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CATALYST AND PROCESSES FOR | TS PREPARATI ON AND USE 5 BACKGROUND OF {KEUN 2004
| NVENTI ON [ 0001] This invention relates to an inproved catal ytic conposite
and process. for the conversion of hydrocarbons, particularly useful for
the sel ecti %@@%@d' ng of a paraffinic feedstock by isonerization. 10

[ 0002] This s perforned under the support of t HEET(Y5G2 Pepart ment  of
Commerce, National Institute of Standards and Technol ogy, - Advanced

Technol agy-Rirogrramsoteaperal cvarnydgrae nentesbisrber 1TE0NANBRHIN 3G vihe United
States Governnent has certain rights in this invention. [0003] The

w despread renoval of |ead anti knock additive fromgasoline and 15 the
rising fuel-quality demands of high-perfornmance internal-conbustion engines

have corpel | ed petrol eum BATKEHBINOOF TeEakVEgANand nodi fied processes for
i ncreased "octane," or knock resistance, in the gasoline pool. Refiners

have relied on a variety of options to upgrade-the gasoline pool,

i ncl udi ng h[oobqr-wmnﬂon efba 1 bi %ﬂr@fe@@ﬂ?a@ﬂ:compaaféranﬁ%cé§§ uid catalytic
cracki ng) g@Bﬁ‘ﬁl ne oct an 20 jsonerjzation of |ight naphtha and the use of

oxygenat ed 68?1%3'0”581‘ driegsrbonspRari ey ysafi iy 3‘&33@@0?@“69@%@ severity and

hi gher FCC g@sparafmcfé@amﬁqugmgﬁan a higher aromatics content of the
gasol i ne po e eernse of | ow oct ane heav%/ Bar af fins. [0004]
@

Ref i ner'd ar@og flso #‘éﬁ:‘@?{ WieE RESQIPISE ey theetaPor,pid %%MWW@“PB neet 25

ti ghtened apémmeideyRatiasibiite of SRAGgSandelafdRlyah@neasol i ne differs from
a | ower vapor pressure, |ower final

the tradit onal duct in having

boi | i ng poi IPEPEE'@QEB@H CS"GH?’@W‘F Asrecany NHmbery ONANG OH3%5r Theont ent  of

ol eIi nst 3emrmgmagieoaémmamm ceraﬁ:mﬁ@ﬂ@nqmmr@éﬁnogg/ner aIUI é i's ]pel ngI o
restricte and is 0in refornul ate
gasol i ne. C@@Qﬁjl (g%ﬁr“%%ﬁf"eég r%‘?ﬂ’ﬁ"léifﬁea?j Q”tlkf‘%lagd‘ﬂ‘@ o grseinevaded,

parti culsar | e asngitust-qdahtgtdemanm higfHpBifGmabiseU Ak ingl- &Jﬁfbruaﬁbh@hg,m as the 90%
distillati nten']ﬁ ture are h-boi ] 1 ng portion of

the gasoli FI‘?@V %'ﬁ“\r/%'ﬂ?%%dag@m%ﬁmmﬁgﬂ BSPe$ ©T an aromati cs

concent r at encreﬁedc@ctmso'rmknmk rém@cbe:emetgbﬁahﬁé pclSUNFlwhers pavegeliedf 1 ncreased
R N K R o S e e
catalytic reforming, higher FCC (fluid catalytic cracking) gasoline octane,
20  isomerization of light naphtha and the use of oxygenated compounds. Such key
options as increased reforming severity and higher FCC gasoline octane result in
a higher aromatics content of the gasoline pool at the expense of low-octane
heavy paraffins.

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



benzenel aromati cs content and high-boiling portion will present refiners

W th processing.problens. These probl ens have been addressed throuag}g %2@4
technol ogy as isonerization of |light naphtha to increase its octane é )
i sonerization of butanes as al kyl ati on feedstock, and generation of
additional light 5 olefins as feedstock for al kylation and production of
oxygenat es wshix@edfcC and. dehydrogenation. This issueTaktzemihas been
addressed by raising the cut point between |ight and heavy napht ha,

| ncr easi NgpLingn ki eolbAthy hignebiingdavilesnt relisusreiti zation uni t. The
per formance o I ght

ght - napht ha isoneri zati on catalysts .t is increasingly
i nport ant 'pmce@frigrpmbjpn@g‘&frﬁﬁp@!e'T@d"a[/ﬁ)bﬁﬁﬁ]ad%§§sﬁ.d§?r6%@,%‘g@ Bl teaches
| soneri zat 'e%ﬁn&@%éﬁsg%hi&ﬁsn BYigHOERRRS BSncrésk Rgomareatuaibgst  cont ai ni ng.
pl ati num hal og and a sulfate of alumnum m nesi aq@o%nﬂ{ﬂtr zi rconi um
deposi t ed @omattatomeldutanesas ailatlat%@eﬁ%l?%n@”dﬁﬂ%’aﬁ%‘ﬁ 2ANXAGIE addi ti onal
netal ¢ rrpg%ﬁ,qgl % 194 astddRrof akphtbatand F@a@ﬁsﬁ of dfoates 086G BBG anB1 t eaches a

cat al yst, s use I n Isomerization, contqﬂ)nl n ul fated zirconium 15
oxi de” or hyemnaxiggratiandhis igsug piterubasdiest pIdeses .VFFHE‘QBE%%*%P""P eaches t hat
reduction  of | théreRfe duavay ablaphthh G006]

US- A- 4, 918,bg‘ﬂ“fg'gﬁ?mﬁ%mﬂ%%%&%ﬁgnd IEuroe(ia,nm_I%at R Agg! 1 cation 0 666
109 Al di sddoamezations whit ameamertsamcggfIzghhwhihﬁﬁoﬁ‘sé@“ﬂ” Fé@?ﬁﬁ gt i.on,

conprising.an oxide . ' fndi@up 111 or Goup IV, oxide or
hydr oxi de i nggasdﬁ@d@éor@ég{}?&g?@\% In; almd oxi de or hydroxide of Goup VIII;

1109 aj go ﬂém 0S§§-AER 93EYB BN ABch S IBomerizkiichitof pérai@inio pdregarionfret al s and et al
conbi nati orls,

. 00071 US-A-3, 915,845 Bl disc | yst and its use
conpri si ng ugng a|catalyﬁmwtawwaa‘aﬁ%%'%ﬂ1,a‘°@%ﬂ]§%J\Vﬁg'rgré{ %Fr?'ﬁ'h'gll-ogen and | ant hani de
in an at omgadhailnf and/ér ZbcHiunneeposteLm anthiaid abimigs. The patent2iges 98- A- 5, 493, 067

Bl teaches that 25 isoparaffins and ol efi | Kyd_ &l contact with a
sol i d superdif€loge §%W”§§“et§8?’f‘%ﬂr@8 spf ﬁegﬁ?lgéb%[@gﬁalﬁ?éyﬁg'gg?’g?sni ng added

metal s and gOBkddedh BaaReded its hes rapeiyaion, dsntaining UABAFHPINGIE . [ 0008]

US- A-5, 310, 868 Bl and US-A-5.214,6 017 SRIRPsi tions

cont ai AF ng %‘lﬁ’?f"éf‘@(ﬁo"é‘ﬁér‘eSlp%*lmgfﬁ%fr%?aighgﬁ&?qt?@égﬁé%%%torret containing 30
an oxi de orgf et amindgroah nfetdBisoispfabifaliecl ement, (2) an oxide or hydroxide of

a Goup VI, Vii, or Il netal, (3) an_ oxide or hydraxide of a Goup i-B,
11-B, ill-Apoos]i - UB;A-+,918¢Q41\B1AU§B%-&,P,56-5%I31(64’}105#@%{’1’&?3%% t he | ant hani de

series. 2 OA&JIiC]aliJI% 899611 d@gpﬁéc%g‘é%glfd?@éa%@‘gbﬁﬂ s/ fse in isomerization,
comprising an oxide or hydroxide of Group It or Group IV; oxide or hydroxide of
20  Groups V, Vi or VII; and oxide or hydroxide of Group VIi1; 109 also discloses a
component from a list of Group Vil metals and matal combinations.

