyst and process are
25 effective in opening Cg naphthenic rings at the tertiary carbon site, an advantage
over processes that isomerize the Cg rings to Cs rings and then open the Cs rings.
Direct tertiary bond cleavage in a C¢ ring generally results in a ring opened
product having a higher degree of linear paraffin functionality than the product

of tertiary bond cleavage in a Cs ring isomerized from a Cg ring,.



of tertiary bond cleavage in a C5 ring isonerized froma C6 ring. 1 9 JAN
200" -10 [0025] The naphthene ring opening catal yst can be any catal yst
capabl e of opening a naphthene ring structure at a tertiary bond. Pﬁ%i@%xﬁ?
ring opening catalysts include a catalyst conprising any one of the’ Np'J
VI1I nmetals or 5 conbinations thereof selected fromRu, Rh, Ir and Pt. In a
preferred enbodinent, the invention is directed to Ir containing ring
opening catalysts. The Ir content of these ring opening catal ysts nay range
fromabout 0.3 to about 2.0 w.% pre?%rably fromabout 0.5 to about 1.5
w./c, nore preferably from about 0.6 to about 1.2 wt.% 10 [0026] In an
alternative enbodi nent, the invention is directed to polynetallic ring

openi ng catal ysts which conprise Goup VIII netals. Particularly preferred
as the pol ‘\;rretallic Goup VIII metal catalysts of this invention are
cat al yst s [002§]ch Thepapktbene ring apeningratalyst cainttie any, catalysbeamable ahese

particul ar cat alqv)st 5 have an esgeci al '%p{q')%ﬁ Z[rgl fcti i.ty for. cleaving
tertiary CREBEIE HBARUDCIKTING STUCTUEGAL 3 karEfny. TETEAFSA BREOPAMNE a car bon
atom t hat J 5144l {}E:cll.] . 1‘#6"{'59 : f cl eaving
at a tertidaa?ay%g_r On&?gk?ﬁ&ﬁt%&ﬁl‘i&ﬁ rren %?%%o%@gﬂﬁﬁﬁﬁﬁg ogn al kyl side
group 3tt aehftfinifidds theredbiseleeRdi from R Rh, APGRE Pt Ppleféreed al kane. This
type of conpound is particularly desirable, since 20 it can be nore easily
cracked i rembralimenglthe inventian ks diyegted te dscamamagmiag lopghing catalfysts. pr oduct .

[0027] Preferred POl ynetalljc Gouyp VII] netal catalysts are Pt-1r, Rh-Ir,
and Ru- | rlhedr coptesy 9f faese nng epenipg: caalysts;ay rangedrom ghout 9. Jrinsabitef er r ed.

The Ir 25 nt.ent _of. t hesg cat,al yst I e om about. 0 0 _about 2.0
oo or O PR, faf et B it 1N S b o R B3l BBty o
?ggtjgn?. gfgbgﬁégmbtab%ug W wie, based on the total weight of the catalyst. The

10
[0026] In an alternative embodiment, the invention is directed to polymetallic
ring opening catalysts which comprise Group VIII metals. Particularly preferred
as the polymetallic Group VIII metal catalysts of this invention are catalysts
which comprise Ir in combination with Pt, Rh, or Ru. These particular catalysts

15  have an especially high selectivity for cleaving tertiary carbon bonds. As
described herein, a tertiary carbon is a carbon atom that is joined to three other
carbon atoms. An advantage of cleaving at a tertiary carbon is that a naphthene
ring compound having an alkyl side group attached will be more easily ring
opened to a linear alkane. This type of compound is particularly desirable, since

20 it can be more easily cracked in the catalytic cracking process to form a light

olefin product.

[0027]  Preferred polymetallic Group VIII metal catalysts are Pt-Ir, Rh-Ir, and
Ru-Ir. Pt-Ir and Rh-Ir are more preferred, and Pt-Ir is most preferred. The Ir

25  content of these catalysts may range from about 0.3 to about 2.0 wt.%,
preferably from about 0.5 to about 1.5 wt.%, more preferably from about 0.6 to
about 1.2 wt.%, based on the total weight of the catalyst. The content of the
second metal in a bimetallic composition may range from about 0.001 to about

2.0 wt.%, preferably from about 0.005 to about 1.5 wt.%, more preferably from



second nmetal in a binmetallic conmposition may range from about 0.001 to about
2.0 wt.% preferably fromabout 0.005 to about 1.5 w./0, nore preferably
from1 9 JAN 1005 -11 about 0.007 to about 1.3 wt.% and nost preferaflyy
fromabout 0.01 to about 1.0 wt.% based on the total weight of the ' :
catalyst. In the case of binetallic catalysts the |oadings of the second
and third netals fall in these sane ranges wth the distribution between
the netals ranging from 10 parts/90 parts to 90 5 parts/ 10 parts by weight.
Preferred catal yst conpositions (w.% Dbased on the total weight of the
catalyst) include 0.01 M - 0.91r, OOSMe - 0.91r, 0.1 M - 0.9Ir, and 0.3Me
- 0.91r where Me is at least one of Pt, Rh, and Ru. 100281 The napht hene

ri ng openiabgut@08[7\teabontal.3vet. % ppd mast preferably from abwirtdhdl to abdutakOor y

ng_openiahgutA0RTJambonkl. b tasppd ras pusteembly 90 abathdl o ey
Chercof - bwabngid 5 Bt eiingd’ b Ghlafist. I P8 Sisa S mmerlliost ant i ol aci d
her eof . | " S oAl IhPLHEHEO LN 2

i mo- oponi gl BiG gl of Y LBhlhd (il AblaR IR e Nobld okl O e and

t he suppr egfth the @istrititigarBetwke® the mBtaltahgifOAoeh 10 Parts/9pRarts t6®o be 15
nodi fied by the addition of at |east one of a Goup IA or I1A alkali or

al ﬁgl i 15;3.- peatst {thmtsaby w_?%lﬁr fl’gei%cmdlwﬁliﬂlmnsiﬁxznﬁwi%f;ba@g,oﬂm Ba, and

conbi nati ons er eq e alkalj or i ne- ear me a i or

albkal i ne- datal I’Wq’r%‘@teﬂtjthg Ca@ﬂ)e‘lﬂﬁhl‘%‘? %a&ém&Pﬁ ﬁ-or%ﬂ@eog?h,fé-éﬁea‘gout 0.1to
50 w2 ' . 5 40

n oo, o 14 P B8 3E S oRfiF Winere Beis" R 36351 8he oF PR R & %abont 30 wt . %

and nost preferably in a range of 2-25 w.% based on the weight of the
support. Such support nodification is described in U S. Pat. No. 5,015, 614.

