WO 03/ 020420 PCT/ US02/ 27577 H GH ACTI VI TY | SOVERI ZATI ON CATALYST AND
PROCESSES FOR | TS PREPARATI ON AND USE 5 BACKGROUND OF THE | NVENTI ON [ 0001]
Thi s i nvewDiodn2w4ed at es to an i nproved catal yti c conposit e pamdiS2/orsess for
t he conversion of hydrocarbons, particularly useful for the selective
upgrading of a paraffinic feedstock by isonerization. 10 [0002] This work
was PEFHSCHEE THn GRMERABA T pATALEFT AR RROSESPEDH PR et PRFFA fll USE

National Institute of Standards and Technol ogy, Advanced Technol ogy
Program Cooperative Agreenent Nunber 70NANB9H3035. The United States
Governnent has certain rights in this invention. [0003] The w despread

renoval of | ead anti knockBAORGROEND O THEMIVERTIOMN 15 the rising
fuel -qual ity demands of high-performance internal-conbustion engines have

conpel l ed petroleumrefiners to install new and nodified processes for

nave ol n008FER" Sl et TPl I E MGord A RB BRI R AR races "'
i ncl udi ndohinghwnversie ot iydresdmbys | aricfiafyusdul for ﬂ@éel&@ﬁe(ddgﬁdin%at al ytic
cracki ng) gasoline octane, 20 isonerization of |ight naphtha and the use of

oxygenat & aRAipinicfeedsiosk bydsomezations as i ncreased reforning severity and

hi F ¥ : . ; H
gasot | no 10052F ot TIRPE)0ES BEFPHhe Inaft e Sippa LIPS, FRBbABlssRpr '
Refi ners Goramares Natel mdtiuteuf8tsindards efer Tedhrictshyg Asivahbed t o neet 25

ti ghtened alﬁtaormti ve em ssion standards. Refornul ated gasoline differs from
the tradi@GHRVAYITTOSIRT, FRORELALNG Adreement Namerﬁpéwﬂ%ﬁ?%‘mhqi nal

bol LIng RO Stahdl LRRS RSN barklin BXKRSAANR b, Ovier cont ent of

ol efins, ene an aromati cs. benzefle content generally is being
restrict 0003 1 Yhewidespeead asrdoval of laaal draitinbck 8d@itive frokh Gasaliné andul at ed
gasal i ne., Gasol i.ne ar?ma iCS GO is, |i ke%é/i 30 to be | owered,

o tiul dhf [o0g TslquaTNAReBANGR AT BBMRCEO[TEURS INCERRPAEPUSITHANGRES he 900
par tiul d | REPRRDEPY “the
St 11 2008 CHRERALA it Bl ol Ao RGPS ckirly BRbbL gor L on o

the gasoline el mnated usually 1s an aromatics
concent r dt@easesl toodarse, bopknack reasistansecin thb gapolinecppeall Refinershavé réliect eased

Pestri ot i Gntne! SPURole g Naceoung peot i BEEFspURHY | o5 cont ent
and hi gh-capticardtRiing, Highdr FCOT(HHE RhtliRic! P&EKndY ddboline octane,
20 isomerization of light naphtha and the use of oxygenated compounds. Such key
options as increased reforming severity and higher FCC gasoline octane result in
a higher aromatics content of the gasoline pool at the expense of low-octane

heavy paraffins.

[0004] Refiners are also faced with supplying reformulated gasoline to meet
25  tightened automotive emission standards. Reformulated gasoline differs from the
traditional product in having a lower vapor pressure, lower final boiling point,
increased content of oxygenates, and lower content of olefins, benzene and
aromatics. Benzene content generally is being restricted to 1% or lower, and is
limited to 0.8% in U.S. reformulated gasoline. Gasoline aromatics content is likely
30 tobe lowered, particularly as distillation end points (usually characterized as the
90% distillation temperature) are lowered, since the high-boiling portion of the
gasoline which thereby would be eliminated usually is an aromatics concentrate.
Since aromatics have been the principal source of increased gasoline octanes

during the recent lead-reduction program, severe restriction of the
1



processi ng probl ens. These probl ens have been addressed through such
technol ogy as isonerization of |ight naphtha to increase its octane nunber,
I somer i zawDa/opf42@ut anes as al kyl ati on feedstock, and genecatisomn2sf7
additional light 5 olefins as feedstock for al kylation and production of

oxygenat 8@ni§19?@roﬁﬁ@c§8§ntenﬂ§ﬁw AiPOSHIRd Portion ! mllﬁpwe%%nereihb(mwmas been

addressed by raising the cut point between Ilg t and heavy naphtha
i ncr easi ppcebsing prehléme. Toesa proplasns hayhbeen eddigssed fyREBNEHEN on unit. The

Fpor t antEcPROIoGY ead e o BOREA B & RS Fhgbrd Bulgpr, CoCRES "0
| somer i Z%b”@ilzﬁflorpéf Bthhes as AygiARArTEedstock) Sindyenetation ofsdddiitortahlightng
pl ati nu | ogen and a sulfate of alum num rmagnesi um agg‘:s{gé Zi rconi um

deposi t edlefins aetfem’t@lk for alyledion Bimel m@d@ttondzf@g(y%rﬂatealuw &9t i onal

t al t h .
ot al yor dBRMOHEutpo P B bt HEEF agciessén By MaBrEiie A pobEoT o, 2
Ode de or bBMﬂa][éPNIHc}H?aﬁdi'ﬁeév;ﬂh@;ﬁhtﬁum@f&tlsmmrﬁbaéla}lqélqualgiftym‘ nbphibiads anhat
e ot A oo e e o
666 109 Al. discl { t dit t
conpr 1 i fignar e kERar Bk RS IES Pt oF & oup 1 Vs “oxi de-or o
hyd gx dgo(gjsg 0@2@%33 204 BPleafines lé’&ﬂ?%lgﬁ o?gapéfﬁﬁleﬂy@?o(ﬂfrbcﬂsoulo VIS

al s nponen rom a nmet al s and net aI
COfTbl nat uging. a&&@@gﬂ cdd‘Ealﬁrr@; ;ﬂéﬁn&ﬁﬂleﬂlagerdamthmﬁateaof@umlw and its use

conprising a platinumgroup netal oup I l‘ll oge nd | apt hani de
in an at GIAGNSSHM @nd/pbzm%lwmaﬁpé’ﬁﬁ%&ﬁé’@y fﬁ'“@o ﬁei’%e’b@’ﬁ 58993, 067
131 1 eachReddaly g?tr%nbﬁr‘?m%?e{l%thd&eﬂgg%ﬁhéfcb&%@%ﬁé\}@f' Y -Hyseeesact with

a solid superacid suc fated, zirconi a optionally contalnlng added
netal s apd teached aca@lystidad itsheseindpangazativs, contpirinpsdiated zisconionos]

US- A- 5, 310, 868 131 nd US- A-5, 214,017 13 ach ca on

coni&i ni QY §L9WWE’EQ§"%%P aIRating- gfq&q.mgﬁal q;ﬁteg %58%%33%@@4@ ngS 30
d t 2 d hyd d f

:né))éhpee?{h({]}%ﬂ%ﬂ%%ﬁ m’bt&ﬁi?HB Vb?r%irgg or(hildfgx?)éle gf O; G?/oLBXII -g 0

I1-B, Tl L1 Mea MBA A“~14 9%‘5’143) andEirabeah Faént! ant hani de
seri es. ; %]03/%5%1 t? PCT/ US027 27577 [ 0009] US- A- 5b212 136 Bl discloses a
sol i d supgplieatich @&6aHQStA udietlobe iarsulfated catalyst, and its use in isomerization,
comprising an oxide or hydroxide of Group Iil or Group 1V; oxide or hydroxide of
20 Groups V, VI or VII; and oxide or hydroxide of Group VIII;*109 also discloses a 1

component from a list of Group Vil metals and metal combinations.