[0007] US-A-3,915,845 B1 discloses a catalyst and its use comprising &
platinum-group metal, Group IVA metal, halogen and lanthanide in an atomic ratio
1o platinum-group metal of 0.1 to 1.25. US-A-5,493,067 B1 teaches that
25  isoparaffins and olefins are alkylated by contact with a solid superacid such as
sulfated zirconia optionally containing added metals and containing added
heteropolyacids or polyoxoanions.
[0008] US-A-5,310,868 B1 and US-A-5,214,017 B1 teach catalyst
compositions containing sulfated and caleined mixtures of (1) a support containing
3¢ an oxide or hydroxide of a Group IV-A element, (2) an oxide or hydroxide of a
Group VI, VII, or VIil metal, (3) an oxide or hydroxide of a Group i-B, I-B, I-A, 1li-
B, IV-A, V-A metal, and (4) 2 metal of the lanthanide series.
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10009] US-A-5,212,136 Bi discloses a solid super acid catal yst useful in

al kyl ati on processes conprising sulfated and cal cined m xtures of a O@é
of an oxide or hydroxide of a Goup JV-A el enent, an oxi de or hydr&(uﬁ@’ 4
nol ybdenum and an oxi de or hydroxide of a Goup I-B, 11-B, 111-A, 111-8,
IV-B, V-A 5 or VI-A netal other than nol ybdenum or a netal of the

| ant hani de ¥W@0§/€842¢ SUMVARY OF THE | NVENTI ON [ 0010] A pemisozssof the present

invention is to provide an inproved catalyst and process for hydrocarbon
conver si on[0682ct | WPré:-5, 221368 disaloprsesalidl sereeacipealdyshusaifirent i on is to

provide i mpjayed ptrc?cggé?eglc&giéns i SR sHl?&é@Qr?d %gx'éﬁ %ufré’s % &gﬁ&{réf%ﬁ A more

specific purpose’ls nproved catal yst an ocess for the
i somer i zat ¢xide @thyiogide Ofrmﬁmlhé/ t\@leﬂwn’aan oxidhdrgydrogdepie gasol i ne conponent.

Thi's i nveng, ofibad q%nf@ﬁc?&h %etohﬂ%£{:>§&90 ey eJ‘Pé % %?Mhlésfv §QnhaI ning

yt ter bi um an num co SUpér | pérfornmance and

stabilisty onﬂlﬂmeﬁaﬁﬁh&rﬁhmwl@demﬁm o] agtm’etahramalhmharmia sem&aase its isoparaffin
content. 15 [0011] A broad enbodi nent of the present invention is directed
to a catalyst conprising E&JWR\&OEJF@NMENFIQN an oxi de or hydroxide of a

Ceaer 7 Iﬁ)ls)‘t"Hc %%Z% e%h@gﬁesgﬁt%vgﬁ %/W;drﬁt? &e By Y07 on de

| east a fi enent or yttrlum
conponent , amo%ﬂss W@@stﬂm@ar@m@on@rmw@m Aﬂbtéefn@fm%pfdhﬁ! num group net al

conponent . , Ihe,{ Hvéﬁfon?squ%(}‘ag mp?f)\%.fd%d%m)lx ﬁéré&esna% Q%o & Single

| ant hani de-series e rrrurn an he” seco conponent preferably
consi $0s ofasalins. Agh@epm@:ﬁlpnmsyrt@mrM%an 1mptoe¢da¢aéﬁb3r9yanctn1i@ceﬁ$rst conponent

oy et ! Aol G RBARRTASaih 8 nigh By, solﬂé%oﬁw?&ﬁénys'[ optionall'y

cont ai ns an 1 norgani c- oxl especrally umna. [0012] An
addi t i onal Thisribuenitiee isbas#d ertise tiscavatyitha aicetalysteeniaong stterbiasad ng the 25

catal yst, it SIHBREO Foliesuiblith bBfbribkeGhauRaliy FBt al oxi de or

hydro) dde,” 1 ncorporatin conmponent, a hani de el ement, yttrium
or any ni xlﬁQm%ﬂzat'mfémtnaﬁ'ﬁ@tPW@f@é%éﬁlaoR?@ﬁﬂbWéWﬂt a platinumgroup netal,

and prefer bi ndi n t he ca st with ef ani c oxi de.
[00131n @ﬁﬁﬁher‘& l&rgf)% bodipen ﬂb%ﬂﬁ%ﬁmﬁ( ?lssdégé%%(g{?\/aeﬁa?ai%ﬁg hydr ocar bons
30 using témm@hgla)salfat@fsdpb@t mfr:me:nitje onhydfdmdyeta Groupliéd (lePbod) ment, the

i nvention

the catal y@?taggretferfghﬁy f W?@H’P |° S“’H@ﬁ l:eggtt? fﬁsglcgr%g?ngép ab ‘;hogg?rgﬂ] :euls: gﬂt
napht ha wha @hihanide Glemedwmﬁﬂcdnmwém%ﬂ@@a@@'ﬁ&mmmﬁl@mﬂt i sonerized to
i ncrease ifg.d $8RAALblb GO8f SRoRR RS HRATEMBIIBE brdtsadly SARRIS' ne
20 of a single lanthanide-series element or yitrium and the second component
preferably consists of a single platinum-group metal. Preferably, the first
component is yiterbium and the second component is platinum. The catalyst

optionally contains an inorganic-oxide binder, especially alumina.

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

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

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

binding the catalyst with a refractory inorganic oxide.

[0013]  Inanother aspect, the invention comprises converting hydrocarbons
3¢ using the catalyst of the invention. In yet another embodiment, the invention
comprises the isomerization of isomerizable hydrocarbons using the catalyst of the

invention. The hydrocarbons preferably comprise light naphtha which is
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bl endi ng stock. [0014] These as well as other enbodi ments will becone
apparent fromthe detailed description of the invention. 5 BRIEF

DESCRI PTI ON OF THE DRAW NGS [0015] FIG 1 shows a plot of the percedts JUN 2084
conversion of pentane versus the ionic radius for 8 coordination of a
series of catalysts where the first conponent of the catalysts was vari ed.
[0016] FI Gwgdoshee a pl ot of the cycl ohexane conver setmusm/asrsus 10
tenperature of a series of catalysts. Catalysts of the present invention

are conpar@hehifed BfiRi 136 fs BataAdtitSdontenRIRIACldRD nlinGE s B TaSMnEF THE | NVENTI ON
[0017] The support material of the catalyst of the present invention

conpri ses bigRdiBg stgek.or hydrOX| de of a Goup IVB (I UPAC 4) netal, see Cotton

d Wi ki Ad & S Fifth
20 VO3 BRI e P e & S (T

titani um \etahedddseimion ot theimentioespeci al |y preferred. The preferred
zirconi um oxi de or hydroxide is converted via calcination to crystalline

form Sylfate is COWO%F&WD@QCMP?:W@PQHErmmmcm to form itis
believed without so limting the invention, a m xture of Bronsted and 20

Lewi s aci d [8015ks. FIE. d shpuna Bt & fhepercgnt aeaYareien efenigle Wirhedhe i s
i ncor por at %rd AkAs idr ggggﬁmlotf £ sdhes %f‘:‘:’até]%‘té @ﬁ&r@th@ﬁ%ﬂ&mp‘bn@hﬁﬁ i num gr oup

nmetal conponent 1s to the catal ytic conposite by any nmeans known in
the art t o thef Gadlysiawes vagigd.al yst of the invention, e.g., by inpregnation.
Optional |y, thectal i th a refract organi ¢ oxi de. The
support, Slwagie o‘%ﬂBSHgﬂtescyﬁ‘Wbexi%ecoﬂwg?clhoﬁ(%rls%sger may be conposited
in anyigr d@émﬁrétefétdﬂa%ehés oepRsts Catahatsalf fhetpresesBfiuehtidnare t he i someri zati on
of hydrocarbons. Lor % Prodpction of the support of the present catalyst

may be bas&8MBAed WRiICABYSP a Group 1VB (I UPAC 4) netal as raw

material. For exanple, suitable zirconium h}/drom is avail abl e from Mg

of Flem ngton, New J epﬂﬁlLEQ@EﬁqPéPﬂ@NQfeT@E NENTSNr oxi de may be prepared
D oS TR ek S o175 BT sl B Fo ) bl S
the |ike. NatgidbRahydreiaeed: aiGoupdVE(I0FRZ 45 mRtaises Cattcm aydeIkmm anount of
HF, 1 weight percent Zi rconl u k‘hﬁ% %on ﬁ%ﬁﬂ?@ ny] acetate and
zi r conitm ASVaERInsaRia E'E’L%. }3‘ ¥ P81 s can be effected
using a Preferably, the metal is seiected from zirconium and titanium, with zuconlum being
especially preferred, The preferred zirconium oxide or hydroxide is converted via
calcination to crystalline form. Sulfate is composited on the support material to
form, it is believed without so limiting the invention, a mixture of Bronsted and
20 | Lewis acid sites. A component of a lanthanide-series element is incorporated into
the composite by any suitable meéns. A platinum-group metal component is
| added to the catalytic composite by any means known in the art to effect the
catalyst of the invention, e.g., by impregnation. Optionally, the catalyst is bound
with a refractory inorganic oxide. The support, sulfate, metal components and
25 optional binder may be composited in any order effective to prepare a catalyst
useful for the isomerization of hydrocarbons.
[6018] Production of the support of the present catalyst may be based on &
hydroxide of a Group 1VB (IJUPAC 4) metal as raw material, For example,
suitable zirconium hydroxide is available from ME! of Flemington, New Jersey.