Supports, W628] enflheymaghthene rmgadpeningreatalysis)may dbersiipperted en agyeat er t han
about 50 nR/g, preferably fromabgut 100 to _700 nR/g, and nore preferably

fr om aifout inepgniGrefRstony/qxidq Incjuding aluminansilic, Zixanistitapisuend. 3 to 1 g/ i,
preferabl ychﬁgﬁaﬁgl?su{he%o‘k 1w a%d%ngubpéﬁé iiice Afurfina’ $45ch has an

insubstantial acid character, are particularly preferred in view of their ability to

enhance ring opening selectivity favoring the cleavage of tertiary carbon bonds
and the suppression of isomerization. In this regard, the support may be

15  modified by the addition of at least one of a Group IA or IIA alkali or alkaline-
earth metal preferably selected from Rb, Cs, Mg, Ca, Sr, Ba, and combinations
thereof. The alkali or alkaline-earth metal alkali or alkaline-earth metal is
preferably present in a range of from about 0.1 to about 50 wt.%, more
preferably in a range of from about 0.5 to about 40 wt.%, still more preferably in

20  arange of from about 1 to about 30 wt.%, and most preferably in a range of 2-25
wt.%, based on the weight of the support. Such support modification is
described in U.S. Pat. No. 5,015,614. Supports, when employed, preferably
have (i) a surface area greater than about 50 m%/g, preferably from about 100 to
700 m*/g, and more preferably from about 100 to 300 m%g; (ii) a bulk density

25  from about 0.3 to 1 g/ml, preferably from about 0.4 to 0.8 g/ml; (ii1) an average
pore volume from about 0.2 to 1.1 ml/g, preferably from about 0.3 to 0.8 mi/g;

and (iv) an average pore diameter from about 30 to 300 Angstroms.



pore volunme fromabout 0.2 to 1.1 nug, preferably fromabout 0.3 to 0.8
m/g; and (iv) an average pore dianeter from about 30 to 300 AngstrpgqﬁN%m@
JAN 2005 -12 100291 Naphthene ring opening catal ysts may be prepared by
conventional techniques utilizing incipient wetness or the absorption of
the netal precursors from excess aqueous solution. Suitable netal
precursors are the halides, the halongtallic acids, nitrates, nitrites,

am ne hal o conpl exes, amne nitrate 5 €onpl exes, and amne nitrite

conpl exes. Metals deposition fromorganic solvents may al so be practiced
usi ng organonetal lic conpl exes such acetyl acetonates, carbonyls and the

li ke. DeclM38}i t iNaphshenenang epering sdtalysbsiplayhssprepgredeyacerieptionaled
thermally, ip an air... hydrogen, or,_inert. atnosphere by conventional heating,
or by t hotes BRI ARG RIS Me/REor the APIAMRABERIOE theMERITSFEURS napht hene

(119 OPenfiRghy Bl KR I Mlor ™ e oA AL S UEPRLh A ANgle et hod of

synt hesi s. e naphthené 11 ng opening ca S nmay be’activated
accor di nghalemetsific &@idsORftatéE niwiles, afdifie RAId-doniplekély amiAsRiteateNCl udes
activation by drying 15in air at a tenperature rangi ng about 300C for about
4 to aboutodpldxesyandoaminermtiiteicomplexdsl dMetads depbsitganfram atganic 200C t o about
600C for about 0.5 to _about 24 hours. Drying. at tenperatuyes bel ow 200C and
r educi ng selvenisanaysalso bepraghised Wf%ﬂow&ﬂhcsomgsw@ preferred. 20

Condi t i onBony ectitiss o fBPARSARA i 1Re® ricBhpRBRA I GERPKRled 1000 oo
The  condiobinpfisced ifaysbi Beddilishiea thrmilly iSurt JiRdsydRbgédriAgt hene conpounds

are opened en contacted with the catalyst. Sui'table process conditions
i ncl ude atnpspheraiby sofivernhomabheatirfy) Or by thé applickdidg, offmirewalkt wr f r om about
225C to 25 about 350C, a total pressure fraomabout 0 to 3,000 psig,

pr ef ed@bl Wltrasepicasdiation; obhe paphsheneyang opering catalyssy HRYOTaBaYN0000 t o 800

psig, a ligud, &?%ll)é/nd?gg 61 the method of synthesis.

[0030] The naphthene ring opening catalysts may be activated according to
conventional methods. One non-limiting example includes activation by drying

15  in air at a temperature ranging about 300°C for about 4 to about 24 hours and
reducing in-flowing hydrogen at about 200°C to about 600°C for about 0.5 to
about 24 hours. Drying at temperatures below 200°C and reducing at about 350
to about 500°C for about 4 hours are preferred.

20 [0031] Naphtha feed is contacted with a ring opening catalyst under
conditions typical of that known in conventional hydrocracking processes. The
conditions are such that the Cs and Cg rings of the naphthene compounds are
opened when contacted with the catalyst. Suitable process conditions include
temperatures from about 150°C to about 400°C, preferably from about 225°C to

25  about 350°C, a total pressure from about 0 to 3,000 psig, preferably from about
100 to 1000 psig, more preferably about 100 to 800 psig, a liquid hourly space
velocity of about 0.1 to about 10 V/V/Hr, preferably from about 0.5 to about
5V/V/Hr, and a hydrogen treat gas rate of about 500 to about 10,000 standard
cubic feet per barrel (SCF/B), preferably from about 500 to about 3000 SCF/B.



velocity of about 0.1 to about 10 VN'Hr, preferably fromabout 0.5 to about
5VN'H, and a hydrogen treat gas rate of about 500 to about 10,000 standard
cubic feet per barrel (SCF/ B), preferably from about 500 to about BOC?SHWZGgg
SCF/B. 19 JAN 7005 -13 Suitable reactor configurations for ring opening ™" <%
i nclude but are not limted to bubbling beds, fixed beds operated in a
cocurrent or countercurrent node, non- fluidized noving beds and fl uidized
beds. 5 [00321 The ring opened naphthq3groduct will be lowin aromatics and
napht henes and rich in paraffins. A though the ring opened napht ha product
will wvary in conposition, typically the product will have at |east about 75
wt.% paraffin, preferably at |east, about 80 wt.% paraffin, nore preferably
at |east SHiaRle reartos copfimraionsiior zing orsaingincludebytarg mot limytedtoout 90 wt . %
paraffin., 10 The, rati finp-paratfin to iso-paraffin in the oduct will
Dary accoPUPHIE BER, Socef ol BpEadled fA A Eopn ol B ounBromrent SIS REE” ' i gie
ratio frop,sosd M%Be%@ﬁﬁf‘ﬂuiﬁii@d-t%d Wiile the types and anpunts of

hydr ocarbon species 1h the ring opened product nay vary according to the
nature of the feed enployed, the nature and extent of any feed processing

or upgradi ng enpl oyed, the conditions 15 used in the ring opening step, and
conbi nat i (P32 herEhd ring lopen¢dhnapipbaprodwep il de lpwoaaromaticsandabl e as a f eed

Step 2. 1OBMRIEnE G ) PatiRy B fe i RRATenarh bR rogpet will ©
talyti : ' | o/l
Flurd zed e g g Hon Dk il b BRELRM RROTR Ros R B [ Focr) 1 a

convent i opataffihOpRFerabRy atdedast abbut"&0 wive pafdfiROmot€ prifefadly adlRh&T products.
Most FCC units Include’a reactor and a regenerator in the fluid solids

portion ofboudowt 4 iparaffia, andmesspreferably atdeastaboued® witoparaffipst bet ween
the react and regenergtor jn es%i,nt,i atLMI:y a, 25 cgnti nuous, . cycl i cal
procedS. IThegaecam-paratin fosiserparaiiingd the PRodst willivary decording to the

type of feed used, but will generally range in weight ratio from about 0.5 to
about 3 wt.%. While the types and amounts of hydrocarbon species in the ring
opened product may vary according to the nature of the feed employed, the
nature and extent of any feed processing or upgrading employed, the conditions
15 used in the ring opening step, and combinations thereof, the ring opened naphtha
product is suitable as a feed for a catalytic cracking process capable of forming

light olefins, i.e., step 2.

