| SOVERI ZATI ON CATALYST AND PROCESSES BACKGROUND OF THE | NVENTI ON [ 0001]
This invention relates to an inproved catal ytic conposite and process for

t he convewei2ows/abosbydr ocar bons, and nore specifically fectiuserasbastive
upgradi ng of aparaffm c feedstock by isonerization. [0002] The w despread
removal of |ead antiknock additive fromgasoline and the rising fuelquality
demands of hi gh-perfornmance internal -conbustion engi nes have conpell ed
petroleumrefiners to install new and nodi fied processes for increased
"octane," or knock rdSOMERIZATION CATAJ6ST AND PBEICESMES ners have relied
on a variety of options to upgrade the gasoline pool, including

hi gher-severity catal yti l i id catal ytic cracking)
gasol i ng octane, isomeri %égﬁkﬁﬁlﬁpg(ﬂif%méﬁ he use of oxygenated

conpounds. Such key options as increased reformng severity d_hi gher FCC
gasol i 180t andhisdByantion relafesip %WTOX?WIWW%@%DPF%%%@BI ?ne pool
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product in having a |ower vapor pressure, lower final boiling point,
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and hi ] Ing portion will present refiners with processing problems.
These pinokehedsethamiag e aaidhigesetCCzasligh ostigahresdt rdigagr %rgmagw’t%t i on

oSS b T T PR B 5 7, 1 Bt e o
ey O T om e e by rar &1 76 & he. cut
poi nt battovaetivd dngbdiorastendastvRefompHathd gasoline diffsisripne e tradi Henal rafughity ty of
naphth ahgv(i)ngaz? loiwse? xrfra%roir }%?egéu?é: 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 to be 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 ha-ve been the principal
source of increased gasoline octanes during the recent lead-reduction prograim, severe restriction
of the benzene/aromatics content and high-boiling portion will present refiners with processing
problems. These problems have been addressed through such technology as isomerization of light
naphtha to increase its octane number, isomerization of butanes as alkylation feedstock, and
generation of additional light olefins as feedstock for alkylation and production of oxygenates
using FCC and dehydrogenation. This issue often has been addressed by raising the cut point
between light and heavy naphtha, increasing the relative quantity of naphtha to an isomerization
unit.
) [0004] Additionally, instead of reforming, the isomerization of longer chain hydrocarbons
such as C7 and Cg hydrocarbons into branched hydrocarbons of highef octanie could be used to
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unit. [0004] Additionally, instead of reformng, the isonerization of

| onger cliain hydrocarbons such as C7 and C hydrocarbons into branched

hydr ocar bwoo@fosbisgher oct ane coul d be used toi ncrease Poe/usedansspunber of
fuel s without increasing the anount of aromatics. However, many

i sonerization catal ysts suffer significant disadvantages when applied to
the | onger chain hydrocarbons. A principal problemis the generation of
byproducts such as cracked hydrocarbon materials. The cracki ng decreases
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I VB (1 :R4Gs e mh@eo@m@ke Fﬂamflrepluwhhaﬁmmxyam on of Group VEB (I UPAC 6)
metal and iron or manganese in us 5,780,703 Bl. [0007] US 5,3 10, 868 and US
5, 214, [0006]t ea@lﬂle@%haéllwédedcﬂimb&ﬁsmﬁﬁakﬁ’q@h asilatininyig thefungstalgd aierraasadalrisy
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metal and a Group IB (IUPAC 11) metal or metal oxide is disclosed in US 5,902,767. In US
5,648,589 and US 5,422,327, a catalyst having a Group VI (JUPAC 8, 9, and 10) metal and a
zirconia support impregnated with silica and tungsten oxide and a process of isomerization using
the catalyst is disclosed. A process for forming a diesel fuel blending component uses an acidic
solid catalyst having a Group IVB (IUPAC 4) metal oxide modified with an oxyanion of Group
VIB (IUPAC 6) metal and iron or manganese in US 5,780,703 B1.
[0007] US 5,310,868 and US 5,214,017 teach catalyst compositions containing sulfated and
calcined mixtures of (1) a support containing an oxide or hydroxide of TUPAC 4 (Ti, Zr, Hf), (2)
an oxide or hydroxide of ITUPAC 6 (Cr, Mo, W); TUPAC 7 (Mn, Tc, Re), or IUPAC 8, 9, and 10
(Group VII) metal, (3) an oxide or hydroxide of [UPAC 11 (Cu, Ag, Au), [IUPAC 12 (Zn, Cd,
Hg), TUPAC 3 (Sc, Y) , TUPAC 13 (B, Al, Ga, In, T1), IUPAC 14 (Ge, Sn, Pb), [IUPAC 5 (V, Nb,
Ta), or IUPAC 6 (Cr, Mo, W), and (4) a metal of the lanthanide series.
[0008]  Applicant has developed a more effective catalyst that has proved to be surprisingly

superior to those already known for the isomerization of hydrocarbons and especially C; and Cs

hydrocarbons.



Hg), 1UPAC 3 (Sc, Y) , IUPAC 13 (B, Al, Ga, In, Tl), IUPAC 14 (Ge, Sn, Pb),
| UPAC 5 (V, Nb, Ta), or TUPAC6 (C, M, W, and (4) a netal of the

| ant hani dwo2edsd/me952[ 0008] Applicant has devel oped a nor ecefiseauiosmorat al yst
that has proved to be surprisingly superior to those already known for the
i sonerization of hydrocarbons and especially C7 and C8 hydrocar bons. SUMVARY
OF THE I NVENTI ON [ 0009] The present invention is an inproved catal yst and
process for hydrocarbon conversion reactions. The invention also provides

i mproved technol ogy to updAdMARPIQNTHD YYENLIGN and nore specifically an
i nproved catal yst and process for the isonerization of full boiling point

r ange [0@@Ipt haThepridninveatidh ig bn dnfraned gambyist ael procges foe lydroddrben ¢amwersianon i s
based on the discovery that a catal yst containing |anthanjde serjes and
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second _conponent bein lL.ati nu roup .net {
componRt B Par By ARt el B TR FRIRRE b bl
yttri qﬂgr@&gﬁgm},&gﬁg{@n&gﬂponent preferably consists of a single

plati numgroup netal. Preferably, the first conponent is ytterbium,

hol mi UA910}t t r Thernvertianisp cetalysisiomprisiarg ariungstried suprorieftan oXide of Rudresidsnd

t is platj The, cat al i onal | ; - i i c- oxid
b1 nderot s N (PG 1 el BredentBy el obRIS pisis S RbARe A eardey “  he
| nventdygihohsnt WhidHiS 9§ $4rtkdnite sBfies! dkBBSHtAndNG yaFitnd ddengonentParldis 1dabtRdComt)

metal oxi'de or hydroxide, incorporating a first conmponent which is at |east
one | aonipanénd beiakarpdatinumygronp metal cympayenti Keafisst edvepassht prafgepblyrensisie o d

cot ol ey Btaniog P et R AEHT wl oo S be o h A Opge LR
I nventg e gg%mg?%fs GHthIOPref QAN Ithd skt R HpRREIt RO RierBifh dfmiu, yitéum

i soner| meri zabl e hydrocarbons. Trie hydrocarbons pref er abl y
conpr icetium, éurbpiubp bt miguies theteof, ang thensgeiond somphorsnt isplatbwme dhg edalys i ncr ease

s So%%%xrla%{}f clogta(l:r%natneuqct)rggnqg-o% te %&%er? uerggeecrial?ysah?mgl%.s %r{er}r?etgéf g'td p'r&%n%% %:ek '

catalyst of the invention is by tungstating or tunngstating and the Group IVB (IUPAC 4) metal

oxide or hydroxide, incorporating a first compomnent which is at least one lanthanide element,
yttrium, or any mixture thereof, and the second component which is a platinum-group metal, and
preferably binding the catalyst with a refractory” inorganic oxide.

