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wPSHEMSAR05/ 039357 * 1NKIIABM IBERARM NG PROCESSp 45 4¥605/039357
HI GH DENSI TY CATALYS LU G OF THE | NVENTI ON
[0001] This invention relhgigs to a shaped catal yst
wth a specified high density and wwth a specified
| ow ratio of platinumgroup conmponent to tin
conponeREF ORMING PROCESSAUSINIG 611 6FEDENSOTY (CA WL Y S&
catal yst for hydrocarbon conversion such as with
reform ng of naphtha range fe t L.t Q_hi gh-oct ane
aronmatics. [OOO%]A%BQ&%]BW fgﬁ\}&%&ﬂ(ﬁ% ts such as
catal ytic naphtha refornmers need to provide greater
[OO(ﬁ?'ant Thib fiveRfion Y4096 simgﬁedcéaﬁﬁ st il assgegl!ﬁGthgﬁ&ﬂﬁty and with a
product ftor gasoline, and aromatics for
speqifidd lowtretiv ofipkmtipumelraip axmpohent topinmoethonertadndstelapestth a process
hi gher density and | ower platinum10 {jn ratjio allo
for wsgf&atﬁﬁfﬁglya&ﬁ% bydrgegr @}%@sr%%%lan% ﬁ@mthfﬁ?mwg aaphiha range
1’1&@_ , Cb+ and/or aronmatic product
feed{%’?ﬂ%ﬁ. %p%%ag&@o ow density catal ysts, the new
[00024t al Mgdrocirdsn bogetsiorpdits\sutly agcutalptid naphtla dfoginers need to provide
pinning margin. Pinning margin refers to the margin at i
greajgriqepntiics sl Angrosey fas slean fuels, highrogtans\predpchipggagpline, and aromatics
r..rel i | . . ~
ror QUREATHETRISEIEE) 1 il AUMESHE O g e i
tin ratic pléoves RfBRTIRNtinitd ivfréaee thryeghpuptor inureab®d piddaktidroof hydrogen,
the reactor walls or center-pipe. A lower pinnin -

Cs”randigir araneatigamedunt volumes deomapased it tow densify ?Péalbf%tﬁég? gew catalyst
s Ut A3H6 LAVLAGR, PEGRL TR GRUALER KRR B ER R ARG margin

whith ghevingard caatirso call How tiatgs a phvcesigbadthiatlative tolydro@rbon flow
units | oadi ng .t he hitgher density catal yst can be a .
condifippy that ik otheiavite e e catalyshiorsuppsad srayemenkand effectively pin or
. r . h 6 . h i . L.
s USHERACAP N R, R AR MOAUERUE sggincs v
moig efaltdiovadisdition ﬁfﬁbﬁcﬁ:nsf sdusmgivhainiforne eaaeto performance. For
hydrogen gas flow. The | ower coke production of the . )
refipdryyyhp arecrieepdy pesiieg higherifecddydsqaghonyateniiseughtheir siorming units,
loacfi%fth@ % e%@ns?rg %a&?é?éan%%lﬁesiﬂn{y, Eﬁ& Y wa tc{ further increase feed
COnt I'nudus-Fegeneration capacfty and want to0 1 Ncrease
hydfethon #reughput. THYhydeicarbbf hdlagli¢ Oapabtity Bafeny refoli units can be
. gas rate. | 003& Many catal ysts containing platinum
incragsgd by as mueh a5 3@%oos erpre foricnastgntiresyclyhydregen gaeflpyy. Theslower coke

ol R LT R K5Il B83 g e

maléNinhi@ddByYcdhtinRelsSR el atibh Rbpacktl And WABOBI ih&eash fodit@te bet may not
exanpl e of the catal yst disclosed is a conbination of
be ahlegp andreaserenyeleagsatal , tin oxi de and hal ogen with an

008 o nY Crebin PR WetEh 3ol e afloti 8 e pror an forusein
napBthH RfBanin@0 carrier material in a relatively small

particle size.
[0004] US 3,745,112 discloses a hydrocarbon conversion catalyst and process based on a

uniformly dispersed platinum-tin composite. A specific example of the catalyst disclosed is a
combination of a platinum group metal, tin oxide and halogen with an alumina carrier
material wherein the tin oxide component is uniformly dispersed throughout the alumina

carrier material in a relatively small particle size. _—

n T

*G0000 | *



10

15

20

25

30

-1 - rrereerererrerererrerererrrrererrerrrerr *00000
* WD 2006/ 055229 PCT/ US2005/ 039357 [0005] US
wB2008055036 di scl oses a cal ci nation treatnent ofCEUS2005/039357
| east 800C which is used to reduce the surface area
of an alum na catalyst to between 10 and 150 nR/gm
The catalyst contains a platinumgroup netal wth a
second netal such as copper and di splays i nproved
[0005¢] edfS $j909,6il A dischrsec@sacihation togagmetiaif at lepst @06 @ fhich is used to
dehydrogenati opn fromparaffins as part of. _5 e
cedugt (DA UG e O WP RAbt RoPATER: 10 806 TRl cotalyst
. . | .
contgfs €l erolg ol il el SR O Kopef 285 B plepSimproved
selectBag tin @ provesefonldy chainymomsaelefin delayitodeyati @pfromipadetins as part of
condi tions causing_.coke deposition on the catal yst.
the praduction gf gikyl-ay] plfwARSat ed by wet oxidation and the
oc 1S, F d [ r -
100} 2 Xl SRS 1920 058 MAFIofAd AR FERRi e T IRER one
platinti@préupecingsbriet iged o P edaatien 2onel widsi hydrecarbenrmidhydrogen under

metal such as tin. The resulting catal %;,st shows
conditienseausing eelgsiappsifion an theecatalys. falyshiy regeperated by wet

. fr.equ [ e rati . t: 0
oxidgigdhe ob R 808 oL FE B ARRIFG s bLRA b i 0016 of e
origifaBvatal Thy ShtaBRNRItRd tYeatdd to ifdi@psaR\eeleast@hePromoter metal such as
_ héedr ocar bons and specifically for naphtha reform ng.
tin. The feodting catdyst Sowsdszeasedistefslity BOse §8is rewEn kass frequent

reformn nd dehydrogenation catal ysts prepared
rege&gxiaﬁ%n%rﬁggﬁﬁ%m?@ based i npregnation of tin to achieve

[000317r]1 hi gBis i6rs 1819t di o8k & BatalykidddisFocaas fof @ik Bigithe edtabtidenerally for
characterization based on Myssbauer spectroscopy.
the GuivivgiRl ofhy dieanbieEair specifiocdbofor agplithargfarmingive now

un at al i n 4ncr > ] .
oo <1 eaing e 8 oS st APgP A i Bl R Brosepgion catalysts
prepabftusHE A (#4ni SloasddlimpRighatiirosfastoadiiend 8BRS ihfraction with
conversion of hydrocarbon feedstocks such as napht ha.
platioymp g dsteralingd wéti; ishireetetizatioabasgdoemMOsshaperspectasPopyt
with increased alum na density provides |ower
coke-make, better b b tivity than
woul d ot herw se bseﬁgﬁgélétlyte%lzi% gggﬁfﬁn%%%ﬂgr ocesses.
[ 0010] A broad enbodi nent of the present invention is
[0069] hy dApslaaRhate nverfinathesd ediylgst wikbarcintieasei digmina density and a
support with an average bulk density greater than 0.6 )
decrgased ratipsaf Matinum ipkin Satproyvides sigrificap pipcess) ﬁql‘g?\n&gﬁs 1n conversion
C one i ent ej
of tSGEPGBG teelBeh ibF F BARARCIH pantBherfbiferifhs By 83 ot catalyt
witlPnefesded Bluminh RlefsiBNRbVideSlodr Bbkerinklce, Beta etubility yoridieater activity
X-ray powder diffraction pattern such that the ratio
tharowode atherwise bsickpectediin refospwginroeesteio- t heta  Bragg
[OOf(gtg! gAE%l)?ﬁ%R%qﬁféh&fitﬁ%gr%g%t :uivggégxl% g\%‘;\'}yd%dc%rbo%nc%n%gr%on catalyst