[0033]  Accordingly, a light olefin product is formed by catalytically cracking

20 the ring opened naphtha, preferably in a fluidized catalytic cracking unit.
Fluidized catalytic cracking ("FCC") is a conventional process for converting
hydrocarbon feeds to lighter products. Most FCC units include a reactor and a
regenerator in the fluid solids portion of the overall FCC process. There is
movement of catalyst between the reactor and regenerator in essentially a

25  continuous, cyclical process. In general, feed is contacted with hot catalyst in
the reactor to produce lighter products. During the cracking process,
carbonaceous deposits or coke and other contaminants such as metals are
deposited on the catalyst resulting in at least a partial deactivation of the catalyst.

The deactivated catalyst is separated from the cracked products and sent to the



the reactor to produce lighter products. During the cracking process,

car bonaceous deposits or coke and other contam nants such as netals are
deposited on the catalyst resulting in at |east a partial deactivati d§ BN 2005
the catalyst. The deactivated catalyst is separated fromthe cracked
products and sent to the 1 9 JAN 2005 - 14 regenerator. The coke deposits
are renoved from catal yst particles bylgurning and the regenerated catal yst
recycled to the reactor. Heat fromthe burning coke is typically used to
hel p maintain the desired tenperature in the reactor where additional
cracking of feed occurs. 5 10034] The invention is conpatible with FCC

cat al yst gegénspatay iThe eokie depasitsraserpamovethfrons cathlystpaticlesdyabyming adsor bed

v ocar baRASE FRRETEIATA CeialvaT YD CENdR BOBActbTnd e 1l 4bE PBRIRGROKE ocesses
using a h -0l ' o Ak LRl R e t he

I nventi onqgﬁﬁoéﬂys{lgel%gtoohr%?fg{%@@céeé{e&}rﬁ%f%’sﬁ\gg@&# i 9{1’1’ W%(égoﬁzg%l?grfo provi de
suf fici entadditkshadBrddkehSorfted GRbadsyst for conbustion during regeneration to
heat bal ance the process. In cases where insufficient coke is present to

mai nt abn heat balance, it is within the scope of the invention to add heat
to the FCC process_by, for exanple,_ torch oil conbustion in the regenerator.

15 [0035] [88§4k at dhgdnvention 15 sompatible withiFCE catakysh §trpning M arder¢®npounds to

formlight olefins c e used. i.n this inwenti on. . Conygntion cracki ng
catal yst " reBigE oot ng Snend et Aot W Ehe ol BB e e
silica-al Wy ¢ i td 1 ) r ' I ch can be
useful as L@eggﬁ?‘%gh% %i(% gaé’srte gulgirﬂelegﬂ} talline ﬁf}@csggp t?nith‘?[gﬁgigghat es such
as that desoulddsdthercatt for FC@tprodissestusing athéavyoil feed.s Mbbfd}lﬂ%lg;;itgg o

al um nophosphat es such as that _ described in U S. Pat. No. €
10 within the scope of the invention to not strip or to reduce stripping severity in

order to provide sufficient coke on the spent catalyst for combustion during
regeneration to heat balance the process. In cases where insufficient coke is
present to maintain heat balance, it is within the scope of the invention to add
heat to the FCC process by, for example, torch oil combustion in the regenerator.
15
[0035] Any catalyst that is effective in cracking paraffinic compounds to
form light olefins can be used in this invention. Conventional cracking catalyst
components which can be used are generally amorphous silica-alumina and
crystalline silica-alumina. Other materials which can be useful as cracking
20  catalysts are crystalline silicoaluminophosphates such as that described in U.S.
Pat. No. 4,440,871 and crystalline metal aluminophosphates such as that
described in U.S. Pat. No. 4,567,029.

[0036] Large and medium pore zeolites are preferred for use in cracking the
25 ring opened naphtha. Large pore zeolites typically possess an average
crystallographic pore dimension of about 7.0 Angstroms and above for their
major pore opening. Representative crystalline silicate zeolite cracking catalysts
of this type include zeolite X (U.S. Pat. No. 2,882,244), zeolite Y (U.S. Pat. No.
3,130,007), zeolite ZK-5 (U.S. Pat. No. 3,247,195), and zeolite ZK-4 (U.S. Pat.



[ 0036] Large and medi um pore zeolites are preferred for use in cracking the
25 ring opened naphtha. Large pore zeolites typically possess an av rfag
crystal |l ographi c pore dinension of about 7.0 Angstrons and above for '\”005
maj or pore opening. Representative crystalline silicate zeolite cracking
catalysts of this type include zeolite X (U S. Pat. No. 2,882,244), zeolite
Y (U S Pat. No. 3,130,007), zeolite ZK-5 (U.S. Pat. No. 3,247,195), and
zeolite ZK-4 (U.S. Pat. 1 9 JAN 2005 -"15 No. 3,314,752). Naturally
occurring zeolites such as chabazite, faujasite, nordenite, and the |ike
can al so be used. Also useful are silicon-substituted zeolites, such as

t hose desd¥9.bk314,A52). Natmaally securningaeobes suclk as chabaiteafaugasytet  anot her

| arge pore crystalli i.licat ich gan, be used. 5.]00371 It .is within the
scope of tHP CPHG’e?ﬂdq'g‘ﬁﬁ’ck(‘} "@Hpﬁ?&/\,\@? MBe‘grA}FBr‘geaﬁrﬂS? ﬁﬂ{fﬁé"‘&‘}?&?‘@r‘e‘far ge or
medi um porzoffats il dd¥hioSd AakriBgd SRYASYPAS Nol 41435003 N2 ERiHe Beta R P&
preferred Targe’ pore crystalline silicate zeoliteé’conponents can “ I ncl ude
the synt hewothdrdugeiore cAselliibe silRaeWhith daitelgiedy zeol ites Y, REY, USY 1o
and RE- USY. 10038 referred medium pore crystalline silicate zeolite
catalysts are exenplified by ZSM5, ZSM 11, ZSM 12, ZSM 18, ZSM 20, ZSM 23,
ZSM 34, ﬁM 5, ZSM 38, ZSM 48 ar}d other simlar terials. ZSM5 is 15
particul ar 393i} ef &rlf &Yl > sq9ps ofthis inKgntien tepemplew thyA @hMYE& cr i bes ZSM 5

par . o. - Bahgtn el BREECE el P RRRERERRE RS inhRy 117 2ct ' on

pattern ofinvémbm. OMrgefetred!] ej?{bi?{: eRStline SRIcARY AldiHe GS{lﬁbﬁeﬁ’tﬁ cafif erence.

