-y e3eV, . Zre6TV= "SELECTI VE Bl FUNCTI ONAL MULTI METALLI C HY RBON
CONVERS| ON CATALYTI C COWPGOSI TE AND "PROCESS FOR THE USE T OF"  BAGKEROUND
.The subj ect of the present invention is a novel dual-funstion catalytic
conposite, characterized by a conbination of three or nore netals in
specified concentrations on the fini Shéd “cat al yst, and its use in

ydr ogenati on- dehydr ogenati on’funct i on and a cracki ng f uncHIIIIUWHUINHMIMMWd
an *16?3'166*

wi dely in many applications, particularly in the petrol eum
petrochem cal industry, to accelerate a w de spectrum of
hydr ocar bon- conversi on reactions. The cracking function generally rel ates
to an acid-action material of the porous, adsorptive, refractory-oxide type
whi ch is Y§RLEGTIVE BIFUNCGHOMNAL MUISIIMETALLIC HYDRQEARBONCARMBREHON
component ,  sucRATALYHIC GMPBORITE ANIPRROCESS FaR JHE URE THERECHari | y

contri bute the hydrogenati on-dehydrogenation function. Qher netals in

conbi ned or elenental formcan influence one or both of the cracking and
hydr ogenat i ondehydr ogenati on functions. In another aspect, the present

I nvention conprehends inproved pro h emanate fromthe use of the
novel catalyst. These dual -functiommme used ~to accelerate a
w de vari et hydr ocat pon- conver si gn teacti gn ch,.as dehydrogenati on,
Pyar oganat on I RIDIRE BES RIeSP aF Gt s & Povel sty a cSRING composte,
desul f ur i chatacterjzedytny azatmbimgtion aflthnekatrinoare metalsniarspeaified mpnosmckiong onand
hydr oi so i i a I fl | der ' LQGEesSS
0111 zos TRATEEE badife a0 8 s in AAGELARLINBIME, CaBIRThAngbBEES

ar omat i cshygregrnation-deaydiogenation &metion agdi eeacking functiemises used vddgi¥tinng
processesymhy I fitichibhsS CHREEG8Ty inhehge pbﬂ@leﬁﬁ‘? RN YphtReRaAlcaP Indstry, to
cycl ohexanes’ to aromgcf I CS, dehyd\; %I afomerl zation of al k%J c%/cl g_ﬁent anes to
ar omat i csACHFEr Y9G SREPGHMoPT AYIroSRiPONIOMNGERINL APAIINE0 dNEnEECKIed
hydr ocr gcf’ahdﬁ:mfg_eperail&f relatesotd izgphtacid-axdiont materidli of) theit pordes, t h]g_s@pﬁmé,i ne
range, de : S oIme
o the r atersRLo8ls Hed WCTRTRERAN SRR BE ERAR of cal rd BegnC)
produces Metght cqraperiemtn syek e th%v@'QNPdé’l'Kﬂ#?A@u&“&)f@@tal%nwhﬁb pri@adlyof

products Qoithd e thé hyan%geaﬁﬁ&daaﬁd@%@mﬁ&’ﬁ QeREion! NOhEY AHERAls n EomBmkal ot i C
ref orm ng thus ?rf%f"@ s> Es 20 - 2 hgergetg'? tom'_f/ad;glggnhanc,n
those readeisntal 1O £AR gINfueRcs, aney PE ket £ of the Lagfing & foggnawory

gi ven octdeteydrogemation functions. '

In another aspect, the present invention comprehends improved processes that
emanate from the use of the novel catalyst. These dual-function catalysts are used to
accelerate a wide variety of hydrocarbon-conversion reactions such as
dehydrogenation, hydrogenation, hydrocracking, hydrogenolysis, isomerization,

_ desulfurization, cyclization,  alkylation, polymerization, ~ cracking, ar;d'
hydroisomerization. In a specific aspect, an improved reforming process utilizes the
subject catalyst to increase selectivity to gasoline and aromatics products.

Catalytic reforming involves a number of competing processes or reaction
sequences.  These include dehydrogenation of cyclohexanes to aromatics,
déhydrbisofnerization of élkylcyclbpehtanes to arométics. dehydrocyclization of an
acyclic hydrocarbon to aromatics, hydrocracking of paraffins to light products boiling
outside the gasoline range, dealkylation of alkylbenzenes and isomerization of
paraffins. Some of the reactions occurring during reforming, such as hydrocracking
which produces light paraffin gases, have a deleterious effect on the yield of products
boiling in the gasoline range. Process improvements in catalytic reforming thus are

WU
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It is of critical inportance that a dual-function catalyst exhibit én:e
capability both to initially performits specified functions efflcz E@,ZUOZ
.and to performthem satisfactorily for prolonged periods of tinme. The
paranmeters used in the art to neasure how well a particul ar catal yst
performs its intended functions in a particular hydrocarbon reaction

envi ronnent are acti vi ty, selectivity ang stability. In a reformng
environment, these paraneters are defi ned as follows: Activity is a neasure
of the abil i ty of the catalyst to convert hydrocarbon reactants to products
at a designated severity level, with severity |level representing a

conbi nation of reaction conditions: tenperature, Rressure, contact tine,
and hydr tajgeted stoward qnhee@ngethosa:veammstqffﬁca@g |ay higheg &égldy pditee gasolinee

oct ane nggbfin &fa §i06n BEANA MM heavier ("Cs+") product streamfroma

gi ven feedstock at a given severity level) or conversely as the tenperature

required to aﬁ'iy Sﬁ/éhtéa& aPed 8 a”&ﬁﬁ??unctéﬁ'cﬂ@él#ét'éx)ﬁuﬂ't%@ﬂ:ﬁpé&ht%'B% L A

per cent a etr m cal aronmtl c or SO I nhe
P ent o trialialiypaforst i speuiALnSHANS ATGET 1A tOSetir tb@fﬂﬁ@ﬁéfggtom fPhe
rate of pludorgedoperdwds gi timeor The patimatitsy uped inithe artftot memsure fw wietiesdst ock

of °8§2?2§?ﬁfﬁ'%t%ferv§?hgﬂ* it Y ARBRA fachiSog FOod Walib, B shBFachtch, achiffno°
gi ven CSenyrasumesnt asetaativity,vsalectiity endrstakility. on a sefeeninguevironanegh these

corr espopdidntete® d8ldefihedakifMiows: stability, since catalytic reformng units
typically operate at relatively constant product octane. Selectivity

)s“t 2Ib|d| :Ote ? Lﬁlﬂmrﬁdaaﬁleﬁgﬁfér 8t %@fabﬂ@ycr&atﬁe @étaﬁ;&t@r@mé& drml cs

of f st ock 0 rove rmance of
reform ng cat aaéa(nis & é’rﬁ‘éﬁ‘% agtq ﬁﬁF‘QE‘@‘?%?&W éﬁvﬁﬁeg?v d&81i ne,
fol | owi ng uporesentires proaatbinationvefl reaétndnemhdaﬂdnskrteﬁpeaatdra; ipressure) conthet t o

reduce harnfu e ne

catal ytic ref T %han*ﬁ'ﬁf'g%&e S R

flexibility i ﬂctana@pmbsrﬁé scanshiagavier (et y RIEEHEt Stream ferp & given

sel ectivity l@eEQ@@ﬁhﬂﬁgi\YéﬁséVéhﬁl [eVBI061 EdHvelrstly as i teBffpatuReregRiFB@RENt S

to these needs_whil e avol din '%al 0SSeS to 2 6 FEB 2002 - 3 Iov%g? val ue

products. The2FRIFYH 2 SNSRI AT AR or ker s |n this area of the art,

therefore, isgt eve selectjve ca i nt ai ni ng

ef fect v, cat §r—@5€ AT B PeRShiate, R Rl Peio O Bl SR, 9.

mul ti et al | i cgasaliaepsadudt front & giveatfeddstock atef particulgr adtiviajeveha f eedst ocks.