30  Alternatively, the hydroxide may be prepared by hydrolyzing metal oxy-anion
compounds, for example ZrOClz, ZrO(NQg)z, ZrO{OH)NO3, ZrOSQ;, TiOCk and
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hydrol yzi ng agent such as ammoni um hydroxi de, sodi um hydroxi de, potassium.5
hydr oxi de, sodium sul fate, (NH4)2HP04 and ot her such conpounds knowq%g &‘%4
art. The metal oxy-anion conponent may in turn be prepared from avai HJ
materials, for exanple, by treating ZrOCO3 with nitric acid. The hydroxide
as purchased or generated by hydrolysis preferably is dried at a

t enper at ur e %P 03/42p9ém 100 t o 300C to vapori ze volatil e pon@enss. 10 [ 0019]

A sul fated support is prepared by treatnent with a suitable sulfating

agent to forthe tkesBbtedhat commgraiat Zdo(OH)cpondina @i sifpifickdsecsntr@n§t h i s greater

than oul f U Bl o BB ST ch SURLAG i AW Of | Tauid

super aci ds are ure I'Rg s
e.g., trifl yoopomde imay besiabd s welt. §tle hizBibhis ¢ani el affectadusingad erotic aci ds

activated b termn t on of the acid
strle\rllgth of)ﬁy mﬁgggpngfs’%é*% ngrP%rﬁh?J:\%qe \é\gi?rﬁg?@ﬁ’ﬁi%rp P%l,‘mthe exact |
aci d st r engthydrokide, ssdiuimdsuifate pihdiapd PO, arsl alivdrfsuchuddmtoands knewh inthe measure with
an recisi ca f e efined nature of.the rface state of
ol BT er nirk, D RER o StanidNpobRdart By Mol vt Rl o s

Accor di _ngl y,maténaltsefarsxarmplg,ézyeneahrig/Zr@ﬁE)b :Nﬁﬂbitl’&: i Thé mdr@muelmt wee_ndl | qu:c d 23
super aci ds S, Suc acid is foun
toIO cat al yz%n%hgée)egccglg érgtteﬁ b?@yé‘jrg!y%s prg %bg's'ﬁgﬂﬁfﬁ t%BF?raﬁgetD&ong aci d which

one can auﬁmrra‘tdOdaBO@”th@mlzeoolatmfcqmpmundd. he sanme reaction. Therefore, as

wll be used in this specification, "solid strong acids" are those that
have anl@ci d00€} en@ﬁwfat‘ijjr%’&?@'i istireaTest yfsainenkwithia suitablesuiaion as

A”be”ys'f(r\)ﬁﬁéétofbﬂﬁ'atéoﬁd‘ﬁ nﬁ’acﬁ' n&@daédstw.»ﬁshéng%é £SWRL 10 the

literature et her sone of ese solid acids are superam ds only the term
sol i d st ron§ulliEic @ciddavrbeandarmasosuperdcids” enyniad of knsidsguperapdseier way t o

define a S0|kh&vr§ﬁ1ﬁi%lﬂerﬁﬁ!r@mbl§dlﬁ% §|SHsthte@(|?)P6?|E'a§|Uan d)ftnﬂdd?én%tmt' ng protic and
Lewis acid sites rong aci ds can ombi nati on of a

Bronst ed ( prHisyaied Hadritin gcid apgpiclc %‘F%ﬁ%?ﬁ’?‘ffb‘i’i@#ﬂw's ﬁwsdt"ﬁ@WSBO cases, the

Br onst eds ang@rlyewisiedMetedmBaionos et siddt@nfiflor rcﬁmdpxrabla%trél&mq or present
as distinct sgem es, yet they neet the above criteria. [0020] Sulfate ion

i s incorpor &F @"'qoﬁl’%déh?:ﬁ’@ﬂ ‘i’%""d‘@?’f’ﬁ%élsf"@ stjopg agid isffiffiedt Ipdirectly eat ment with

B L S e bl 1) S 0
rom 0, 1- ounds such as
hydr ogen sufeeR SO‘r‘Fé rE'éi‘)‘teafﬂi‘%{"' SveigH "zﬂ’ec?kleaéoundmce are capabl e of

form ng sul haécﬁdmgmahmmm@netaw aqgmcarmycdnelae@fpbaw@aw lR@id al ternative
sour C6$2 Pr %Epeerrg}:lésy and sn]?sr;}ro%?aglgs Luactl'lethait?f aEiHBilti %Xger acid ;43 {OOV. t%e sulfate
catalyze a reaction, there is no corresponding solid strong acid which one can
autbmatically choose to carry out the same reaction. Therefore, as will be used
in this specification, “solid strong acids” are those that have an acid strength
greater than sulfonic acid resins such as Ambeﬂyst®-1 5. Additionally, since
25  there is disagreement in the literature whether some of these solid acids are
“superacids” only the term solid strong acid as defined above will be used
herein, Another way to define a solid strong acid is a solid comprising of
interacting protic and Lewis acid sites. Thus, solid strong acids can be a
combination of a Bronsted (protonic) acid and a Lewis acid component. In other
30 cases, the Bronsted and Lewis acid components are not readily identified or

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

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

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



lons and forma solid strong acid catalyst. The sulfur content of the
finished 5 catalyst generally is in the range of 0.5 to 5 nmass-% WJUNZUN
preferably is from1l to 2.5 nass-% The sulfated conposite is drie
preferably followed by calcination at a tenperature of 500 to 700 C
particularly if the sulfation is to be followed by incorporation of the

pl ati num grwogmeteal . [ 0021] A first conponent, conpriusg2811e or nore of
the | anthani de-series 10 elenments, yttrium or mxtures thereof, is

anot her -esg@mo. aBNowﬁmmwsmh at hgdrogenaalédd, meataplags or. sulfurciioxided i n t he

| ant hani de les a cer ym um

pr omet hi um% M%?W#QB%%%W aﬁd‘&fﬁlﬂpﬁ%‘ ﬁﬂfﬁmﬁfﬁg& ummagyé%%gm um hol mi um
erbi um t huhbmstive $biiressh Pramaraing ahuicsiumusuifatBiseinepioyed to pravidewulalde seri es

el enent s mcludelutet r bi thu r bi ium 15 terbium
and m xt ur ENSERE fAIFE SOWTJ‘@%?E@C?@H&] TR %ng;tglﬁl E@gghﬁpﬁe?nent of the
presentsg Cafcéiaw&tgen?r:ani/ i In th@raﬂg@em Sid 5ymapseb mhti@daférbiaiy istfioss ftor st conponent
consists essentla yrrer C onent may in
general be Zp?'@éss'én'[helsH'f@tﬁ‘é F%/'PPE“—"@B"%&S [5'”8“(1 gggﬁgl a?tﬁ)ﬁ ically

avai | abl e fa%rﬂbéra% cﬂ%@dj RE700€ wrmilaay ﬁﬂ‘iatsalkahora«sc@h@fmumbdstmh as the oxide,
hydr oxi de, _hal I de, hal i de, 20 carbonate or nitrate or in chem cal

conbi nat i or‘f"‘WH"Fﬁ“G’h@“ PIRBIEGPUR HE®Gt her i ngredients of the catalyst. The
first Conpﬁlgtﬁﬁ tl éflgf AR, ogﬁbtngﬁggﬁ rHbre bﬂﬁ@famﬁﬁﬁhé bdriewi th platinum a

sul fate G FES a1 e materials are generally calcined
bet weent 60@leamehts7 GO TMaormiktes thateaf He anothed esdestiarompagBiRiKe t i s not

i ntended { , 88 @Rl B ARbAdRB! 4 ntlchuhSoddghn] eved that best

resul ts 25 PAFE rst conponent is present in the
conposi t e ipnasaodyomium, neheyrsium, probsthiam Batharyima pyrogim gasoiniihani de or yttrium

conponent 't%bwﬁo?v%pﬁ%fugﬁwmm %ﬂ}n@ t@m%eyhﬁ'}%gﬁn Ma ,gtgﬁ”ﬁlpeé'fg,r,\;(al state such

as in the f ['1d in a m xture thereof
and the submmwmetsleyemmsae@uwmmmdﬁeraw, thﬂ%h@fh'%f@%s that are

preferaply téﬂ%%ﬂ't .'algbertgﬂﬁré% Q%faé’ﬁ%suﬁﬂs b Rfst d?@fbﬁéﬁcdﬁﬂioﬂéﬂfbf the 30 conposite

are specifica to achieve this end. The Ianthanlde el emrent or

yttriumco rm@eematabah ab@lt isresprgirdly ateéaired thabthe fiist amRANERYCONSIIS Y ampunt  whi ch
s catal Y Gatiiy o‘?‘fagrﬁ&rbnh?ﬁ%om%hér@h*h)é fifsF QMBS e irlGeriamsBe feb-ant hani de or

yttrium or he catal yst. on an elenental hasis, Best results
usual |y ar eenhiphhesaiaiytis composiein arycataiiisaeaeiaiiple 388%® 27577 with 0.5 to