[0011] The catalyst of the invention may be used for converting hydrocarbons such as in the
isomerization of isomerizable hydrocarbons. The hydrocarbons preferably comprise a full boiling
point range naphtha which is isomerized to increase its isoparaffin content and octane number as
a gasoline blending stock.

[0012] These as well as other embodiments will become apparent from the detailed

description of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a plot of the conversion of n-heptane achieved by selected catalysts made in
Example 1.
[0014] FIG. 2 is a plot of the selectivities of the catalysts of FIG. 1 for n-heptane

isomerization.
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[0012] These as well as other enbodinments will becone apparent fromthe
detail ed description of the invention. BRI EF DESCRI PTI ON OF THE DRAW NGS
[ 0013] FIwo0 2006/m6m2pl ot of the conversion of n-heptane achivseed/obsaosel ect ed
catal ysts nmade in Exanple 1. [0014] FIG 2 is a plot of the selectivities o
f the catalysts of FIG 1 for n-heptane isonerization.[0015] FIG 3 is a
plot of the selectivities of the catalysts of FIG 1 for the isonerization
of nheptane to 2, 2-dinet hyl pentane and 2, 4-di ni et hLyl pentane. [0016] FIG 4
i s a [0a6] of Fle 3yis &bl obthe s¢lectivittealofshe casilysts of FIG.fldor thi dsomssipstianzafit-on of

nhept ane to 2, 2-di net hyl pent nd.2,4-di net h.yl pentane. [0017] FIG 5 is
a plo eﬁ@qtﬁéa%@ﬁ%]i‘gp%‘%@ggﬁffgﬁfmépﬁg?ﬂeeved by sel ect eE:I cat !al ysts made
In Exfdﬂ%f 1 weenss %Efo?ﬁpﬂhiégiehﬁ o?%ﬂ@qgétgl'yﬁﬁ of FR® 48kor HeGonkerizatich it of the
selectivities o f 't catal ysts of FIG °5 for n-heptane isomerization.

[ 001 9heptinfa to 2,3-Ginsetiptipéntant ahd2,4sdiinettiylperttares o f the catalysts of FIG 5
for the isonerization _ of nheptane tofz,ﬁ-di net hyl
gl_

I nt ane and .
2, 4- LOBATh. y1 6B alie PP 2 CoRY ESioB O - BT ac vy SHSfed Saigfysisaade in
cat al f ' rization of nheptane to
2, 2- dﬁ%ﬁﬂféllp‘giﬁ?ggxgelg% %Qin%ﬁﬁe&fhyl pent ane. DETAI LEDDESCRI PTI ON OF THE
| NVENJioDs] [ 0021, 6Tike pioy ppide kelsdivitics @ f thé cathlgsts af BIG.s foofi-heprengr esent
i nvention conprises an oxide or hydroxide of a Goup |VB (I UPAC 4) netal,
?eef CoomsAzaid- W | ki nson, Advanced | norganic Chenistry, John Wley & Sons

Fift P ti 98 ng..i i j ' ' ' £ o

CFLT i) O 199 Tb RO RSN o GECAHE o Y PRI
Zi r COREpmdIBIND dRSARAPEine pd efdedifethylftiany. ef erred zirconi um oxi de or
hydroxide is converted via calcination to crystalline form Tungstate is
conpo$0@28l onFIChé is apiss of thewiedds ailthe @atplyptyof %IG-i X fop e isQmBezfiomei - so

limting the jnhventign, .a m re o ed and Lewis acid sites. A
conpohgﬁ?ﬁ%tp_jaélﬁ%%éﬁp% el%ﬁ?%&ﬁﬁ&&}}?@?&%&el enent, yttrium or mixtures
thereof, is incorporated into the conposite by any suitable neans. A
pl atinum group netal DEIAEBTHESCREUOMNGF THE DBMENTION conposite by any

[0021] The support material of the catalyst of the present invention comprises an oxide or
hydroxide of a Group IVB (TUPAC 4) metal, see Cotton and Wilkinson, Advanced Inorganic
Chemistry, John Wiley & Sons (Fifth Edition, 1988) and including zirconium, titanium and
hafnium. 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. Tungstate is composited on thie support material to form, it is believed without
so limiting the invention, a mixture of Bronsted and Lewis acid sites. A component of at least one
lanthanide-series element, yttrium, or mixtures thereof, 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, tungstate, metal components,
and optional binder may be composited in any order effective to prepare a catalyst useful fof the
conversion of hydrocarbons, and particularly the isomerization of hydrocarbons.

[0022] Production of the support of the present catalyst may be based on a hydroxide of a
Group IVB (IUPAC 4) metal as raw material . For example, suitable zirconium hydroxide is
available from MEI of Flemington, New Jersey. Alternatively, the hydroxide may be prepared
by hydrolyzing metal oxy-anion compounds, for example ZrOCl,, ZrO(NOs),, ZrO(OH)NO3,

Zr0OS0,, TiOCl, and the like. Note that comtmercial ZrO(OH), contains a significant amount of
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means known in the art to effect the catalyst of the invention, e.g., by

| npregnation. Optionally, the catalyst is bound with a refractory inorganic
oxi de. Thwougpasdsz tungstate, netal conponents, and opticenabokiossier nmay be
conposited in any order effective to prepare a catalyst useful for the
conversion of hydrocarbons, and particularly the isonerization of

hydr ocar bons. [0022] Production of the support of the present catal yst may
be based on a hydroxide of a Goup rVB (I UPAC 4) netal as raw material. For
exanplH, 1 sisightpbreent. Zirooriumatsodxidss siehias zirveriyl abitatefand gird@iun orépaxidengt on,

New Jersey. Alternatjvely, the hydroxide. may b repared by hydrol yzing
met al TRYPeAHPOAS wsﬁp%ﬂémlm Céﬁgﬁﬁ?%ﬁzﬁ g aefiﬁ@? %%%?“6}@9 NGB,
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zZi r coayd othee fuhecoamuads kasrvwinuim theapio Thd enata yoxlyenimecngonestimay ifitarn be

hydrol ysis can be effected usjng a hydrolyzin t such as ni um
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carry out the sane reaction. Therefore, as will be used in this

speci fliquist supar acid & fornd to extadyzec b deactignethensds ao poraespradiag splidgiaregcidengt h
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in this specification, “solid strong acids” are those that have an acid strength greater than

sulfonic acid resins such as Amberlyst® -15. Additionally, since 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 X.ewis acid sites. Thus, solid strong acids can be a
combination of a Bronsted (protonic) acid and a Lewis acid component. In other cases, the
Bronsted and Lewis acid components are not readily identified or present as distinct species,
yet they meet the above criteria.