20 [0039) In conducting the cat c cracking operation, e ring opened
napht ha i sinchudeah¢ syhthetid fanjasateadeplitesaX land €Y fiachidueg 2¢alites YoREY cU8dKI ng
catal yst under conditions effective to convert the feed to cracked products
cont ail§i ngand RE-USY.

[0038]  Preferred medium pore crystalline silicate zeolite catalysts are
exemplified by ZSM-5, ZSM-11, ZSM-12, ZSM-18, ZSM-20, ZSM-23, ZSM-
34, ZSM-35, ZSM-38, ZSM-48 and other similar materials. ZSM-5 is

15  particularly preferred. See, U.S. Pat. No. 3,702,886 which describes ZSM-5 and
is expressly incorporated herein by reference. See also, U.S. Reissue Pat. No.
29,948 describing a crystalline material with an X-ray diffraction pattern of

ZSM-5, which is also expressly incorporated herein by reference.

20 [0039] In conducting the catalytic cracking operation, the ring opened
naphtha is contacted with a catalytically effective amount of a cracking catalyst
under conditions effective to convert the feed to cracked products containing
light olefins. The temperature employed ranges from about 400°C to about
750°C, preferably from about 500°C to about 750°C. The pressure employed

25  typically ranges from about 0 psig to about 150 psig, preferably from about 0
psig to about 45 psig. Suitably, catalyst-to-oil ratios in the cracking zone used to
convert the feed to lower boiling products are not more than about 30:1, and may

range from about 20:1 to about 2:1, preferably from about 4:1 to about 9:1.



light olefins. The tenperature enpl oyed ranges from about 400C to about
750C, preferably from about 500C to about 750C. The pressure enpl oy %g 05
typically ranges from about 0 psig to about 150 psig, preferably fronma @&
O psig to about 45 psig. Suitably, catalyst-to-o0il ratios in the cracking
zone used to convert the feed to | ower boiling products are not nore than
about 30:1, and may range from about 20:1 to about 2:1, preferably from
about 4:1 to about 9:1. 1 9 JAN 2005°1%26 100401 In a preferred enbodi nent,
catal ytic conversion conditions include tenperatures from about 525C to
about 750C, preferably from about 550C to about 750C, hydrocarbon partial
pr essur es[0048}n allmatprgﬁrted emb(pi;mnt,ma&lyhamlyvempomoaﬂmnnsmﬁclmde25 psi a;

or et or bl (IRCGHASRSEbEADYE SRS foabah o0 C e raRly PO SO Kbt al

the’ napht ‘%&Etﬁgi%' .i@sgﬁﬁgﬂi%@%‘ o S0P ABee G Y MOl pilet aé”ffb?iéeﬂpwé o
about  50fréfn 36t 1518 23VpkiL AP Bat %ﬁ@dto ﬂémftl% G0 Wt HRtibIrébout tot -

Also, it is preferred that the na ha residence tine in the reactlon zone

be | ess thbautalliopteféﬁbl;@ﬁmcmmlﬁstfooaboaxanwhere‘asamlyabwutghi 1§ thelttateconds,
preferably from about to about 6. 100411 The catal ytic cracking process
may be cawmgm o the ?ﬁab/sw ¢orEpORtad, Steamninay) bp sgncwmentiytraepdysad “§ﬂhrry,

transter ieb AR B AR RasBon bk A BBk, Ab R o BB Sor
about 15096@%%911 dfiSchrbdPRER! prlferRbIG i Hcfabohif B5RH 49/ ARBORSs 1 o about

0 to about 150 psig n oxi di zI ng ‘agent regener at e t%e partially

deacti vat preférred that a:hdmmbhthamhdfatce tihiteé ﬁ@ereictmd ronegienssithan dbouan
oxygen cont ai ni dg ?as such as air, oxygen and m xtures thereof. 20 The
parti & | y18secandsa Q;@xeﬂml@&prmabwtylsto 1G:sesonds.prefereblyHromebont ditei ng agent

for a tlmaegﬁ{fglment to renmove, by conbustion, at |east a portion of the

[0041]  The catalytic cracking process may be carried out in a fixed bed,
moving bed, ebullated bed, slurry, transfer line (dispersed phase) or fluidized

15  bed operation. Suitable regeneration temperatures include a temperature ranging
from about 1100°F to about 1500°F (593°C to 816°C). Operating pressure
typically ranges from about 0 to about 150 psig. An oxidizing agent is used to
regenerate the partially deactivated (i.e., coked) catalyst. This agent will
generally be an oxygen-containing gas such as air, oxygen and mixtures thereof.

20  The partially deactivated (coked) catalyst is contacted with the oxidizing agent
for a time sufficient to remove, by combustion, at least a portion of the
carbonaceous deposit and thereby regenerate the catalyst in a conventional

manner known 1n the art.

25 [0042] The cracked product will be high in light olefin content, particularly
ethylene and propylene. The product will typically contain from about 1 wt.% to
at least about 10 wt.% ethylene and from about 1 wt.% to at least about 10 wt.%
propylene. Preferably, the product will contain at least about 15 wt.% ethylene
and at least about 15 wt.% propylene, and more preferably at least about 30



car bonaceous deposit and thereby regenerate the catalyst in a conventional
manner known in the art. 25 100421 The cracked product will be high in |I?
olefin content, particularly ethylene and propyl ene. The product wil § JAN 7005
typically contain fromabout 1 wt.%to at |east about 10 wt. % et hyl ene and
fromabout 1 wt.%to at |east about 10 wt.% propylene. Preferably, the
product will contain at |east about 15 .% ethylene and at |east about 15
Wt . % propyl ene, and nore preferably at |east about 30 1 9 JAN 2005 -17 wm. %
et hyl ene and at | east about 30 wt. % propyl ene. The product also preferably
contains fromabout O wt.%to |ess than about 30 wt. %aromatlcs nor e

pr ef er abl YWt %sthylean apd gt leastabqut 30 e epropylengn d hegquod B‘F &9 abl y | ess than
bout 20 wt t On t,h f th ht f . %5
?egﬂct i on B #/r&lgr%gmcs figm ?béﬁ%ﬁ?‘g{ o?%%alﬁ% g 2 R?O ﬁ%ﬁcﬂrgﬁ'@ ®¥n nor mal

F?éﬁ:figl efin’yi eé]rgblpl'l@s eagragc e pro uct. ‘?‘%o&@?%“?’f Y}ﬁblg?és ?Lgarﬁgyl Be

separ at ed thi®abdite2Cwa sk atomativdl Qs teobasissef thehaphtiiacfedd, 5@0 wargcesses such
as oliginerization, polynerization, co polynerization, ter-polynerization,

and rebat gddyetinneedg compbunds M:eulys iedtut adl 0 wo % encseaseds niggmial ner i zat i on”)
i n order to farm nmacranmg] ecul es | ef i Y. ol rized both
L one. and ARG, B NG/ he cgiened Pesict Bad abort 2,50 T dREE2Ag upiE
pol ymeri Zac{léﬂﬁ' ?aall{?%?emgm B h@? art. In sone cases it may 15 be

a

desirabl e par concen rate purify, upgrade, or otherw se process
the light olefins prior to polynerization. Propylene and ethylene are
preferred polynerization feeds. Polypropylene and pol yethyl ene are
preferred [0943}/n'eﬂilmdtghtb|oqumduay be seprateddrantbercradked poddjcty ber Wer i odi ¢
Table of the. Elepents referr herel n appe rs an the inside cover page
of t hdOverasidesdy prMSﬁeﬁpc 1. pedymerization, co-

polymerization, ter-polymerlzatxon, and related processes (collectively referred
to herein as "polymerization") in order to form macromolecules. Such light
olefins may be polymerized both alone and in combination with other species, in
accordance with polymerization methods known in the art. In some cases it may
15  be desirable to separate, concentrate, purify, upgrade, or otherwise process the
light olefins prior to polymerization. Propylene and ethylene are preferred
polymerization feeds. Polypropylene and polyethylene are preferred

polymerization products made therefrom.