[0007] US-A-3,915,845 B1 discloses a catalyst and its use comprising a
platinum-group metal, Group IVA metal, halogen and lanthanide in an atomic ratio
to platinum-group metal of 0.1 to 1.25. US-A-5,493,067 B1 teaches that
25 isoparaffins and olefins are alkylated by contact with a solid superacid such as
sulfated zirconia optionally containing added metals and containing added
heteropolyacids or polyoxoanions.
[0008] US-A-5,310,868 B1 and US-A-5,214,017 B1 teach catalyst
compositions containing sulfated and calcined mixtures of (1) a support containing
30  an oxide or hydroxide of a Group 1V-A element, (2) an oxide or hydroxide of a
Group VI, VII, or VIl metal, (3) an oxide or hydroxide of a Group I-B, lI-B, IlI-A, 1li-
B, IV-A, V-A metal, and (4) a metal of the lanthanide series.
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al kyl ati on processes conprising sulfated and cal ci ned m xtures of a support
of an oxide or hydroxide of a Goup IV-A elenent, an oxide or hydroxide of
nol ybdenuwp oafneb4an oxi de or hydroxide of a Goup |-B, |I-BCTIUSK2/257111 - B,
IV-B, V-A 5 or VI-A netal other than nol ybdenumor a netal of the

| ant hani geospr | a56-A-SOVMABE EFdistiostNBNTit QiipbAadia catalysiuelikinof t he
present invention is to provide an iInproved catal yst nd process for

hydr ocar@lsylatiomperasissas cemprisioa sulialgdianst caleingd suxtgres et SRRt AT nvent i on

is to provide. | ved it e I I c{@@m:tb% gasoline. A nore
specif!coﬂﬁgﬁébg&irog(m{%odpa}'%\Eﬁg@eﬁgﬁ efl%?@@g@%g% al yst a%%(ge%?ocess for the

| somer i zgolydRiedlin, a@dtan@idd behydrogide af & @rdupdkB,diBalileAgHiid) Il\/n_B, Vd\crponent :
This invention is based on the discovery that a catal yst containing

yt t €5 bi uen ¥hel melaheinen tharompyhdanumsy & neial of theclentianis $f1fance and
stability in the isonerization of |light naphtha to increase its

i soparaffin content. 15 [ CBUNMMARYQadHEIDIENEKINOf the present invention

is di t al : i.sing.a . f id

nycroxi do0IPTa & BlaebE" e BREER, eldich B pEide Bl RGId el callhvell: e G
hydr oxi dgng BlodeRa%6r Bydrbéarbos BORASISIN reAtitdhs. Another putdusal siehel enent or
yttrium corrgonent, and at | east a second conponent being a platinum group

met al copreseshinvemtien isite providemisapiened trakmelegy tp upsrdesnaphibadd a singl e
| hani de- seri | t. ' . bl
conbbat sogtolRes Formpis Sraticm b i E wiP i 8B APLREE) CRApRAR proBess OT S0 Y

IS ytterRryne tehdrizatiss oplight paphtzentobtaing kighrustanclfesalint @oygioneapt i onal |y
contai ns_an inorgani c-oxi de binder, especial lﬁé/ al um na. QOO%_Zthn
addi t i on&hisdnyritiondabased pRéhe diseavensiNats calalveherntaining WitbiuRyaRde 25

cat al yStBl,ce)&inﬁtjl%g%qirﬁ%&g%r}’cggrcg/}'qe%%l{p@rigp eﬁgﬁnﬁéaéu@wéin%{ﬁbmﬁidiglth xi de or

hydr oxi d I'rst C onent, ani el enment, yttrium

or any nmgshidrzatibhef Bgtit.naphthat ibénsreasa its tsopacatéincon@npl at i num group netal ,
and preferably binding the catalyst with a refractory inorganic oxide.

[0018] | [0eARQt hea basarkembotient oY #e presentinperitonss drevtedttbragcaighisocar bons
30 using the catalyst of the jnvent i_gn. #ﬁn et ar}ot er ewgp% t he
i nvent i 0POMPHSIHYiaaLTated SURRAFESPT 3 eXigR 0 ygé%‘ﬁ%r‘?zaa [ A5 using
the cata i ' RS 3k RoRs Ak aicehaRinent ARy ige | i ght
napht ha \kﬂfeﬁ@hBliesfé%%@?ﬁ%gggeyg’ﬁé%g%7577 ?slorrer %d to increase its
i sopar af hilantaaniderdiemedt ocytzinen compenemts and ghksist asecond component

being a platinum-group metal component. The first component preferably consists

20 of a single lanthanide-series element or yttrium and the second component
preferably consists of a single platinum-group metal. Preferably, the first
component is ytterbium and the second component is platinum. The catalyst

optionally contains an inorganic-oxide binder, especially alumina.

[0012]  An additional embodiment of the invention is a method of preparing the
25  catalyst of the invention by sulfating the Group IVB metal oxide or hydroxide,

incorporating a first component, a lanthanide element, yttrium, or any mixture

thereof, and the second component, a platinum-group metal, and preferably

binding the catalyst with a refractory inorganic oxide.

[0013] In another aspect, the invention comprises converting hydrocarbons
30  using the catalyst of the invention. In yet another embodiment, the invention
comprises the isomerization of isomerizable hydrocarbons using the catalyst of the

invention. The hydrocarbons preferably comprise light naphtha which is
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bl endi ng stock. [0014] These as well as other enbodi ments will becone
apparent fromthe detailed description of the invention. 5 BRIEF
DESCRI PTIvON 0®B200RE DRAW NGS [ 0015] FIG 1 shows a pl ot of PChaAISpBRT5ENnt
conversion of pentane versus the ionic radius for 8 coordination of a

series OfisdradMaioSn¥Rass its idpakdifih c6RERPARAbeine AUbEAPA Yasslineas vari ed.

[0016] FIG 2 shows a plot of the cycl ohexane conversation versus 10

t enper at (lancing atoskr i es of catal ysts. Catal ysts of the present invention
are conpared to reference catal ysts. DETAILED DESCRI PTI ON OF THE | NVENTI ON
[0017] TIHROHIppoFhesmasmellasarthetrrmbediaiepis wilfbedsmeapearant iremdhei on

conpri se 0oxl hydr oxi d f a Goup VB (I UPAC 4) netal, see Cotton
and W kl%ﬁgada{%d &éfgﬁﬁ%ﬁﬂ%tg& 'W“F?&%aﬁm c Chem stry, John Wley & Sons (Fifth
Edition, 1988). Preferably, the netal is selected from zirconium and

titarium w th zirconi BRIBEDESCREIEONOFYT Hile &IRAVENGSThe preferred
zirconiu |.de or. hydroxide is_.converted via .calcination to crystalline
Form " SuloGal" sl dated pigt o FE ReTpor ohBrash of PREnBgpIRUS DY s

bel i eved jyié hiflis &% d bdBrtiindlorh Bea SBMESb] SdtalyBtd Witérd the st BoRiRIRAt 8Nd 20
Lews acid sites. A conponent of a |anthani de-series elenent Is

i ncor por dhedatalysts wakeatewposi te by any suitable means. A platinum group

metal conponent is added to the catalytic conposite by any means known in
the art {@0H8]f ecklG.1Rshaws alpjaitof dfe eyotohaxapattopmersatign vetsysi npr egnat i on.

Opti.gnal | the cat.al yst is boun 1.t r@brac ory.lnor.gani ¢ oxide. The
support, t%np?%ﬂ%é{e%%?ne@o%gﬁ%%g@ @%tawfgs% ﬁpﬁéﬁ;erﬁilrﬁv&%pgﬁa{p be conposited
in any ocefipapéd eCididente catayaag.e a catalyst useful for the isonerization
of hydrocarbons. [0018] Production of the support of the present catalyst

may be based on a h | Y/ AC_4 tal as raw

mat erial. For exanpl ﬁé?é%%ﬁaﬁk§%ﬁﬁaggﬁwtﬁ€ﬂ§#]&\ﬁé@h@ﬁaval | abl e from MEI
of Flem ngton, New Jersey. 30 Alternatively, the hydroxi de may be prepared
by hydr o[&i Mg nERQ U arateial 0&3%%%’5%"8? PEQSATY IRVEPHierCoOMpHAses NCB) 2,

2, L0 N o84 g O PR 0 SBR BRI e
wei gist péwdvanted Kiargamt Ghemhikipy iJoha Wileh&&ora (FiftmEtitienet$88). and zi r coni um
Preferably, the metal is selected from zirconium and titanium, with zirconium being
especially preferred. The preferred zirconium oxide or hydroxide is converted via
calcination to crystalline form. Sulfate is composited on the support material to
form, it is believed without so limiting the invention, a mixture of Bronsted and
20  Lewis acid sites. A component of a lanthanide-series element is incorporated into
the composite by any suitable means. A platinum-group metal component is
added to the catalytic composite by any means known in the art to effect the
catalyst of the invention, e.g., by impregnation. Optionally, the catalyst is bound
with a refractory inorganic oxide. The support, sulfate, metal components and
25  optional binder may be composited in any order effective to prepare a catalyst

useful for the isomerization of hydrocarbons.