Most of these conprise a selection of platinumgroup netals, rhenium and

G oup | VA(| UPSRability refersabthe tile Af 88drig®Isf alitivity osesleﬁwltvweaubmnfmaweloﬁi on

Wi th a catal yiledsfieR protdked. pAEWr{}“&EPﬁRPﬁ is FhedsR édV ”Eﬁé%ie Bﬁ' ogen
o plati umgro ta 25.

and |l anthanide in an‘atom.c ratio up
The pr ef er r ed°hafigenhPRAISIRG demesfatvim Rer UE ST iye QR &f tP;Pﬁ'?@d&ﬁn um
US- A- 4039477 givesl C3es prodiet abytahef akith he tewerl yateC dsﬂIdémpémlrarerahange

nnd ot 1 east SSEeuRsntPg, B kel BERY SRS, sffte Bl erain é“@%wﬁﬁgw) e
cerium | ant heperte attalgtivelihronsiantrpradyctdystane s Selactivity g@bw iniroeAasMred
favorabl e resys tife Rtk 8 debeaky et Gl pgrodddt oFYrdmafde yieff parsurff oft tirke loriof er

netals to pl a% B US- A5254. 518 teaches a cat al yst “containing a Goup VIII
nobl e netal, ﬁﬁl kB oxi de and anor phous silica-al um na on which a rare

th i de, f bl y Nd d d. SU f
the i nvent ?onBE%r%rrnSwﬁawéo\?%wforeiana%fr‘e%qemn S0t ol beind Gryhates ©
hydr ocar lbgrthe ceformalation of\gasuling] faligwingj upon witlespread memotalaf lead antikpooki de a
et or m nadBRAESABARLTIIAPRIX K] 8 dthditod! LhsbfnRBsalRg Hiadseae o

aromati cs nore Sp eCI ori
di scover ;$U9fhé§ catajicarefermiog must mnﬁgatg|aéthlg’rmefﬁmemynwtrearezqseruﬂﬁwhtv in
hal ogenatoedbratbumeatr%&%héhd“@wé@hﬂeenérﬂéI oc fal f%@@ctxﬁ@ft lsOBeédeﬁgaéUékng in

a hydrocarbon re nen t he

vont | oRS TPt ARSI Hnaoheits SRR eI GITEE BB up

| VA(1 UPAC 14) netal, a plati numgroup netal, and a | ant hani de-series netal.
The atomc ratio of |anthanide netal to platinun}group nmetal preferably is
at least 1.3, nore preferably 1.5 or nore, and nost preferably from2 to 5.
The catalyst optinmally also preferably conprises a hal ogen, especially
chlorine. In preferred enbodi ments the refractory inorganic oxide is
alumna, the - 2 6 FEB 2002 - 4




-platinumgroup netal is platinum and the G oup | VA(IUPAC 14) netal is tin,
the platinumgroup nmetal is platinum and the |anthanide-series nmeR&l FEB 2002
.selected fromat |east one of europiumand ytterbium A highly preferred
catal yst conprises tin, platinumand europiumnostly in the formof EuO on
an alum pa support. In another aspect, the invention is a process for the
conversi on of a hydrocarbon feedstock uti}izing the present catalyst.
Preferably the hydrocarbon conversion is catalytic reform ng of a naphtha
feedstock, utilizing the catalyst of the invention to increase the yield of
gasoline and/or aromatics. The conversion nore preferably conprises
dehydrocyclization to increase aromatics yields. Optimall|y the naphtha

f eedst ocLWﬁﬁ'q%@é"%-o&? HBAST ROkl Cacing warkges \imi this grea of dﬁ‘é Ht nore
of benzemsaretoré isnte deveioty hne Selattide Gatayts ivhilechrinthinthguafféctivBriatyst

DESCRI PTI ON .OF T 2AW NGS Figure 1 conpares cracking and aromati zation
yi el ds \Aﬁgﬁl Br%@%@‘%@ a napht ha feedstock using catalysts of the iwention

and of the prior art. Figure.2 C .es. reformn electivity for catalysts
of the prior Zﬁggn@aﬁiﬁgsi%fﬁ&fw&m ﬁ{aﬂmﬁfﬁ%ﬁ@@@é rﬁfaﬁﬁ'ﬁ‘ﬁtfﬁa_

f eedst ockaphihguieedstos +of\tbesacomprise 2 pelection @f platirem-groupometsini ng
cat al yst $pd ), ORI SHINARIGPACHR) RistSscat al yst not containing Eu. Figure 4

shows the relative activity and seﬁ{e&ctlvity of Eu-containing catal ysts as a

L) o, Pt T STV S U

enbodi nent of t resent_1nvention ere , i ]
refract oPPti“HB'}’%@HBdU%ti‘I-@ oup JWArmetahthalegen apw danthanide dp ancatems raliate uPAC
éﬁ)em. SI .rtplluiijxaaf-gmgibgné‘fabd:fm.ﬂ ngizstmh brefarte dﬁéhtﬂama;) , arddxathamem) d?éﬂugﬂni C
metal, a 8da8$5§eny¥l'¥n¥%°“éi@§gﬁ‘es \ﬁ%ﬁ.ﬂ&éﬁﬁ?’f Iragcﬂo%g? o%"yc%ﬁ%gﬁmﬂﬁ %@B@Ci n
t he pr eséydratieatmentoef hysliegarhons campdsingsa refract@ypmBtat gxide, phatinum-group

adsor pt i Vgatali i afY A2RASAIRB HPAOSMNAHPE, Thotitid, 2GRINMIA2 pRiseddyrhiinp 00
m~l g. The Horo s carrier terial shoul d al so be tﬁraéé)épw [ n copposition and