20 [0044] The Periodic Table of the Elements referred to herein appears on the
inside cover page of the Merck Index, 12th Ed., Merck & Co., 1996.

[0045]  This invention will be better understood with reference to the
following examples, which are intended to illustrate specific embodiments.

25

Example 1

[0046] In a 3/8” diameter stainless steel reactor, 4 g of a 0.9 wt.% I1/Al,O4
catalyst was placed. On top of the Ir/Al,O; catalyst was placed a mixture of 0.5



100451 This invention wll be better understood wth reference to the

foll ow ng exanpl es, which are intended to illustrate specific enbodi nents.
25 Exanple 1 10046] In a 3/8" dianeter stainless steel reactor, 4 g o HNJI®
wt.%r/Al2083 catal yst was placed. On top of the Ir/Al203 catal yst was

pl aced a m xture of 0.5 1 9 JAN 2005 -18 g of a Pt/A1203 (0.6 Pt: A1203)
catalyst and 1 g of a ZnO sorbent. Thig top mxture was used as a guard bed
to protect the Ir/A1203 catal yst from deactivation, but the top mxture is
not considered to be necessary to the invention. A light virgin naphtha

feed t ai ni -0.5 d5th h.th tor, the feed

i1 st contcehia RGALRY (008 B Akihs sofalvsy spdd ipkedid) goroamie TS fep203 cat al yst

300 pei g TuHge Shnsed 1 2 beqi pidtedtlBe AT Brealh Bt wme
| ectedg [ ; . i + ield

55 we 96 oL RAioh, BRECIBR phndE b e R b B e b 1 0 s

achi eved. ifedritidneA flighd vizgih naplgho fdedonfidhg p0BIppin Sewas pagezed for
paraffin, naphthene, and aromatic content. The data is shown in Table 1.

Tabl e f FrinoRgD theCBRIOET, theGead dust qaaactinigthe dyyes contidingrhe Ghatire pf3. CA a
oot 12 S0, SR 848 4P e 25 LA i i Cions g 55 ere
n-par af fi nfgnd5346> LU0 pshERH0BNEE/B 1,; 280 3WIHIW,. 2ThéhiRBRpefisd W - 72 700
product was collected in a dry ice trap to accumulate C4+ material. The C,4+
yield was 95 wt.%. Methane yield was 0.7 wt.%. A ring conversion of >95%
10  was achieved. Both the feed and ring opened (R/O) product were analyzed for

paraffin, naphthene, and aromatic content. The data is shown in Table 1.

Table 1
FEED R/O PRODUCT
H Content (calculated) 15.7 16.4
API Gravity 73.(CA a designated country) 86.2
Total Paraffins, wt.% 74.(CA a designated country) 99.4
Isoparaffins 30.(CA a designated country) 45.8
n-paraffins 44.0 53.6
Total Naphthenes, wt.% 22.5 0.6
Total Aromatics, wt.% 2.7 0.0

15 Example 2

[0047]  The light virgin naphtha feed and the ring opened product of Example
1 were run on a catalytic cracking bench unit, using ZCAT 40 from Intercat, a
ZSM-5 type catalyst, as the cracking catalyst under the following conditions:

20 700°C, 12 psig, 0.33 H,O/feed ratio. When compared at constant conversion of
~96%, the ring opened product is ~ 45% more reactive as indicated by the higher
WHSYV and results in 20% higher olefin yields than the light virgin naphtha feed.

The results are shown in Table 2.



15 Exanpl e 2 100471 The light virgin naphtha feed and the ring opened
product of Exanple 1 were run on a catalytic cracking bench unit, g‘?AN 2005
ZCAT 40 fromliIntercat, a ZSM5 type catalyst, as the cracking cat al

under the follow ng conditions: 20 700C, 12 psig, 0.33 H20/feed ratio. \Wen
conpared at constant conversion of -96% the ring opened product is - 45%
nore reactive as indicated by the higher WHSV and results in 20% hi gher
olefin yields than the light virgin naphtha feed;, The results are shown in
Table 2. 1 9 JAN 2005 -19 Table 2 FE O PRODUCT Conversi on95.596.1 WHS V,
hr'' 1522 C2 Yield, wt.%8,733.7 C320.925.3 C4-4.96.0 Light Saturates23.423.1
Aromaticsl7.78.1 Exanple 3 5 [0048] A 0.9 Ir catal yst was prepared by

i npregnating 50g of refornmer grade THhbkiZha extrudates with 28 nml of
chloroiridic solution containing 16 ng of Ir/m . The catal yst was dried at
120C for 24 hr and reduced at_45Q0C for 3 hr. The _catalyst was used fo ring

open 1, 2- d| rret hyI cycl ohexane (1, 2- DMCHEEpNnder thel 10 f R/deROoPUCTNdi tijons:
300C, 50 - WHHAWH2AHE F?Hﬁe—r-esu-}—t-s—afe—r-epwfed—'r-rﬁbil e 3
and show tha@o‘Ue@l% % Ir/A1203 is act3¥® and selpctive foPblring openjng
napht hengs tm@r@{.fl ns. 15 22

C;” Yield, wt.% 28.7 33.7

Ca 20.9 253

Cs 49 6.0

Light Saturates 234 23.1

Aromatics 17.7 8.1

Example 3
S

[0048) A 0.9 Ir catalyst was prepared by impregnating 50g of reformer grade
alumina extrudates with 28 ml of chloroiridic solution containing 16 mg of Ir/ml.
The catalyst was dried at 120°C for 24 hr and reduced at 450°C for 3 hr. The
catalyst was used to ring open 1,2-dimethylcyclohexane (1,2-DMCH) under the

10  following conditions: 300°C, 500 psig, 10 W/H/W, Hy/O1l = 6. The results are
reported in Table 3 and show that 0.9 wt.% Ir/AL;O; is active and selective for
ring opening naphthenes to paraffins.

Example 4
15
[0049] A 100% n-hexane feed was passed over a steamed ZCAT40 catalyst at

710°C, 24 hr* WHSYV and a 0.33 steam/n-hexane ratio. 94.5% of the hexane
was converted and the ethylene yield was 29.9 wt.% and the propylene yield was
28.4 wt.%.