5 mass- % | A N tfla o Burk'f@ucﬁﬁé fhidlobig, thy @rBxiae) h@ltdén&whaide basis. The
preferred atomc ratloo | ant hani de, or ytfriumto pI um group netal for
this 20 carbonate or nitrate or in chemical combination’with one or more o e o her

ingredients of the catalyst. The first component is preferably an oxide, an
intermetallic with platinum, a sulfate, or in the zirconium lattice. The materials are
generally calcined between 600 and 700°C and thus in the oxide form. Although it
is not intended to so restrict the present invention, it is believed that best results
25  are obtained when the first component is present in the composite in a form
wherein substantially all of the lanthanide or ytirium component is in an oxidation
state above that of the elemental state such as in the form of the oxide, oxyhalide
or halide or in a mixture thereof and the subsequently described oxidation and
reduction steps that are preferably used in the preparation of the instant catalytic
30 composite are specifically designed to achieve this end. The lanthanide element
or ytirium component can be incorporated into the catalyst in any amount which is
catalytically effective, suitably from 0.01 to 10 mass-% lanthanide or ytirium, or

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



catalyst is at least 1:1, preferably 2:1 or greater, and especially 5:1 or
greater. [0022] The first conponent is incorporated in the cat ﬂl y}chmm
conposite in any 5 suitable manner known to the art, such as by b
coprecipitation, coextrusion with the porous carrier material, or

| mpregnation of the porous carrier material either before, after, or

si mul t aneous¥oosasty sul f at e t hough not necessarily w tAcTegunrwat ent

results. For ease of operation, it is preferred to sinultaneously

i ncor por at ewith@5 td amahsa%ilwmdermynrium caltulatédon am glémeriid basis.fThee. 1t is nost

preferred ncor at I pent | ast. As to
the | ant han‘i’raﬁemg‘g?{%% rgﬁ’ ?78%{1%% ’dB ”Pl urrg]ra{?% ﬁgﬁﬁng@ﬁﬁﬁﬁ} group netal, the
order bet wemtalyshis aﬂnastdo‘eq;rafmablwaWer greatsi, gnd éspecialy 5t ingrakdater] 0023] One

met hod of depositing the first conponent involves inpregnating the support
with a sol uoPA (Jhefliet eamrpnerirpessoraed i thretaigie SABPSB BIAUnd 15 of the

| ant hanisde ShEEHonfé EhATRI o b At UpreBiiator eomasabl mvi e meant t hat

upon heatl ng, ant errent 0 ttrium conpound is converted to
t he | ant hanpaieusctagies metasgl, grimpregration @fr?bwor@vs EKiegmalgileittdie rel ease of

byproducts. , EH)YEUB?IEE%R‘EI g eoﬁ%&ﬁ‘%ﬁﬁ@% ﬁotﬁ@éﬂ%@éilﬂﬂﬁth@quﬁﬁl%t' ant hani de

el enents are suita ani‘de corrp exe or corrpoun S such as, nitrat es,
20 hal i des, regulisf EQregse @I@@e@tt@*s it ischreferdtio aimuiprecusly BERe8E4Ne and the |i ke

conpounds. |al:|:£H§n[&é éléﬁweﬁ%%ﬂﬁ%thQ%'sJR%e Ifr@rrﬁc@fﬁéfﬁﬁed Rliokdofsarrier either

prior to, taneously"wth, or after F ati num group netal
conpondft taepr@bmgwgmp metaémsntﬂa,ﬁt \&Sttththeéﬁm hpgide seriesS@mMasor [ 0024] A

second comagy MR, B brikr betFecAnePRdRMES Adt hbvtas edi ent 25 of
the catalys G@hﬁ?‘eﬁ%ﬁ%@%@nﬁ? corrpr';ses at | east one of platinum

pal | adi um $1§1ﬁlfl¢éﬂ1i'(ﬁ1ﬁfi0t{ hodium iridium or osm um pI atinumis preferred,
casent al | yioBEp! Tamited SikRosiee e BB B BB oy oxi ot
within the thersaﬂ)pcfrmlai ayédlunon(m@femb_lquuwsﬁofcaajmmumkable@hmeurmh oxi de,

mor e oft5t nedldonaptENgs aTEn € ohmerisr R eoirBaERidakean, 1 "R
t he range omaprmmr@aﬂhb the lahthanidéoaienant optirigm capperdas conyergsidnent , on an

el ement al %3 iaﬂtqa bc% #) rn?en?%);ﬁﬁi Um%?e%en‘ grs&*c{eﬁqltﬁ tfe ﬂrétagé S'fed when

subst anti al i'numg present in the el enental
state. 7 0 uypamm\lc@ommsmv@eme@6mmmu%7of[tmgemamd@ second

conmponent, aeﬁnlef% ianu:H:ﬁt%Ié) HRth%&@éon%%@Q&%Emcﬁrﬁs such as, nitrates,

20 halides, sulfates, acetates, organic atkyls, hydroxides, and the like compounds.
The first component can be impregnated into the carrier either prior to,
simultaneously with, or after the platinum-group metal component, although not
necessarily with equivalent results.

[0024] A second component, a platinum-group metal, is an essential ingredient

25  of the catalyst. The second component comprises at least one of platinum,
palladium, ruthenium, rhodium, iridium, or osmium; platinum is preferred, and it is
especially preferred that the platinum-group metal consists essentially of platinum,
The platinum-group metal component may exist within the final catalytic composite
as a compound such as an oxide, sulfide, halide, oxyhalide, etc., in chemical

30  combination with one or more of the other ingredients of the composite or as the
metal. Amounts in the range of from 0.01 to 2-wt.% platinum-group metal
component, on an elemental basis, are preferred. Best results are obtained when

substantially all of the platinum-group metal is present in the elemental state.
7



deposited on the conposite using the sane neans as for the first conponent
described above. Illustrative of the deconposable conpounds of the (p} gf§ et
. group netals are chloroplatinic acid, anmoni um chl oropl ati nate,
bronoplatinlic 5 acid, dinitrodiamno platinum sodiumtetranitroplatinate,
rhodiumtrichoride, hexa- amm ner hodi um chl ori de, rhodi um carbonyl chl ori de,
sodi um hexaoiokenziodat e, chl oropal | adi c, acid, pall agdwwsenisori de,

pal l adiumnitrate, dianmm nepall adium hydrOX| de t et raanmm nepal | adi um

chl ori-de, é@]chlme@e&gﬁtc@mpédew a@mnmm—lgemao‘rﬂtacbc@nmna@tt '8 (111) acid,

ammoni um hexachl oroi ri date 10 ammoni ETelHs] oiridate (1V),
r ut heni um ﬂw@&qﬂrﬁ ﬁa@ﬂposr\%%@)ﬁ?‘%?%w{‘ﬁ%ﬂ?a#% hexgz}%gnﬁgmr?gf ut heni um
chloride, Qgsudibed ddol& mMuetrime oaﬂné decmeallecaspaUNLs dﬁh@dé@wmrhe second

conmponent, a platinum group onent i S support either
bef ore, af gEHp Mstals A P&?Péaé‘ﬂ”éla(]" W"?’Hod"érﬂlcwgfag%h th emﬁllcr st conponent

t hough ot .88 Ao platiflre edivaleniitophlis, rhcb@unlBiCh@ldﬁr eferred that the

pl ati num group conmponent is de osj.ted pon either after or
si mul taneohgﬁwammt%f@m“f‘h@'@”gﬁdmiﬂur? il ny:l g‘f&r@%%%g'n@nt 10026] I n addition

to the fi rﬁ{a &ﬂ%r}%ﬂﬁ@%l@r@ﬁmﬂiea@a maasiem chibkde; pelabipetnitealss  opt i onal |y
further inc ude ath conponent of .iro