[0024] Tungstate ions are incorporated into a catalytic composite, for example, by treatment
with ammonium metatungstate in a concentration usually of 0.1 to 20 mass percent tungsten and
preferably from 1 to 15 mass percent tungsten. Compounds such as metatungstic acid, sodium
tungstate, ammonium tungstate, amm onium paratungstate, which are capable of forming
tungstate ions upon calcining, may be employed as alternative sources. Preferably, ammonium

metatungstate is employed to provide tungstate ions and form a solid strong acid catalyst. The
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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

defi ne a wol2neb/@btyseng acid is a solid conprising of intecaatskevg/opssoti c and
Lews acid sites. Thus, solid strong acids can be a conbination of a
Bronsted (protonic) acid and a Lewis acid conponent. In other cases, the
Bronsted and Lewi s acid conponents are not readily identified or present as
di stinct species, yet they nmeet the above criteria. [0024] Tungstate ions
are i mogstatra@ntet ofthe finishat alalystgenonply & indhe fange efk &b @) niags-Ue, éad nent  wi t h
ammoni um netatyngstate in g concentratiqn usuall f. 0.1 tqg 20 Ss percent
t ungs PEHER 1?)&8‘%& Té?t;l%ym?sfb/ﬁf”i aPoeq%e S‘ﬁéﬁ&eﬁg¥ﬂﬁ§%‘{l@%&e &S unds such
as ne ?éfwagl?tﬂ)ﬁox@&i caR@iiidiut A REah&hRire FATPE YoM OO0 PhAicRlarR IR UM
par at ungstate, which are capable of formng tungstate ions upon cal cining,
may beurggphatjeds asbafollewadby ineospemtesof the plabinuint grourametehi um et at ungst at e
Is enployed to provide tungstate ions and faorm ol.id stro acid_ .
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consists essentially of a ytterbiumor haol mumconpgnent. The first
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composite in a form wherein substantially all of the first 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 composite are specifically designed to achieve this erd.
The first component can be incorporated into the catalyst in any amount which is catalytically
effective, suitably from 0.01 to 10 mass-% first component in the finished catalyst on an
elemental basis. Best results usually are achieved with 1 to 5 mass-% of the first component,
calculated on an elemental basis.

[0026] The first component is incorporated in the catalytic composite in any suitable manner
known to the art, such as by coprecipitation, coextrusion with the porous carrier material, ox
impregnation of the porous carrier material either before, after, or simultaneously with tunggstate
though not necessarily with equivalent results. For ease of operation, it is preferred to
simultaneously incorporate the first component with the tungstate. It is most preferred to

incorporate the platinum-group metal component last. As to the lanthanide element(s), yttrium, or
-6 -



invention, it is believed that best results are obtai ned when the first
conponent is present in. the conposite in a formwherein substantially all
of the fiwetoemapspent is in an oxidation state above tIpetr/ushodshesset enent al
state such as in the formof the oxide, oxyhalide or halide or in a mxture
t hereof and the subsequently descri bed oxidation and reduction steps that
are preferably used in the preparation of the instant catal ytic conposite
are specifically designed to achieve this end. The first conponent can be

i ncor poxatetticient andttheplotiehiygseup metahythe pxstenef addition hetwesaitlg tyta dogs K3t
effective, .sui.tably from0.01 to 10 mass-%first conmponent in the finished
cat al i}‘é‘feaoﬂg%lﬁ‘:@tgﬁﬁﬁ'al basis. Best results usually are achieved with 1 to
5 masged@rpt tBRe Meftild oF ﬁ@g&é}'@[{g th&@ﬂsféﬂrﬁ%&ﬁn?ﬁv@ﬂe_@ L BpR B AN IRS i pdrD026]
The first conponent 1s incorporated in the catalytic conposite in an

sui t alelith axsduiéon (prefemablyaqubenshof a decahpesiblycorymued bﬁthegi;mmpo@@mr i on
wi th the porous . carrier material, o inpregnation of e .porous carrie

mat er AgFonaRqsARle ipwewtdhat IppR Eu,eatg}g, dhef q‘%‘gﬂé@d% ??PV\WF% Po[ ?}%B??ta&r 8xﬁﬁ)‘@( not
nece.s%l‘?e]rlleie)ésé%ii ?&iﬁ'cféallﬁﬁgtra'ﬁ@éﬁk‘ ttl?e dé%@fng%@aﬁﬁe S5 mPARIIR WidBut fithithtfoRagS erred
t o sinul taneous I ncorporate the tirst conponent - wth the tungstate. It is
nost powpRikesst domponadsrspchi ad, aittabes, hhlides nandfatps cacptates; aRamoalplednydrasides, As
to the | ant hani de el enent ttrium orm.xture thereof and t

. S) ) e 5
pl at i Bodihgrldkgsomppunds. Conpditionsder éﬁcoamsmoaﬁnq}%@%@ﬁe&aﬁgest%@%Egmnai)o fave a

signifi | ct. [0027 e.nethod. of depositing .fri r t
vl Va0 o BB RS PP e g P e PRl ik Bot i hnaRTBAREN
decomagabl i HIRNMRANRErouP enctdl bﬁnﬁﬂ@ﬂ?@l@f&uﬁh Byt SlReRaRgSEil @uivalemant t hat
upon heating, the conpound is converted to el enent or oxide with the

r el easesub$. Iby prquentid techititiheiistused; i the cemposits say be drigrberadsicd 28é peie@En wi t hout
limtatjon are corag)l exes or conpounds such as, nitrates, halides, sulfates,
acet att8WVeePIYRIeERAUONRy | s, hydroxi des, and the |ike conpounds. Conditions
for dg@&@?%' Il RBbridelipdBertt ARSI AL SSup ARG NYak ERBMADRErddent8Ge The first
conponent “can be inpregnated onto the carrier either prior to,

si mul tcaalyst Thy sevohd coropormit exmpirises pf keastonmofplatipumepadladisompshenm, al t hough

t Il i th i val ent t | f,. tial. t [ [ d,
s i A R e B ARy e A S o ey
[0028 1&%&9@% GRIP SRR eslenBhRY T YRHE AU PhBlafthumiggod m&EB&Mpoabnt may

I ngredient o e catalyst. The Second conponent conprises at l'east one of
pl at i iyt within thelfinahcatalytib enmpegite as a compound such as an oxide, sulfide, halide,

oxyhalide, etc., in chemical 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 mass-% platinum-group metal
component, on an elemental basis, are effective, and from 0.1 to 1 mass-% 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.

[0029] The second component, a platinum-group metal component, is deposited on the
composite using the same means as for the first component described above. Illustrative of the
decomposable compounds of the platinum group metals are chloroplatinic acid, ammonium
chloroplatinate, bromoplatinic acid, dinitrodiamino platinum, sodium tetranitroplatinate.,
rhodium trichoride, hexa-amminerhodium chloride, rhodium carbonylchloride, sodium
hexanitrorhodate, chloropalladic acid, palladium chloride, palladium nitrate,
diamminepalladium hydroxide, tetraamminepalladium chloride, hexachloroiridate (IV) acid,
hexachloroiridate (III) acid, ammonium hexachloroiridate (III), ammonium
aquohexachloroiridate (IV), ruthenium tetrachloride, hexachlororuthenate, hexa-

ammineruthenium chloride, osmium trichloride and ammonium osmium chloride. The second
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rhodium iridium or osmunm platinumi s preferred, and it is especially
preferred that the platinumgroup netal consists essentially of platinum
The pl at iworme@raesg2net al conponent nmay exi st within theptirnaboaassbyti c
conposite as a conpound such as an oxide, sulfide, halide, oxyhalide, etc.,
i n chem cal conbination with one or nore of the other ingredients of the
conposite or as the netal. Amounts in the range of fromO0.01 to 2 mass-%
pl ati num group netal conponent, on an el enental basis, are effective, and
f r om Emipdnent] ApEsinfmPradp coummpopent)is degositedcamtbe wepport eitherreferb.cafben &1 basi s,

are preferred . Best results are obtained en substantially.all .of the

pl at Pﬁmwtgme@uﬁy pathdpngstatenddanthe if%’iSttCHHlPQP@'\fl?\lglFﬂ”&ﬁ ngf%ﬁcgssm[‘a]ddeég] SHHIALL: ond
conpo . | . F 0 gl j site
ol o 13 BleRbic . e Fro GATRAIAGA s LepoRRA hESuROr! Citch ATRO

| | | ussf sidnuitgneotisly tvith dagenpasabbethe fisgtoomgenatt. t he platirnmm group netals are
chloropl atinic acid, ammuoni um chl oropl ati nat e, g;é‘r?m