20



Exanmpl e 4 15 [0049] A 100% n- hexane feed was passed over a steaned ZCAT40
catalyst at 710C, 24 hr-' WHSV and a 0. 33 steani n-hexane rati o. 94.15@3%2005
t he hexane was converted and the ethylene yield was 29.9 wt.% and the""
propylene yield was 28.4 wt.% 20 1 9 JAN 2005 -20 Exanple 5 [0050] A 70%
n- hexane/ 30% 3- net hyl pent ane feed was passed over a steanmed ZCAT40 cat al yst
at at 710C, 24 hr" WHSV and a 0.33 stepn n-hexane 5 ratio. 83.9%of the feed
was converted and the ethylene yield vias 23.8 w.% and the propyl ene yield
was 25.3 w.% 100511 By conparing exanples 4 and 5 it is clear that the
feed with_a higher Ilevel of n-paraffin results in higher conversion and

hi gher oIE&E‘.ﬂlBiE.éds in the 10 cracking process. It is therefore preferable
to have a ring opening process which maximzes the |evel of n-paraffin,
i.e. ring opening at the tertiary carbon sites. Wen coupled wth a

downs! 1 eafp@S(CT A90% §0R3ne 5098 3B S il 204 WRNICE BHGGESS W |

result in"higher feed conversions and I'1g In yrelds. 15 Exanple

6 10052] Feamed®EATUO catalimtatat ¢16°Cax WS CWHIVRINGRA0 8335t&ar/hBhexin81r
catal yst by inpregnating reforner grade alum na extrudates with stock

sol uti dnsratod. 831096 of thedieed svad cohvertephrd the ethplend yi¢ld3vaaRPB/wi.%. The

catal yst was dried 20 and reduced as in Exanple 3. The O A Pt-0.91r catal yst
was used @8dthepropylene yield wasn2? Wk ohexane, and the results appear in
Tabl e 3. Exanple 7 25 100531 The procedure of Exanple 3 was used to prepare
a 0.05Pt-0.91r

[0051] By comparing examples 4 and 5 it is clear that the feed with a higher
level of n-paraffin results in higher conversion and higher olefin yields in the

10  cracking process. It is therefore preferable to have a ring opening process which
maximizes the level of n-paraffin, i.e. ring opening at the tertiary carbon sites.
When coupled with a downstream cracking process, this preferred ring opening

process will result in higher feed conversions and higher light olefin yields.

15 Example 6

[0052]  The procedure of Example 3 was used to prepare a 0.01Pt-0.91Ir
catalyst by impregnating reformer grade alumina extrudates with stock solutions
of chloroiridic and chloroplatinic acids (28 mg Pt/ml). The catalyst was dried
20 and reduced as in Example 3. The 0.01Pt-0.91Ir catalyst was used to ring open
1,2-dimethylcyclohexane, and the results appear in Table 3.

Example 7

25 [0053] The procedure of Example 3 was used to prepare a 0.05Pt-0.91Ir
catalyst by impregnating reformer grade alumina extrudates with stock solutions
of chloroiridic and chloroplatinic acids. The catalyst was dried and reduced as in
Example 3. The 0.05Pt-0.9Ir catalyst was used to ring open 1,2-

dimethylcyclohexane, and the results are shown in Table 3.



catal yst by inpregnating reforner grade alum na extrudates with stock
solutions of chloroiridic and chloroplatinic acids. The catal yst maf ﬂrh?ﬁS
and reduced as in Exanple 3. The 0.05Pt-0.91r catalyst was used to 9 é
open 1, 2- dinethylcycl ohexane, and the results are shown in Table 3. 1 9 JAN
2005 -21 Exanple 8 [0054] The procedure of Exanple 3 was used to prepare a
0.1Pt-0.91r catalyst 5 by inpregnatigﬁ ref ormer grade al um na extrudates
with stock solutions of chloroiridic  @id chloroplatinic acids (28 ng Pt/m).
The catal yst was dried and reduced as in Exanple 3. The 0.1 Pt-0.91r

catal yst was used to ring open 1,2- dinethylcycl ohexane, and the results
appear in Table 3. 10 Exanple 9 [0055] The procedure of Exanple 3 was used
to prepare_a 0.6Pt-0.91r catalyst by inpregnating reformer grade al um na
ext r udat esE¥ample8ock sol utions of chloroiridic and chl oropl atinic acids
(28 mg Pt/m). The catal yst was dried and 15 reduced as in Exanple 3. The
0.06Pt-0.91r catalyst was used to ring open 1,2- dinethylcycl ohexane, and

the resul 16052 SHRProcBddRRYE Am KA Rh sl t%opr[:e%?q 0 IPEOIIRCRANSE of

Exanpl e 3 was ‘'used to prepare a 0.9Pt-0.91r catal y i npregnati ng
reforner byanpreguaningaeforinengaidesaluhiina sxtoedatéowithi stk sdlutiohd of oi ri di ¢ and

chl oroplatinic acids_ (28 Pt/m ). The catal yst was dried and reduced as

i n Exanpl eh®roiridic and phlogoplatiniszacads/ @8 mgPtimbd The qatalystoyandmed and

di et hyl cyc] ohexane,. and,t he tes S ear, in Table, 3. .25 Exanp] e 11 [ 0057
The pr oG AUEa s i Exans 3t L thEo SRE Ay EwaS Ssehit 608 ppetdrin yst by
| mpr egnat igfQlefi§i Q) cTBHexh Pt Teds SRRl Pab1gist  stock sol utions of

)

10 Example 9

[0055]  The procedure of Example 3 was used to prepare a 0.6Pt-0.9Ir catalyst

by impregnating reformer grade alumina extrudates with stock solutions of

chloroiridic and chloroplatinic acids (28 mg Pt/ml). The catalyst was dried and
15  reduced as in Example 3. The 0.06Pt-0.91Ir catalyst was used to ring open 1,2-

dimethylcyclohexane, and the results are shown in Table 3.

Example 10

20 [0056] The procedure of Example 3 was used to prepare a 0.9Pt-0.91r catalyst
by impregnating reformer grade alumina extrudates with stock solutions of
chloroiridic and chloroplatinic acids (28 mg Pt/ml). The catalyst was dried and
reduced as in Example 3. The 0.9Pt-0.9Ir catalyst was used to ring open 1,2-
dimethylcyclohexane, and the results appear in Table 3.