A41eni um or

m xt ur es tﬁ@rrmﬂepal"a%vmhgdra%*%% éﬁirﬁé@m”&ﬁapﬁdw&” ?ﬁ%ﬁeh@xg@rgpesent in anounts
ranging 20 {4 Qéﬂj %e%aétﬂbr@lnaﬁte (Iﬂ'f)a@id anmehiameekadhidoeigdate (fhe third conponent,
such as |ré) unct'ion J the first conponent,

such agoyt tamnnﬂmm a%é@&&?“iOFP’”dFWéR@%Hhﬁﬁ'meqnPééﬂfon 'on. The third conponent

may be dep@sii®fbrSihthge, %@Qﬁﬂ@ruth@fmcmlbrmesamumﬁmﬁbﬂé%a"fcbr the first

and second conponents, as d bed bove d conponent is
iron, suit PNy RHBYRILIQH e?ﬁ%ﬁ”ﬁ&%’“?‘?”ewg@‘amﬁ g&ah;s iron halides, iron

sul fate andoARY¥nM, F@agp‘ég{eufbhmd supporceithpchafae, mQOQqumqfﬁéeQ}tﬁtya‘f"Ptl c conposite

descri bed above can be_use owder Qarlépﬁgbsm@q any desired
shapes sucﬁuﬁ@eBPWPfsthe@é@?poﬁwgﬂ'&n&’ressaqg%m%qwr anul es, _spheres, etc.

and thgﬁ ey ,Qg.rgéaltﬂaltm@q;tammrﬁegmupammpmahmd@m@d Onhlée supBPrbe®et e i s for med
"into the

artlcular a |l the art. In 30 making the
vari ous shé}ﬁééorﬁ'm”'ﬁﬁ?ﬁﬁ@ “@Eg'i’l%ngm%e ﬂr&g% ﬁ‘e Hgglnpom te with a binder.
However, ' ithogByst Ibaidrion fete ﬂ:e’ohrﬁfsad:orﬁhemome@t%ﬁ?mw BEVFHBY and

successf ul | y . use t.h b ﬁ ickbeReimlopyed, usual ly
conpri ses fqpﬁﬂ?@yg’wﬁ””cg‘ﬁ#e qE'dQ?% Bp%n-f[gﬁa [y r(?rln to 20 rnass % of the

finished cahiluysstiherdbiciaris pBfe@rdd, Jobith20on mmb@@mztm@ﬂ%ﬁ "SRG 27577
»0  from 0.1 to 5-wt. % on an elemental basis. The third component, such as iron, may
function to lower the amount of the first component, such as ytterbium, needed in
the optimal formulation. The third component may be deposited on the composite
using the same means as for the first and second components as described
above. When the third component is iron, suitable compounds would include iron

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

[0027] The catalytic composite described above can be used as a powdgr or
can be formed into any desired shapes such as pills, cakes, extrudates, powders,
granules, spheres, etc., and they may be utilized in any particular size. The
composite is formed into the particular shape by means well known in the art. |

30  making the various shapes, it may be desirabie to mix the composite with a binder.
However, it must be emphasized that the catalyst may be made and successfully
used without a binder. The binder, when employed, usually comprises from 0.1 10

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



teaches that any refractory inorganic oxide binder is suitable. One or nore
of silica, alumna, silica-alumna, magnesia and m xtures thereof gar )N 2004
suitable binder materials of the present invention. A preferred binder
material is alumna, with eta- and/ or especially gamm-al um na being
favored. Exanples of binders which can 5 be used include but are not
limted to ANUWOHA2 silica, silica-alumna and m xtur estushierseof . Usual |y

t he conposite and optional binder are mxed along with a peptizing agent
such as HC teadhiOmat &GHefrattery inotganio pxislesbindarisgeiialtr ©ngioxaie® which is formed

into a dESiéc’ijfég,eajg{}ﬁiﬂg,.sﬁiléa-faf?:%ﬂa?ﬁg@?fﬁ%ﬂ&ﬁb{tur%‘ﬂéﬁd &e biBbRbInder These form ng

means i ncl u usion, spray . oppi ng, marumari zi ng, 10
coni cal scrreatenslxofits present irgrntionsh peferrecbindar mestarabs gbming Witelerder s and

extrusion r : m b o)l ! r{[&hc%water, if
any, is ada%&ﬁfgg%cﬁy%@(@%?g%%@gﬁv égkt%@:ﬁggbfﬁnuse , en the mxture
shoul d Ise ibe ushe inclwdebuff ara notdioterhto alvrinas aiica, silicepalsyinalagd MKtUERS oi | dr oppi ng

|5 used, theLeS"OUM #R! BmoBSRMRY oét@:n%?}rngﬁ%gmixeid%#oﬂgg@ﬁato forma slurry.

These particles are cin erature o 40 to 6502C for a
peri od of (peptizing @oanbsuch as HIN2BIO0sTHE@H, . 4 fpeni 8 hopgrsePysasxigre t he present

o ee AL ihen PIE BERLE AboBly RIHAE reBneWBRkLAR rffifabe, Used oo

catalysts in drocar conver processes. cination is required to
f or m zi r corThese toxinihg nMieapainciuide edmBiamshag dojigdel dregpindo®aiB8Rzithbnver si on

processes AficiRclevk ARG, 4 BBt itfide A6k URRJBIARY Eisiohy dr ocr acki ng,

al kyl ati'on © ar o 1CS an I'sopararfins, isonerization,
pol yrer i zatjiresses.ridledonmiimgyneahswalkdateyming Paw oweh welesif any.desipgd &yenat i on,

transal kyl g} %urg.emugy#y Byt is BCH, fh b mAdER 0k beth ne foAbod reat | ng,

hydr odeni trogenation, h esul'turization, nethanation, ring opening, and
syngas shi fdoupihodwesensdf spEyalning a ofl drappingia usash Hien coPHEN AT PBRESt ypes 25 of

f eeds, whi : i th in U S. Patent
Nos. 4, 310%&28%%&@“@8 Ziﬁ)go@?‘f&%?&)&rﬁgﬁﬁﬁﬁgs %ﬁgggﬁ%ﬁ gt?{ed by reference. A

pref er riéd Hpoperahwdeii268Ynpa59Toier ppasied 950.5 & 2 has.soneri zati on of paraffins.

[0029] In a _paraffin isonerization process, conpon t egdst ocks

boi | i ng vvi[pﬁqaﬂ tﬂjgegggggﬁﬁecgwégesc tﬁ]en pﬁ%sregp:‘) 'P\ﬁés}‘?igﬂa%ﬁ‘tehe%gs, and
aromati cs, @nthesiayd IP aferpraicratiomabh Enoset gsofat@ysd iimdydBestiot ocks whi ch
may be utilized include strai.ght-run naphth [ jne, synthetic
napht has, t‘F?QY?fﬁ'P"g%[g%qsisﬁse,éaq@%%'gP % ir%oaLﬁ"F?/ t%?é'&mkggé&éé@#olo?iﬁéﬁwggrti ally

ref or med nagrobdiam hydroxialf iHydtoesrbbm comvemion masessas aré wal snaven iwshe The

Bgleggg%%g &3 %ﬁ@b%&@%ﬁa&éﬂﬁ?%mﬁ&u@( éil%tiﬁﬁn&eb&f'l gronaf'iEs‘]EM 2004 WO

isoparaffins, isomerization, polymerization, reforming, dewaxing, hydrogenation,
dehydrogenation,  transalkylation, dealkylation, hydration, dehydration,
hydrotreating, hydrodenitrogenation, hydrodesulfurization, methanation, ring
opening, and syngas shift processes. Specific reaction conditions and the types
25 of feeds, which can be used in these processes, are set forth in U.S. Patent
Nos. 4,310,440 B1 and 4,440,871 B1 which are incorporated by reference. A
preferred hydrocarbon conversion process is the isomerization of paraffins.
[0029]  In a paraffin isometization process, common naphtha feedstocks boiling
within the gasoline range contain paraffins, naphthenes, and aromatics, and may
30  comprise small amounts of olefins. Feedstocks which may be utilized include
straight-run naphthas, natural gasoline, synthetic naphthas, thermal gasoline,
catalytically cracked gasoline, partially reformed naphthas or raffinates from

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



a full-range naphtha, or within the boiling point range of 0 to 230C.
Usually the feedstock is Iight naphtha having an initial boiling pdgniNA)04
100 to 65C and a final boiling point from75 to 110C, preferably, the
final boiling point is less than 95C. [0030] The principal conponents of
the preferred feedstock are al kanes and 5 cycl oal kanes having from4 to 7
car bon at ormeo prrzosm| ecule (C4 to C7), especially Cs rg/uss2ighd smal | er
amounts of aromatic and ol efinic hydrocarbons al so may be present.