[0018] Production of the support of the present catalyst may be based on a
hydroxide of a Group 1VB (IJUPAC 4) metal as raw material. For example,
suitable zirconium hydroxide is available from MEI of Flemington, New Jersey.
30 Alternatively, the hydroxide may be prepared by hydrolyzing metal oxy-anion
compounds, for example ZrOClp, ZrO(NQOsz)2, ZrO(OH)NO3, ZrOSOy4, TiOCl; and

4



propoxi de may be used as well. The hydrolysis can be effected using a
hydr ol yzi ng agent such as anmoni um hydr oxi de, sodi um hydroxi de, potassiumb5
hydr oxi dewosgaeagen sul fate, (NH4) 2HPO4 and ot her such conpeardsokems®dn in t he
art. The metal oxy-anion conponent may in turn be prepared from avail abl e

mat eri al she fiks. etarthhEcomndreiapZ O H), Qotkhing alsignificart saouht ofF, Hy dr oxi de
as purchased or generated by hydrolysis preferably is dried at a
t enper at wyaighifpereertmZirooniug atkoxides sugh &siZeony aaatate WhPRANT 10 [ 0019]

A sul fat ' [ r .t | b ul fating

agent toﬁ%@%gggsﬁ{cﬁ% %e Q%gg%S%IPih%L%ggggg%s&mﬁggbgﬁg é@g?h I's greater

t han SUlHqudlyziﬁ% agdehbsectbas anironiach hgdrprides soditim By drorider pofaskiugui d

superaci ds ar nown in the literature includi nlgcsubst i tut edw{%_r, i c acids,
i

e.g. .5 t rilydridasosium ssifpta, i(Nhkieh H@xamd ofher sppld comRPURdg Kpe '8 BRi ds

activate ] | ds.. |l ) ' f the acid
St engt h B TRgHbR BRhEhC GaRpthedimey il jute MePEl MOARMMELR, Cact
aci d str engtefialef for example sby tregtiag ZdOCOsdvifH nitid citloTHe hgdtdxjde asasure with
any precision because of the Ig(fs defi ned &tlu f the surface ,state of

I

sol i ds r Ausghasedier ganerated Ky ByFrelysisPrrtire '%rg‘?‘@%mnemnqrawmgf
Accordin Hf'n 196%%0'93(3% Vggeﬁﬁégbpéﬁ%o‘%'b Gigg, correlation between liquid 20
S suc

superaci ds and solid Strong acl at 1f a liquid super acid is found

to (pt a'[ﬁéfsga r KA féa%%;gﬁrﬁsi FrePareeft fERPSHtAEA sulaBle’siatiRg d Whi ch
one can ~automatically c se to carry out the same reaction. Therefore, as
will be wgedttd fortnha sokipstrohg eatd. dituid soids aviisessitergth dsgreater thavse t hat

Amber |ys (I SoiATRNG beRia T ieck BABesien A by PETyP shERRTR 2ie
l'i terat un@owhehhgeE IikR gﬁ’ﬁ%&“?@ﬁg g%l%ﬂit@te%cprﬁﬁc%{cms,'é?!?ﬁﬁl@@k@lﬁéth?ﬂ' y the

termsolid strong aci ef i ned above will be used” herein. Another way
to def i nesubstiotediHs®Oartgiflicacld iandzpreti¢ acids @epvatedry lewisianids &t PWg protic

and Lew i d,sjtes. Thus, sqljd straqn Ci n L C |hakion of a
Br on'st edsq%&ogﬂ?‘”ec‘?etﬁgpﬁ‘a;'ﬁg 03 th@ﬁcg Sﬁ@@%ﬁﬁ%@@rﬁ”?’%&'ﬁ %eq? Iaglgél ases, the
Bronst ed qiathHiRMvErRGhE eXQBPANE @tr@n?ﬂﬁ)f@éolroegudcjmgyazjcidqgU‘ifﬁmﬂtmireduyesent
as distinct species, yet they neet the above criteria. [0020] Sulfate ion

i s i ncor poeasusd witht anyapesisioy becavempbibietless definesaapire of Bye surfagd nent with
o5 oo e shads 39550 Al SouRlasBlesibiob i AL T oc oLy, P on
mer capt angeceidifglyf tHerdinb denerally applicable correlation between liquid
20  superacids and solid strong acids such that if a liquid super acid is found to
catalyze a reaction, there is no corresponding solid strong acid which one can
aut'omatically choose to carry out the same reaction. Therefore, as will be used
in this specification, “solid strong acids” are those that have an acid strength
greater than sulfonic acid resins such as Amberlyst®-15. Additionally, since
25 there is disagreement in the literature whether some of these solid acids are
“superacids” only the term solid strong acid as defined above will be used
herein. Another way to define a solid strong acid is a solid comprising of
interacting protic and Lewis acid sites. Thus, solid strong acids can be a
combination of a Bronsted (protonic) acid and a Lewis acid component. In other
30 cases, the Bronsted and Lewis acid components are not readily identified or

present as distinct species, yet they meet the above criteria.

[0020] Sulfate ion is incorporated into a catalytic composite, for example, by

treatment with sulfuric acid in a concentration usually of 0.01-10N and preferably
5



whi ch are capable of form ng sulfate ions upon cal cining, nmay be enpl oyed
as alternative sources. Preferably, amoniumsulfate is enployed to
provi de swbfoatz0426 ons and forma solid strong acid catal y®CT/USaz2501 f ur
content of the finished 5 catalyst generally is in the range.of 0.5 to 5

mass- %  agsin BIRERI 8Bhipoufds 506m Asttydroleh diBfe; Merdastapslor sLRG dioxpesi te i s
dried, preferably followed by calcination at 0 a tenperature of 500 to 700

C parti ciwhieh gra ¢apaite eliormirigosuliade ianspoonsialanied, MRy berRivpisyedeSon of t he

Phe. | ant rRniAvEsPRices! Balaufl, ArimbyERTRARRE ks o HBRREN S Bp e sfar S ©
anot her . %ﬁ@étﬁ(ﬂ ﬁdrnﬁ@@@l%@ﬁ’éng)éciti fb@tal@é‘[ﬂ;ﬁé\éulﬂ&to@ht@‘_tt of th@fimidl@@lj in the
| ant hani de series are | anthanum ceriu raseodym um neodym u

pr ondt hi wafalystgenpaly isinribpirange ghod tp;g mags-%,@ Rrigferablyys cfféﬂhﬁn% hol ni um

er bi um ' oY r.hi et P | Les

el enent sﬁ#ﬁ%@éb | E@%PPE#]%&%M"#% Hﬁ%l;{rgﬁé@f&l@m&%@}@f‘%ﬁ]ﬁaﬁég{ }fngr bi um
and m xt @ eengdrgtuenbi 500 (760 rpartic@anpl thesefaionds icbefollvaved Iof t he
present catalyst, and it is especially preferred that the first conponent

consi st s iNeBaitiPaIcf {hegplainymidPUp tMetebnponent . The first conponent may in
tically

general be pres- ent in the catalytic conposite | ny cat al

avai | abl e[oﬁgﬂm sfdisteompenens GORRPHSHNG ARe §I Moke Qtﬂﬁgﬁﬂ@a@i@ﬁgﬁ@q he oxi de,
hydr.oxi d dE . QXY i Ik ' I cal
conitnat ianish RGO hAGes SL e8! A AR Re bestt BB AN Sryst. The
first conppesenticataystriatiedadlity trenlaokiathide seriesiare damtbaalimi cemirth pl ati num a
sulfate, or in the zirconiumlattice. The material s are nerally cal cined

bet ween GIBSRAAYTHIDCIER PRI mrﬁmﬂeyr@xﬁ@@éﬂﬁmnﬁum%u@ﬁgﬁmms not
i nt ended él%iLﬁﬂ, c(ﬁ);ﬁs?%éi&rﬁ, \F}ﬁl‘?ﬂiﬁﬁe%ﬁp&m' i) gﬂerb'idm'a%d%ie‘tiﬁﬁ?@réﬁé%db%t
al ne t he

results are en the TIr&t conponent I's present in
conposi t damthanidbmeries efeenents irsaiods hrdtiush,| yiedbiimo thulie, leslpitiha fiotiémor  yttri um

Co R ok e L B3ty Rar B B SR SR B T 2o
and the %&HQ%}HS;%{&IM, &IRPR Y @ﬁfécﬁwwag%ﬁe%&ﬁa thé St onfbrineBsndigiat are

preferabl'y used I n the preparatio the instant catalytic 30 conposite
are specidssealidlly o @sjtigreidm corapdnenieThé fist epapomast maytmganeral be gresmt  or