i} &)Iatinicqpﬁcidl
di ni t [4930kni b agditien touthe s andreedeapppnenis pave e atalystad W ¥ nor i de,
hexa- ar pm ney ho [ ' . ' b ' ' -
B e e S B R e
ni t r ahRferebidadau thepad nagliby préagdt mxinttemtstrenging froimepa § aebuith aimoeledental
hexachl oroiridate (IV) acid, hexachloroiridate (H) acid, ni um
hexachasis: The thirdtcompppgnt, Sakrasilipm Hay SHetar 1 loWst ?hieéaloén‘(‘?fﬁe%& heni um

e e AR AP RERPL i DRSO S b magon o

pl at i ReHBsHEPIPhE ARPGERusing$he €8S hicatks Arfot the fisstppdsécond theporteaitoae, after,
or simultaneously wth tungstate and/or the first conponent. though not

necesdeactibgd atiover Bhen vhae thind cosmeneny is fron,isyitghle papp@ids Wapldipgdude iron

platiirumgroup.gconpone I s deposi 1 he t either after or
si mul %&%ﬁ?ggﬁfeﬁ’ﬁ Wgté&eﬁlgdaé&é)ﬁ{‘)e&%&ﬁgﬁfl%ogls?ﬁ@g%%nent . [0030] In

addi t j@31j 0 the datdltic RREOSIES ABribeIBRIRRAS babsedas apb@derdraky b foryed
optionally further include a third conponent o f iron, cqgbalt, nickel,

r heni into any disicedistepes uch eopills, pakes, axtipdates pewdersgranwlesesnherss sy aBE thsvesent
0 ST SRt S-S PR L 0B o
CONMPORRNtmoRH G RSty IntBABRhE R e PARME Ghdpls,lil@apBé desnbblt & itk tibiconpokite third
conponent nay be deposited on the conposite using the sane neans as_ for the
first withch sirderdoworpditanstdeasmplesized Bt theiretabyst maxk he made ol gcesiigbhent i s
ron, ugeudi \}m bclu?a %rggg Lf?lcei %m\ggrlf lvgrheinne%llﬁig}?edi, ﬁgurélly comprises from 0.1 to 50 amass-%,

preferably from 5 to 20 mass-%, of the finished catalyst. Refractory inorganic oxide axe suitable

binders. Examples of binders without limitation are silica, aluminas, silica-alumina, magnesia,

zirconium and mixtures thereof. A preferred binder material is alumina, with eta- and/or

especially gamma-alumina being favored. Usually the composite and optional binder are mixed

along with a peptizing agent such as HCI, HNO3, KOH, etc. to form a homogeneous mmixture

which is formed into a desired shape by forming means well known in the art. These forming

means include extrusion, spray drying, oil dropping, marumarizing, conical screw mixing, etc.

Extrusion means include screw extruders and extrusion presses. The forming means will

determine how much water, if any, is added to the mixture. Thus, if extrusion is used, then the

mixture should be in the form of a dough, whereas if spray drying or oil dropping is used, then

enough water needs to be present in order to form a shury. These particles are calcined at a

temperature of 260°C to 650°C for a period of 0.5 to 2 hours.

[0032] The catalytic composites of the present invention either as synthesized or after

calcination can be used as catalysts in hydrocarbon conversion processes. Calcination is
-8-



nitrate, iron halides, iron sulfate and any other soluble iron conmpound.

[ 0031] The catal ytic conposite descri bed above can be used as a powder or
can be fowordodgmts2any desired shapes such as pills, calesjuseotunssiat es,
powders, granul es, spheres, etc., and they may be utilized in any
particul ar size. The conposite is formed into the particul ar shape by neans
well known in the art. In making trie various shapes, it nay be desirable
to mx the conposite with a binder. However, it nust be enphasized that the
cat al y&juireay fdreexanghie, apo dfosme cisfiuhl pxideeftomi zinwaiuna Hyidradde. THydisicaden,
when enpl oyed, usually conprises fromO.1.to 50 nass-% ,preferabl raomb
to 20cARssion prcesspoatkiwilk kpgwadp e at aﬂé@?ﬁ@ét" llﬁgnhg’%}ﬁ?f?@“&% alify gn

sui t abl-e, F‘;ﬁ%ﬁﬁcs‘fﬁﬁ@%&ﬁa&%ﬁ@ N6 8riMtoR0 Siol}ilhéﬂzraﬁ&ﬁ,o RefBfn®ing, | diPaxing,

al um nas, siTrca-alum na, magnesia, zirconiumand m xtures théereof. A

pr ef emg@dgbiatidar dettydrdgahatisn,al wadsakylatiohh deadlkylativ, othydmpien) aldelrydration,
gamma- al um na bei ng favored. Usually the conposite and. optjonal binder .are

m xed hafohgating HydrostepitioseRgtiane Rydredesy firizatiqn, mejhgRatioRolinge Qpenng, @Afly, 5

OGNS Il Bl Ses Bl & FedcADATEN LS MRS oS oPREAS WHICH CaiThdsdiRNS

wel | erart. ese tormng neans inc e extrusion, spray drying,
oi | drRpi pédbcesIBY, UFBT beti fogth CONIUSAI4, 310,440 nindi U§, 4a140,87Ex twhisho arembareby

i ncl ude screw extruders and extrusi on presses. The form ng neans w] |

det er mesepdraiad yceferemcer A Preferrsd hydsoepubridoqnyersion prpsasy isthe 1§Raerization of
extrusio? | s used, then the m xture should be in the formof a dough,

wher e28™ ?HSSpray drying or oil dropping is ased, then enough water needs to

be prqe@d| i Nmod shedffih Ssohi¥iratios Iptdceys, cdiig®a npptitha febdssodks boitinpcwitkid the a
tenperature of 2600C to 6500C for a period of 0.5 to 2 hours. £0032] The
cat al \grsaling sango sPntein pafaffime, napbkienas, Al AAMREGS, &4 IREY COEPISE §IIAd EIRIHItEP

ft i nat | 1 .b d t al i i
or oce <Lt Rpdta R Ray 25 et BpBit Shlanul HHIRAR] RRG-LORERRE, 07, .
from zin&oR AEhiRNS Rk addYide Qe aIARAIE SraVIESiassling et Basfoanedwabhthisn own

in the art and include cracking, hydrocracking, alkylation of_ both
ar omatar caffinates frem patradtionof arewatiosi The fesdstogkasyantipilyisenesmpased by theggnge

dewaxi ng, dr ogenat i .dehyd t . t i on, deal kyl ati on,
yr at s At i By e O B o ot on
hydr oqggad;f ur Tﬁé‘#}x@i&?pal EBhPanakts 8ihe préTBrr@PRAING K a5k &)e8 gas cytlohlkanes

processes.” Specific reaction conditions and the élﬁ/pes of feeds, which can
be usddving ftdned ¢ N cresssemsares nwdtcule especially thosethaying &ap 74a¢ cmbon atemsg71

QI IRNEE R MR SO B e
Usually, the concentration of C7 and heavier components is more than 10 mass-% o f the
feedstock. Although there are no specific limits to the total content in the feedstock of cyclic
hydrocarbons, the feedstock generally contains between 2 and 40 mass-% of cyclics comprising
naphthenes and aromatics. The aromatics contained in the naphtha feedstock, althouigh generally
amounting to less than the alkanes and cycloalkanes, may comprise from 0 to 20 mass-% and
more usually from O to 10 mass-% of the total. Benzene usually comprises the principal aromatics
constituent of the preferred feedstock, optionally along with smaller amounts of toluiene and
higher-boiling aromatics within the boiling ranges described above.