rel ati velsY ey M NSOAKRIYTR, RAMRBIR, HSPIeSiim 4 R BiHtg fgaraole
conver si oesyitscueisg obsrved at relatively low tatios dfrthe datpersmetatsito platingmmeld$iA-t hat
t he supp : tyl | ent f oSRECHES
| nher ent Poofa WAcALE s ol SRSl B VIhAUE e, Bl NIEGRBESHES |
Thus, if am@PheyspHElica-alyminaerwhich arare wartboxidsy prefefabice of Yistdaposited. t he
rel ati ve amounts of these materials will be constant and uniformthroughout
the entire support. It is intended to include within the scope of the
present invention carrier materials which have traditionally been utilized
in dual -function hydrocarbon conver sBEMMARY| ysts such as: (1 ) refractory
i norgani c oxides such as alum na) nmagnesia, titania, zirconia, chroma,
zi nc oxi de, t Hds pa obigst phthednyantiande pravide adioveleatalghlesimproved selectivity
chrom a- an Hydidearbdh EBhvérsiRANA céroliayabiddt & Hetthvehtion is(té préiderdiréBming
por cel ai n auxite: é@%ﬂ Sili Z‘%ﬁa silica gﬂ(? S|8k.| con_car btl de Icﬁl ays and
silicat egr%fﬁsé a?ﬂng' Vﬁgtﬁe Y'@y ‘ﬂlﬂéb%ﬁp& r933Q4'07 8f FEPrB% Iyllq Sg whi ch
may or may not. be acid treated, .for exanple t apul g clay)., di at onpgceous
el thy Tl 1 or ToSdavgon, GG apeqhcilycdiiBas o HeddResudly ndt 3' ARG
containing platinum, tin and europium on halogenated alumina shows a favorable ratio
of aromatization to cracking in a hydrocarbon reforming reaction.

©

A broad embodiment of the present invention is a catalyst comprising a
refractory inorganic oxide, a Group IVA(IUPAC 14) metal, a platinum-group metal, and
a lanthanide-series metal. The atomic ratio of lanthanide metal to platinum-group
metal preferably is at least 1.3, more preferably 1.5 or more, and most preferably from
2 to 5. The catalyst optimally also preferably comprises a halogen, especially
chlorine. In preferred embodiments the refractory inorganic oxide is alumina, the



- (4) crystalline zeolitic alumnosilicates, such as X-zeolite, Y-zeolite,
nordenite, ~izeolite, SZ-zeolite or L-zeolite, either in the hydro@GnFEBﬁﬂn
~or nost preferably in nonacidic formw th one or nore alkali netals
occupying the cationi c exchangeable sites; (5) non-zeolitic nol ecul ar

si eves, such as al um nophosphates or silico-al um nophosphates; and (6)
conbi nati ons of one or nore materials fromene or nore of these groups.
Preferably the refractory support conprises one or nore inorganic oxides,
with'the preferred refractory inorganic oxide for use in the present
invention being alumna. Suitable alum na materials are the crystalline

al um nas known as the gamma-, eta-, and theta-alumna) with ganma- or

et a- al umpiailfglnvﬂf@pomalrlesmmlmmﬁed pthef @raupd IVAJURACOM¢) m@tab@ntlo. the de
will haveafReRsRineli ik pERGH! ¥ndind IghtﬁﬁnlaegeHEQ%&Qﬂls sefecfed B QP2 -

6 surface area C aracterl tlcs suc averag(grﬁpja di aneter 1S 20
to 300 argRtr ORG Oft BHORYM: aRd| vitambiug.0 A highly peafeT Ip3t compeas firea is
100 to SQﬂaMrganmumpﬁiﬂmmmtlyhratheafbuﬁlomEu@orﬁ he apuraiharsupgdortef ract ory

i norganic oxide, a particularly preferred alumna is that which has been

charact eri zed Ih nahiShér 3fEpadOOthanthvdhtion 4@1&3 Es5sa fbry -the ocbrelerdib® M@ a

our poses YRt fERdsSHl Wi BERER, \ﬁfvﬁf”bpﬁi%rak!‘v 1% SERERBL o
as a "Zi egingersignuis eetalytlczure‘grrenngaofmnnaahim feedstonk| ytiliming thebtatalysbof thee

Vista mqmaﬁion%ma%sa rtPlSryléla%ftdra%@ﬁﬁ@%'ﬁd/o?%réﬁﬁdtlcs OrTHd QBh@QBﬁ%S?&Em e
GrbH under {he tradenar

tr t
e ot bo RSP OAIPeSs denyUariGiRaTon o Tioreath aroRaitscraier COPimatpien
shown t o napsitith feeldsigbk pomptiyegydrecarbons imathe TyeC alange whigioyigier oreaor rere
fom od | NitbePBind3oERY AR RSN il BliaRbic FaEfl Jfff o7 2 [nown o those

skilled in ar't suc eres ellets, tablets,

gr anul es, extrudates and Iike forms by nmethods well known to the
practitioners of the catalyst material forning art. The preferred form of
the present catal yst supp as may be

conti nuously manufacture

Therort Cand ks g §5"‘P§as{¥%582%% %raﬁfa?ﬁ%%icrn &ﬁ%'%?“”@éf“ébﬁﬁaé%?%
conbi ni nghantiéha feeds®aly unipgrostalystawt thednantioatand ajéhe Pﬂ@f%fgent and dr opp| ng
the resultant m xture into an oil bath maintai ned at el evated tenperatures.

The dropl ets diigune aompates refoming selectivily dod catalystsueft the pries\arisand afithef or m
hydr ogel ﬁgg&gﬁﬁvenﬁaﬁ%heﬁrgée@[r@ 5;?htﬁ§'?ééd%‘t58k5| y withdrawn fromthe oil
peciti

bath and typically subjected to c~aging and drying treatnments in oil

arid an ammonifgae §%|hBWs00 4 Qs 4k geedovo? thisd 'ELRENRAIRMG catalysts in
characteristics. 'It'he resul tfn%a e Ed particles arethen washed
and dri ed®EPE[ISCR|1Q |"9 YJ%MS? Waling EY50 (o 205C and subj ect ed to a
cal ci nati on prQceduy eat a te erature of 450 to 700 er| od of

20~ hours. TthQg"ErP $haws therre Ke@GH\’/‘B/r%"Q)ﬁelﬁFt"{'%? %‘{Iﬁ?rhta'" g, eRBYass "’lso the
con- esponaifungtion pSEalkcbnteat.gamma~al um na. US- A- 2620314 provi des addi ti onal
details and is incorporated herein by reference thereto. An alternative
formof carrier material is a cylindrical extrudate, preferably pre 2 6
FEB 2002 pared by m xing the alum na powler with water and suitable
peptizing agents sSu@MESSRHIIOMIOF THE PREPERRED EMBODIMENTS™®Ed. The
anount of water added to formthe dough is typically sufficient to give a

| oss on igni tlmbrdau@rhbcﬁiiméﬁ%ftﬁé pféseneirentids shéfefork | iB aacatalysta:dnﬁpr&ﬁwgrmss

ot ovi de. 2 [ inclgnif e i bpht ueR Bl B o St AQUEAR Y b
with a vaferiodi¢ TabledSde. QruttonanddiVilkingors fAxivanded Trinsgaric @hemigtny clohh Witey

extruded & RiRYqpifth ExY ' [SAd 4 HHtRam hese
particles are ghlen drléeﬁhgga)z %@%%rgjrrg;[g{rj@éﬂ g%%%ﬁto 427aC ?%%bgéf)@relt% of
0.1 to 5 hour sred rdsiy: r | SfeB8nt InvehorP" at he
refractory inor gaﬁ%ccggr%&%pgé%%ﬁig%&sfﬂgt@%a%l a?ﬁ y Suroe ZL?’te"gNe?éja E@ftouts
havi ng an apparent bul k density of 0.6 to 1 g/cc and a surface area of 150
to 280 n2lg (preferably 185 to 235 n¥Z/g) at a pore volune of 0.3 to 0.8

cclg).