/o ot s TE LR ST as et g ey svBIciTs Mt a8t nani e or
yttrium ddmefiaXhiétfSa cbmpolfd &aithlasshe @RidaNhedreRiel! Rilidavxghalldlest results
usual |y are achi eved 6
20 carbonate or nitrate or in chemical combination with one or more of the other
ingredients of the catalyst. The first component is preferably an oxide, an
intermetallic with platinum, a sulfate, or in the zirconium lattice. The materials are
generally calcined between 600 and 700°C and thus in the oxide form. Although it
is not intended to so restrict the present invention, it is believed that best results
25 are obtained when the first component is present in the composite in a form
wherein substantially all of the lanthanide or yttrium component is in an oxidation
state above that of the elemental state such as in the form of the oxide, oxyhalide
or halide or in a mixture thereof and the subsequently described oxidation and
reduction steps that are preferably used in the preparation of the instant catalytic
30 composiie are specifically designed to achieve this end. The lanthanide element
or yitrium component can be incorporated into the catalyst in any amount which is
catalytically effective, suitably from 0.01 to 10 mass-% lanthanide or yttrium, or

mixtures, in the catalyst on an elemental basis. Best results usually are achieved
6



WO 03/ 020420 PCT/ US02/ 27577 with 0.5 to 5 nmass-% | ant hanide or yttrium

cal cul ated on an elenental basis. The preferred atomc ratio of |anthanide
or yttri uwotod/opi4ae i num group netal for this catal yst is atrCramer27571,
preferably 2:1 or greater, and especially 5:1 or greater. [0022] The first

conmponeniyith®.5 Mgrrﬁé%sa%eldnﬂhﬁnidbeorwhahy icafeuRasp of idheslbmeatal basisuThabl e
manner known to the art, such as copreci pitation, coextru5| on with the

por (ﬁus chrafeed ataraiciralio Oblﬁnth%\#(iﬁgWa)tWW i PleHeurpcreur meiakiPEiismt er i al
necessar REVRE IS ARER Lo RIL BTEE Giehict Ay Stpeda et
preferr eﬂ)qu#T]s' “H#% ﬁn@?(?&ﬁnéé{néﬂ%) egh drﬁt[ dd"fi thd Eé‘lraB/ﬁ?e tsﬁg‘?r{' ng! yttrium

with the ate erre 0 I ncorpo plati num group

met ab cospieHe imdrawl knéWntt@tﬁm@rtlmhmweomcup&atm evextrusion withtthé um and
the plati numgroup netal the order be%)ween he two does . not, have a

si gni fi cBAOUSHIEDE. metsiakpr tRRregBRHHObINeyaYs ERIAG" m?éerf'"ﬁﬂreéth €tonponent
| nvol Vesgégﬁé et bPYm tgﬁ%&}%pﬁ’ﬁﬁ s}ﬁ‘l&%’ﬂ(& tﬁoﬁ@% Hb r?ébe%@éﬂ&%ﬁ\%r%n\%éﬁous) of

a deconp ‘e cohpoun hanide e enment o ts or
yttrium rddultdeFongassadl aperationp it ptdientreﬂp@almnémnbogslyimmrn)carataw’dﬂel de el ement

or yttrium conpound is convertegb% t| e Ianth%r% | de. el (éqent or trium

el ement @ntkahide elgraentQryiigmnay sulfg{g, 158 1Rt PreteITaL P MAARCTEHE t he
decopposgy aaﬁﬁlﬁ'ﬂﬂgﬁegg ri¥tal dEnd Gridrp At dﬁ?s toeﬂg%@ﬂhan@é%eﬂébte?&hént' @nt hani de
conplexes or coO nds such as, nitrates, hal 1 fates, acetates,
organic gﬂtmhsandmérmadlmgrwpdnem theloedce:rcbquaanlsﬂqe tWikheogs nelthab@rﬁaonent
can be inpregnated into the carrier either prior to, sinultaneously wth,
or afterS‘Qﬁg%ﬁf‘ \MRAR gr oup metal conponent, although not necessarily with

equi val ept sul 2 secand,co nent Jat'nm roup.netal, is
agula\s/sen[b%ﬁ " Balfk[ﬁg d éét%PO%' ﬂ&?g}pmppﬁgn @3813(8%&'3%&9%%% corrpr: ses
at | eaStt orP{Aﬁh'd”'étﬂhtlorP rb%i'éb!mac{u@bU§)”4>W‘deéd5lﬂ§b§@bleld bauRd or

osm um at| umis preferre and it 1s especially preferred that the

pl alanurmg’tfthanﬂmmde elemagngtos edeyentsi arlyitijiust. By slecamposalieds gneantnum gr oup

met al nent m t hi. n t e fi.nal

corrpoundwg‘ﬁ Qsh%%n@x#@e'a%wq%genh%ﬂt O(ﬁé(ﬁ? %%#@%ﬁé)g@&l\}e?tﬁdgéem cal 30
conbi nat ypaNhAhi8 ®lctheMirS/teilnt BRI oxitly With € fel@dsd ble conposite or

as the netal. Amounts in the range of fromO0.01 to 2-wt. % pl ati num group

net al cbypm\mvts Wustsativel @itba deconpsissblepampeids ofdhe lpibanidesul t s ar e

? Eteaielng(rjrg ntgfa:(t?) ?&J%ﬁle diadbs Bl s Ao BET-A5 YUBn TR! Aftrates, Present in

20 halides, sulfates, acetates, organic alkyls, hydroxides, and the like compounds.

The first component can be impregnated into the carrier either prior to,
simultaneously with, or after the platinum-group metal component, although not
necessarily with equivalent results.
[0024] A second component, a platinum-group metal, is an essential ingredient
25 of the catalyst. The second component comprises at least one of platinum,
palladium, ruthenium, rhodium, iridium, or osmium; platinum is preferred, and it is
especially preferred that the platinum-group metal consists essentially of platinum.
The platinum-group metal component may exist within the final catalytic composite
as a compound such as an oxide, sulfide, halide, oxyhalide, etc., in chemical
30  combination with one or more of the other ingredients of the composite or as the
metal. Amounts in the range of from 0.01 to 2-wt.% platinum-group metal
component, on an elemental basis, are preferred. Best results are obtained when

substantially all of the platinum-group metal is present in the elemental state.
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7 WD 03/020420 PCT/US02/27577 [0025] The second conponent, a

pl ati num group netal conponent, is deposited on the conposite using the
sanme nearwoag/otmeo t he first conponent described above. | IPCwatsnzarisve of the
deporrposabl e conpounds of the platinum group nmetals are chloroplatinic
acid, a pm ‘Thb%re%ehatcbn@bﬁembammm poup Metalicompinent, iwdi ani no
platlnu |umtetran|trolat|nate Jglumtrlc or.i
hexa- amderp@sited oarthe rcbmpo@ée usingdne ﬁamm@aw 8f |f%rrtﬂeé'rst§8mlq%em

hexani tr or hodat e hl

o trate es&n&%ane%a' PRt afe, BEhmoB3ab AN fifie AT L
hexach' P rﬂélta% an(é éﬁlo Izﬁml&é@ﬁdcé]ﬂrmﬁmmnmbhleroq:)latin)ateacbrdmoaiamm um
hexachl ate 0 anmoni um aquohexachl or | r daiﬁ‘%‘??f'g%’ rut heni um

'Eet rﬁfhlmd,d@nltrdmm EeBRUMhefiu® teHaRBORRHNAR | HQ'Mm i de, osnmium
e O“%%Oa%]d mipSHhQ Ulgrﬁ{?;h?c?@e g})&d?ur‘?{ fﬂggngﬁﬁloﬁeéogtshuﬁmrmonent a

pl ati nurh e support either before,

after, rhﬂB
61 BB cho ot ppatadivatlofis pladmnystant | hough

pl at | nundlgmmmepalimlihﬁhhyd@de@p@%"laﬁ@Hn@ﬁp?h%& U{)%BF&%’E}{%%h °£§‘E 3%

simul tan usI g A6 6
to the f\ énﬁne gﬂﬁ@"ﬁﬁm@qg d taEﬂﬁ:‘\"/&l"lﬁ"tﬁwe]écata ygtda;[réﬁgﬂ?o]pt : gngﬁﬁlyt on
‘;nu;t&g?;sér{hﬁﬂé?fgg?ﬁac?dbﬂeia@hm]?@aﬁé (gf) ruthaniucokettachlaridskel . rheni um or
ron is preferr h
; 32% ng n@(ammtmeﬂatesh@ga a‘?GrBWeeéwthg‘l‘éﬁﬁgr'aggg%yu%ﬁré&pﬁﬁfé;éC%Rpggﬁ? '
as iron f
such as YidnosiAEhRRgboThE sEEord EopBHER, &pidiier %’?{phffﬁpﬁgﬁgénem
gﬁé ggcgﬁ%}ﬂ?ghégtnﬁémnegmcmeEappm eitlgert bafors mitermisimaliarepusly et j r st
nts as
sut tabl esulfﬁiﬁ;ga(@rsihamt&Oﬁnsbga?\'ﬁagtﬂpagﬁ\f/‘%ﬁ%‘\9/%%{]5@5'8’ il pafvagPRaERs. i 5 ! o
descei el | sﬁ%}ﬁeoﬁfg%‘?Ehéﬁéﬁﬁufﬁswﬂ“&“é?ﬁ%@%8‘:%98'3“1 %“?ﬁ‘é‘é@f‘ﬁi%‘%{??é’g‘;f’f'eée
shapes Sblﬁ@r assipiulitaacogsik @dth sakahemw/@stheﬁmmfﬁpon%ﬂanul es, spheres, etc.

dth b
"to t nalqagel; cunsaddifapie By et ahd shepht Bhele B ey ORRRBLE iy ormed
var! ous 8{3@8&&1@/ fbghaﬁmcﬁ%e%ﬁﬂra abhfonentbiirér) &obanpsiskdl, erhmiuhn or bi nder.