[0035] Contacting within the isomerization zones may be effected using the éatalyst ina
fixed-bed system, a moving-bed system, a fluidized-bed system, or in a batch-type Operation. A
fixed-bed system is preferred. The reactants may be 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
-9-



paraffins. [0033] In a paraffin isomerization process, comon naphtha
feedst ocks boiling within the gasoline range contain paraffins, naphthenes,
and ar omavoes¢s/@eg2nmay conprise small ampbunts of ol ef i necTRBe@ansxls whi ch
may b e utilized include straight-run naphthas, natural gasoline, synthetic
napht has, thermal gasoline, catalytically cracked gasoline, partially

ref ormed naphthas or raffmates fromextraction of aromatics. The feedstock
essentially is enconpassed- by the range of a full-range naphtha, or within
t he boptratigh. [Tht isometingrofoE0fay e RICHE]e fQOBHPr Mwo Pr nwed fERATYOMISIENt s of
the preferred feedstock are al kanes antijl gécl aal kanest. havi n% rom4 to 10
car borivifi Hablp Bcansihereprtavecndp ssuLs thyt the JEBref MY “HYBHFPYE ¥ bon at ons

per ol SGUingd tﬁﬁ%éﬂrﬁﬁl @{@H%hszoﬁg. B BBhbfe rRRore kel Mo R¥iirefea Qb enabls 0
may bé presen?. ua Fy, the concentration of C 7 and heavier conponents is
nor e tifprovédisomesztion tiirotigh chatelstiandividalirbaty terhpreatoresrand for goashial siatalyst
limts to the total content_in the feedstock o f cyclic hydrocarbons, the

f eeds rerlacegEREVEIQU) 2 pEeas SRR heen 2 and 40 mass-% of cyclics conprising
napht ang _aromad | - I CS: | |42 rthsoranBEhanteedst ock,
althoﬁgﬁenegg F§@%%§F@Egﬁ§g{@g§0t an’ t %lng?%édneg anof %i;/h?l oal kanes, may

conpr iyg@alfyrr@pifk FOmM23°Ces $006G 1dwep rectia@inpyrafurerar® generdy prefsrethin brdehe
total. Benzene usually conprises the princi '

> U ] al ar tics gonstituent of the
pr ef erte &yor ewdldrivex migpresdivingthe ighest rprgsnupion of gy megﬂ ytb(’j?‘ri?g‘ﬁ% and
hi gher.-bqi | in [ tj.cs Wi thi i 14 SEL [ 0035]
Cont actigts P n AU Re fE ek dr MR le i b BT RS P Bt ne
cat al )fﬁﬁgeidif 180%0 s egotestespyietepml inthegrodegs Otte piesdne mveatidd. Riegi toe dpdreting
system or in a batch-type operation. A fixed-bed s¥s emis prefe d. The
r eact amessunengenseallysansgdiasn MOtRaip d0 biltp absolute; prelesably, Betiveen %s% ?1151‘{3 r

upward,. d rd, or .radial-flow ' AT r 14 he
1§ qui 1%1H§¥]81,1\Aﬁ%spﬁ{:§(g?}0(il l‘aflfaél-g\elgr&r# 8%E%gghr (3?‘%%11 a\e}gﬁ e?d}{p '%EB?O enlj)ég% t act ed
with ther.gad.al yst particles, with excellent results being obtained by

application of the present invention to a primarily |iquid-phaseoperation.
The i 4003 z atiydrogenisadmuixieé with o remaigs withdbenagifisic feedstogk togor e separat e

reactars with suitable ans ther.eb en t T

| comerudizaon dger BRI f Sl AP A mdody EhEaRiiPeh Ml oFhEnt Y 1630, |
Or NDIR.fRRKI MRS 003 18 STIABE H9dRdEEn Mafbekilicd GtaRabdm outideaesrocsan®mr i zat i on
thro ugh control of individual reactor tenperatures and for parti al

cat al ysspplemphiad byrbydrogén tesiycled tothe dessafichsapawsiipn from the reactor e fluent. Light

hydrocarbons and small amounts of inerts such as nitrogen and argon may be present in the

hydrogen. Water should be removed from hydrogen supplied from outside the process, preferably
by an adsorption system as is known in the art. In a preferred embodiment, the hydxogen to
hydrocarbon mol ratio in the reactor effluent is equal to or less than 0.05, generally” obviating the
need to recycle hydrogen from the reactor effluent to the feed.

[0038] Upon contact with t'he catalyst, at least a portion of the paraffinic feedstock is
converted to desired, higher octane, isoparaffin products. The catalyst of the preserat invention
provides the advantages of high activity and improved stability.

[0039] The isomerization zone generally also contains a separation section, optimally
comprising one or more fractional distillation columns having associated 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.

[0040] Preferably part or all of the isoparaffin-rich product and/or the isoparaffin concentrate

are blended into finished gasoline along with other gasoline components from refimery processing
-10 -



[ 0036] Isonerization conditions in the isonerization zone include reactor
tenperatures usually ranging from 250C to 3000C. Lower reaction

t enper at weo@rmegeneral |y preferred in order to favor eguwiuszéaiosswm xt ures
havi ng the hi ghest concentration of high-octane highly branched i soal kanes
and to mnimze cracking of the feed to |ighter hydrocarbons. Tenperatures
I n the range of 1000C to 2500C are preferred in the process of the present
i nvention. Reactor operating pressures generally range from 100 kPa to 10
MPa aliadhdihg, bupnetflenisdd Yo, bat wemordofbutands, butdRes, peritepasdndpbthal patelytic e
velocitjes range from 0,2 to. 25 hr 1 . with range of 0.5 1.0 10 hr 1 being
pr ef erfpogmateqeameraigy afkylate Hog’“éedn‘?rR’@&ﬁW’ftﬁcbﬁearvé(ﬁg‘?rﬂ%u% gaﬁoi]ﬂ%g}ﬁglr afflnic

f eedst i | Zad e VA ' ogen to
nydr ocar ek SpkBire, PRFBCIe g Mol ey QLU AT STt BrebsNiR

hydr ogekingpyxyensesppthed niathzaol, \etanokprptusil deopiropanpl, daebgtyloalcshppsesHatyled
by hydr ogen reC){cIed to the feed after biﬁgaratio ﬁromthe react or

ef f | uegonol, ety Wﬁmrﬁﬁ]@%ﬁﬁw Gioes methyl frehary awyd ther and highera
and areﬁ(?di‘lofgea}/lff @thg SRV briall bR Enfd% 286 es tg\ﬁf&ﬁot? gér%BLiiliie Q.%oﬂi??ﬁ[c?ﬁﬁf&rﬁﬁ@y,

hydr ogen supplied fromoutside the process, pre ably by an adsorpti on

syst emavail don®sisn andwicathien prabldms, huirtaipraef@nreagine adxbolprevd drivéebilitydr ogen t o

hydrocarbon nmol ratiq in the reactor _effluent. is equal . to or Iefs t han
Bgembedigiathel the

0.05, 1§84Hr al iThe fllpmangeyamples sarae tq Pusteats eqr@inperigg sm REGSERt

ef fluen t o} t. W - ast a
porti (}H%%#BP'hieh%Béa‘r%%g}pml{eggfogg%ggb@%&%}’?%ﬁs}gﬁugg5%1%11&2%’? irl%géo%la%fﬁﬂéf oct ane,

i soparia{iérition B§ 6 Yeiittsin {Heeldimb aihess arefimanp@opsiiss ethtr variatiohs, an thuse if detindrhie
advant agle;s of high activity and inproved stability. [0039] The

i somerskzlhin thpars wplbregessizal Which peovilaiths $ePuoliBpEvERtidh section, optinally
conprising one or nore fractional distillation colums having associ at ed
appurtenances and separating |ight gk gappprents froman isoparaffin-rich
product. Optionally, a fract onator may separate an isoparaffin concentrate

from lic ncentrate with the |atter i ng .recyc| ed .