25
Example 11

[0057)  The procedure of Example 3 was used to prepare a 1.3Pt-0.91r catalyst

by impregnating reformer grade alumina extrudates with stock solutions of



1 9 JAN 2005 -22 chloroiridic and chloroplatinic acids (28 ng Pt/m ). The
catal yst was dried and reduced as in Exanple 3. The 1.3Pt-0.91r catal yst
was used to ring open 1,2- dinethylcyclohexane, and the results appefq jiR 705
Table 3. 5 Table 3 (300C, 500 psig; 10 WHW H2/O1 = 6) Exanpl eCatal ystCa
paraffin ring wt.%-octane/w % opening yield, wt. /Ca paraffin yield, %30.9
I r2010 60.01 Pt-0. 91r3418 70.05 Pt-0.9 1r3317 80.1 Pt-0.9 1r2417 90.6
Pt-0.9 1r1616 100.9 Pt-0.9 1r1017 111.,3 Pt-0.9 Ir718 100581 The data reveal
a substantial increase in the % n-octane product 10 distribution for the
nore preferred Pt-Ir catalysts of this invention over the preferred Ir only
catal yst of Exanple 3. The degree of inprovenent is independent of catalyst

conPgsi t id shlosgiadie ard ﬁhh@g@lmmmcidﬁb@ﬁtmg ﬂ%/@ﬂbﬂaﬂllsa@éalyﬁn\:v%gﬁed:an@?r affin

Lol oo ectupedan i ey 5, et AU St e lute pidt o 8980 3o e e r e

bi 111 q; . =Q. 91 I d
I met a |gggg@%i@g&n%ﬁgﬁgr%y%%ge%&)%?ﬁ)gﬁlﬂ—ﬂme r catal yst was prepare

as descri uting a stock solution for Pt.
The catal yst was used to ring open 1,2 1 9 JAN 2005

5 Table 3
(300°C; 500 psig; 10 W/H/W; H,/0il = 6)

Example | Catalyst OPS:liTgr :"i‘e-il?l,r:lf% ‘g;os,a:;%tna;ieéxt;f
| 3 091r 20 —
6 0.01 Pt-0.91Ir 34 "
7 | 0.05Pt-0.91r 33 =
8 0.1 Pt-0.91Ir 24 =
9 0.6 Pt-0.91Ir 16 =
10 | 0.9P091r 10 >
11 13Pt-0.91r 7 =

[0058] The data reveal a substantial increase in the % n-octane product

10  distribution for the more preferred Pt-Ir catalysts of this invention over the
preferred Ir only catalyst of Example 3. The degree of improvement is
independent of catalyst composition over the range 0.01Pt-1.3Pt. The increase
in both C; paraffin yield and % n-octane product distribution at the low Pt
loadings of Examples 6, 7, and 8 highlights the added value of these more

15  preferred bimetallic catalysts.

Example 12

[0059] A 0.1Rh-0.91Ir catalyst was prepared as described in Example 8 by
20 substituting a Rh stock solution for Pt. The catalyst was used to ring open 1,2-



- 23 di net hyl cycl ohexane. The results are shown in Table 4 and conpared to
that of Exanples 3 and 8. Table 4 5 (300C, 500 psig; 10 WH W 112/&I A'ﬂ[ﬁg
Cs paraffin ringW. % n-octane/ Exanpl eCatalyst wt.% Cs paraffin openi d '
yield, wt.%yield, % 30.91r2010 80.1 Pt-0.91r2417 120.1 Rh-0.9 1r2617

Exanpl e 13 10 [0060] A Ba nodified alum na was prepared by the addition of a
solution of bariumnitrite in water to reform ng grade al um na extrudates.
The Ba/ A1208 was dried at 120C for 242hr and then calcined in air at 600C
for 20 hr. The Ba content of the alumna was 5 wt.% A 0.91r catal yst was
prepared on the 15 Ba/ A1203 by incipient wetness by the addition of 14 m of
I r stock slimgthyleydlohexahe. Mheatswlet @€ showa5e Tublé hQnBétoﬂ?lﬁ@d to thhbefcat al yst
was dried at 120C for 24 hr and reduced in hydrogen at 450C for 3 hr. The
cat al yst Vixamplesi3tand8.ng open 1, 2-di met hyl cycl ohexane as in Exanple 3. The
results are shown in Table 5. 20 Exanple 14 10061] The procedure of Exanple
13 was used to prepare a 0.1Pt- 0.91rBa/ Al1203 catal yst, which was used to

ring open 1, 2-di net hyl cycl ohexane Table 4
5 (300°C; 500 psig; 10 W/H/W; H,/Oil = 6)
Cx paraffin rin Wt.% n-octane/
Example Catalyst o e;i[; eld wtg‘V wt.% Cg paraffin
pemng yield, wi. % yield, %
3 091Ir 20 10
8 0.1Pt-091Ir 24 17
12 0.1 Rh-091Ir 26 17

Example 13
10

[0060] A Bamodified alumina was prepared by the addition of a solution of
barium nitrite in water to reforming grade alumina extrudates. The Ba/Al,0O;
was dried at 120°C for 24 hr and then calcined in air at 600°C for 20 hr. The Ba
content of the alumina was 5 wt.%. A 0.9Ir catalyst was prepared on the

15 Ba/A1,0; by incipient wetness by the addition of 14 ml of Ir stock solution and
10 ml of water to 25g of the Ba support. The catalyst was dried at 120°C for 24
hr and reduced in hydrogen at 450°C for 3 hr. The catalyst was used to ring
open 1,2-dimethylcyclohexane as in Example 3. The results are shown in Table
5.

20

Example 14

[0061] The procedure of Example 13 was used to prepare a 0.1Pt-
0.91r/Ba/A1,0; catalyst, which was used to ring open 1,2-dimethylcyclohexane

25 asin Example 8. The results are summarized in Table 5.



25 as in Exanple 8. The results are sumarized in Table 5. 1 9 JA N no 55
-24 Exanple 15 100621 The procedure of Exanple 13 was used to prepare a

0.9Pt 5 0.91rBa/ A12Q3 catal yst, which was used to ring open 19 JAN 7005
1, 2-di met hyl cycl ohexane as in Exanple 10. The results are summarized in
Table 5. Table 5 (300C, 500 psig; 10 WHW H2/QIl = 6) 10 Exanpl eCat al yst CH

paraffin ring W. % n-octane/ w.% opening yield, w.%s paraffin yield, %
30.9 1r2010 80.1 Pt-0.91r2417 100.9 Pt2§-9 1r1017 130.9 IrBal419 140.1
Pt-0.9 IrBall20 150.9 Pt-O, 91r/Bal015 [00631 Exanpl es 6-15 show how ring
openi ng catal ysts can be nodified to increase the % n-octane product
distribution in 1,2-di nethyl cycl ohexane ring opening and thus increase
napht ha n-paraffin content. H gher n-paraffmcontent 15 in the feed to a
cracki ng c#Exanysle 12ads to higher olefin yields as showm in Exanples 1, 2,
4, and 5. FO'UM%—FEW ng now fully described this invention, it will be
appreciated by those skilled in the art that the invention can be perforned

within a wde rang_?@ZO of paraneters within what is claimed, wthout
depart i ng 100831 t hdhepreseduse of Example b3 wasaised je pransre a 0.9Pt-

5 0.91/Ba/A1,0; catalyst, which was used to ring open 1,2-dimethylcyclohexane

as in Example 10. The results are summarized in Table 5.

Table 5§
(300°C; 500 psig; 10 W/H/W; H,/0il = 6)
10
Example | Catalyst | b e | Co paratfin yield, %
3 09Ir 20 10
8 0.1 Pt-0.91Ir 24 17
10 0.9Pt-091Ir 10 17
13 0.9 Ir/Ba 14 19
14 0.1 Pt-0.9 Ir/Ba 11 20
15 0.9 Pt-0.91r/Ba 10 15

[0063] Examples 6-15 show how ring opening catalysts can be modified to

increase the % n-octane product distribution in 1,2-dimethylcyclohexane ring

opening and thus increase naphtha n-paraffin content. Higher n-paraffin content
15 in the feed to a cracking catalyst leads to higher olefin yields as shown in

Examples 1, 2, 4, and 5.