"A G oup I VA(IUPAC 14) netal conponent is an essential ingredient of the
catal yst of the present invention. O the Goup |VA(I UPAC 14) netal26 FEB 2002
.germaniumand tin are preferred and tin is especially preferred. This
conponent may be present as an el enental nmetal, as a chem cal conpound such
as the oxide, sulfide, halide, oxychloride, etc., or as a physical or

chem cal combination with the porous carrier material andl or other
components of the catalytic conposite. Preferably, a substantial portion of
the G dup | VA((UPAC 14) netal exists in the finished catalyst in an

oxi dation state above that of the elemental nmetal. The Group | VA(IUPAC 14j

net al COEE%IFWe ,ugH-sartdce areaWubpbrk *ﬁﬂvu’ng aaaumaweasaff Qscweacoo h/grepd t in
a final t Eal ni nrcf‘ cal.cul ated on

an el eneRPH" sy%ﬁef"q%? ﬁf ﬁé"é‘ﬁ)? oe Y Mlalpn@mp(ﬁsng %’ﬁe@f"eﬁ RGO rass
% et al . torthe c@ndulpns VMZeUﬁAﬂ\dhydrnearhbn conyemientproegssh 8yi the demsr"anifam n t he

cata yst irl RoRPYshibht ﬁbiserﬂaﬂﬂ%#fh b uARYB Elfd"r'?}lﬁ’%&ls ) é&ﬁ!eﬁ{rﬁmn sueh

reci |tat|o oro carriler mate I ONn- exc g
Wi t h the 958&19 entep wgtseﬁplgﬁ "E'J‘rerP'h‘ﬁPésﬁamP@ﬁltlef‘ AMbisgamplete wﬁ%ﬁ?meoa@ itny
st age i ncbimpogitiemamaus,dntheFupportis @Gl'nﬁrfure o QWO @F Fhoregrefractofy marerialéA\tHd PAC

2 ol ubi S EOEES B s of ess 1FaslaRov pe" QBTN b HRRE o Bl treyflte °
i mpr egnasepreit di ispetandedhte mslude withinubé@sope af ther preésentinveriionnearder al .
The G oupndteid Uﬁﬁ@hlzﬂavaﬁtt@dntﬁﬂaﬁp n C@izB8 iAPHEAIDRKEhrE RydRdcaidPr T O,

si mul t aneousl vy, | or after the ‘ot r conponents are added t'o the carrier
mat eri al °°Fi*f‘ﬁ5 ‘°“1°ﬁ YSEORHEN RBA( | UPAC 14) netal conponent may be added to the

carrier material by commngling the latter with an
aqueous é& ut feﬂﬁcwg) ANTrgAnIRy (GRidest SHCR 298 FHMIR. uBTAgnEsRp otiiAtias AFoRia.
st annous chroomia deincshxide othwriah boria dsilicsbiming, silidcpmadmesal shromiaciuminade

pent ahydr { _'- xife, germani umtetraet hoxi de, gernmani um
tetrachl 8H ni;'(E’Bng'les're"a i %t%e'l ead acetate, lead chlorate and the like

corrpound Th up I VA(I UPAC 14) netal chloride conpounds,
such as )annl crgéh#oﬁs}&g%g’%%%um tet rachl oride or |ead chl orat eis

parti cul sinc t faci tes the.incor tion t he
ot al *conblone i i s ddlcfintan, EABIde, oy aby Syicatelr BRI o3 siinglehi
conponent in prepareg er wa{;allw\bec:urnngrbwh@u miay hothrdyo geth be hacid |tt§!ata!|i,nfong t he
especial |y pr ekathpiled abpiflgld BRP! | GdforieBlEDHRRC AMGS Naird, NRBAMS) of
honpgeneous eir5| on of e oup | VA(TUPAC 14)' metal component |s

obt ai ned in ak@g?g%mce with the present invention. In an alternative

enbodi nent rglanl c netal conmpounds such as trinmethyltin chI oride and

di et hyl (9h df¥ailipe Feollie a'%B‘P%‘éﬂaéﬁse(FUFHtaﬁ Krrealitd Y -yeplitg mordenitae -
pepti zation oieame Q&@él&ér&irfthﬁéihée ekih&dﬁrtheggdrdgéﬂ foRhedremnady pfefwmm

peptization of alumna wt rogen chlori nitric acid. Another
essential i ngPerAddie Brm; H\éﬂ‘cét@I yi’ét mase alkaf| metaisrPEreiNgehe) ciffonent .
Thi s corrponenéxmﬁgéatﬂeglt@g -atinum palladium ruthenium rhodium iridium
osm umor mxtures thereof, with platinumbeing preferred. The

pl ati nurr!as)our)nmheénnavmo@eura? Sdveli Ruthead laahinephad tate"s oprElies dlinins- a
conmpound such @a ﬁn oXi d‘ﬁo sul fide, halide, oxyhalide, etc., in chem cal
conmbi nati on wPEFPR ﬁ%e of"%ore of the other i ngredi ents of the conposi te or

I t al | t bt d wh bstanti al | Il of
this con n2n?omﬁﬁaﬁweﬁeowerﬁrﬁﬁ%eéﬁ@%é%&sironi‘bﬁ%e e e of *ﬁe%e%@wi?%enéoﬁg y

di spersed wt eré ﬁB@ ﬁarr er, materi nponent g sent.in the
i nat oot al ysPretemBifie detictaRt S hpo foratioen 48 Ganar MokeaTic BeRsR ity e,
t he pl at itmipreferradorefractaly tglerganad oxidevfdriusednthie pres8nihvemtich. beimg alubbind. t he

fine( cat bidfia ge,gi@!, l.ent
results asr%J g¥$lbcaallt|9|ﬂg1§0@/h ca Z’%’g&? e u:‘ﬁln% r}gésth%aﬁ%ﬁ/? fe w
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"An optional conmponent of the catalyst, particularly useful in hydrogqg?gg 0
conver si on enbodi nents of the present invention conprising dehydrogena ﬁm
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al kal i ne-earth nmetal conponent. Mre precisely, this optional ingredient is
sel ected fromthe group consisting bf the conmpounds of the alkali netals -
cesium rubidium potassium sodium and kithium- and the conpounds of the
al kaline earth netals - calcium strontium barium and magnesi um
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inorganic oxide. It is preferred that the reduction step take place in a
substantially water-free environnent. Preferably, the reducing gas is
substantially pure, dry hydrogen (i.e., less than 20 volunme ppmwater).
However, other reducing gases may be enpl oyed such as CO nitrogen, etc.
Typically, the reducing gas is contacted with the oxidized catal ytic
conposite at conditions including a reduction tenperature of from315 to
650C for a period of tinme of from0.5 to 10 or nore hours effective to
reduce substantially all of the platinumgroup nmetal conponent to the