ri ng- (azllogé@age%?fﬁ%@??m%f)f%@?érﬁ%? prepaed S%ﬁf'nga th COH]i]én flgg%é%dgft fthad; o
prod U%eeﬁgfy Qfed %Q?réc&?fié’ﬁ@ titdoRyCHReRWiiRhAndhRnPhRIIELde b1s ¢ Thehed

gasol i ne al gng wi th other gasoline conponents fromrefinery )

pr oc eszitcogiunthydtoxide woast drivst at 11267 ¢, egtours] toakedt Comesho Multiplelgiscanteporenserfes,
pent anes, . napht ha

e e R S i e A SR S B BEL
metal salt (component 1) were prepared and added to the portions of zirconium hydroxide. The
materials were agitated briefly and then dried with 80°C to 100°C air while rotating. The
impregnated samples were then dried in a muffle oven at 150°C for 2 hours urader air.
Solutions of 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 sanaples were then calcined at 600°C to 850°C for 5 hours. The final
impregnation 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, it can be seen that the catalysts were made at
modifier levels of 2.5 mass-% and 5 mass-%; tungstate levels of 5 mass-%, 10 mass-%, and 15
mass-%; and calcination temperatures of 650°C, 700°C, 750°C, 800°C, and 850°C (with the
exception of Gd, which was only prepared at 650°C, 700°C, and 750°C calcination
temperatures).

[0043] For example, the first row of Table 1 indicates that a total of 30 different catalysts
were made, a catalyst having 2.5 mass-% Ce and 5 mass-% WO, and calcined at 650°C, a

- 11 -



catal ytic cracking, hydrocracking, thermal cracking, thermal reform ng,
steam pyrol ysis and coki ng, oxygenates such as nethanol, ethanol, propanol,
i sopr opamnwD,206camsb9sbut yl al cohol , sec-butyl al cohol, net lpgir/usesduioassy7 but yl
ether, ethyl tertiary butyl ether, nethyl tertiary anyl ether and higher

al cohol s and ethers, and. small anmounts of additives to pronote gasoline
stability and uniformty, avoid corrosion and weat her problens, nmaintain a

cl ean engine and inprove driveability. [0041] a‘he fgllow ng exanpl es. serve

to i lcpiabist aving 2megsoreandiy @aﬁw%o\ﬁ%/(%é‘ﬁ%alﬁme REOYF @s%ﬁ@t%?mﬁﬁ‘ggﬁﬁﬁ These
l es, I t,. . h 1t {

rventor 58 iR eR T hiand SFisRRE R GoEE, Foanh B ANRG 5 MFERER BN e

vari ghdsglys Wosaddtaseinell ap630°0as Yatakisl Raviry 2.5 &ass-v6 Gk lhd risongss-%elV Qahindh ar e
wi thin the scope of the invention. EXAVMPLE | [0042] Catalyst sanples of

Tab| ealvinedrab 630 €pacatrlystdeyving mpsstolie adniSunisyary Y gadidaleingdat 658&n

e’ A Rl nRiRG P ariss Xk ahf Bafisss Yt id LldhalIPOLYE QUG BRI s D0,
di SCrRls8-oh Welan@3smAds- 0w G dnd@aicinsdy d00°0, deateBisehpigp2r ehassS Ot and $0 of

ei ther anmmoni um netatungstate or a nmetal salt (component 1) were prepared
and anasedVs W01 dmsl qadeined at 7 Cz b catehysubavingd? Bxssde Caprd hemassspo V(e

itated briefly and.then dried. w th, i ' , ing. Th
o or dafneda: 200t BEoups heklsk % ot C g £ RSSO M Gubifibdbl 0. Toe
underyoaPc .o ERdIYK: hiheod nAsdT®E @b as@l § n{a6@MPWBNtindZaloedrzet TO0OAQONeathlyt i s not

the same ‘as conponent” 1) were prepared and added to the dried materioal S.
The daniigdsS wese%C eaibidys mgist %t Wi and celeined aWHiO’e, 2 eatalyshibavimg & massib es

S0l LGB SRtV Sa1 3 ey o SHAFAPRIG A THTed: 5 TReOLarree. The
S arrpl\{vi)géﬁ Ea189kd & $YoRNd citaRe hmrlg 8 nifa6-34 CBEAnd30hekers. Wans ailpled wer e

final calcined at 525C in air for 2 hours. In Table 1 bel ow, it can be
seen 4tf40°C, heahsthasing Memasnidee and hbdiaki-& Wiknadsalsingd & 1593682 % and 5

Cal ol AT e raseriodae 14 Bt v isHan PRl BouBE: M I BENATh the

B T e e S P

i ndi aALBS,tWiaY and tatiledaft 880°Qiafchialyshhadag Al5ysass-% Ce and 10 mass-% WO, and
calcined at 800°C, a catalyst having 5 mass-% Ce and 10 mass-% WO, and calcined at 800°C, a
catalyst having 2.5 mass-% Ce and 15 mass-% WO, and calcined at 800°C, a catalyst having 5
mass-% Ce and 15 mass-% WO, and calcined at 800°C, a catalyst having 2.5 mass-% Ce and 5
mass-% WO, and calcined at 850°C, a catalyst having 5 mass-% Ce and 5 mass-% WO, and
calcined at 850°C, a catalyst having 2.5 mass-% Ce and 10 mass-% WO, and calcined at
850°C, a catalyst having 5 mass-% Ce and 10 mass-% WO, and calcined at 850°C, a catalyst
having 2.5 mass-% Ce and 15 mass-% WO, and calcined at 850°C, a catalyst having 5 mass-%
Ce and 15 mass-% WO, and calcined at 850°C; with all catalysts listed above also having 0.5

mass-% platinum. Therefore, Table 1 represents a total of 228 different catalysts that were

made.
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were made, a catalyst having 2.5 mass-% Ce and 5 nmass-% WO4 and cal ci ned at
65Q0C, acatalyst having 5 mass-% Ce and 5 mass-% WD4 and cal ci ned at 6500C,
a cat al ysiwohass/mages2. 5 mass- % Ce and 10 mass- % WX and calctiuseah4@s546500C, a
catal yst having 5 mass-% Ce and 10 nmass- % WO4 and cal ci ned at 6500C, a
catal yst having 2.5 mass-% Ce and 15 nmass- % W4 and cal ci ned at 6500C, a
cat al yst having mass- % Ce and 15 mass-% WO4 and cal ci ned at 65Q0C;, a
catal yst having 2.5 mass-% Ce and 5 nass-% WX and cal ci ned at 7000C , a
catal yst having 5 mass-% Ce and 5makABBEWDA and cal ci ned at 7000C, a