comprising a support with an average bulk density greater than 0.6 g/cc that has dispersed
f

thereon a platinum-group component and a tin component, wherein the bulk mass ratio of
platinum-group to tin is less than 0.9. Preferably the support is an alumina component with a
X-ray powder diffraction pattern such that the ratio of peak intensities at respective two-theta
Bragg angle values of 34.0 to 32.5 is at least 1.2, and the ratio of peak intensities at respective
two-theta Bragg angle values of 46.0 to 45.5 is at most 1.1. Moreover, the tin is preferably
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nost 1.1. Moreover, the tin is preferably -2 WO
weE a0 229 PCT/ US2005/ 039357 characteri zed psSi/0$2005/039357
Mossbauer spectroscopy to neasure the anopunt of tin
associated with platinumgroup netal within specific
plati numgroup tin clusters. [0011] Anot her enbodi nent
is a process using the catalyst in a catalytic
charicedrivediusipg NM6ssbass sIﬁemtrompyeo trieagnreyths @mauat ohtig essociated with

hydr ocar bons, ,esp eC| in the gre3ﬁ$ce of less than
platigunp- %Wﬁ Biglal it ”WP@?I‘ PEATRMABIPUP UR GBI s an al kal |

[OOIgLh it thdl& Mdﬁrﬁel{{%t Qéroc{e%%fg%tt%éfa?%?fétsm a%aglic rbf(‘mﬁmg

génation proces ective of

procbsﬁ\féﬂédrﬁerthg gagolieamgichyalrdtaghond saspdciatlycia ttiad pﬁ:BenNe bflless than
low ratio of platinumgroup to tin that is usefu

1 ppwm WhomthechibisL oAl oL iner g Taetalp the catalyst i
table f f that all
usef‘%rdg\réegg%% %g{aﬁoxg}ocgéél able for reform ng at al | ows

rnArng margin, |ow coke 10 nmake, and

[0012Kcel AR Bbjedtvd wthylnvéﬁaskﬁ]s td\gebvideartagh a&stgtcatalyst with a low ratio
enbodi nents and details of this invention can be

of pletivumhrgzeup fortirihatis usesil ipiydtpcataicrairdes ipghergbiestive is to
TA L ED | PTL
prov[lcg@ﬁﬁt'ﬁ)&sq g%’ e gﬁtggfla QE%% gl-g mg}‘\éeas%e:dn gﬂﬁu@l}(?&g W coke

makk N ekesRnt h&tivityshaped cat aI yst 15 which is prepar ed
usi ng support particles haV|ng an average bul k density,
[00191 eat Additihnal objstsgémbodimenista albﬂagls of this inventingecap be Rbtained

sony ff Re g ClBRb et P e At e BB el b et ractory o

the conditions used in a hydrocarbon conversion

process. SUDEIAR EDPBSCRIPTION OFETHPINYENTIGNI des
such as one or nore of alum na, magnesia, zirconia,

roma, titania, boria, thoria, phosphate, 0|d?
(00%8ha oA Hens] crAPHIARL O S0 prescat BVERs Bar g i Shapgbiggyst
whlc§\ kl?eg) aﬁ% %ﬁgg&@k%ﬁa%h%%ﬁﬁ afl Q@er%}eﬁﬂlﬁhlaﬁﬂg%%aéer than 0.6 g/cc.

Preffabllyi, fiSaveisigh BulkedeiEityols geéaderphas®onp/oaiSuppogs vioudd bewtiform in
results. A preferred alumna is that which has been
comppgitiere aed Tejativelyrrefiertaryds she enmdifings ussdAn @y duaearben cenversion

Bt S S S Aol S oA MG,

maggl@sﬁa, AL OIS EshrBiinics tifkpld, botattherin, chhbphategl’lzmd: oxide an&\lbllhba. Alumina
e hereinafter referred to as a "Ziegler alum na"

lsam‘eﬁ@r rSURPQI na i s presently avai l able fromthe Vi sta

003 om Sl ERE o Bl et PO RRETE Kl PRV af i samma, et

and ﬁﬁ:‘taspﬁ'%é 8hinghad, vifbafXhd G8h Phdde ghuniitks glymg best results. A preferred
pseudoboehmte whic after cal cination at

almnmmethat whieh hasbeansharagtetiapd ind)§ 863130 Andy HSp‘hPHQW asa
by-pci'om from gklegler higher alcohol synthesis reaction as described in Ziegler's

US 2,892,858. For purposes of simplification, such an alumina will be hereinafter referred to
as a “Ziegler alumina”. Ziegler alumina is presently available from the Vista Chemical
Company under the trademark “Catapal” or from Condea Chemie GmbH under the trademark
“Pural.” This material is an extremely high purity pseudoboehmite which, after calcination at
a high temperature, has been shown to yield a high purity gamma-alumina.



10

15

20

25

30

-3 WD 2006/ 055229 PCT/ US2005/ 039357 [0016] The

preferred formof the present catalyst is a sphere.
waedenszaspheres may be continuously manuf actpgedsions039357

the well known oil-drop nethod which conpri ses:

formng an alumna slurry with Ziegler alumna or an

al um na hydrosol by any of the techniques taught in

the art and preferably by reacting alumnumnmetal wth
[0018) dr OB prefeuedufwrm Oﬁ:tbﬁ’prﬂsmigalah’ét i5 arspBeret Ahunipy spherasimay be

contippygustp siphutictted o the et} Enc it G S whRRBIRBs brming an
alunBhEVAES @vﬁh%@&l‘é@&l%ﬁ% or Ml SR hed sl byt ﬁg ditd téElﬁnques taught in

remaln’in t ol l bath until they set form gel |
the aspdiel esferabhebys reactirgsalaméntnh eretat Mﬂllhydmmlqnwacnh d@rabwung the

fromthe 0|I bat h ndt t 0 eci
syl eIt SSpiTie g sfntiand dippping TR rtaft mixture
bRttt THIWSpER! of th th
mtoaﬁa?el?lc?{;rﬁ St csd a@'?'eghtrgggéaﬂ |r%gl%§1gléd aﬁ% 100 gee mlxém  remain 1n the
oil badintit kissy sat andt ﬂoﬁn geHehgrtheres dl hetrspbeteatregdhere¢cntinvaensly withdrawn

fromyhe ol ol U 5piGe Sensecied ts SPerTe e Y B g el iroil and an
ammlcRiacdl Qi gtf)cf[.uﬁ%e rc?\g tﬂﬂi“%@ggé{ﬁﬁré&@rﬁh@@ Mthe ®shiRgSged and

conver si on m na
gellDparedponditng wa};hyd;m&d drietbatgaeintively low EnpdiSut, cﬁ“zeo%tbzrz05°c

and REDEAIH 9y FAAIGHOREORRBIRCH & e B GIoUL i TR & period of 110
20 hgﬁr%b%h%%ea&lxelr% eﬁ@?? E#rﬁ/%hsmr{ tfd §qutnb lE}ﬁd a%el g%ﬁlgﬁgfrés‘bondmg