[0064] Having now fully described this invention, it will be appreciated by
those skilled in the art that the invention can be performed within a wide range
20  of parameters within what is claimed, without departing from the spirit and

scope of the invention.



1 9 JAN 2005 -25 What is clainmed is: 1. A nethod for converting a naphtha
feed boiling in the range of about 0 C to about 230 C and contai ni ngg jaN 2005
napht hene ring-contai ni ng conpounds, conprising: a) contacting the napht ha
feed with a catalytically effective anount of a ring opening catalyst
capable of opening a ring at a tertiary carbon site under effective ring
opening conditions to forma ring op®ned product wherein said ring opening
catal yst contains at least one of Ru, Rh, Ir, and Pt on an inorganic
refractory oxide support; and b) contacting said ring opened product with a
cat al yti cWhyiseldimetisve amount of a cracking catal yst under effective
conditions, including tenperatures fromabout 400 Cto about 750 C, to form
a product containing olefins. 2. The nmethod of claim 1l wherein the supported
napht hene i ng OpeMbAbr G@htv@tlti%i_%ﬁniﬂﬂfﬂali‘&ﬂ bomagmthéﬁﬁg@&fab&ﬁ%v cpsof an al kali
or alkaline earth netal. 3. e method of claim1l wherein Ir is present in
an anount 238hgamirohtagingaiaphthend rigg-rontaisibg cumuddsy¢ompitsingased on t he t ot al

wei ght of the rjin i o 4, Fm. in the

catalyst i s (OPShRREEID el daiRion st UG DREGARe Aol B Fliv YARNEL " |

I easL one aafalystcapdRig c;)fa)pehim @r%emidryl’\cabpnag@umer efﬁmgvemjpg‘qponingbout 0. POl

to about 2.0,.w. .% base t ot wei.ght t he ring openi at al yst.
50 She erdenditis forRARHE offhsh Bl WitreShilthe Spenqbialal AbaBRRTANGRE R, 5 VoL
cl ai m 2 wheeef RutRhelradnddt pmen wangbhic refhctbryiogidbawpporyand. The net hod of claim

1, wherein ring.opening i.s.carried out at a atdre of fro about 150 C
to about 400 C.gb)ﬁ.glﬁaﬁ%lélg Fr%?ﬂg%()pgf] edd r%cﬁlﬁ’% ‘?ﬁh %a}aa?}gﬁﬁlﬁyr ?%ég‘(')epaén rﬂmrl]tg(mias carried
out at a taidkingpatelystunderfeffertive addition€) inctndaigoenpeBt@e€Ofrgs nigput 800° Thte et hod  of

claim1 vherelf &R RGNS biufflgddlout at a liquid hourly space 19
2. The method of claim 1 wherein the supported naphthene ring opening catalyst further

comprises at least one of an alkali or alkaline earth metal.

3. The method of claim 1 wherein Ir is present in an amount ranging from about 0.3 to

about 2.0 wt. %, based on the total weight of the ring opening catalyst.

4. The method of claim 3 wherein the catalyst is a polymetallic catalyst wherein the Ir is
combined with at least one of Pt, Ru, and Rh present in an amount ranging from about 0.001

to about 2.0 wt. %, based on the total weight of the ring opening catalyst.

5. The method of claim 4, wherein Ir is combined with Pt.
6. The method of claim 2 wherein the alkaline earth metal is barium.
7. The method of claim 1, wherein ring opening is carried out at a temperature of from

about 150° C to about 400° C.

8. The method of claim 1, wherein ring opening is carried out at a total pressure from

about 0 to about 3,000 psig.

0. The method of claim 1, wherein ring opening is carried out at a liquid hourly space



velocity of fromabout 0.1 to about 10 V/V/Hr. 10. The nethod of claim1,
wherein ring opening is carried out at a hydrogen treat gas rate of i:éNqBS
about 500 to about 10,000 standard cubic feet per barrel. 11. The t é OP
claim1l1, wherein the naphtha feed's sulfur content is |less than about 1 ppm
12. The method of claim 1, wherein the cracking catal yst conprises a |large
or nmedium pore zeolite. 13. A nmethoaeéfor producing an olefin product froma
napht ha feed boiling in the range of about 0 Cto about 230 C and
cont ai ni ng napht hene ring-contai ni ng conpounds, conprising: a) contacting

t he napht keloéityed framtahowt Oflito sbouc ¥@ ¥/WHr.cal | y effective anount of a ring
openi ng catal yst capabl e of opening the naphthene ring-containing conpounds
at atertiary carbon site at a tenperature ranging fromabout 225 Cto
about 350 1@ a Themathopobdsimriewherainging gpdningis cdbdadtoul &G Hydrogdonsat 80 psi g, a

l'iquid hourl ace Vv cit [ from.about 0.5 to about 5 v/v/h, and a
hydr ogen fﬁ%éiéﬁﬁgmyﬁﬁgq?é fHgﬂgPGﬂQ%%SH%Cgﬁﬂ”f%nggout 3000 scf/bbl, in
order to forma ring opened product having at |east 90 w. % nor nal

paraffin, hased, on,the_.tatal ight of . th roduct, the rinpg-qpenjng

Patal yst ddnt a te Ao Segieiinal sersdhespirba el it coneal ifst i APEH"S) uri na
support capiai ning at |east one of an alkali and al kaline-earth netal; b)

contacting said ring opened product in a catalytic cracking zone with a
catalyst containing ZSM5 at a tenperature ranging fromabout 500 Cto

about 700 18, a TheawHsdef clhiang iwherefnthdRradkingica@lybtxompists addrgddstingdivand at a
catalyst-to-oil ratio in the cracking zone ranging fromabout 4:1 to about
9:1 in ord@%8liorma cracked product: c) separating fromsaid cracked
product a polynerization feed of at |east one of ethylene and propyl ene.

e 00 O e Ty St 100, DO TR B g of
about 0° C to about 230° C and containing naphthene ring-containing compounds, comprising:

a) contacting the naphtha feed with a first catalytically effective amount of a ring
opening catalyst capable of opening the naphthene ring-containing compounds at a tertiary
carbon site at a temperature ranging from about 225° C to about 350° C, a total pressure
ranging from about 100 to about 800 psig, a liquid hourly space velocity ranging from about
0.5 to about 5 v/v/h, and a hydrogen treat gas rate ranging from about 500 to about 3000
scf/bbl, in order to form a ring opened product having at least 90 wt. % normal paraffin, based
on the total weight of the product, the ring-opening catalyst containing

i) at least one of Ir, Pt, Rh, and Ru on

ii) an alumina support containing at least one of an alkali and alkaline-earth metal;

b) contacting said ring opened product in a catalytic cracking zone with a catalyst
containing ZSM-5 at a temperature ranging from about 500° C to about 700° C, a pressure
ranging from about 0 to about 45 psig, and at a catalyst-to-oil ratio in the cracking zone
ranging from about 4:1 to about 9:1 in order to form a cracked product;

c) separating from said cracked product a polymerization feed of at least one of

ethylene and propylene.

14. The method of claim 13 further comprising polymerizing said polymerization feed in

order to form a polymer.