el enental netallic state. The reduction step nay be perforned prior to

| oadi ng the catal ytic conposite into the hydrocarbon conversion zone or it




‘In the preferred catal ytic reform ng enbodi ment, hydrocarbon feedstock and

a hydrogen-rich gas are preheated and charged to a reform ng zone

.containing typically two to five reactors in series. Suitable heatlng negﬂémm
are provi ded between reactors to conpensate for the net endotherm c heat of
reaction in each of the reactors. The reactants may contact the catalyst in

i ndi vidual reactors in either upflow, dowhflow, or radial flow fashion,

with the radial flow node being preferred. The catalyst is contained in a

fi xed-bed systemor, preferably, in a noving-bed systemw th associ at ed
continuous catal yst regeneration. Alternative approaches to reactivation of
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will be a higher-boiling fraction cormmonly refer-ed to as a heavy naphtha -
for exanple, a naphtha bailing in the range of 100-200C. If the reformng
is directed to production of one or nore of benzene, toluene and xyl enes,
the boiling range may be principally or substantially within the range of
60- 150C. In sone cases, it is also advantageous to charge pure hydrocarbons
or m xtures of hydrocarbons that have been recovered fromextraction units
- for exanple) raffinates fromaromatics extraction or straight-chain
paraffins which are to be converted to aromatics. It is geriei-ally
preferred to utilize the present invention in a substantially water= free
enV|ronnent Essentlal to the achlevenent of thls condltlon |n t he
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'l ess than 20 ppm of HZO equivalent. It is preferred to maintain the water
content of the hydrogen streamentering the hydrocarbon conversi on 2@€E8t 2002
.a level of 10 to 20 volune ppmor less. In the cases where the water

content of the hydrogen streamis above this range, this can be

conveni ently acconplished by contacting the hydrogen streamw th a suitable
desi ccant such as those nentioned above & -conventional drying conditions.
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A lanthanide-series metal is another essential component of the present
catalyst. Included in the lanthanide series are lanthanum, cerium, praseodymium,
neodymium, promethium, samarium, europium, gadolinium, terbium, dysprosium,



"Exanple Il A spherical 'catal yst conprising platinum ytterbiumand tin on
alum na was prepared to denonstrate the features of the invention. gFEmR002
.incorporated into alum na sol according to the prior art and the
tin-containing alumna sol was oildropped to form 1.6 nm spheres which were
steaned to dryness at 10% LO and cal cined at 650C. The spherical support
then was i npregnated with ytterbiumnitgfgte in 3.5%nitric acid to provide
1.1 %Yb in the finished catal yst at a solution-to-support ratio of 1:1.

The resulting conmposite was steaned to dryness L10% LO ) and cal ci ned at
650C with 3% steam The resulting cal cined conposite was inpregnated with
chloroplatinic acid in HC to provide 0.38 nmass % Pt in the finished
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par af f i nenfifddiment, preparation steps and conditions are selected to effect the form of a
favored lanthanide which forms stable +2 ions mostly (i.e.,more than 59% of thg
lanthanide) as SmO, EuO and/or YbO. Optimally over 80% on an atomic basis of the
lanthanide is present as the +2 oxide, e.g., the preferred europium as EuO. Since final
reduction of the catalyst may be effected in situ in the reforming unit, the catalyst of the
invention may show such oxide proportions either or both as manufactured or
immediately prior to its use in a reforming process.

The lanthanide-metal component can be incorporated into the catalyst in any
amount which is catalytically effective, with good results obtained with 0.05 to 5§ mass
% lanthanide on an elemental basis in the catalyst. .Best results are ordinarily
achieved with 0.2 to 2 mass % lanthanide, calculated on. an elemental basis. The °
preferred atomic ratio of lanthanide to platinum group metal for this catalyst is at least
1.3:1, preferably 1.5:1 or greater, and especially from 2:1 to 5:1.

The lanthanide component is incorporated in the catalytic composite in any
suitable manner known to the art, such as by coprecipitation, cogelation or coextrusion
with the porous carrier material, ion exchange with the gelled carrier material, or
impregnation of the porous carrier material either after, before, or during the period
when it is dried and calcined. It is intended to include within the scope of the present



napht henes 27 aromatics 13 The results are shown as aromatics yield vs. Cs+
yield in Figure 1 for Catalysts AL B, C, D and X Aromatics yi eld?@FEBZﬂuz
defined as the mass%yield of (benzene + toluene + Ca aromatics + C9+
aromatics). Since a high aromatics yield usually is theprincipal objective
of catalytic reformng, high aromatics yield relative to C5+ yield is an

I ndi cation of high selectivity. Cataliysts A, B, C, and D of the invention
show 2- 3% hi gher aromatics yield at the same CS+ yield. 2 B FEB 2002 - 2
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desired lanthanide compound and to hold it in solution until it is evenly distributed
throughout the carrier material without adversely affecting the carrier material or the
other ingredients of the catalyst. Suitable solvents comprise alcoﬁo[s, ethers, acids,
and the like, with an aqueous, acidic solution being preferred. Thus, the lanthanide
component may be added to the carrier material by commingling the carrier with an
aqueous acidic solution of suitable lanthanide salt, complex, or compound such as a
nitrate, chloride, fluoride, organic alkyl, hydroxide, oxide, and the like compounds.
Suitable acids for use in the impregnation solution are: inorganic acids such as
hydrechloric acid, nitric acid, and the like, and strongly acidic organic acids such as
oxalic acid, malonic acid, citric acid, and the like. The lanthanide component can be
impregnated into the carrier either prior to, simultaneously with, or after the platinum-
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lighter line since there is only a small overlap of the Catalyst G line
with those of Qptionatihéhe catalyst/siay also EomfaineotBer components or mixtures thereof

which act alone or in concert as catalyst modifiers to improve activity, selectivity or
stability. Some known catalyst modifiers include rhenium, indium, cobalt, nickel, iron,
tungsten, molybdenum, chromium, bismuth, antim’ony, zinc, cadmium and copper.
Catalytically effective amounts of these components may be added in any suitable
manner to the carrier material during or after its preparation or to the catalytic
composite before, while or after other components are being incorporated.