ro er eres

crystdliéddiei@sma-hivaitiha, dEY/D 61‘20 ang prdvﬂiéi Tdr a@ldltﬂinh]edaﬁatseanﬂms mcorporated
of the present catalyst is i ndrical extrudate.
hereirs b saferisneetheipto. e ppred tha Fermc a%bﬁra}%lﬁlly gehericald Tefestio the

geoz%ggﬂtﬁréée%l&r &91%5& giet?he Phé@ﬂ)engé ﬁohﬁ& afd tcNERE Sl BR 'd@‘Qatlons
Irection and 1inear In another,
[001mcl Uﬁhweﬁiate(ﬁ)ﬁn o€ tiegiresentcdtdipst &f a oytindeiaal dxérudate. A “substantlally

prepqred by a@_é of .the wel|l known to t he grt f

MG ew%pmmwm A8 Bl B g il
in ohe ?H&dti%n%ﬂ-ﬁ ﬁ’ﬁé?‘%?ﬂ ot bR e &Wieﬂ nB HGFonYichh be
er an epebtlzmga such as nitric

prepagddby @sedfithe el inowh torthelam ﬁonﬁmgmthmﬂ; sutlk es extrusion. The
materials, to forman_ extrudable dough having a, | oss
prefgred grirudatafopn d prepared by anigmg Laealey Abumipaqovyler with avater and

sult%l:ﬁ% %lg[%tlkzg% do u%hsdc a§ )ﬁithg ng &cté{u? H&H %uﬁfi‘hﬁl?m\%tes%ﬁm(g materials,

ormextr ublat e

to féeh 8 é)ﬂ:ﬂldﬁble&ioﬁgi BéviNgh Yoss @nglﬁﬁmﬁmm Be5@I°ClER5te 65 mass-%.
205C and subj ected 25 to a cal cinati on rocedure at

a
Thetresm%m&dwgél ip extysigd thyongly e syitblyshaped el sizedidie fp fgm extrudate

partbc esf, &’P}é‘é{]ﬂ 308}%:1%/% g{a éé X(ﬂtlv %thﬁﬁ ﬁ.l?é bt f%(ﬁsto Qafb(?én?psub] ected

to a@slcinitioh Pravebire Gt £ erfifer@ufd a0 MY 0SE foﬁnpéﬁ/cﬂcﬁfgeto 20 hours.
particle dianeter can vary from1l mmto 10 mm w

W t
[0018]e pMidreevescsphetical pambictes samaler bq)fsnirmgd &@m tiy@.eﬁfgﬂdﬁtgs by rolling the

Af t er shapi the cat su
xilte DIRICI 0 RSN RHER R AR PR RS HaRiF 4P FRY Honh ? mm o
10 Ihhi Swiftthe bR A paSele aﬁ%&ér%dmgtapﬁwﬁh&b@@mgﬁl ect ed
to’create a product catal
[0019] After shaping, the catalyst is subJected to at least one calcination treatment.
Preferably, this calcination is conducted at conditions selected to create a product catalyst

comprising a calcined alumina with a characteristic X-ray pattern and desired physical
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conprising a calcined alumina with a characteristic

X-ray pattern and desired physical -4 WO 2006/ 055229
wo5ehé 532805/ 039357 properties in terns of sSurd@9es2005/039357

area. This calcination typically takes place at a

tenperature of from 700 to 900C, a noisture |evel of

| ess than 4 nmass-% steamand a tine of 15 mnutes to

20 hours. More preferably the calcination conditions
propectms fin sema of anfaee arear @hlfs rcaloinBidéh typical) @dkes plao®aist tam@erature of

of | ess than sf%steaman atime limt

f .
fronebﬁﬂa 89%§ @@@S@r%@ﬁ?lso o5k thaR massafortRaphanda tige of 15 minutes to
20 hs{{ﬁl %%Yé?ébqgltﬂeyc%aﬁé?ﬁgffohggﬁkgngﬁsyco% rise thm?éx’étu'reSfrom 800° to

e am

COﬂS no a ol sture or ste

9009 ragnmguﬁer emlafless ligin Imassks steadr arelch tismie higniCHEIN Mantes to 6
nmeans such as nol ecul ar sieves or siljca gels to -, )
hoursrdyn oY seRoIt@otRhsTq is ¢BIPSOY editnasatly| cpmprising,dix: eir. [errairgg considered

air v9 {h Itlo 5‘&3 gxim Asture OoqtsFea.ﬁnxq lfléu ggr%yﬁrcﬂn g.[rqﬁ‘gt Haf bé%xacﬁ;%dtl.gﬁlg chemical

na

meaﬁymoacae &l Ribved SICH1i6H gefso ahﬁﬁmhtblstmaewé @envaAlly the exact
anmount of surface area 10 reduction will be

perieghef one heing that peaquived in erdentozeagh the desiied calcined pluseia physical

h 9%,
propfffi%ibe ShiEGRMA dtht piccdErych SAHRA THe HTRVe bt B BlufiddSrea
redudtién Wl bk hﬁpro;ﬁﬁia@dl? BEivweEn S U B0% hBlrti Bt lect brish stred@@Pavill be
of the ori 8| nal

ue may be obt ai ned. | 201
reduﬂrtrbaterfl@q’céo 5% of itlee eriginglrvalugr Therpiees sttengt snamrme due to this

f bet 200
caleipafigh N Hoseralti £ oA o fsion BT PR S R oot o
[0029] €a ”pﬁérs\f%?éﬂ lfltﬁQ alubiin#PHordd thiSBAleMafioR BeAHRA HY aBEFAd area
met hod, ASTM D3037, or” equivalent). Preferably the

betweah 20A end 22 Qi fEm, vthen theaaleinad shanting wilhheve 4 swhaco eteabetween 140

and 310 e LB S AP N b, 8 T, bR abofaebly e

calcRiZR laRiSiEa AU havees stRFakE afta GRRT Witived 1 Smﬁlcﬁtsm%ﬁf Wote that this
enpl oyed. Note also that the alumna prior to this

timectgieirgraent ovillt af eaursenvary svithiascaleinationf tamperatuse employed and the

Owg%@g?@ﬁﬁeﬁﬁg nd 24 %%ﬁ/%&mt at?q;)?the l‘i)?treferrﬁus

calcRRAYE treit%ﬁﬂdan@&@@h'sﬁﬁ&cer HSUhhge B6R REKAVIRY 0 980 h2Pgm, with

catal yst has an X-ray diffraction pattern show ng
the phfermd rargedeing from A8 ita 22km steatedpmoef i ed Bragg

00733 SrReein SR Tinaek sciaved ek s VR RS Bharet Aiiiqtiqg pattem
shoWﬁ%'cﬁa.t‘ﬁf:teHﬁﬁJﬁntén@ﬁ@E‘ of ﬁéaﬁ§ at%ged'lﬁédpgi%ggvﬁ gleRstifons. ESptaclglca.lly,

Bragg angl e positions of 32.5 is at least 1.2
prefetned @falysithapamnX-jap phwidet diffsictiom patéan secpthet the eatio of peak

ineriies & FrgevE Sy/oRBete SRR AN COSRA P hARODP e Bhigdtg 2 end the
ratidof It?eg.lg Frgmes% fécs][v@& o I’tlgeg;ﬁtag? leq;ahYgQ lo8B6.025 5 is at most 1.1.