However , e enphasi zed that the catal yst may be nad
successf nhkMresm\edecvﬁ tronig prefdiett@nd the #opinmaebe ww&efﬁﬂ %1”89@@ raug'aa| |y

conprises fromO.
20 from0.1to 5-wt % on an elemental basis. The third component, such as iron, may

function to lower the amount of the first component, such as ytterbium, needed in
the optimal formulation. The third component may be deposited on the composite
using the same means as for the first and second components as described

above. When the third component is iron, suitable.compounds would include iron

25 nitrate, iron halides, iron sulfate and any other soluble iron compound.

[0027] The catalytic composite described above can be used as a powder or
can be formed into any desired shapes such as pills, cakes, extrudates, pow“ders,
granules, spheres, etc., and they may be utilized in any particular size. The
composite is formed into the particular shape by means well known in the art. In
30  making the various shapes, it may be desirable to mix the composite with a binder.
However, it must be emphasized that the catalyst may be made and successfully
used without a binder. The binder, when employed, usually comprises from 0.1 to

50 mass-%, preferably from 5 to 20 mass-%, of the finished catalyst. The art
8



50 mass-% preferably from5 to 20 nass-% of the finished catal yst. The
art 8 WO 03/020420 PCT/ US02/ 27577 teaches that any refractory inorganic
oxi de bi maierozjosn4swi t abl e. One or nore of silica, alum napC3iusozzrsat um na,
magnesi a and m xtures thereof are suitable binder materials of the present

i nvent i opyached frift@iny geirBttaeEino dadle bihdet issuimblesiQrie et moreaold/ or
especi al | y gamma-al tm na being favored. Exanples of ]bi nder.s V\%ﬁg can 5 be
used i nchilicis auming; eilinatalumines Baonesia anki BIUrEs thergor ate $uiabla LIRSS and

m xt ures her eq Usual Ly the. co ' | i hxed

al ong wi {rﬁtt%{'a'%Bf)mezl? rﬁgeﬁtdg}ﬁ%ﬁ!s?&cwéfei%d,a&ﬂ?\%,hh%gﬁ! lsﬁ'@%ﬁ{aéw}itgré}naa
horogenegugorbypacigly gdhata-alsinfies beidgifatared. desimpléssiibpelebywhishrdang neans
wel | known in the art. These form ng nmeans include extrusion SRLay
dryi Bg, belused dppudebuhaieuraifimileddo alonipansiica. sUCRAINMING %‘P MIASSEL ¢ ¢ usi on

means i ngl ud r t i . '

W ded St SR S fifate Mt G A YA TBeR iR BT O e ¢

ext r usi Opepiiing agent Sueh dSECHHO5,&KGHpelcdicierinma hbmogeneews mixturigough,

whereas 1f spray drying or oil dropping i.s used, thI enog_&g er needs

to be prwmlsﬁwnaﬁ%wo@dienstre%saa@ggvF@mwgﬁeﬁrﬁa\?’??&@'ﬂ%” ®&Ycined at a

15 tenpe . t: f | foi iAa2 izih®@028] Th
by gﬂ%%%oggl?ég%%stlﬁclﬁég%ﬁrusﬁén,asp?ﬁyf P@/ﬂ‘@,,onquépﬁlﬁg, mBRIN&zibg028] The

catal yti e present inve ei ther as™ synthesized or
af t arp cakenhipalt dcpewaniringe etts Ettrasion mednsdnelutie shyew estiudrra and@xEFNon

Py dr oxi derespar boaiuoAng SAaRcHb Aol ainesadi i Wity RAbhds iSRS 20 ar
and i ncl yole, ghaekiigs imésé{r%agg%gw, Ik FhixRite @hobRt i Y E¥SING of and

|
i sopar af fins,” rsomerizati on, ymeri zation, reform ng, dewaxing,
hydr ogenaiough, whelelg di spgeypatyingor oif droppirigyis asedntheperiokghayateineatadr at i on,

dehydration, hydrotreating, hydrodenjtrogenation | furization,
net hanat t®Re PresRNT IHP rﬁ%?orghé S@ng@%%gﬁalc o%rgscaciﬁg(g%tzégi fic reaction
conditio t b iohbeh538™ heurgsed in these processes,
ar eC!Lsstet ?%P?ﬁ%tgr]\&ﬁ?fé Pgttéﬁt% (I:\Ifcfgf?éjg?rélo, 440 131 and 4,440,871 131 which

are | ncoraRselt eITRY IGBIAIRACBomPoskse! of b Nyebsenar iventiony eithizon apr ocess
is the i Joma i zat1 on of %araffi ns. [0029] In a paraffin.i sor%ri zg}ti on
process, synimesizetaont atier eatisnaions cBbi benysedi ahi eatalysisyds onYHeCRR e

amount o GOTUPSIOPIOREReT GeRET IR e T AT PR R NS B |
napht has jpahikhfthydRsid. Nelydrataiibet conviarsivhhadcetses ard wad dobivmein the
20 art and include cracking, hydrocracking, alkylation of both aromatics and
isoparaffins, isomerization, polymerization, reforming, dewaxing, hydrogenation,
dehydrogenation,  transalkylation, dealkylation, hydration,  dehydration,
hydrotreating, hydrodenitrogenation, hydrodesulfurization, methanation, ring
opening, and syngas shift processes. Specific reaction conditions and the types
25  of feeds, which can be used in these processes, are set forth in U.S. Patent
Nos. 4,310,440 B1 and 4,440,871 B1 which are incorporated by reference. A
preferred hydrocarbon conversion process is the isomerization of paraffins.
[0029] In a paraffin isomerization process, common naphtha feedstocks boiling
within the gasoline range contain paraffins, naphthenes, and aromatics, and may
30 comprise small amounts of olefins. Feedstocks which may be utilized include
straight-run naphthas, natural gasoline, synthetic naphthas, thermal gasoline,
catalytically cracked gasoline, partially reformed naphthas or raffinates from

exiraction of aromatics. The feedstock essentially is encompassed by the range of
9



catalytically cracked gasoline, partially refornmed naphthas or raffinates
from extraction of aromatics. The feedstock essentially is enconpassed by
t he rangewof03020A® 03/ 020420 PCT/ US02/ 27577 a full-range maephtshz?2750T within
the boiling point range of 0 to 230C. Usually the feedstock is |ight

napht ha hefillrenge niaphthiaglor uthin the betlingtpoirit rafigé of 6516 280Ca Usualy theboi | i ng
point from75 to, 110C, preferably, the final boili Is | ess than

9|5,E [ 00'8efistosle isdiaht spphihadiyhaminiliah potling peirgpéﬁgé Oi@@‘&@@%éiin&le
. ; . s |
al kanes %%illn% e@é@ 981#1'%°Q§:gq?gé%ef%§@}/§th%ﬁ|nél B@ﬁlh@?&ﬁ‘ﬁﬁﬁsgﬂ{an@“@?“ €