catal yst having 2.5 nmass-% Ce and 10 nmass-% WX and calcined at 7000C a

ca: a: ySEM (F(gf\‘il ﬂMﬂiﬂiﬁﬁ&Sﬁ%l and 10 WGsE&AD4 | and cal Clabgdatam 7000C,
catal ys emng 5 mass- % Ce and 15 _nass- % WX and cal ci ned, at 70004, a
cat a: yst havirg 5m|%§'s/°% adols nBdasSYODs and cal ci Sla‘pa% 7000C; |a
cat al yst—avimg B VOIr 3 d Tdpgd bgé)(g,‘, a
cat al ygt r(r%\/i ng2§ 3% le "and 5—§ss O/AIJB)5 1n§6( g?@i (r?esg at@?Sm , a
cat al ysft Raving24 5 rrags- o and 50| immassr® sandocal Tsonegoat | 788, a
catal ysit having 5 mags-% (e and 10 npss-% WX !andlcal ¢ined at 750Q0C—{a
cat a: yst Iavi ngzz 5 mass- % 05 and 55| Wass b WDHS8nd0@ al Bilnedt-at |7500G, a
cat al yst—havi-rg-5—+ags—%Ce—and—5ass—% Wotrandrecai oried a7 9005, @
cat al yst IH‘;M ng 2 P 5 mags-oo@? and 3 ss-%m%éﬁdvggl c’#’z)ed tO E(\)Jgé% a
catal yst—tgyi ngz§ S35% Ue gaid 3 maSgy % @gocqbgl negd) [atg$000&50 a
cat al ysit hav! ng ’B.SS-OO and 10i nasst % and cal ci ned at {80000, a
catal ysit havi nlg2% mags5% Je gahd 1j0 Snpis - % \O4 | &64 G’éO(l?ﬁé)d &0080088%) |
catal ys ing 2.5 rmass-% Ce and-15-rassr0%6- W —and—cal-cined—at—800008 5 a
catal ys i nlg 28 magsS% e Oahd 15 Snpkdks- op VAo | #A8 | 9P ¢i me;?io%cogé?, a
catal ys i 5—1rass- an THSS= A0 1 a
cat al ysft i nig gS magys 3% Ce\dzsnd 5 ﬁasf;b-s% \/%4 ar?gac zzﬁm neﬂgﬁatﬁ@Scmg&a

catal yst having 2.5 nmass-% Ce and 10 mass-% WO4 and cal cined at 85Q0C, a
cat al yst hav! ng 5 mass-% Ce and 1EXAMPI® IO and cal ci ned at 8500C, a
catal yst having 2.5 mass-% C e and 15 nmass- % W)4 and cal ci ned at 8500C, a

cat al avi f. oru W @A S ingkanipl 83 RGo, Wi t h
al | i(?da Bsts |st£r§,§above a so1 %@ré@gﬁ%re/% n%g lOaA)deI ati nlum a'ﬁl'{hpergforg
Tabl eréfelreﬁw @sﬁydtsveere ptqiaradfasmscrd:eﬂﬁmenplcdtlaltwettsthdwidltm@f thede. TABLE

| EXAMPLE 2 [0044] The ca ts f
above madifEsta t@ug omlggi € Pl'e%aral’f:i)c(nall rgl pe}O)zile ely 99 ! eg%rf%gchassangp EwW G r ' bed

loaded into a multi-unit reactor assay. The catalysts were pretreated in air at 450°C for 6 hours
and reduced at 200°C in H; for 1 hour. n-Heptane, 8 mol-%, in hydrogen was then passed over
the samples at 120°C, 150°C, and 180°C, approximately 1 atm, and 0.3, 0.6, and 1.2 hr!
WHSV (based on heeptane only). The products were analyzed using online gas chromatographs.
[0045] To exemplify the data, selected results are shown in FIGs. 1- 4 for experiments at
180°C, 1.2 hr'' WHLSV, and using catalysts comprising 15 mass-% W, O.5 mass-% Pt. The
identity of the modi fier (or first component), the amount of modifier, and the calcination
temperature are identified along the x-axis of the plots of FIGs. 1 - 4. Data where the identity of
the modifier is listed as “none”, corresponds to a reference catalyst containing no modifier.
FIG. 1 is a plot of the conversion of heptane achieved by each of the catalysts. All of the
catalysts indicate activity, with ytterbium, yttrium, and holmium showing the greatest
conversion. It is surprising, however, that many of the catalysts demonstrate the greatest
conversion when calcined at 800°C. The more expected trend would be a decreasing

conversion trend with increasing calcination temperatures. A number of the catalysts of the
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reference catal ysts were prepared as described in Exanple 1 but with trie
addition of the nodifier step being omtted fromthe preparation.

Appr oxi mawel2gocakieasng of each sanpl e was | oaded i nto a mectrivseesto3s4eact or
assay. The catalysts were pretreated in air at 450C for 6 hours and reduced
at 2000 Cin H2 for 1 hour. n-Heptane, 8 nmol-% in hydrogen was then passed
over the sanples at 1200C , 1500C3 and 1800C, approximately 1 atm and 0.3,
0.6, and 1.2 hr 1 WHSV (based on heptane on]y). The products were analyzed
usi ngreseint mvegtisn bowevens exgitipgrsate] goyesionovidk a wslginaiionp 894 (athas af @ktced

| in FlGs, 1- 4 for i . 1.2 hr 1 WHSV,
hna daPfe or SRR ettt prefiny s Mn RSB Ha o 112 Mientity o
the nRdid] e Koy 2 §hdvad the SETBAREY Y thelchBlyBRTHING; idorteeidhdidre Thisglek t he

calcination tenperature are identified along the x-axis of the plots of
FI Gs dethonsttateEthat eventiboughtshmeicthsking tisoasfiringesai@etivitiesrto(s i§qnagrzgliels " none",

. | s T .
o ot raRanhBeh oG ShHe BF Sriedh et el oy Ca i ot she T Ty o
the %?é&é%?ehsdﬂn@ﬁii LHLAcIRAIY, 2, iR eRERb wid 2Y4-Binh Y Ip&iahd Alekin] e

showi ng the greatest conversion. It is’ surprising, however, that nmany of
t he datadlgmosstaestins ytterbamnt ael Yireat dow stipenerssolts andate Beraoisepreferred000C.

T hor GG Bres BT SOt of e GBSt Brensarerohonie PPt GRf e
thepggggmyﬂb%ﬁ&dg BRVEY et metByBbRide MO0 8imSMYpRABRAON Wi th a cal cination

at 8 than at el ther’ 7500C or 85Q0C. Therefore, a preferred cal cination
t enpgoGL TN e | Bheadat:BI8GEsed2DO¥SIndiehiBs a Barsinulwsprefiereses fot yitsrbiugn af a mpdifier.

catal ysts for_C7 isonerization. Thjs plot. denonstrates that  even though
o TheEehornd16s R DR hgthes sieaied ilis 5 HegRpar M egHERFS SRFHTT SHRAR b oh
FI G i5vd f 1RO BRbhA Y Qi

pr odlﬁ‘rgoe(ﬁtq'l%t}()\'ls(())l’ﬁl chﬁzﬁggg%rse%tt% %ﬁe%lﬁl??f r Sﬁ%:ﬁh%%jﬁfségﬁaégg, 2, 2-di et hy_I1 per?’?ane
and Zhdcgialygt, iy Eivitaion tendgaatore dfftiee chedlyst,cadtines tveight bowfaspage véedityah and
yttriun1shpm1§5£erior results and are,therefore,_g%%fgrr d nndifiefs. Fi g.
4 shéstams jpned en B x-@s. daFEF- s the was ieths copersionef Bh nisPIRg fsde H5ho
desir ' - iy el :