sui exanpl e escr be ow. Typically,
The tXreayr padicat mwylbs obtaimed by standird E!Gralyrlioemhr tliffraction techniques, of which

o U R e e MO B LA D) (BerP B PRI a2 high
1nte)§§ft§n Q&%ef Palrget CR! %}'7 b %f)exqfég Gt ¥\5 k"/ anf’i SR 'FH? cgﬁlpgss%%%owder
samples illustratively are scanned in a continuous mode with a step size of 0.030° and a dwell
time of 9.0 seconds on a computer-controller diffractometer. The diffraction pattern from the

copper K radiation may be recorded with a Peltier effect cooled solid-state detector. The data

-5-
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30 tine of 9.0 seconds on a conputer-controller
diffractoneter. The diffraction pattern fromthe
W RBBEs2¥ radi ati on may be recorded with a PelpdBi52005/039357
effect cooled solid-state detector. The data -5 WO
2006/ 055229 PCT/ US2005/ 039357 suitably are stored in
digital format in the controlling conputer. The peak
hei ghts and peak positions are read fromthe conputer
suitgblphreasored fnudigitaldormdt ih the cohtrel$ing leemauiet.vithe phalt bgights and peak
where theta is the Bra angl e.. [ 0022] An i.ngredi ent
posigipng #7e r¢agfeqmy dhe Gogmpyitey) pgq%iaﬁ G%&“&r"&bﬁ’%"?@% Lymeg &wg%&wﬂttﬁeta)’ where
[ ent conprises platinum palladium
thet%%ttﬁ%gfaﬁ%%gﬁbdi um iridium osmumor mxtures
[0022)er eah ingtedibntifahe catalydres nplafinehegroguimetheomponent. This
plati numgroup nmetal may exist within_ the fj nal . .
companeiit gemprises Mastume patadiue Juwniam.shediums iridiumgesggium or mixtures
sul fide, hali l4i 3 ' i ot it
therdof iR e BRRLEIR B raBlforpooh Sl AR st witin th fina
cataBftictddmpesitasd dotnund Sudias aaloxid) bukideiatile, okhkalliesétc., in
results are obtained when substantially all the

chemicat ¢ombinajiopupitienapr moreqd dhsoriber ingesdjsnisef e ampqsite or as an

el ntal~state and it is.h [ '
e T 55 B U P RSB 6L g et
corfpRARA MEPreseibin 1he cRin@ied btatehnldlieisfhofflge sl Witdpersed within the
conposite in any anount that is catalyticall

carrégh ieaterial. Chetatipinegronwpmelzl coppepentimayeheaprasent/in the final catalyst

conprise 0.01 . mass-.%,0f t.he final,catalvtic
compBnos s Aot Betis Saebcal e BF plafRbfetlmetl generally
willeefIis€ 0101 16 2 #hds8-2210¢ tHRHnal esly i esmpoitte Clculateéd on an elemental
contains 0.05 to 1 mass-% plati num 15 [0023] The

basis| BxdeHenhrepults preneittained wheroihe eatalysy cantaing 869 pot masst”s platinum.

e s ort. in an suitabl e nnek, .such . .
10035, o RE P alipied Ao Rt BRI PERAT i R 5, in thg qupport i any
suitRb18 hhh&YsuchBi R8FreblpitRi) & @hhi Gdinptapnbtidd) ThE peFerred

the utilization of a soluble, deconposable conpound
metbbd af peparinguthe gatelyst immela¢s the utiligatiegredesoluble, degomnepable

material ip arelativ . uni f orm manner’. r :
confip o el ARy S iRl P b S e et Rk ey
unifoRAhdiabl. Fer etaniple, the BRApdnei tbly BS addpdas e supboit by RoMiningling

chloroplatinic or chloroiridic or chloropalladic acid. |
the Quriport with @y agebubsduttamsshlvdeplatinie orphlesciddie or chloropalladic acid.

Ot el STLCtE SPRER e BERPISHF Db gt i s S difployed in
imﬂt?ée | I@Jlﬁtiﬂx& Adiifoiud Ahhbkitn dHbioplaghiteSbroRbplatifiéiid, platinum

rachl oride hydrate, platinum dichlorocar bonyl
trichliociie, qplatibem wirachlonds byvrateyplatirumidichooatiacheny! dichloride,

e ey T ——
pal%%li??l‘%ﬂﬁ%??%%ﬂﬁﬁ&%%&ﬂa@un@ﬁﬁg h {l8de, ttHARTHEPAARALMAT) YRloride,

hexa- amm odi um chl ori de, rhodi um

‘Thexaanminythotiuer ¢lderide, tbolliurmcarbooylchloride, thgdinmttechloride hydrate,

rhodi um nitrate, sodi um hex | or.or hodat e 1),
thodiseh mﬁrﬁwemﬁiswg@%@oeat? ﬁ?ﬂ Jorfugp %mtrqgﬁ?% (H), iridium
uib?]cédmxfghﬁ@%.:n??igg{ogﬁ?i ﬂd;m%?)i?%ﬁslg%{lj%‘ﬁsg&gfd KenifBHId4 (I11), potassium
or sodium chloroiridate, potassium rhodium oxalate, etc. The utilization of a platinum,
iridium, rhodium, or palladium chloride compound, such as chloroplatinic, chloroiridic or

chloropalladic acid or rhodium trichloride hydrate, is preferred since it facilitates the
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or sodium chl oroiridate, potassiumrhodi um oxal at e,
etc. The utilization of a platinum 30 iridium
wd feglbisare or pal | adi um chl ori de conpound, suchp@B8Us2005/039357
chloroplatinic, chloroiridic or chloropalladic acid
or rhodiumtrichloride hydrate, is preferred since it
facilitates the -6 WD 2006/ 055229 PCT/ US2005/ 039357
i ncorporation of both the platinum group-netal
incogsurRiunesTtbodnthe platinaas groap-marcogipantrttayd af leadtlaaninor quantity of

preferred hal ogen conponent in a single_ step. Hyd
the @mfe@ed halogen erBpeReRbinAceels steps Bydroganiendeorhe bke g is also

cnlf M SEUR BB B o 8T R e peopprionor

the Bl entempohérm an dhesinifob tdigfibtfont dfehemeallid @mponents throughout
conponents throughout 5 the carrier material. In

the epadiénrhaderiali kn 4d§1tg@né ispganprably ameferred t smregnate e camiepmaterial
aftemaaa{ I Jr?élq?}gg{ er ?% Em%f tzecerth% ?ilsl‘e bp%%hﬁ%éxg%@g g/%IutélQle platinum-group
metfll ati num group netal. [0024] Gener ally the

pl ati num group netal conponent is dispersed
[00243 o gEerapallyl theiptatinum-group atejal compprgné issdisgersed homogeneously in the

careiGt PR R nborm SRSt fecrioh o BBl E R e i3S Bbtermined by
elec%HHﬂEerﬂ)bl: QRAY i8S AbAiIEADER Bhdtak cOMBEnivtidhs W ekall catalyst
catal yst netal “content. "Honbgeneous distribution is

metslwmotwywmo@entmurdlmbuhom is syriopy iops with uaiform distribution. In an
t.ernati ve enbodi ment ne or nore %lat i num

atefialf TRRAADRIUE Y B RUSeAP R el CupPPiRe PAf by presentas a
surfﬁ&"iﬁ?&%@hp@ﬁerﬁea% QedchiBed I U3 6“77@)-971; B8GpotaRetdpélh By Feterence. The

herein by reference. The "surface layer"” is the layer
“surficedayedt ialtheskay proofta catady shgargickeradjacenttth thesuurfage of f paitigle, and the
artlcle d he once tion of .surface-| ayer
confiingfc 8Bt rmER! GRS LL YR MPeSh ThE R p sl o the
cenkPSftG&@@&ﬁ%spﬁmﬁa@ catal yst particle. [0025] A G oup
14) nmetal conponent is another ingredient