(4. to crally er —ano aromati c and

olefinic e@ggéefcggﬁ%gﬁme P oREnts Y fREffeferrtt RlddSodkfe BB A | on Of

C7 and h ents IS ess than 2 mass-% of the feedstock.
Al t hosigh dyclatkamee havingpleomf4 © 7 carbos dtams iper nadledule §@i &n€7), espadiadly

feedstock _of cyclic hydrocarbons, the feedstock generally contains between
105 and Giloriee Gk s5Pa Loy Ao iE GhaonEe ARG NG YO8 R P Ay DeThe
aromatic t A [ t ; nount i ng
o s THaRt, BUEM, M Lo ARG 1o O B Rebier SO N 2000

mass- % andassteoiithedbegstotk.ohtitough therereas ogpecifichinitotoahe t@aheamentusual |y

corT a9 ool o BRCS05R0 She S Bl ol ORHRBERGSHT
ar omp i € whd AbinhELodei s baipRs %?ﬁfhie'%g aABEmaife e SRRt Ny
wi thin the isonerization zones y b% effected using the catalyst in a
f i xed- beccasyaineanin themmphiba featistgak elthoughf ganadalveambudting i less then thea  a

bat ch-type, operation. fi xed-bed system i referre The reactants may be
20 cont ac‘?ei'é?fp‘%ﬁi E["Hi WféO% Yo f%%)f%‘?'{}é‘ﬂsep{é%is%fg’e@ m?sél'ﬁ‘?é]f'UB(ﬁalﬂ%{arﬁ}ﬂommr d,
or radi alfrorh sy fRsR8:% of i fo@acséﬁi@e@éuam?cbmptria@sItmaﬁrwbigﬁmase, a m xed
| i qui d-vapor phase, or a vapor phase when contacted with the catal yst

parti cl esgromiatios egostituent of the prefeed évadistatls abtienallyalongwits smadar of the
D onet iy BHowS 37 ofefe BpirTRitsr haind frometae W5amAEP BUBRAI0E ¢ actor o wi o

sui t abl e d&anced Apbedet ween to ensure that the desired isonerization
tenperature is maintained at the entrance to each zone. Two or nore

react or s, [0081F € Cvhetiagavitiie ey isehetigatredrRes iRy @eastfdctansing te on
t hrough control of individual reactor tenperatures and for partial catalyst
r epl acenegftalysttinGuixes-hrdsysiems punedngrbed sysieos A flyidigagbedRystem. SMali t i ons

in the i -4 Hgtrch-zt%é 8Be?a(ﬁ5ﬁ. JL\'}&EH-CB%JS%&W is preferred. The reactants may be

20  contacted with the bed of catalyst particles in either upward, downward, or radial-
flow fashion. The reactants may be in the liquid phase, a mixed liquid-vapor
phase, or a vapor phase when contacted with the catalyst particles, with excellent
results being obtained by application of the present invention to a primarily liquid-
phase operation. The isomerization zone may be in a single reactor or in two or

25 more separate reactors with suitable means therebetween to ensure that the
desired isomerization temperature is maintained at the entrance to each zone.
Two or more reactors.in sequence are preferred to enable improved isomerization
through control of individual reactor temperatures and for partial catalyst

replacement without a process shutdown.

30 [0032] Isomerization conditions in the isomerization zone include reactor
temperatures usually ranging from 40° to 250°C. Lower reaction temperatures are

generally preferred in order to favor equilibrium mixtures having the highest
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tenperatures usually ranging from40 to 250C. Lower reaction tenperatures
are generally preferred in order to favor equilibriummxtures having the
hi ghest 1WOWD0RRL2O20420 PCT/ US02/ 27577 concentrati on of Rcghssovemne hi ghly
branched i soal kanes and to m nim ze cracking of the feed to lighter

hydr ocar Q‘éﬂéentﬂ'aim?ﬁéf%gﬁ-%étdn@ Rifigly bedteped fisddithdstartPRmirimzergdi@ng ed in
the process of the present hvent ! on. React or op erating ﬁpqlssure§

general | yafrtm@@dftod@hmmyﬁmamprmTwmeaaiyfﬂamé eﬁ@'@ﬁ%@h te@0@en 0.3 and

fange of e 8regeddh e SBREE: NEBTbLR I ER AR PRaRuRe ePasrsdy i O
or remai npnétdlp rhhge PRl 60 RPe 16 a0daraaksbiotd, peeferasiyrbeivain @B andnk to
provide a nole ratio of hydrogen to hydrocarbon feed of fromO 01 to 20,

pref & abIMPa rldgnid. lomirly spece vripciipg randanfram0.8do @émﬂ i withegeage ¢f 4@ fr om
out si de th???};@%ﬁﬁp &85%?‘%?' enented by hydrogen recycled to the feed after

separatl ?l effluent. Light hydrocarbons and snmall|l anobunts

| ner E@O%Ch ﬁgdr?)[g%hﬁ%‘ggp@@n\ﬁﬁlgw ermé‘ngﬁntﬂrtﬁéfp‘)’%}eghﬂlctfggdéﬂl'éﬂ{ tBQﬁB Vat er

shoul d nove supp e romo rocess

prefer ab'lsbrﬁefnm|onaad>ﬁ@rt§tpr@ﬂd§ wahelerato bshydrogen ia hydilecarbton fbad af pr ef er r ed
enbodi nent, the 15 hydrogen to hydrocarbon nol ratio in the rqeactor

ef f | uent frosn Bdalo 2 P(B‘Pfer%tﬁké fropmB-05d0 85 'hg dwdrogenmaybeaurklied itdalleed t o
(r:g(r:\tlgdct \r/?vlyotﬁi{i 8?%@ écg}%;% rb@%gé SP&E rﬁéﬁtbﬂ%”hﬁg‘rﬁo%%mﬁc&ﬂ%grtg% I?(in C A@gedst ock

i's convers*epdraltn@nd&ﬂnltmlreamt@’raﬂu@m kigkt hyosowrbahé andmnmjtwheunmmé cat al yst
20 of the present i.nvention provides the advant ﬁg& of hi Wﬁaot i vity and
i pr oved IREEIUGN g8 NiRERN ARG 3T0PR MaYRficER! Nd diqaey- PABESRAWR bi um

the cata &fqgn 0 e of

increase?éf%ﬁgg 8%'3&?%8‘ acti vi l{pbﬁ&? Hgg‘s(fm%ﬁghﬁ% merélslga @gﬁr%gwéggneral |y

al so contaisosptiensystenats i ksewet irthe arbm arméieyredoembodtmeytdhe or nore

fractional dlstlllatlon colu s havi oci gt ed .25 a urt nances and

Separht | NHCIGaR B BHPSHGR 0 TGN RE 10 S POHET i dsdaan

Opt i onal | Pl SHVAIHRIG tRBYCRANE Tk Bl drd frahd i@ 1eapeeBiiahetd rom a

cyclics ccybnc neInr g@ywt gh latter r%é/%negwr ec%@ed to a ring-cleavage zone.

[0036] Pribé &aegbly part or all of the isoparaffin-rich product and/or the '

I soparaffin concentrate are blended into finished gasoline along with

ot her gaqd0034je 3Uponmpotmhmthfthe|¢a’ta®fstraéﬂe;,aabamgn attherparatiinisg, but not

lim ted tfeéds?oék 1S conveﬁeg to desired, higher octane, isoparaffin products. The catalyst

20  of the present invention provides the advantages of high activity and improved
stability. When the first component is selected to be ytterbium, the catalyst of the

present invention has the additional advantage of increased ring opening activity.

[0035] The isomerization zone generally also contains a separation section,

optimally comprising one or more fractional distillation columns having associated
25  appurtenances and separating lighter components from an isoparaffin-rich

product. Optionally, a fractionator may separate an isoparaffin concentrate from a

cyclics concentrate with the latter being recycled to a ring-cleavage zone.

[0036] Preferably part or all of the isoparaffin-rich product and/or the isoparaffin
concentrate are blended into finished gasoline along with other gasoline

30  components from refinery processing including, but not limited to, one or more of
butanes, butenes, pentanes, naphtha, catalytic reformate, isomerate, alkylate,

polymer, aromatic extract, heavy aromatics, gasoline from catalytic cracking,

11



but anes, butenes, pentanes, naphtha, catalytic reformate, isonerate,

al kyl ate, polyner, aromatic extract, heavy aromatics, gasoline from

cat al yti cwortaokiseg, 11 WO 03/ 020420 PCT/ US02/ 27577 hydr oecaaksorngrs7t her mal
cracking, thermal reform ng, steam pyrolysis and coking, oxygenates such

as net hanglroceidi@ny)the Mélm@é@dlng,ltﬁémfal’%aﬁhm t stelnbpinplysil gmhedking,sec- but yl
al cohol, nethyl tertiary butyl ether, ethyl tertlary butyl ether, ‘met hyl

tertiary Qygénaiensuchag nh@tbﬁ@@ aihesnbpeopanel, dsonspranalnierhyl aleghobnt s of

addi tives | Y. corrosi on
and weat r?&g b“&'%@?"mem%ﬁff gﬁyih@% ﬁP’ e&@ﬂg%rlﬁah& Mpé%\%ﬁ&hgleabi lity.
[0037] Thertibg) 4rayi stiieeXadMBIgh®r aROWEIstmd dtheis! bal entelrdmountspf atitlitives
enbodi ments "of the present invention. These exanples should not, however,