An optional component of the catalyst, particularly useful in hydrocarbon
conversion embodiments of the present invention comprising dehydrogenation,
dehydrocyclization, or hydrogenation reactions, is an alkali or alkaline-earth metal
companent. More precisely, this optional ingredient is selected from the group
consisting of the compounds of the alkali metals — cesium, rubidium, potassium,
sodium, and lithium — and the compounds of the alkaline earth metals — calcium,
strontium, barium, and magnesium. Generally, good resuits are obtained in these
embodiments when this component constitutes 0.01 to 5 mass % of the composite,
calculated on an elemental basis. This optioh“al alkali or alkaline earth metal
component can be incorporated into the composite in any of the known ways with
impregnation with an aqueous solution of a suitable water-soluble, decomposable



Figure 4 snows an accelerating drop in conversion with increasing catalyst
europi um content as the Eul Pt ratio increases between 1 and 2) and26heEB 2002
.sl ope becones even higher above a ratio of 2. The relationship of
selectivity to EulPt ratio, on the other hand) is nore nearly |inear.

Al t hough the selection of an Eu/Pt ratio would depend on the relative

| nportance of selectivity and acti-vinfzy,- very high ratios would incur a
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step may serve a dual function. First, the halogen adjustment step may aid in
homogeneous dispersion of the Group IVA(IUPAC 14) metal and other metal
component. ‘Additionally, the halogen adjustment step can serve as a means of
incorporating the desired level of halogen into the final catalytic composite. The
halogen adjustment step employs a halogen or halogen-containing compound in air or
an oxygen atmosphere. Since the preferred halogen for incorporation into the catalytic
composite comprises chlorine, the preferred halogen or halogen-containing combound
utilized during the halogen adjustment step is chlorine, HCI or precursor of these
compounds. In carrying out the halogen adjustment step, the catalytic composite is
contacted with the halogen or halogen-containing compound in air or an oxygen
atmosphere at an elevated temperature of from 370° to_ 600°C. It is further. desired to
have water present during the contacting step in order to aid in the adjustment. In
particular, when the halogen component of the catalyst comprises chlorine, it is
preferred to use a mole ratio of water to HCI of 5:1 to 100:1. The duration of the
halogenation step is typically from 0.5 to § hours or more. Because of the similarity of
conditions, the halogen adjustment step may take place -during the oxidation step.
Alternatively, the halogen adjustment step may be performed before or after the
oxidation step as required by the particular method being employed to prepare the
catalyst of the invention. Irrespective of the exact halogen adjustment step employed,
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"109%&' () hggiragén (i.e., less than 20 volume ppm water). However, other reducing gases may
be employed such as CO, nitrogen, etc. Typically, the reducing gas is contacted with
the oxidized catalytic composite at conditions including a reduction temperature of from
315° to 650°C for a period of time of from 0.5 to 10 or more hours effective to reduce
substantially all of the platinum-group metal component to the elemental metallic state.
The reduction step may be performed prior to loading the catalytic composite into the
hydrocarbon conversion zone or it may be performed in situ as part of a hydrocarbon
conversion process start-up procedure. However, if this latter technique is employed,
proper precautions must be taken to predry the hydrocarbon conversion plant to a
substantially water-free state and a substantially water-free hydrogen-containing
reduction gas should be employed.

2

Optionally, the catalytic composite may be subjected to a presulfiding step. The
optional sulfur component may be incorporated into the catalyst by any known
technique.

The catalyst of the present invention has particular utility as a hydrocarbon
conversich catalyst. The hydrocarbon which is to.be converted is contacted with.the
catalyst at hydrocarbon-conversion conditions, which include a temperature of from
40° to 300°C, a pressure of from atmospheric to 200 atmospheres absolute (101.3 kPa
to 20.26 mPa and liquid hourly space velocities from 0.1 to 100 hr'. The catalyst is
particularly suitable for catalytic reforming of gasoline-range feedstocks, and also may
be used for dehydrocyclization, isomerization of aliphaﬁcs and aromatics,
dehydrogenation, hydrocracking, disproportionation, dealkylation, alkylation,
transalkylation, oligomerization, and other hydrocarbon conversions.
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In the preferred catalytic reforming embodiment, hydrocarbon feedstock and a
hydrogen-rich gas are preheated and charged to a reforming zone containing typically
two to five reactors in series. Suitable heating means are provided between reactors
to compensate for the net endothermic heat of reaction in each of the reactors. The
reactants may contact the catalyst in individual reactors in either upflow, downflow, or
radial flow fashion, with the radial flow mode being preferred. The catalyst is contained
in a fixed-bed system or, preferably, in a moving-bed system with associated
continuous catalyst regeneration. Alternative approaches to reactivation of deactivated
catalyst are well known to those skilled in the art, and include semiregenerative
operation in which the entire unit is shut down for catalyst regeneration and
reactivation or swing-reactor operation in which an individual reactor is isolated from
the system, regenerated and reactivated while the other reactors remain on-stream.
The preferred continuous catalyst regeneration in conjunction with a moving-bed
system is disclosed, inter alia, in US-A-3647680; US-A-3652231; US-A-3692496; and
US-A-4832291, all of which are incorporated herein by reference.

Effluent from the. reforming zone is passed through a cooling means to a
separation zone, typically maintained at 0° to 65°C, wherein a hydrogen-rich gas is
separated from a liquid stream commonly called "unstabilized reformate”. The
resultant hydrogen stream can then be recycled through suitable compressing means

20 back to the reforming zone. The liquid phase from the separation zone is typically
withdrawn and processed in a fractionating system in order to adjust the butane
concentration, thereby controlling front-end volatility of the resulting reformate.

Operating conditions applied in the reforming process of the present invention

include a-pressure selected within the range of 100 kPa to 7 MPa (abs) Partlculariy

25 good results are obtained at low pressure, namely a pressure of 350 to 2500 kPa
(abs). Reforming temperature is in the range from 315° to 600°C, and preferably from
425° to 565°C. As is well known to those skilled in the reforming art, the initiak
selection of the temperature within this broad range is made primarily as a function of

the desired octane of the product reformate considering the characteristics of the

30 charge stock and of the catalyst. Ordinarily, the temperature then is thereafter slowly
increased during the run to compensate for the inevitable deactivation that occurs to
provide a constant octane product. Sufficient hydrogen is supplied to provide an
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amount of 1 to 20 moles of hydrogen per mole of hydrocarbon feed entering the
reforming zone, with excellent results being obtained when 2 to 10 moles of hydrogen
are used per mole of hydrocarbon feed. Likewise, the liquid hourly space velocity
(LHSV) used in reforming is selected from the range of 0.1 to 10 hr', with a value in
the range of 1to 5 hr'being preferred.