[0025] t hA Gaup IIYést (IUBACt H npntés:emponmemnodm inggredipmt of the catalyst

of the ]ﬁcegegl M@gxgteéc%}agsftpegg apa%qtglexggﬁégﬁ r I AR ?erred and tin is
I I
esp&:'i n%??éfeﬁ’gclij ?‘he@o%fﬂ%gérg )I(Illdg%eaférﬁse?? %sZaIP{]lglﬁfxgﬁl m&@l as a chemical
conmoynchkmtmad ¢he @tlde,,suha'ude,dxahde,ptvghkoaﬂe @tc. mremaqzhysmal or chemical
ombi nation with the porous, canrier materi al
comipRgion i Ehicls gt @a@gehw%rcotﬁ%ﬂwsemrﬁs S Chtalytc

con%ﬁftﬁe PEEMbly2a SHRARARAL | ¢1| iof’ 8f fh'lerl‘oQﬁ TV A SndehiQtistd MAhe finished

exists'in the finished catalyst in an oxidation
catigst ireanadidationtstdte abovehkeat eff chreesiementalehethl. The SrGaplpA Mgkl
met al conponent oatlmﬂllyls i.lized i,n, an

compopentepEmALly & Walizef in ppamgoynt sufticient & tepylt %ﬁﬁg%%{]ﬂbﬁfgomﬁosﬂe
con%?xﬂ{rlgb o '?(9 Qndrd-ok 9(16t ,rl%ﬁ:%lla{ed@ ?1% ele @{gﬁ%%ﬁse %ﬁrbgéﬂesults

t al aS| S, est resu tai ned at
obtzluﬁetBeit adéveﬂ)oﬂOIl(IOZ mEsSs etdt al . [ 0026] The G oup I VA
al onent may be incorporated in the c%l ﬁ
[00&ﬂy The roup IVA metal component may be incorporated in the catalyst 1n any
suitable manner to achieve a homogeneous dispersion, such as by coprecipitation with the
porous carrier material, ion-exchange with the carrier material or impregnation of the carrier
material at any stage in the preparation. One method of incorporating the Group IVA metal

component into the catalyst composite involves the utilization of a soluble, decomposable
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suitabl e manner to achieve a honbgeneous di spersion,

such as by coprecipitation with the porous carrier
wd'RhEbdsade 1 0n-exchange with the carrier materp@lus¥0s/0393s7

I mpregnation of the carrier 30 naterial at any stage

in the preparation. One nethod of incorporating the

Goup I VA netal conponent into the catalyst conposite

i nvolves the utilization of a soluble, deconposable

co@uﬁ&ﬂ@@%@ﬁw&eﬁﬁﬂ et OaA3hsperse ehepmigtud tigbughout the porous

I VA netal to inpregnate and di sperse the netal

carreh mmgmb khetGroup bVAugetalcmn@pntrm%bq imipregratedpithgppriopAo,

o e SRR RSB 9 P, LR g T,
Grogfl el rh@all donpoRertingdy BdRIed 8 the'EB#ii:r nfab@ial 6 @URmlining the carrier

metal conponent may be added to the carrier materi al

matpryal oG thramagiueos ohsiop i pisaitalde nwtaé salbor splutle gempendsych as

stengils Praoc gt Bk SR o il o sHiRae SRR e o

gerB i@ HASde, gE@RHMIM felma@ﬂlbséﬁep@%aﬁmﬂlrtaﬁ&m&[de Bﬂeﬁ@ﬁitﬂam Jead
oxi de, geffmani um t et raet hoxi de, ger mani um

acetptet lead bhlordtelend e like aompoundst Bhe wtdizatiomofGeaup [Vizemetal chloride

e 5 SR e GIRRUES T 1281 s iy

prefeREPEih A f&‘?ﬁﬁﬁ@ tHahdStb6R66h BF bAR R mb@PEhrEpYRn AR & Feast a
particularly 10 preferred since it facilitates the

mmbnmomroéthecprefwfredb halbgemeommraht m@rqutgﬁ@step aWHemtohkined with

unt of the r al ogen co onent
hydgpegp ﬁghogdg apng (if &spec g glﬁm frﬂﬂg%‘a@ PR foserabed
heng L[‘a[b'oog 4 ﬁb(?nﬁgcbg@% ‘ﬁlléé% RL éfeché e VA PRt 8BkbaALMt Rbbtained in
tep descri ove, a honogeneous di spersion

accmﬁaﬂdaemﬂi thie pré et mmmlonchqunmh‘ematwesembuhmad organic metal com-

pouify Sichat rwaeibioctinelle 558 AlmseP i Horidsthed Brepmppeie into the
cataivht Bmg;\?% 'ﬁ@?ﬁﬁ)ﬁbﬁ bPtfenh6rghalie or1¥d HHdEE taRd hidsh Preferably during

di chl e incorporated into the catalyst during
peptﬂmﬂopexﬂalmmna ovithdiydtdgen ichlorigaor itixacdd bi nder, and

S C R RIS TR N N —

or dtll c6& g@ﬁéﬁ% oxnl?l%( ESRefedP itk Botitnk 0P LifcddceY s EMﬁy%ﬁ@dlﬁerS to

conponénts  or ot er conponent's or m xtures theréof
imprévataceeity akleotivior or stabilitycBarhe aﬁler:latoa\hymtalymdncﬁmﬁcrs irtefude

20 |nprove activi sel ectivity or s
rhegjpipe galkHBWRCTEHP alpq%%n%cﬁwqpé% indium, 880 ﬁﬂll?@ %nﬁnsfeﬁron tungsten,

mo%ﬁ%éﬂg#[nmfce hhdE l?‘Ht I@?tgﬁ;ﬁk?l%éf?&hvghmbﬂlﬁtb Wthese components may

rous, nicke gst en, denum
be addad to the dacizd Material Hedndy syitalla napnafdueiagiov aftambmpt’eparatfon or to the
t hese corrponent s may be added to the car i.er materi g(#]
catalpficaGopnpagite Aploge, FRARREPT FfLRTOMFT 6PRITERIS at¢ elas RFrRorat
Cofi sblfsfH Fh¥DMATHLE BLORS AU O B

the@@mﬁo:ﬁ’&sbdlblﬂataﬂ en ah eRinfenthl bhaginof duek eompomeanent s
constitute 0.01 to 5 mass-% of the corrp03|te

[0028) cul Anethernptionalsompenentiof iaseatalyst, nasticilarbhyssfig in hydrocarbon

conversion processes comprising dehydrogenation, dehydrocyclization, or hydrogenation
reactions, is an alkali or alkaline-earth metal component. More precisely, this optional
ingredient is selected from the group consisting of the compounds of the alkali metals --

cesium, rubidium, potassium, sodium, and lithium -- and the compounds of the alkaline earth
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[ 0028] Anot her optional conponent of the catalyst,
particularly useful in hydrocarbon conversion
wPifEEss8s conprising dehydrogenati on, . PCT/US2005/039357
dehydrocycli zati on, or hydrogenation reactions, Is an
al kali or alkaline-earth netal conponent. More
precisely, this optional 30 ingredient is selected
fromthe group consisting of the conpounds of the
met@$ KadaicikrB] honitium, B2 inMnd mhdindsivm Gprdraldys igoti resalts argobtained
and lithium-- and the conpounds of the alkaline earth
when ghip\mposno seBtittesOr) UspDussodordhe carppasits, calculated on an

’ ¢ ti . ' . L

e S 0 O Ty 2 RO S A A oo

into SR SnhSdite $n Shyb¥ thdkfoviRsAy Sbyimprbghation At drfaqueous solution of a
cal cul'ated on an elenmental basis. This optional _

suitabldwhier-splublek ddcomposable ¢pmpquad bewgpaefered-may be

j.ncor porate i.nf.o .the c osite in,any .of the known .