be cdnst Ha@oraete gaseling ﬁgattllﬁy:a@dwéoml% ﬁéOIHrﬁ%ftﬂSleha%W%’é &orth in the
cl ai nms. r var as those of ordinar
| nh@ﬁ@gg@t ﬁw@t??ﬁ g ﬁfej%glﬂle roVE Gt é} y

skill are w the scope of the

i nvent i ofood{AMPTRe foll beﬂap@smwa@nmﬁmt@beﬁamlspetlfwmbqsmmpatsed
starting with zirconi um dr oxi de that had been prepared by gm pitating

zi rconyl aiithe pieseql invealintb h@ﬁﬁ exgmpas- akngh heweverhe chn,sgrBﬂ
hydr oxi def(rwﬂfgnﬁx”sec gtofjfﬁgﬁtvgﬂw#ggséﬁoﬁﬂ i thd"EiSins. N%\#ré%!r@nfg crete
portions 0 ARSI O

e Wwere prepared. ut ons ei t her

anmory umppiskibit ether variatiina| asaidse(oi@mqhnawrﬁknmh the zet will regagnize, whnbmdded to
t he portions of zirconium hydroxide. The materials were agitated briefly

and t hen ae Wdhinghersogpe Rbdee KIVEN®H-| e rotating. The i npregnated 20 sanpl es
were then dried in a muffle oven at 150C for two hours under air.
Sol utions of either ammoni um sul f E¥AMPLE hetal salt (component 2, where

COMROn T afodF " sief LRI ik B RR AR AV o the

rotating.hyliRskides iz had beeherbpaediyl srediphatiig ﬁ@ébrma@raftewﬁw draproniurihe
final inpr egnat ion 25 solutions of chloroplatinic acid were prepared and

addekb t o hyeoxde pHE5°Gihd heziigpniskn Wedieoxiggi was gdedad 18P @ddfayNAdO ABr at i ng as

bef ore. cal urs.
Table 1 58 RPN Serek Mitns" @ fi o Alphvdraidicibrd Siopire 2. 1 o
of 1 wt. S6luitonst of dithe3 animoPiuamdulatetor ao/metallalti(odlinpaheatﬂmerecat al ysts
were nmade at sulfate levels of 6 wt. % 7. w. % and "C'

/
i ndi cat edrepaedanchagded takeorinRs at Z‘Eﬂoéi‘t“l'rﬁm% I"@() ?s l@)‘f n@t@@alwere
agitated briefly and then dried with 80-100°C air while rotating. The impregnated

20  samples were then dried in a muffle oven at 150°C for two hours under air.
Solutions of either ammonium sulfate or a metal salt (component 2, where
component 2 is not the same as component 1) were prepared and added to the
dried materials. The samples were briefly agitated and dried while rotating. The
samples were then calcined at 600-700°C for 5 hours. The final impregnation

25  solutions of chloroplatinic acid were prepared and added to the solids. The
samples were agitated and dried while rotating as before. The samples were
finally calcined at 525°C in air for 2 hours. In Table 1 below, “A” indicates that
catalysts were made at modifier levels of 1 wt. %, 2 wt. %, 3 wt. % and 4 wt. %;
“B” indicates that catalysts were made at sulfate levels of 6 wt. %, 7 wt. %, énd 8

30 wt %; and “C” indicates that catalysts were made at platinum levels of 0.25 wt.
%, 0.5 wi. %, 0.75 wt. %, and 1 wt. %.
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TABLE 1 Modifier Mdifier Fe Pt S04 Level C¢e A0 0.47 Dy A0O0.47 Er A
0 0.47 Woodo2404 7 GI A00.47 Ho AO 0.47 La AOPoTAISA221507 A 0 0.4
7 NdAO0OO0.47 Pr A0OO.47 SmMmA00.47 TbhA00.47 TMmAO0O0.47 Yy
A0O0.47 Yb0.300.37 YbO.4¢@a1£¥Y yb 050057 Yo100.47 Yb
10CB Yb1.80CB Yb200.47 Y2 70C Yo 3.0 0.3757 Yb 30
0.4 7 Yb 3.5 0 C Bmodict (MBdifier| CFel 1 0.t 7 | CSQ41.5 0.4 7
Level

Ce A 0 0.4 7

Dy A 0 0.4 7

Eu A 0 0.4 7

Gd A 0 0.4 7

Ho A 0 0.4 7

La A 0 0.4 7

Nd A 0 0.4 7

Pr A 0 0.4 7

Sm A 0 0.4 7

Tb A 0 0.4 7

™m A 0 0.4 7

Y A 0 0.4 7

Yb 0.3 0 0.3 7

Yb 0.4 0 0.4 7

Yb 0.5 0 0.5 7

Yb 1 0 0.4 7

Yb 1 0 C B

Yb 1.8 0 C B

Yb 2 0 0.4 7

Yb 2.7 0 C B

Yb 3 0 0375 | 7

Yb 3 0 0.4 7

Yb 3.5 0 C B

Yb 4 0 0.4 7

Ce 1 1 0.4 7

Ce 1 1.5 0.4 7

Yb 1 1.5 0.4 7

Yb 1 2 0.4 7

EXAMPLE 2

[0039] Catalysts were prepared as described in Example 1 containing 2 wt. %
5  modifier, 0.4-wt. % platinum, and 7-wt. % sulfate. Approximately 95 mg of each .
sample was loaded into a multi-unit reactor assay. The catalysts wete
pretreated in air at 450°C for 2-6 hours and reduced at 200°C in Hz for 0.5-2
hours. 8 wt. % pentane in hydrogen was then passed over the samples at
13



Yo 1 1.50.47 Yb1l20.47 EXAMPLE 2 [0039] Catalysts were prepared as
described in Exanple 1 containing 2 wt. % 5 nodifier, 0.4-wt. % platinum
and 7-wt .weosbdsaa e. Approxi mately 95 ng of each sanple wa3/usozesd7 i nto a
mul ti-unit reactor assay. The cat al ysts were pretreated in air at 450C for

2-6 hour g58nd, é@&@ﬁiﬁﬁ’at@g fy AR, aﬁd b Rt WHSY 2badstlion peditae otfypdieane in
hydrogen was then passed over the sanples at 13 WO 03/ 020420 PCT/ US02/ 27577

150C, apW@d(UQ’G&W@Wamab‘Zﬁﬂ usig inmemasqhmmavogr@éz@é@rwhﬁerﬁﬁlaliﬁear@n| y). The

Chown 1 SPown i P f oA Juiedie sy P EL RN BT RS ol o1

was t estgsted AFIG. 1lisiSpt BF pbragint pene@stcopebisine vsohedosicaadivior & he i onic
radii for 8 5 coordination of the |anthanide series or yttriummaterials

used % o @@ardnyatwn il theilanthasisle sgrias of Wik matatials wsed oRaodiiac radii were

o8 Bl LA, BB ol PRI
" 1o sy 1 ospues rampplstSnutareaty i) T

activity drops off
appr oxi nﬁnéllgd lmsfﬁﬁrcégm/‘ér@ew YexdavS78. 3 hpadaioghaws 8IMBXIBURr e prepared as

descri be \ S 4G 2)
cont ai ni 9N DGR BiRer eyl Tneapinsbirtabiyas,

sul fiat e; thélﬁ)rﬁ(ﬁfa@mb reted a3t atfdvat @pprekintately HISGic@netenst ai ni ng 1 wt %
ytterbium 0.375 to 0.4 w %platinum 1 w. %iron, and 6 w. % sulfate,
and the third catalyst (Catalyst 3 in FIG 2) containing 0.5 wt. %
manganese, 1 wt. %iron, 0.375 to EyAnieh 7apl atinumand 7 wt. %sulfate.
Additionally, two reference catal ysts were obtained, the first reference

cat al yst [@4@]jont Gatalyyds pleat ipreypared aesmefsmlbeldm onampdae (I()Mthltlyeflrsd in FIG
ﬁéngZRSSé%?%&&%@%ﬂ%@aﬁ%a%%%a' dap et S pitemlen, BI04k o'y 10. 5
g ofy 5eacp) QPP v&togsdﬁggag easecEFHHtcbtéFyr%tt(Cra%%toé irfsERY) The catal ysts

wer e pretr edInair hours ‘and reduced at 200C in H2 for
0.5-2 howosntanhiylgnogbr%qnttdrtaufr‘e@cBﬁtoe@.mvﬂ%qﬁammlml havt3e inen, and piént ane,

2 W %°/Q sﬁﬁétaengndj{he%lrd ’[Ca¥yst ?Eaet)é%/s?B ‘lj-'l(% 2) containing 0.5 wt. %
manganese, 1 wt. % iron, 0.375 to 0.4 wt % platinum and 7 wt. % sulfate.
Additionally, two reference catalysts were obtained, the first reference catalyst

20  containing platinum on sulfated zirconia (Catalyst 4 in FIG. 2), and the second
reference catalyst containing platinum, iron, and .manganese on sulfated zirconia
(Catalyst 5 in FIG. 2). Approximately 10.5 g of each sample was loaded into a
multi-unit reactor assay. The catalysts were pretreated in air at 450°C for 2-6
hours and reduced at 200°C in H2 for 0.5-2 hours. Hydrogen and a feed stream

25  containing 36 wt. % n-pentane, 52 wt. % n-hexane, 10 wt. % cyclohexane and 2
wt. % n-heptane was passed over the catalysts at 135°C, 150°C, 163°C, and
176°C, at approximately 450 psig, and 2 hr' WHSV. The hydrogen to
hydrocarbon molar ratio was 1.3. The products were analyzed using online gas
chromatographs and the percent conversion of cyclohexane was determined at

30 the different temperatures. The results are shown in FIG. 2 which shows that
significant ring opening capability was demonstrated by the platinum and ytterbium

on sulfated zirconia catalyst.