Usual | y, t hefulbmnge naptdid, onwittfin 107 bailing neihtanes Ofdbrﬁ?)%?%ﬁ{@uﬁ@ theess than 20

% of t.he I to the total
Content i fonisscr SRBT R A hBTb A RO PR A, General Ly
cont ai ns bdioma@ponmﬂrcm #ido 400° Ei‘alsrsﬁembkvﬂheﬁr@al b@@gmﬂniﬂsl@sﬁynﬁérﬁt henes and

aromatics. The aromatics contained in the ngea ads ock although
general |y dR@0ht i A PEGRsieomneasnts pidne RIPleHRY Eh@y%? F&a s,

conprise frcgabékér%s%gvnﬁﬁiﬁ&n%@?darﬁw RoHS bt dlecufer(OMoT:}, GspkBiallRS s- "% of the
total. Benzéne usually conprises the rmm@ﬁgyc?gqa tlcs conf)tltuent of the

preferred fEdelSeceR SW@[&B%SG?P&P‘ISW HPBAl ARl OpBASHIARPE of tol uene

and hi gher - paichi wguélryQH@t:brs‘c@nffmbﬁbmtahehbmdrbagpdsr@me@lessdmo bed above.
[ 0031] Cont'acti ng thin e isonerization zon fecged using the

cat al yst |W@Sf%ﬁéﬁelﬁ@és@%%ﬁ?uﬁtwrﬁﬁoBféﬁ‘(?'f'§y’§‘ft%’l‘?1th%1t°‘laf "2 ed- bed

system or i ke f@e&%ﬁicﬁhréy)émﬁuyaﬁﬂﬁrﬁ&dsoﬂne reatbaiegbnbelly aysiremeineepr ef erred. The
reactants may be 20 cont'acted with t he bed of .cat al %/%&F articles in either

upwar d,10doviair4P, mass-t abipuefics cermpipnaeRhiENes FAE apomal ARE'Se in the

l'iqui d phas@ntafedin@ nhpistha fée&ﬁmralth&]@ﬂf‘g@nerﬁlry ﬁndﬂﬁw to [mbathen Ween contact ed
wth the catal ys;@g)artlcles wth e resu; bei n t ai ned by

appl i cat i oralanes ard pcloakanes; W@\é?ﬂm%’ﬁe ‘6’“ t‘b?q mars "f”filnﬁ’ﬂﬁ ud hase
operation. gies tosméészﬂtdf%t@talnsemné lib@allyfbompﬂw%glh@prMeaﬁt or or in two or

25 nore separate reactors erebetween to ensure that
the desi reﬁio'i‘ét&ﬁﬁpi’si'é’tef‘b‘i’fvvﬂ QF%{ifﬁ?‘g?chE %ﬁ?’?‘?‘ﬁ"é?lﬁ%w' Sn}aﬂ% entrance to
each zqme. anfdMptst tdlRne arnaa@h@rr Soiling Srofratidsaviain the oijpgedrees ed to enable

i nproved isonerization through control of individual reactor tenperatures

and for parqels‘éﬂ bed 2PSY& st  repl acement without a process shutdown. 30 [0032]
| Sonerl zat | g O”Q;O‘h{a‘a \blwtp&sbzﬁ b BhbORay RiedRaLLAEEeact Of

t enper at ur C. Lower reaction tenperatures
are gener aialtqbyspma‘fe@ﬁ-bdd ﬁYﬁt&mﬂ @éﬁowr’@‘bﬁéﬁltﬁte”é(ﬁﬂ“Fq’zl?Fﬁbﬁ'i‘rﬁfﬁ% GFBs havi ng t he

hi ghest 10 %%%ng@@ﬁ&%qu'ﬂk&P@efd%?éﬂ SPSERSY I‘rﬁéréaatamfs nfiygb- oct ane hi ghly

branched is mnimze cracking of the feed tg lighter
hydr oc@robormntamdmihéhaﬁ%‘?f|Cﬁtalyﬁé’a?"§l?ﬁg'§ eifper PBUa’ldo oyhvyerd, or radial-

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

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

replacement without a process shutdown.

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

generally preferred in order to favor equilibrium mixtures having the highest

10



are preferred in the process of the present invention. Reactor operating
pressures generally range from 100 kPa to 10 MPa absol ute, preferafplyyn 7004
between 0.3 and 4 5 MPa. Liquid hourly space velocities range fromO0.2 to
25 h(1, with a range of 0.5 to 15 hr 4 being preferred. 10033] Hydrogen S
adm xed with or remains with the paraffinic feedstock to the isonerization
zone to prowas/ozw4ol e rati o of hydrogen to hydrocar beatisedrsef from 0.01
to 20, preferably from0.05 to 5. The hydrogen nmay be supplied totally 10
from out si deortchnﬂraﬂiormoﬁw attareuighlydmechetis dakahydarage minieiey chedhg o t he feed

after separ r ctor_effl yent. I ght o d |1
arount s of - or b Ped 4Rt B ERRbE Tehuna B e P AT BEBRET The ° ™
hydr ogen. \Wategrefarnasliih the mmelseofnn@pfeéanbmémdn G@eﬂosmmrﬂhh@p&eﬁsumm out si de the
roce [ b th t. |
Bref ef?ed eﬁ% 5%% %lgg){rpﬁqoo%ggﬁ ﬁ)t“{)' ?F"S%P eh?fr& G%bg’stﬁ?g‘?‘l Eft]"gtlg ?;1 then :
react or @ffME’arlthuu$hmquapadeoreknc:tléseamgetfdoam2&)211}” Oetherrandeof 0Bvi ati ng t he

need to rec hydrogen fromthe reactor effluent to the feed. [0034]
Upon cont acY {ﬁﬁ'\'hg grgg?frgpyst at least a portion of the paraffinic

f eedst ock i F) g@”vﬁﬁdﬁgeﬁ%e@ﬁﬂe%ﬂh of YeBARE wRC i3 %raffl ?? t%f:lfto b Products.

The catal ys resent invention provi vant ages of high
activity an@omwwwé@neéqmvmewole\mt@rofh Ogehﬁ%hthEQﬂﬁﬁ?@né&?ﬂ of s selected to

be ytterbi ummbhe 1588 %lréféﬂabmmm%s 105838 Pdrb%ﬁ%})o%u'ﬁ@%e Isgadd'tlona'

advant age of 1 ncreased ring opening activ merization
zone gekfer afrpry oufpide thedeasshar wWrelepartedt bsdwd@@em fegyrled taeifeast after conpri si ng

one or nor esddaagbh f?aﬁlthe%éétbrlelffﬁjfewomgrqﬂwaaﬁbdaegh@gné\ﬁa?%h@toﬁd 25
appurtenances and separating |1 ghtef conponents from an i1soparaffin-rich

product . OpiMBETRAIED @S Niffogan-adiasIramesy brwiessatyaiha hydragen Wetesshauid i n

concent r at epd fRivéd fréil & dr6g%n%9ﬂ;9:8@¥r6rﬁb§tsi%mé ptr&%sé %Féféampsym recycled to a
ri ng-cl eavage zone. Preferably part he 1"'soparaffin-rich

pr oduct and?@fﬁ’ﬂ'%sl{s 'ﬁf"f'qVﬁ‘ in %Méﬁ%@férr%jr%“tkﬂdw&@% nto finished

gasol i ng; al pREbgsh E&hﬁ?&&@ﬁboﬂ%ﬁ’r‘abé‘ﬁ t@emm@ﬁl%eédaﬁmof REJthET Y processing
i ncluding, but not |limted t one or nore of butanes, butenes, pentanes,

napht ha, cab8p )QFT‘%'aWé?b&'F‘W‘Ee ”?%ddﬁﬁ%ﬁl%hyd&lgﬂ framéhe repgipnafient tar ormt i ¢
extract, hemdYeear omati cs, gasoline fromcatalytic cracking, 0 4 JUN 2004 |

11 0 4 JUN 2004 WO 03/ 020420 PCT/ US02/ 27577
[0034]  Upon contact with the catalyst, at least a portion of the paraffinic

feedstock is converted to desired, higher octane, isoparaffin products. The catalyst
20  of the present invention provides the advantages of high activity and improved

stability. When the first component is selected to be ytterbium, the catalyst of the

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

[0035] The isomerization zone generally also contains a separation section,
optimally comprising one or more fractional distillation columns having associated

25  appurtenances and separating lighter components from an isoparaffin-rich
product. Optionaily, a fractionator may separate an isoparaffin concentrate from a
cyclics concentrate with the latter being recycled to a ring-cleavage zone.