00y o B bFtefterg i PRte el 5 BRAN Bt BRE e 5 step in
' 219§ MRl BtioSAGRIRINRIh ferR RN H Ask bR P&

the%t?%&frgt?éxg%m%g%t%lgft %sgoﬁgggétﬁgf ore i ndi%at ed, itcgis pétature
calcohation sibp ¢hat alse mplyaysoche dadlad an onidaticnl ¢m artiienprefesgbly takes place

the preparation of the catal yst. An optignal .step of .
befopPrRPBCRGH s Ttals GG SRR P SicbrEpust AR lagagporation of
any hid@lls AVRG RN SR phan ke LasHaish Qtlaik&B ifdoBfbratiil FFlany metals,

preferably takes pFace bef ore incorporation of any
goodredsaltsare @btdimedswipgnacr owen tentmrative opisiation step and e pptional halogen

.incorporation of 10 any netals. Wen the high
adl"@%‘i‘Fﬁ’éF‘&P%? Ve daﬁltopd%a&(ﬂﬁtais'befpre incorgorati on of
[OOtﬁIy MehalShditidhd ggltplﬁ(%%\ilt& S8 ShORWRE REfhYER oRidaA¥EEtep are

nperat ure oxi step and an optional hal ogen
seleatdil tis toraeit sabemtiatly lab wf theemetdHictcompondntawithivetha batalytic composite

to e e RO B TG B o Bl ks Bl A emperature of
fron? E}%ﬁ RY008E ! Xn By geBlanthHSHHERE &Hﬁrfﬁin‘é%ﬂl@ RSy Wil y3d. Generally,

e catalytic conmposite” 15 to their corresponding
the oxitlatiorf seprwillxecanriedianti fona perggl afyfing 8151 tp 10diosss qrinzpe, the exact

o R B b5 B Bl componsic
theif;@(f}?é’s?%ﬂgﬂré% o%ilag f634l. 4Bl Hhe SHERF Whinke, RAHPRIt HRTteRPErahudE

a per romO0.5 to 10 hours or nore, the exact
emppeyedaad afie dxypen beiterg dfitia atmegphearecnployebnver t
substantjally all of the netagl|ic c(% onents to

hei
(00333 r e bprscitionytodhe eradaiipm stepsRiialqeenadigptment gep gy A gi’leremployed

. i t . t neo:

B SIS A ATELONRY s 8 AT .

haldgen aifsterdnd siep ey 2idin homdpgehegsnlispdisict ofithd Gsdupd VIRIUPAC 14)
al so be enployed in preparjng the catalyst._

metpkandcay oshr mtizhepmpenes- Midditionally the balggen %ﬂm&%&gw.step can serve
s o LR DR BB B8 i g composie

The' TRl ctlen abFhsBReht SeP emplRis al haldpen onRilbgen-AdtHihing Rainpyund in air or an
t he hal ogen adj ustnment step can serve 25 as a neans of .
oxygercammpsphare rigjnectbe preforredchalegea|foincanpigtien intp the catadytic composite
con{ﬂrﬂ:gsl, c grtir?é, Y pc%efCePrgE Bg’llotggﬁ or halogen-containing compound utilized during
the halogen adjustment step is chlorine, HCI or precursor of these compounds. In carrying out
the halogen adjustment step, the catalytic composite is contacted with the halogen or halogen-

containing compound in air or an oxygen atmosphere at an elevated temperature of from 370°
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The hal ogen adj ustnment step enpl oys a hal ogen or
hal ogen contai ning conpound in air or an oxygen
wodoimsRkare. Since the preferred hal ogen for pcr/us2005/039357
incorporation into the catal ytic conposite conprises
chlorine, the preferred hal ogen or hal ogen-contai ni ng
conpound utilized during the hal ogen adjustnent step
is chlorine, HO or precursor of these conmpounds. In
to 660RCT Wakg it be3stesdhe dindhothe romajtigt s terto aidia the adjustment.
catal ytic conposite is contacted with the hal ogen .or
In partitWee hep thethalogengonwepented thersatalyst epmprises gllgaRe, it 1s preferred

at mosphere at an el ) ALY .00 ~ .
o v BRerae sy BRI CSl DS 1b SOBE et el Ir el bpach sep i
typiddBly o2 O to SUHouRdor hereCBEdaasd d Mk Sitilaritynoeoliditiohs the Balogen
in"the adjustnent. |In particular, when the hal ogen

adjustorepbstep may aketpdacsaduging she exidgiionstep. Alemafiney, the halegen

. preferred 0. u a le ratio of . . b
s flabEs meying rePER DR o ABoHar SHEREfioh Red sl by he
partic¥R} ARIHA el Bntbl8yddOtopréfed fhe QhtalyBr of thBpLaets env@htibmdrrespective

simlarity of conditions, the halogen 5 adjustnent
of theteapetralogen kdjugtient stap einplpyeh dhelalogan eontesit efthe final catalyst

shol, pEPiR OB Blebreniel Qrrtim 0 Han a5 RE B ERope composite.
[002%?E QUi iy eﬁ&ﬁng hie caﬁﬁ{y?,ti, & Wkt HRdkdiPRaP 8lsb e DRI Enidoyed. The

epare the catalyst of the present invention.
reductioe stpp i designedio teeceesuhstantirdly afjertf thelplatinwagrouptragial component

to (G BPAPOT g SR T G PP <BHSs & MR SR P finely
divi&'&?&igﬁfél’rﬁgn bi'he fchx?%H@rﬂ R BURRR e reftibtd9QR6kadiB oxide. It is preferred

prep ng the catalyst, a Teduction stép may al so be
that dhpt leduetidnystepripltesypdate il haubstedially water-Steegnivisordesit gitrefgrably, the

redieENELgRS Lo EOHBIALD RHsor i PRORoREL G dren et RS P vater).
Hov@%ﬁ}:o{t’ﬂe‘} é&fu@ﬁlg (%%E@ th&y @@&Hf)l%?@i $ih @t O n¥trabh f €. Mypidlly, the

I'vided dispersion of the conponent throughout
reducirg gasfis eattated with tigankidizekéatidytid composige ef eandiigns tgtuding a

e R T ER VEN e RLess S SRl oo
hou&aﬁ‘febﬁxééfbt}?&&@tshﬁétﬂia?lwajﬂof Qﬁ&plﬁﬁﬂﬁ@%ﬁﬁﬁ(ﬁleb@l- conlpRént to the

than 20 volunme ppmwat ér). However, other reducing _
elengasal snetalic biatee Thé eydudtien step sy BOperformesiprinr teloading the catalytic
Typically, the reducing.gas is contacted wth the
compgpis it &y Fogatben EBW%%S’% €ongtor E&Xot?etl?eéﬁ’gnl:‘iﬂé‘l Tt gag of 2
. 2
hyd Al cBRy P BIGY bl biRES Bnd i Riatfe (et
hydfdiboa feedetiariiowdiey, ifithe infsith keehpiqat isamplgy el propet @recautions

conponent to the 20 el enental nget .%hl ic state. ., The
must bg taken F‘gqa] Pty t}pﬁalg,nggc.:%léqq ENEralop Pt te B S‘I%E?&Pﬁ@' f\/ﬁ@r-free state
T T e
[0038]dr 0 Optibadllys tHevatdy iy lcanimsits mag albbespbjected eoapesulfiding step.

and/or during reform ng of the hydrogcarbon feedstock. .
Therqplionarsulfuf campponent may ge fl@@m@raafeﬂemﬁ%%é ey éév, any; kgyoayn technique.