2. 4. ikt isittes M B8 HRERSs pE e alolt SPLLRBALERCIANS, but comverson L ar
pr ef eleeraRed & thy Wehbhoutlyaspace vebatith iereasdh Bloefesres, with @her Guigbles sweaming
further selected results of the experipent where yttg{o(bi um

h
o FpBFAnGEEEING FRGEN of TR GORIr A ISHYo FO A RIEET . BRMEDEA Sl yst |t he
gg?gln %r?{atigggfegf‘t;]o%rthg Qo%%ﬁo%@%ﬁ%%s&mokgﬁatg%&' tha s?ﬂ@ti\;i?f%? C‘?‘iééﬁ%ﬂ%ﬁcﬁhe

t
e Werg our space velocity o o
increases with increasing space velocity. However, FIG. 7 shows that the opposite is true when

considering the selectivity to two of the desired dimethyl-branched isomers, 2,2-dimethylpentane
and 2,4-dimethylpentane. FIG. 8 shows the yield of two of the desired dimethyl-branched
isomers, 2,2-dimethylpentane and 2,4-dimethylpentane. In gen.eral, the results in FIG. 8 indicate
that the yield to the specific dimethylpentane isomers (1) decreases as the space velocity is
increased; (2) is highest with a calcination temperature of 800°C; and (3) is greater at the lower

levels of modifiers.
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the run is found on the x-axis. In FIG 5, the y-axis is the conversion of
the n-heptane feed. The pl ot denonstrates that conversion increases as the
amount ofwOun@slsess2i Nncr eases, but conversi on decreases asTiUseom@sgbt hourly
space velocity increases. However, wi th other variables renmaining constant,
i ncreasing the anount of nodifier from2.5 mass-%t o 5 mass-% does not
have a dramatic effect on the conversion. FIG 6 denonstrates that the
selectivity for C7 isonerization increases with increasing space velocity.
HowevVELAIMSE 7 shows that the opposite is true when considering the
selectivity to two of the desired dinethyl-branched isoners,

2,2-d], n%fbﬁ’[aﬂ)}%ﬂécﬁﬁﬁqiﬁi%ja dupphofl icomphMhPE Iﬁl@@l@tedﬁb)&le Sr InfienEdé bfatYéasl heaft t wo

of the desired dineth branched i soners, 2- di net hyl pent ane and

2, 4- di néhnquy@m%nfé}rom%rﬁwc 4 pfethe Bgmch@ Tﬁhlq:ﬂ@susp@rhha\@@g depopiad t he

yleldt the s fic dinet Nt ape | somer qLe ce
vel oci t erseophegﬁg;g%pon(egf e?% eﬁ%&e & 1%pncon§’1 gpél na F%Sﬁg %larr%@ﬁag]tlag P %Pegf
8000 C; AB@hehid)tttisin HiRahRurdd thérber; iRV EecoRY EbrsipoheriREnbtisihg afleddt Wi 1. A
catal yst conprising a support conprisi n%; tungst at ed oxi de or hydroxi de of

at | eastpleteunnigroupemetabeamponerifor Gnykiyre eprPAC 4) of the Periodic Tabl e,

the sup vi.n 0, er, a first co e omthe
ar oup? ool ety SRR et 8 HRE Rominpind SrabREE R Ao i e Mg
m Xt ur ey iemerthi ba%&doﬁhé BRAINS, MORRONE ebmgm&lcgh@ﬁs@tﬁérﬁ@an t8N8nass-%,

pl ati num group netal ~conponent or a mxture thereof. 2. The catal yst of

Caimil ommeclemqntah‘wsm oithe catalystrand thecatplyst seapfisesiy@n @1 to2510assdss- % on a

n elenmental basis, of the catalyst, the second conponent conprises from
0.01 toq%‘nﬁﬁg%o’%anéeﬂleﬁﬁF SBrrent al basis, of the catalyst and the catal yst

conpris {02 A8m2PorBwA e/ﬁltth!é‘élé&%ﬂd?@r@ TV RUPAC D% & The
cat alissﬁ%éfé%ﬂgl m 1 Ctlor ° eréerl n the el enent op G oup IVBAQ(I U Eg: 4)

conpri sesreniugo anduthedhsi opm@omm stseleotep droentheiggrose tasistidg of pierbive, yitowp,

consi stin erbium . tr| um. ceriu m um europium and
conbi nat¥ =t1¥?ié'f”é‘8? euppi éméﬁ?lﬁp‘%tfo%f%%?o(fjl m1, 2, or 3 further

conmpryj, S"_Fﬂe E4 QRO E1dith PO Hfﬂgsﬁuﬁ{%péong)lrfsﬁf o frh U.Y 1d mw%%f@&eﬂsct&wnder 5.

The catalyst of any one’of the prece ng clains further conprising a third
conponernmosgnacdade binden t he group consisting of iron, cobalt, nickel,
rheni %J mT en gatert?yé(tt "tltar%? o1gehoe tﬁeo lfarec ergecglar;]lrr}sr}‘lmher comprising a third component selected
from the group consisting of iron, cobalt, nickel, thenium, and mixtures thereof wherein the
third component is present in an amount from 0.1 to 5 mass-%.

6. The catalyst of any one of the preceding claims, wherein the first component is selected from
the group consisting of ytterbium, yttrium, cerium, holmium, europium, or mixtures thereof
and the second component is platinum.

7. A process for converting hydrocarbons by contacting a feed with a solid acid catalyst
according to any one of the preceding claims to generate a converted product, wherein the
hydrocarbon conversion process is selected from the group consisting of cracking,
hydrocracking, aromatic alkylation, isoparaffin alkylation, isomerization, polymerization,
reforming, dewaxing, hydrogenation, dehydrogenation,, transalkylation, dealkylation,
hydration, dehydration, hydrotreating, hydrodenitrogen ation, hydrodesulfurization,
methanation, ring opening, and syngas shift.

8. A process for the isomerization of a paraffinic feedstock to obtain a product having an

increased isoparaffin content comprising contacting the paraffinic feedstock in an

isomerization zone maintained at isomerization conditions comprising a temperature from
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third conponent is present in an amount from0.1 to 5 mass-% 6. The

catal yst of any one of the preceding clains, wherein the first conponent is
sel ect ed woamddiewsgr oup consi sting of ytterbium yttriurcTaseéenmsssookni um
europium or mxtures thereof and the second conponent is platinum 7. A
process for converting hydrocarbons by contacting a feed with a solid acid
catal yst according to any one of the preceding clains to generate a
converted product, wherein the hydrocarbon conversion process is sel ected
from t he2yj€dap0e’eh sipsisiurg frofm W0dPeitnd) Mi)drod liaeikihoyrly spaseselioeityfitanl 02 i on,

i ffin ahkylation, | j zat i I i zati f.ar d i ng,
nydr ogert@t°d, dbrR B ge kR sy oo s 10 PR LB | PR on,
dehydr atﬂee&eﬁﬂggﬁ%g%{?ﬂlﬂﬁchﬁ)ﬂ&ﬁc@.deni troge ation, hydrodesul furization,

rnethanation, Fring opening, and syngas shift. 8. A process for the
i sonePi ZHhd procest oACkIm&f drignviterfie dusisaudrizagionlsoaditions pomjphiseta terapératyran

i i ff] t ent i S ting. t ffinic .
{Gedst ockomIONE. FAHAER SHIERBE GOhaUNRP i af AL 204 AUGHE 1DRY FOHGBREIT | ons
conpri si tfi’&n‘i‘)_.il %”i%erirf‘; MG RR0frydrBe U Hrescht iﬁ’{tgé isgﬁﬁlrﬁéltfb'i{!z%ﬁé)inkﬁa to 10

MPa and T1 quid hour space velocity Scorn 0.2 with a solid acid
i soner i zahéumt fivat DY i 2Gumoles gemmolk @f &ay hpdepcafbons present In the zdne.and

recovering an isoE& affin-ric roduct... 9. The qrocess .of gai.m 7 8
wher eil i TiePPessie Tof O Sridither GREPESE: YuiE 2 ek Botion PLINE HRATTHRC ¢ o
2500C, a. r . 4 MPa, and a liquid hourly space velocity
from 0.?@oﬁ?%%??ﬁ%ggs\%%ggoﬁgﬁ ee hydrogen is present in the

i sonerization zone in an amount from0.01 to 20 nol es per nole of Co5+

hydr ocarbons present in the zone. 10. The process of Claim7, 8 or 9,

further conprising using at |least a portion of the isoparaffinrich product
to bl end a gasoline product.
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