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

30 components from refinery processing including, but not limited to, one or more of
butanes, butenes, pentanes, naphtha, catalytic reformate, isomerate, alkylate,
polymer, aromatic extract, heavy aromatics, gasoline from catalytic cracking,
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hydr ocracki ng, thermal cracking, thermal reform ng, steam pyrolysis and
coking, oxygenates such as nethanol, ethanol, propanol, isopropanolgs JUN 2004
tert-butyl alcohol, sec-butyl alcohol, nmethyl tertiary butyl ether, ethyl
tertiary butyl ether, nmethyl tertiary anyl ether and higher al cohols and
ethers, and snmall anounts of additives 5 to pronote gasoline stability and
uni form ty, wavamed2corrosi on and weather probl enms, nmeH@IR7™E" cl ean engi ne
and inprove driveability. [0037] The foll ow ng exarrpl es serve to illustrate
certain spegdrbtracl«t“r@ptbdlmmmaskmg)thetm rgdoredensteam peralysie and qkiBge exanpl es

shoul d not, ver ns the invention
as set fortoﬁyq %aucglaglng.ﬁgh W{]gﬁgno‘f‘iropahrmlgd %ahélgtle@%&? c%e?l vari ations, as
t hose 0]1: OLsdc-B@ylxamhblj thethyl tdrtieery Butyl ethiet, Iethybteltbg’ryl|blzl’t§1'i ethgti oethylar e Wlb][ hin the
scope of the.inventi.o MPL able 1 were
pr epar ed SstEfHy AgY taﬁa[} '8 aﬁ%'o'%aq@fé?ﬁ%@%ﬁ‘@%ﬁ% Ogﬁddgrvg%ar ed by

preci pi at |t@groinbreogaamlnelstabrhataadmmtohmamamrdmﬂpsiQISamW&b‘)ﬁfde at 65C. The

zi rconi um r oXi rie r 40 60 nesh. Multiple
di screte pﬁ%‘%’ﬁsm&m ’}1%89?'}% eﬂg&@d?\%xqqgéd%” fe pr epar ed. Solutions of

ei t her ammypoarm sk liaviny sxamples abrvs alifusifate aprtairespeciii ewlegdiment epar ed and
added to th ortions of zirconiu r OXi were agitated
briefly and f'ﬁé’ﬁ%ﬁ?ﬁ ENG II];E??S efﬁg@hysqmgl)a ”gfgmﬁé’tgét@ o8 ogasl npr egnat ed 20

sanpl es Wernmtihbm sdbpeest thenineentionf 44 set forte in the claBBCT atr af’ﬁ\WnMour s under air.
Sol uti ons of el amoni_ um.,sul f nt 2, where
conponédt zpo?%bl?]BﬁeE\f%atgpgﬁ,eas t@ osg %rﬁmg ts%”ﬁitlé‘ért wit récogﬁ%ﬁlﬂﬁ

npone wer e prepared and added to the
dri ed nmat erdr@ithin fhbecspengb thesnvestice. br| efly agitated and dried while
rotating. The sanples were then cal cined at 600-700C for 5 hours. The
final inpregnation 25 solutions (ﬁXAMﬁLEHOpI atinic acid were prepared and

acied 0.4 53| Eg SmopRIRY % 1668 AR Syt | ¢ 101211 as

in air for 2 hours. In
Table 1 beI nym;,omaa\rnat Imegti gty esepmétbv p@arpéatng ZECORgiratR RN aPMABET i er | evel s

of 1 o%fz at/%? B, “f?] é%o@lﬂﬂb ﬁ’ydmxrde @as dri€d bmﬁboe@tga@nah@m-cat al ysts were

made a suI ate eve and 30 w. 9 "C
i ndi cat es téfanesbaMaltiple disciate p@om@f@pzmwﬂhmﬂrw%weafep@ 955 vvt % 0.5

\Al\/gdl :/? or Nb25c¥ﬁ1|0n3/ f ARG ahnbniuiGsutfede & dmdiNaRQenoR=R3) G420 TABLE 1
prepared and added to the portions of zirconium hydroxide. The materials were
agitated briefly and then dried with 80-100°C air while rotating. The impregnated
20  samples were then dried in a muifle oven at 150°C for two hours under air.
Solutions of either ammonium sulfate or a metal salt (component 2, where
component 2 is not the same as component 1) were prepared and added to the
dried materials. The samples were briefly agitated and dried while rotating. The
samples were then calcined at 600-700°C for 5 hours. The final impregnation
25  solutions of chloroplatinic acid were prepared and added to the solids. The
samples were agitated and dried while rotating as before. The samples were
finally calcined at 525°C in air for 2 hours. In Table 1 below, “A” indicates that
catalysts were made at modifier levels of 1 wt. %, 2 wt. %, 3 wt. % and 4 wi. %;
“B" indicates that catalysts were made at sulfate levels of 6 wt. %, 7 wt. %, and 8
30  wt %; and “C” indicates that catalysts were made at platinum levels of 0.25 wt.

%, 0.5 wi. %, 0.75 wt. %, and 1 wt. %.

12



FePt SO4 Level CeA00.47 DyA00. 47 Er A00.47 EuA00. 47 GJA0O0. 47 HoAO00. 47

LaA00. 47 LuA00. 47 NdAO0O. 47 PrA00.47 SmAQ0O. 47 TbAOO. 47 TmA0O0. 47 YAO0O. 47 JUN 2l][]4
Yb0. 300. 37 YbO0. 400. 47 YDbO.500.57 Yb100.47 Yb1l0CB Ybl. 80CB Yb200. 47 Yb2.70CB
Yb300. 3757 Yb300. 47 Yb3.50CB Yb400.47 Cell0.47 Cell.50.47 Ybll.50. 47
Yb120. 47 PCT/ US02127577 EXAMPLE 2 [0039] Catal ysts were prepared as

descri bed i nwaEd@mdtee 1 containing 2 ww. % 5 nodifier,pc@mdeatsss % pl ati num
and 7-wt. %sulfate. Approximately 95 ng of each

TABLE 1
Modifier | Moedifier Fe Pt S0,
Level
Ce A 0 0.4 7
Dy A 0 04 7
Er A 0 0.4 7
Eu A 0 0.4 7
Gd A 0 0.4 7
Ho A 0 0.4 7
La A 0 0.4 7
Lu A 0 0.4 7
Nd A 0 0.4 7
Pr A 0 0.4 7
Sm A 0 0.4 7
Th A 0 0.4 7
Tm A 0 0.4 7
Y A 0 0.4 7
Yb 0.3 0 0.3 7
Yb 0.4 0 0.4 7
Yb 0.5 0 05 7
Yb 1 0 0.4 7
Yb 1 0 C B
Yb 1.8 0 c B
Yb 2 0 0.4 7
Yb 2.7 0 C B
Yb 3 0 0375 | 7
Yb 3 0 0.4 7
Yb 3.5 0 C B
Yb 4 0 0.4 7
Ce 1 1 0.4 7
Ce 1 1.5 0.4 7
Yb 1 15 0.4 7
Yb 1 2 0.4 7
EXAMPLE 2

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



sanple was | oaded into a nulti-unit reactor assay. The catal ysts were
pretreated in air at 450C for 2-6 hours and reduced at 200C in H2 fq 9.@2@4
hours. 8 wt. % pentane in hydrogen was then passed over the sanples a[f li

4 JUN 2004 WO 03! 020420 PCT/US02/ 27577 150C, approximately 1 atm and 2.5
hr' WHSV (based on pentane only). The products were anal yzed using online
gas chronmat egraphetand the results are shown in FI G PATUSH®7t hat a
replicate of the ytterbi um contai ni ng catalyst was tested,_ FIG 1 is a

pl ot of perigers, apprkiarately datwEoL 8iF MSWH%(WW@P‘%RWBOPM T885 coordination

of the |ant ha ?ﬁﬂeig%'g@ize? s¥.h%Efﬁé aggﬁrgﬁqb%lgﬁap%gﬁhﬁ@réggﬁgém a platinum

sul fated ziH'® e |o c radil "were determ ned by reference
to Huheey, showkin fiGon gan thaCGheplicste of the Wiertianppaiaings cagveictdir e and

Reactivity, esig &}%@ iy Iﬁﬁ%%‘?&ﬁ%‘éfﬁ%‘éﬁtaﬁ\@é’&ﬁ&%%n vé—%@mn@ﬂ&m%r@t shows a

maxi num ¢ ifconeters (ytterbium. The activity drops
of f rapisdl ycoardirion bighé anthanidaderss dr mwruera@et@riaﬁ)éw tamﬂd&k? mately 115

t XANMPL bed
Beanpre 1. RFPHMP? PEeHeloaflel JF8 e ECe JOBTRh et ff*ﬁﬁ‘ﬁt ining 3 w.