00R2S A Ky BFabSHEALS o it B P

component to the Group IVA(IUPAC 14) metal component. The preferred Group IVA

CH

component is tin, and thus the preferred bulk mass ratio of platinum-group to tin is less than

0.9. Especially preferred is a bulk mass ratio of less than 0.85.
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25 and a substantially water-free hydrogen-containi ng
reduction gas should be enployed. [0033] Optionally,
wo BReoshal ytic conposite may al so be subj ect ededQUS005/039357
presul fiding step. The optional sulfur conponent may
be incorporated into the catal yst by any known
technique. [0034] A critical property of the catalyst
is the bulk mass ratio of the platinum group
[0038) "poAaethniquetthe cah @ximinyAfel lbRA€letthpnivstradtueafplntmtised in the
The preferred Goup | VA 30 component is tin, and thus
presepfeinpensipe (padatinn Kateeaiyireamens, grenpea tiopdingks dMPssbaperi n

b 95 PR Bt B S8R S
fundtiehl 0P8R0 03 U hdity 6088 hiliclé df eie i IR eatbMmein thambexrded A3 ompared

the local electronic structure of the tin used in the
to thersoyesas diteqtis ghareeterisssi theoxidation: state of Bigvine Shgrgwadrupolar splitting,

.cherd cal, bondin i shauer . s 1 0S . The .
oS0 RO k) S RO gy SIS R Mo ot e
surrYREERSUREgBDSRT tHakoriz8s the ABEet 8N c&rdinBRoredrRichiOthe type of

density o% the nuclei of the 119 Sn atons in the

chemixsbbiralrin adiictothedined iy ofvedt Mésshauercspecteiiseenytalso provides

. .characteri.zes, the oxigdat.ion ate of .the.tin, The . .

infogRaTLSETainepr E?%TFE of RSB Rugon RE g Nips e by thetin

Pref%fabtl)E SheARBH R bF 12 preenfinkeiohi@htais il GharbcfetizbPUdih® Mossbauer
of t'he surToundi ng charges, and characterizes the .

spectagray toincasoediaanoan ofitid assontedheithip specific pletieuri@adup tin

bond i n. whi the tinis i | ved. .Nbssb .
ChusTE B GDp e SG HP BT S SrRA PO PG K5 hiably, the
amd{f9 Bﬁfssgﬁaégc[ ﬁ.ﬁrwiﬁﬁ)@ grdiferdh 73 QAL RADfPhe bRE LIRS with an amount

occupl e e tin.” 10 Preferably, the catal yst of
gredtrethpn 2Smass-Yabhedng peferednUsing shis charadtenizati o took.étihassiddiionally

sshauer. spectroscopy to neasure the t. of ti
beel S8t br GRFTh oL e st Yeh BoR KR eLmariel L .t st 10% and
prefetdbdy fMEastSNEIhd G pRE&R & ¥ @afaBlstds ih@kéduc&d stateCBy reduced state
assoclated tin is at |least 0.65. "Suitably, the anpunt

is mebneSoci ated tin will be greater than 33 nass- % of

10035, hbenalstpicheprasent Gt barer A ALED AR iparbon

contvgligiop )}:lénialgflggffl‘ htéﬁxgﬂfdc%%h hytohe BEGRHY PohidhaE with €he catalyst at

cat a invention are characterized in that
hydaécatteasiondd8ioarndndipioad, eviadi iyclate b éasperdtbfbodfironind0t torb50°C, a

pregsgg{eﬁs}gf?épnggtgicgghgrg .al Eahigas(gi_hg[ege . &thﬁgd ﬁé‘q&}éﬁgg&y gpace velocities
frorhrb‘?l R R0 R, Ty %Qtta%)@f‘is Qﬁicﬁﬁf]& 'gt b_?l_ifd%tcbéalryftilf ré®riling of gasoline-

ydr ocarbon ~conversion cata e hydrocarbon i’s
rang©febéstehn)\anttadad may benseddbedthwiltdeytlivationtisdmeization oPdliphatics

hydr ocar bon- conver si on_condi.ti ons, whi.ch i nc] ude. a )
and; Zompalics dphydrogensting, hbdrparagg@@,ﬁ@r?ﬂ%ggqﬁlem#aﬁvwn, alkylation,
I . a | i i . .
e RO Sl et TSR ARANRA SOyt Ty Stipent mventon
proVide@piater $t8biley dddCleh@rddyokeplodbittton relativatadtiitd catalysts known to the

reform ng of gasoljine- range feedstocks, and al so nay
art plbenvesd 19 procagsgasekies engy feedsbeck asamiptaly ticaefosming catalyst.

Pre?érgﬁl}),%é gaic’soline-range feedstock has a sulfur content less than 1 part per million. The

present invention also provides greater stability and lowered coke production relative to other

~ catalysts known to the art when used in a dehydrogenation process where the catalyst

comprises an alkali or alkaline earth metal component.
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and aromatics, dehydrogenation, hydrocracking,
di sproportionation, deal kylation, alkylation, 25
“Kﬁﬂﬁagghhylation, ol i gomeri zation, and other pcr/US2005/039357
ydrocar bon conversions. The present invention
provi des greater stability and | owered coke production
relative to other catalysts known to the art when
used to process gasoline-range feedstock as a
[0037At al Yhé follosfing Bkagplesivill 3esie to ilPuefagy @bthin spebific embodiments of
gasol i ne-range feedstock has a sulfur content |ess .
the pregent 1nv|§av@n&ws¢w>mmréw shopld nop heyeer, becanstiugd agligging the

[ OV] : eaf e bi L4ty .and Hotslt
o Y FReiEk s YT USE AL ER B R AIB fion. o
thostS@rdifard sEEMMAh g Rall ir&BEﬁl’z@GﬂﬁSh wlaevithin tie padtadfyisd invention.
conprises an alkali or alkaline earth netal conponent.
-11 WD 2006/ 055229 PCT/ US2005/ 039357 [0037] The
foll owing examples will JEXAMRLE || ustrate certain
speci fic enbodi nents of the present invention. These

,[ooﬁja”p'r%% s%ﬁ%ﬂ?‘éa?lﬁ%ﬁapedr&@\éﬁf A 48 ,Q.Fﬂobhtregee?%rﬁﬁ]ﬁlécjim}; thhfactured

e Scop e rnventi-on’as se
via @leadinGrop tethioR], vete fiertad with & dryphighitethseratare cl¢ination iasir containing
those of ordinary skill in the art will recognize,
appygNimptekyr %S wassr/n Welss akiior ¢ fortS mpmitgsn Tlgn platinum was impregnated
LE 1.[.0038 her | I I C
on G Spl OGEPLoTSSEPIRY) Aok APARE Lo B0t e
andit]. NoRRhABINGEs addideo tHe@irRitha Wbl frick t6lthe oil dropping. Next, catalyst
hi gh-tenperature calcination in air cont ai ni ng _
preparpiiang iweee exiglized in amais flogvdt1P0 bt~ @eolurbr spese welacite&HSY), at

T atin was i.npregnat.ed. he oil_dr
51000 Phts R el AR AR Hiblinedict RufinanllRREFE gog The catalyst
wa$RiGdea R AUDHIGHSWY nfixdie éMftrbkdn andotsems1a thytltdgenpReduction

added to the al um na sol grlor to the oil_ dropping.