The hydrocarbon feedstock that is charged to this reforming system preferably
is a naphtha feedstock comprising naphthenes and paraffins that boil within the
gasoline range. The preferred feedstocks are naphthas consisting principally of
naphthenes and paraffins, although, in many cases, aromatics also will be present.
This preferred class includes straight-run gasolines, natural gasolines, synthetic
gasolines, and the like. As an altemative embodiment, it is frequently advantageous to
charge thermally or catalytically cracked gasolines, partially reformed naphthas, or
dehydrogenated naphthas. Mixtures of straight-run and cracked gascline-range
naphthas can also be used to advantage. The gasoline-range naphtha charge stock
may be a full-boiling gasoline having an initial ASTM D-86 boiling point of from
40-80°C and an end boiling point within the range of from 160-220°C, or may be a
selected fraction thereof which generally will be a higher-boiling fraction commonly
referred to as a heavy naphtha — for example, a naphtha boiling in the range of

- 100-200°C. If the reforming is directed to production of one or more of benzene,
toluene and xylenes, the boiling range may be principally or substantially within the
range of 60°150°C. In some cases, it is also advantageous to charge pure
hydrocarbons or mixtures of hydrocarbons that have been recovered from extraction
units — for example, raffinates from aromatics extraction or straight-chain paraffins —
which are to be converted to aromatics.

it is';gen'e‘rally breferred to utilize the present invention in a substantially water-
free environment. Essential to the achievement of this condition in the reforming zone
is the control of the water level present in the feedstock and the hydrogen stream
which is being charged to the zone. Best results are ordinarily obtained when the total
amount of water entering the conversion zone from any source is held to a’level less
than 50 ppm and preferably less than 20 ppm, expressed as weight d?’equivalent water
in the feedstock. In general, this can be accomplished by careful control of the water
present in the feedstock and in the hydrogen stream. The feedstock can be dried by
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using any suitable drying means known to the art such as a conventional solid
adsorbent having a high selectivity for water; for instance, sodium or calcium crystalline
aluminosilicates, silica gel, activated alumina, molecular sieves, anhydrous calcium
sulfate, high surface area sodium, and the like adsorbents. Similarly, the water content
of the feedstock may be adjusted by suitable stripping operations in a fractionation
column or like device. In some cases, a combination of adsorbent drying and
distillation drying may be used advantageously to effect almost complete removal of
water from the feedstock. Preferably, the feedstock is dried to a level corresponding to
less than 20 ppm of H,O equivalent.

It is preferred to maintain the water content of the hydrogen stream entering the
hydrocarbon conversion zone at a level of 10 to 20 volume ppm or less. In the cases
where the water content of the hydrogen stream is above this range, this can be
conveniently accomplished by contacting the hydrogen stream with a suitable
desiccant such as those mentioned above at conventional drying conditions.

It is a preferred practice to use the present invention in a substantially sulfur-free
environment. Any control means known in the art may be used to treat the naphtha
feedstock which is to be charged to the reforming reaction zone. For example, the
feedstock may be subjected to adsorption processes, catalytic processes, or
-combinations thereof. Adsorption processes may employ molecular sieves, high
surface area silica-aluminas, carbon molecular sieves, crystalline aluminosilicates,
activated carbons, high surface area metallic containing compositions, such as nickel
or copper and the like. It is preferred that these feedstocks be treated by conventional
catalytic pretreatment methods such as hydrorefining, hydrotreating, hydrodesulfuriza-
tion, etc., to remove substantially all sulfurous, nitrogenous and Water-yielding con-
taminants 'tFwerefrom, and to saturate any olefins that may be contained therein.
Catalytic processes may employ traditional sulfur reducing catalyst formulations known
to the art including refractory inorganic oxide supports containing metals selected from_
the group comprising Group VI-B(6), Group [I-B(12), and Group VII[(IUPAC 8-10) of
the Periodic Table.

One embodiment of the invention involves the process of converting a naphtha
- feedstock at catalytic dehydrocyclization conditions. In particular, the preferred
naphtha feedstock comprises Cq-C, nonaromatic hydrocarbons. Dehydrocyclization
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conditions include a pressure of from 100 kPa to 4 MPa (abs), with the preferred
pressure being from 200 kPa to 1.5 MPa, a temperature of from 350° to 650°C, and a
liquid hourly space velocity of from 0.1 to 10 hr'. Preferably, hydrogen may be
employed as a diluent. When present, hydrogen may be circulated at a rate of from
0.2 to 10 moles of hydrogen per mole of feedstock hydrocarbon.

it is preferred that the naphtha feedstock of the alternative dehydrocyclization
process embodiment comprises a high proportion of paraffins, as the purpose of a
dehydrocyclization process is to convert paraffins to aromatics. Because of the high
value of C,-C, aromatics, it is additionally preferred that the naphtha feedstock
comprise C4-C, paraffins. However, notwithstanding this preference, the naphtha
feedstock may comprise naphthenes, aromatics, and olefins in addition to C4-C,
paraffins.

Example |

A spherical catalyst of the prior art comprising platinum and tin on alumina was
prepared by conventional techniques as a control catalyst to compare against catalysts
of the invention. Tin was incorporated into alumina sol according to the prior art, and
the tin-containing alumina sol was oil-dropped to form 1.6 mm spheres which were
steamed to dryness at 10% LOI and calcined at 650°C. The spherical support then
was impregnated with chloroplatinic acid in HCI to provide 0.38 mass% Pt in the
finished catalyst. The impregnated catalyst was dried and oxychlorinated at 525°C
with 2M HCl in air and reduced with pure hydrogen at 565°C.

The finished control was designated Catalyst X and had the following
approximate composition in mass %:

Platinum 0.38

Tin 0.3
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Example Il

A spherical catalyst comprising platinum, ytterbium and tin on alumina was
prepared to demonstrate the features of the invention. Tin was incorporated into
alumina sol according to the prior art and the tin-containing alumina sol was ail-
dropped to form 1.6 mm spheres which were steamed to dryness at 10% LOI and
calcined at 650°C. The spherical support then was impregnated with ytterbium nitrate
in 3.5% nitric acid to provide 1.1% Yb in the finished catalyst at a solution-to-support
ratio of 1:1. The resulting composite was steamed to dryness (_10% LOI) and
calcined at 650°C with 3% steam. The resulting calcined composite was impregnated
with chloroplatinic acid in HCI to provide 0.38 mass % Pt in the finished catalyst. The
impregnated catalyst was dried and oxychlorinated at 525°C with 2M HC! in air and
reduced with pure H, at 565°C.

The finished Yb-containing catalyst was designated as Catalyst A and had the
following approximate compaosition in mass %:

Ytterbium 1.1
Platinum 0.38
Tin 0.3

Other catalysts containing lanthanum, samarium and dysprosium were
prepared in the same manner as the ytterbium-containing catalyst. Lanthanide
contents of the finished catalysts were as follows, with each catalyst having
substantially the same tin and platinum contents as Catalyst A:

Catalyst B 0.9 mass % La
Catalyst C 1.0 mass % Sm
Catalyst D 1.1 mass % Dy
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Example {li

Pilot-plant tests were structured to compare the selectivity to aromatics in a
reforming process of the catalysts of the invention and of the prior art. The tests were
based on reforming naphtha over the catalysts at a pressure of 0.8 MPa (abs), liquid
hourly space velocity of 3 hr', and hydrogen/hydrocarbon mol ratio of 8. A range of
conversion was studied by varying temperature to provide data points at 502°C, 512°C,
§22°C, and 532°C. The naphtha for the comparative tests was a hydrotreated
petroleum-derived naphtha derived from a paraffinic mid-continent crude oil which had
the following characteristics:

Specific gravity 0.737 -
Distillation, ASTM D-86, °C
iBP 87
10% 97
50% 116
90% 140
EP 159
Mass % paraffins 60
naphthenes 27
aromatics 13

The results are shown as aromatics yield vs. C¢+ yield in Figure 1 for Catalysts
A, B, C, D, and X. Aromatics yield is defined as the mass-% yield of (benzene +
toluene + C, aromatics + C,+ aromatics). Since a high aromatics yield usually is the-
principal objective of catalytic reforming, high aromatics yield relative to C,+ yield is an
indication of high selectivity. Catalysts A, B, C, and D of the invention show 2-3%
higher aromatics yield at the same C,+ yield.
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Examole IV

Pilot-plant tests were structured to compare the selectvity and activity of

Catalysts C and X for the reforming of a naphtha feedsicck. The naphtha for the
camparative tests was the same as used in Example Ill. Each test was baseq an
reforming conditions comprising a pressure of 0.8 MPa (abs), a liquid hourly space
velacity of 3 hr', and a hydrogen/hydracarbon ratio of 8. A range of conversion was

studied by varying temperature to provide several data paints gach at 502°C, 512°C,

§22°C, and 532°C. Conversion of (paraffins + naphthenes) at each temperatura was
2-4% higher for catalyst X, but selectivity as yield of C4+ pracuct was higher over the

entire range of conversion for Catalyst C. The plot of selectivity vs. conversion is
shown as Figure 2.

Example V

Three spherical catalysts comprising platinum, europium and tin on alumina
were prepared to demonstrate the features of the invention. Tin was incarporated into
a spherical alumina support accordmg to the prior art as described in Example Il. The
spherical support then was impregnated with europium nitrate in 3.5% nitric acid to

. provide three different levels of Euin the finished catalyst at a salution-to-suppart ratio

of 1:1." The resulting composites were steamed to dryness (_10% LOIl) and calcined at
650°C with 3% steam. The resulting calcined compaosites were impregnated with
chloroplatinic acid in HC! to provide 0.38 mass % Pt in the finished catalyst. The
impregnated catalysts were dried and oxychlorinated at 525°C with 2M HCI in air and
reduced with pure H, at 565°C. The finished Eu-containing catalysbts were designated
as Catalysts E, F and G and had the following approximate camposition in mass %:

Catalvst £ - G
Europium 0.30 Q.51 1.1
Platinum Q.37 0.37 0.38

Tin a.3 0.3 Q.3

28 FEB 2002



10%g& ()-' &' 10%g& ()-]dp aBj _@1! 10TTSS10% u& ()- 10% u& ()-310% u& ()-!
"10% u- u& ()- y10% u& ()-,:10% u& ()- !x"?@ 1!

10TTSS10% & () - SS10% U () - ROSS10% Ug () - 0SS10% & () - RSSL0% U&' () g b2
3 AF@ 1! B 2002
10TTRSS10% u& () - SS10% u& () - ROSS10% u& () - SS10% u& () - R34HVC789: bUH, 1!
1010%4.0%.0% y, #1099& () - (&10%& ()> <X1D%& () -

YYR098& () - SS10% u& ()-: GNZV' | [: UM 1! 10 "10%VEME ()-s Yl 109&ME () -
,"1O9VEME ()- 1090EBNE ()-  SOL090VEME ()- ' 109EBME ()-[?UH 1! 10

[ 10%vBME 'rﬁgft-:?‘Vl

Catalyst G was tested in comparison to Catalyst X of the art to determine the
presence of EuO pursuant to reduction. A temperature-programmed reduction
procedure was effected using 5 mole-% H, in Ar, with ramping from room temperature
to 600°C at a rate of 10°C per minute. Hydrogen consumption for catalyst G exceeded
that for Catalyst X by 33 umoles/gram, indicating over 90% reduction of Eu™ to Eu*?
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each at 502°C, §12°C, 522°C, and 532°C. Comparative conversion (of paraffins +
naphthenes), yield of C,+ product and yield of aromatics all are expressed below in

mass-%:
502°C X E E G
Conversion 79.5 75.6 70.1 58.9
Cy+ yield 89.5 91.6 92.9 96.2
Aromatics yield 65.8 65.1 61.5 52.2
512°C : X E = G
Conversion 84.7 81.2 76.9 65.3
C,+ yield 88.1 80.0 81.7 95.2
Aromatics yield 68.8 68.4 66.6 58.3
522°C X E £ G
Conversion 88.1 85.2 82.3 70.8
Cy+ yield 86.7 88.8 903 - 94.0
Aromatics yield 70.0 70.3 69.6 62.9
532°C X E £ G
Conversion 91.6 89.2 86.6 75.5 S
Cs+ yield 85.2 87.4 88.9 92.6
Aromatics yield 71.5 72.0 71.9 66.6

Figure 3 is a plot of aromatics yield vs. C,+ yield derived from the above values,
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dividing by the C,+ yield, i.e., an average of A aromatics yield expressed as a % of Cs+
yield. In plotting the latter on Figure 4, the extension of the line to the high Eu/Pt ratio
of Catalyst G is shown as a lighter line since there is only a small overlap of the
Catalyst G line with those of the other catalysts on Figure 3. -

Figure 4 shows an accelerating drop in conversion with increasing catalyst
europium content as the Eu/Pt ratio increases between 1 and 2, and the slope
becomes even higher above a ratio of 2. The relationship of selectivity to EwPt ratio,
on the other hand, is more nearly linear. Although the selection of an EuwPt ratic would
depend on the relative importance of selectivity and activity, very high ratios would
incur a heavy activity penalty relative to the selectivity advantage.
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CLAIMS:

1. A catalytic composite comprising a combination of a refractory inorganic
oxide support with 0.01 to 5§ mass % on an elemental basis of a Group VA (IUPAC
14) metal component, 0.01 to 2 mass % on an elemental basis of a platinum-group
metal component, and 0.05 to 5 mass % on an elemental basis of a europium
component wherein more than 50% of the europium is present as EuO.

2. The catalytic composite of Claim 1 wherein the refractory inorganic oxide
comprises alumina.

3. The catalytic composite of Claims 1 or 2 wherein the platinum-group metal
component comprises a platinum component.

4. The catalytic composite of any one of Claims 1 to 3 wherein the Group
IVA(IUPAC 14) metal component comprises a tin component.

5. The catalytic composite of any one of Claims 1 to 4 wherein the atomic
ratio of europium to platinum-group metal is at least 1.3.

6. The catalytic composite of any one of Claims 1 to 5 further comprising a
halogen component.

7. The catalytic composite of Claim 6 wherein the halogen component
comprises a chlorine component.

8. A process for the catalytic reforming of a naphtha feedstock which
comprises contacting the feedstock at reforming conditions including a temperature of
425° to 565°C, a pressure of 350 to 2500 kPa (ga), a liquid hourly8pace velocity of 1
to 5 hr ', and a mole ratio of hydrogen to hydrocarbon feed of 2 to 10, with the
catalytic composite defined in any one of Claims 1to 7.