% ytterbi uni Hihd& J1B. Ifordanit Chémisths- Fblnarpleﬁ@hﬁtwﬁde PRty iyl fate; the

Secong oot sy (atalaRly Ay vk Gorg e dmh ShkdWmbitum %0 1 Ler bl um 0. 375

to 0.4 wt iTon % sul fate, and the third
cat al yst ( Gahedryish aaaundnmmcomytersdvﬂed@wh@h@afsww dropg OfFr@HGHr?ése 1 w. %

L;?gr 9%827(5;%%%V§F§'“§\EF’ tdb%\f%ﬁd?g}]r%at% 1184R0hERke. Additionally, two

tal ne rst reference catal yst 20
cont ai ni ng platinum on suI fated zirconia (Catalyst 4 in FIG 2), and the
second reference catal yst contai @%{% tinum iron, and nanganese on
sulfated zirconia (Catalyst 5 in

%ﬁrom mat elg¥ 10.5 g of each
sanpl e was ﬂoom]ed Ciat&l\gstsawemwmnaraﬂimstdeﬁ‘e@@@ wrExampla, 1, witf dhedigty) ysts were
pretreated | r o ggﬂuggﬁb@toﬁﬂoe% in H for
0.5-2 hours®® catal t(%%&?‘éq%iz é)fzegod‘ﬁgs’?lhéebgw Igplgeornlt ai ni n ﬁ . % n- pent ane,
52 wt. % n- i)iemame;and@w% solfatgidhesrsracheatalyRd (Gatalyt 2‘ I& Rbpt ane was passed

over the caja| tind 6Cwt. 3 irep pnd& ivtrat el y 450
psi g, and 2° ‘ﬁ“%ﬂ@é@" }lﬁégﬁy&fggﬁﬁq}g&ﬂ% olgar bon, g&@:@w ratio was U. The

product s vve%estﬁatal graitie third iegtadysl (ﬁﬁ@ly(jta%'" Firad FRTBEI tad the percent
conver si on g%%%&h%@*?%w Sﬂ?wm%aﬁhurﬁ@n@ hevt o Bflttent t enper at ur es.
s"&F

The result Additionally, two reference c:atalystsI v&err]e csnbhtgmed thhe irst reference catalyst
20  containing platinum on sulfated zirconia (Catalyst 4 in FIG. 2), and the second
reference catalyst containing platinum, iron, and 'manganese on sulfated zirconia
(Catalyst 5 in FIG. 2). Approximately 10.5 g of each sample was loaded into &
multi-unit reactor assay. The catalysts were pretreated in air at 450°C for 2-6
hours and reduced at 200°C in H2 for 0.5-2 hours. Hydrogen and a feed stream
25  containing 36 wt. % n-pentane, 52 wt. % n-hexane, 10 wt. % cyclohexane and 2
wt. % n-heptane was passed over the catalysts at 135°C, 150°C, 163°C, and
176°C, at approximately 450 psig, and 2 hr! WHSV. The hydrogen to
hydrocarbon molar ratio was 1.3. The products were analyzed using online gas
chromatographs and the percent conversion of cyclohexane was determined at
30 the different temperatures. The results are shown in FIG. 2 which shows that
significant ring opening capability was demonstrated by the platinum and yiterbium

on sulfated zirconia catalyst.
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significant ring opening capability was denonstrated by the platinum and
ytterbium on sulfated zirconia catalyst. 14 0 4 JUN 2004 CLAIMS: 1.,A

catal yst conprising a support conprising a sulfated oxide or hydroxi &é J&N 1004
at least one of the elenents of Goup IVB (I UPAC 4) of the Periodic Table,
having deposited thereon; a first conponent selected fromthe group

consi st i ng of lutetium ytterbium thulium erbium holium terbium

m xtu ireof and yttriumand a second conponent conprising at |east
one platinumgroup netal conponent. 2. The catalyst of aiml wherein, on
an el énent Al caalysissongresinfg & suppwhpenensing eswpriedaxide englrotidedf ab mass- %

of the cat ALPE 8l e RatE OB o aURAC roLM AR Tl bl or

Group 1VB Eigb@sei‘t%d“trnereﬁﬂf@ﬁ‘iirs?%én@bpéﬁt“ééﬂéﬂted’fgogﬁhﬁe@%@é ¥&hsiffindb@i m 1, 2 or

3 wherein e catal yst conprise rom0.5 to mass-% sul fur on an

el enment al haetissn, dterfibe, tatiaty stbiom, Gblaingerbium, orixtBrashihesdof ande fir st
conponent is.a yttrium conponent or one single |anthani de el enent
Conponent  KUTUEESH 4 $e5nEIRO MRG0 BRETRY AREeSkO TR BRI OTgHE dtitum

t hul i um e&]ginggbe&ol ium and terbium and the second conmponent is one
single neta el ected fromthe platinum group netals. 6. The catal yst of

et arnglathifalof B OAREIH, 09 & & Bircflf BABRN ARSI G bt | om * he

group~consi s al't, enruny and mxtures thereof. 7.
The cat al ysdmpfiséd Romm B0 Whet @itastitg of the chialgsipomiethe sesond corippnant amount
from 0.1 to 5 wt-%and the second conponent is platinum 8. The catal yst
of cl ai m 2cmarisesdiamd-A1 {1 Masst RN RfeC¥BYonent is ytterbium lutetium
thulium and m xtures thereof. 15 Q 4 JUN 2004 9. A process for the

pr epaBat i ohhefatalyivhClaim o 2 wheein Bﬁ@i?@ﬁﬁb‘a“r%@#’%g’ﬁv@ygﬂ&‘” conprising a
sul fated s rt_ ¢ rising at |east one of the oxides and hydroxi des of

t he el emn?@ﬁgf’gﬁgﬂ%nf (I'UPAC 4) of the Periodic Table, a first

Churim  SPBEARVAGN P oot el G e i Y ot

second CONRRREML sulfur on an elemental basis.

5. The catalyst of Claims 1, 2 or 3 wherein the first component is a yttrium
component or one single lanthanide element component selected from the
group consisting of lutetium, ytterbium, thulium, erbium, hotium, and terbium
and the second component is one single metal selected from the piatinum-

group metals.

B. The catalyst of Claim 1, 2, or 3 further comprising a third component selected

from the group consisting of iron, cobalt, nickel, rhenium, and mixtures thereof,

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

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

8. The catalyst of claim 2 and 3 wherein the fanthanide component is ytterbium,

lutetium, thutium, and mixtures thareof.
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selected fromthe group of platinumgroup nmetals and m xtures thereof, the
process conprising sulfating an oxide or hydroxide of at |east one @Il' Jﬂ?rﬂ]ﬂé
of Goup IVB (IUPAC 4) of the Periodic Table to forma sulfated suppo
depositing on the sulfated support, the first conponent; and then
depositing the second conponent to formsaid catalyst. 10. A process for

converting drocarbons by contactin h,a solid acid catalyst,
comr 1 $i no APErESSIa (B8 AR O o ARp LG BFURSaR EBEG  | sast
an el enent bl st conponent
selected f réc?r%nﬂ%%r gg{%té&énsﬁéfﬁor‘%&nélﬁ@ ag%ragﬁ]ghé:ﬂ@?bcﬁﬁn& %rﬁth l'ium

er bi um hol hiyanpxidey dfi thmelsme«ttﬂDé@rd}&mh@flUPWWftthe IHarioaindT #ols eclimtl
conponent selected fromthe p of platinu %roup metals and m xtures

thereof, tFIRANCA! seBeiGe ffoay Q)’BUEPO”%‘:’L“” utsfiggeytiedrug) B0 wher ei n
ff k i
a para '”'é%bluﬁ?%{%;l?rﬁ te'rﬁ' ﬁ{mme%ecﬂ kR mﬁluﬂﬁ ahd g%%bna%ph@gg@gtck Wi th

i ncreased isoparafrfin cont by cont act e paraffinrc

the solid aglattantramytas grdsUpadsf plstven- gmtpl roBtaroaed miktotes thetboitthe
I sonmeri zation conditions conErl si ng nperature of from40 to 250C

pressure ofPreeesm CoOrisPy $uifa @Q&P@X&@@flhyﬁm@%@f@tl|9a%t;5?é@69‘9@?6t:¢fty of from
to 251cgnfoup?q% \Wf%%ﬁjopﬁgaﬁbrloﬁmtﬁ%ftd fer%QPIPJt&QQ#EPP%&Z The process

Of CI ai s erel I soneri zati on Ca COI’TpI’I Ses a

refractory depesigngion-tex sdeatdd bdsgort, 18 anheorppon@rstsamﬁ tH8redepdkRinuing her
conprising using at least a portion of the 1soparaffin-rich product to
bl end a gasECPA® CHMBanRit.to igm said catalyst.

10. A process for converting hydrocarbons by contacting a feed with a solid acid
catalyst, comprising a support comprising a sulfated oxide or hydroxide of at
least an element of Group VB (IUPAC 4) of the Periodic Table, a first
component selected from the group consisting of lutetium, ytterbium, thulium,
erbium, holium, terbium, mixtures thereof, and yttrium, and a second component
selected from the group of platinum-group metals and mixtures thereof, to give a

converted product.

11.  The process of claim 10 wherein a paraffinic feedstock is isomerized to obtain a
product having an increased isoparaffin content by contacting the paraffinic
feedstock with the solid acid catalyst in an isomerization zone maintained at
isomerization conditions comprising a temperature of from 40 to 250°C,
pressure of from 100 kPa to 10 MPa and liquid hourly space velocity of from 0.2

to 25 hr'! and recovering an isoparaffin-rich product.

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

comprises a refractory inorganic-oxide binder.

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

isoparaffin-rich product to blend a gasoline product.
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