14



wt. % n- hept ane was passed over the catal ysts at 135C, 150C, 163C, and
176C, at approximately 450 psig, and 2 hr' WHSV. The hydrogen to

hydr ocar bwo ogpk@eo rati o was 1.3. The products were anal yzedTasongsonl i ne
gas chromat ographs and the percent conversion of cycl ohexane was

determ neg Aing30 the different tenperatures. The results are shown in FIG
2 which shows That significant ring opening capability was denonstrated by

the platijpum Wébtﬁ&&ﬁd&hb‘ﬁ@in@asﬂp batefhFisinbalfal akitet or BArARIOS 020420
PCT/ US02/ 27577 CLAIM5: 1. A catal yst COTTEI‘I Si ng a supgort conprising a
sul fated oxi det lnashgiae okihgeeclementa of Grap IYB(IBPACHE fiteadiariodistTableup |1 vB

(I'UPAC 4) of the. Periaodic bl e,. i site ean; irst
conmponent sel Ry #P(?ﬁ%%g%é?@rﬂxpa El%!(&ﬂgpgﬁé)rﬁgseigcq%(ﬁ ﬂﬁé}ﬂ@}% %rﬁl'e‘él ant hani de
el engnt, m Xt ypASIstiMEoeMleastbnd lahthamideslomans eaikiifles Bgreskand wafgpn i si ng at
| east one platinumgroup netal conponent. 2. The catalyst of Caiml

wher ei n, on amndlaseaend caspanent cREPrisingtat deash enematintsmsrows®ets om 0. 01 to
10 mass- % of tgﬁ}ﬁ’g’ﬁ%ﬂ yst and the second 10 conponent conprises fromO0.01
to 2 mass-% of ‘alyst. 3. The catalyst of Caiml1l or 2 wherein the

el ement of & | URAC 4 ri I | : Te of
Claiml, or q%%ﬁ?gﬁgétﬁvtcﬁgmcit%ﬁ%’ é@%g'reﬁ%i]gﬂ rlg%laf@etfgw&s- Yo sul fur
on an el enent gbnipaises frohP0D1 10NO matsky of thefcafdlgstrandlthezepond wherein the
first conponent is one single |anthanide el enent conponent or a yttrium
comBénent and CORPOsEBELERMPESRFIEAEMN-0t dn3inass-TeOfdhe calalite metal sel ect ed
fromthe pl atinum?roup nmetals. 6. The cat?l st of d ai 3

I 1 ,
further Sonpr ildierrialystiaf Cdaigh iy RanpereppthealerbeaLOk G R 'W@ @\Jéﬁ\go onsi sting

of iron, cobal | -henium and mxtures thereof. 7. The catal yst of
Cl ai m 6 wher eicﬁfnﬂgfgggzér?%ﬂg@hponent isironin an amunt fromO0.1to 5

wherein the | AERERIGS Bananhans oF S WU g pt LSl o BTl and
m xt ur es t her endss-% sulfur on an elemental basis.
15 5. The catalyst of Claims 1, 2 or 3 wherein the first component is one single
lanthanide element component or a ytirium component and the second
component consists is one single metal selected from the platinum-group

metals.
6. The catalyst of Claim 1, 2, or 3 further comprising a third component
20 selected from the group consisting of iron, cobalt, nickel, rhenium, and
mixtures thereof.

7. The catalyst of Claim 6 wherein the third component is iron in an amount

from 0.1 to 5 wt-% and the second component is platinum.

8. The catalyst of claim 2 and 3 wherein the lanthanide component is
25 ytterbium, lutetium, thulium, and mixtures thereof.
9. A process for the preparation of a catalyst suitable for hydrocarbon

conversion comprising a sulfated support comprising at least one of the
oxides and hydroxides of the elements of Group IVB (IUPAC 4) of the
Periodic Table, a first component selected from the group consisting of a
30 lanthanide-series element, mixtures thereof, and yitrium and a second
component selected from the group of platinum-group metals and mixtures

15



9. A process for the preparation of a catalyst suitable for hydrocarbon
conversion conprising a sulfated support conprising at |east one of the
oxi des amaolwde@zé des of the el enents of G oup | VB (| UPACPEX/ush2/213@7
Periodic Table, a first conponent selected fromthe group consisting of a

30 | ant hani de-gfdotsthe|ppo@ats comprigiiesultziing el oxidadr kydrokide aired leass econd
conponent selected fromthe grou pl ati num group netal s _and' m xtures

of
15 WO 03/ 0204 20nePeiemgnh of @@leé)HMPe“& 4) phibefrastosicTaIRPif™ME sul fati ng

an oxi de or hydnoxi : 4) of
the Periodic é%ﬁiéf%uq%@%gbgﬁﬁb%to Qgﬁ%ggg%{rg{}%”@é%@ﬁ?ﬁ‘ﬁ%t@ﬁﬁ échteﬁg’:ul fated
support, the fafdthed Rint;the 88doridiedmgenatitt ifovgn sdid catalpstd conponent to
formsaid catalyst. 5 10. A process for converting hydrocarbons by

contagtingn.a fARefooEssoecavlerithg lagdrdcardbas g tonizeting adeed withsupplik t
conprising a sulfated oxide or hydroxide of at le %i%?n el ement of G oup

| VB (1 UPAC 4) @ﬁldpﬁ@lw@rqwr@mgratﬂuepmaCPW&'?'“S@@@ %Pt ed fromthe
group consi sti : } I | hioxdislr es

t hereof, and y%r?%%@b&%ﬁ%%&gﬁ%%ﬁ %tdg%gﬁle\?l? (Ié}eﬁ‘ﬂ(gt‘l Zg? meo?n&ﬁdelé‘gr oup of
pl ati num gr oupTaisiepd firshcdmpoxtnt eslectet droenthe groupicoesiaticg ot et least gneoduct .
11. The process of ¢laim 10 wherein a gar affinic fﬁedstoc% S isameri zed to

obtain a produlPthagdentprias qlareahdariurs Sieregfs apd YEEnENB R 6t ing the
parafdinic fee@@ﬁp&%ﬁeﬁvsblé&ét?frém thgi@g%;siof:ﬁhﬁwrﬁtgrb@p AfbthBQUIRS adireen zone

15 maintai ned at 1 sonerization con ns conprising a tenperature of from
40 to 250C, pthessnifte give Aroonvéi®ed pRaduct 10 MPa and |iquid hourly space
velocity of from0.2 to 25 hr' and recovering an isoparaffin-rich product.
12. The pthcesTheprateas ws claimdi0 Whersirea parafiinie féadsiteak iz dsaroerizast 9l yst

further conprises a refractary inorgani¢:oxide.binder. 2 e rocess
of Claim 12 fuPhiRE2 EESW@‘:C%?Y{B& 481 gy eareq isgber f'rbB?&EBEb%go't}‘%S“@ﬁ‘ep
i sopar af fi n-ri ghyaRlftiéetisioek it Ntheolid 2eld Rfalpstaf WetisorkBrization zone

15 maintained at isomerization conditions comprising a temperature of from 40

to 250°C, pressure of from 100 kPa to 10 MPa and liquid hourly space

velocity of from 0.2 to 25 hr'! and recovering an isoparaffin-rich product.

12.  The process of Claims 10 or 11 wherein the isomerization catalyst further

comprises a refractory inorganic-oxide binder.

20 13.  The process of Claim 12 further comprising using at least a portion of the

isoparaffin-rich product to blend a gasoline product.
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