. g
tempesature was 46376t anddreddor ive BawrswBieepreririesfdhe gatalystgvwere:
flow of 1000 hr-1 gas hourly space velocity (GHSV), at

51p€Cfor18tpur i e sty taneous) v—imj . g HC
so| Sdmyla andﬁ%ﬁ%ﬁ%rllg\ﬁné gas.ﬁ@f gat a?lg[ft was rt’eld Jceé:lg
i nla 425 GHERIY: §E6 o WWEVgdn Wb ig MgUmel [ Wik
hyfr oyen. Redu®3%n terrperoa?t9ure waks3&65C ahdl hel d P87

two—t frtte—T yS[rs [N

37 Qad.ﬁj i~ 3 499,

urs. 1ne pertigs of
Sarrpl% AeragBSI%ﬁPt, Sn, @h/Pt, nsity, c

W -% ol /ol Wi-% A 0.501 0. 29 0.30 1.68 0.99 B
0.579 0.37 0.30 1.33 1.00 15 [0039] The reform ng

[00R8} f oM Reforminggreformaicaloy sichwamlydtixas oletdined Aoloiumse aff60 cc of
60 cc of each catalyst was |oaded jn a reactor in, .
eachpepialysicupaloadel Beagsagter in dyee sepatate beds o ppresent fegicsPhpforming

o LR g 0L 589 105 0, it v
spa¢€v@6dity(LHSOMS 107 hit! 7 Kyidrdgenthytscstathon nddly eitioadi2b® The test used a

mole ratio of 2.0. The test used a . .
naphtha feedstock with a bulk paraffin/naphthenes/aromatic composition of 58.7/30.6 /10.7

liquid vol-% and an ASTM D-86 distillation from initial boiling point of 68.3°C to a final

boiling point of 160°C. Naphtha feedstock was analyzed to contain 0.4 wt-ppm sulfur. For
each run, the target research octane (RON) of 105 was obtained, and then the temperature was
increased continuously to maintain constant RON. Each run was equal in the length of time.
After each run, the spent pilot plant catalyst was dumped keeping each bed separate. A

sample from each bed was submitted for carbon burn and the results were weight-averaged to

-12-



10

15

napht ha feedstock with a bul k

par af fi n/ napht henes/ aromati c conposition of 58.7/30.6
wd Hde/ds538 | i qui d vol -% and an ASTM D- 86 di sti | p&dii€005/039357

frominitial boiling point of 68.3C to a final

boi Il i ng point of 160C. Naphtha feedstock was anal yzed

to contain 0.4 wt-ppm sul fur. For each run, the

target research octane (RON) of 105 was obtained, and
calcilaernhé beerh@npeb@al The reﬁaﬁmng perfemsmde atohfeed banels pet £ of catalyst

ntain ceonsta run_was equal in the

(BPCB}]@(Wéfm?if?ﬁg/m ?t{i]é(ﬁt]é%%ﬁoﬁﬂf? V&% spent pilot plant

catal yst was dunped keepi nhg each bed separate. A 25

sanpl g fromeactr bed Ted f ] prurn gnd
t he r eSSanipe mem?@miﬂ?%%d to Ave WPS £
2006/ 055229 PCF/US2005/-039 e %Laqa%%age
carbor]. The fef oﬂﬂ perf%@?&nce at 7 fe]e barrel s
per ft83—gf Tatal (tﬁl—’u- gor 39. 3 M3 TEE

cat al ystiﬁan éFéRO\I 6sarrpl ¢ Tenp., Z?:5+ Yi el d,
Aver age Car bon on W - /o Cat al yst, g/ 100 cc A 517
86.7 1.75 B 519 86.8 2.14 [0040] The sanples were

[0048pal ﬂl&dsa\mlilés wosshayerd witk Mdsslsauepspetivosdepe tondeterntiiethe extent

- extent _of the Sn_associated with the Pt netal e
of therSneassacjated by the Bt metal. J&F@gf@m\@oﬁlﬂﬁéa%ﬁmseaﬁedéﬁﬁ amount of Sn

PP PEMGEL I e 0 DML ) AT 1 o

and Paiipthe saniple. Thd effdctive St Btolamltle was ichloulaeesl b;»adnahip@tlegithe bulk
by nmulti Iy|n the bulk Sn/Pt nole ratio

Sn/Rtimgle rasio lzyr siragienel 3 egodiated with Bt figm ﬂﬁwmg%ea@awyses The

Mo%geﬁrlgi/ ?e%ﬁ t? %-Egde oﬁ%@t}%%é rgi fr(i)g C%ﬁ&e&% % ir?g&%ﬂe\f@gl:d to be:

Catal yst Bul k Sn/ Pt Mossbauer %Sn Effective Sn/ Pt
rgtio bats eBulkEn/Fol | avwesHaaterhSwi t|h Hifectine Mo balocased
gl 93RSt |A 163033 0. B6sochitekt with #7 0. 6 NEXAMiLds, Bl

[ (64T —Two au romg—catatsts, and—D;th
cqnt ai neqg gggand 0. 375 V\%gb% W/ere prepargd by

i npr egnat|i ng cagner di al | y- mgnuf act Ur ed suppopies ( by
the _ail drop nethod) using chloroplatinic acid The

catal ysts were oxychlorinated at high tenperature in
flowng air that contained HCl, water, and Cl2 and
subsequent|ly reduced at rﬁWP&Ep%rature in flow ng
hydrogen for 2 hours using the same conditions as

[OOAFI)f anpk&/oladdi-ﬁ&ﬁalpcfaga?}?ﬁst, iCe:fhd%, thionthheA ¥ B ¢VaHd0. 85 Ewt-% Pt were

prepared by impregnating commercially-manufactured supports (by the oil drop method)

using chloroplatinic acid. The catalysts were oxychlorinated at high temperature in flowing
air that contained HCI, water, and Cly and subsequently reduced at high temperature in
flowing hydrogen for 2 hours using the same conditions as Example I. The properties of the

catalysts are:

Sample Average Bulk Pt, Sn, Sn/Pt, - Cl,
P Density, g/cc wt-% wit-% mol/mol | wt-%
C 0.685 0.26 0.30 1.89 0.98
D 0.691 0.38 0.28 1.23 1.03
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Sanpl e Average e Bulk Pt, Sn, Sn/Pt, C, Density, /cc
-%wWm-%nol/nmol w-% C 0.685 0.26 0.30 1.89 0.98 D
< 8 0.28 1.23 1.03 -13 WD 2006/ 05522 5 5
W(g%ﬁ??/%ass%%s/ 039357 [0042] The reform ng perfgﬁcngﬂizgoaé(?%ﬂ
Catalysts C and D were obtained with the sane
procedures as described in Exanple 1. The reform ng
perforrrance at 7 BPCF [or 39.3 nB feed/ nB catal yst]
[004%‘:]2l ert%ﬁﬂﬂx'ld% ofeThtalystPC abld D Werl dhtaiddEwhlg the same
rbon on o Cataly a/ 100 cc C51586.3.1.78 D
proc&diBe s, Beaies 1{1 Em&pleﬂh e avfpimeing mevfernaange ¢ 6§ PR (Ar 39.3 m3

reed RV oRRIER BNPR  he Pt rotal. The Mbssbauer

results and the effective Sn/Pt ratios for Catal ysts
C and[D werqg found to bq: Bylekd, Sh/ PtA M 6n. &BN
Ef f ec{ Se@pkn) Aiempat (Co base\glt %Cat Al 'S Caf ot 2100 cc
associ i lII %15 O VDSS @5'1_ ot 7ot I.89 35
0.66 |[D I. 23 41 0044?’ Mossbauer results fg
Cat al yst ) A, B ﬁgand D shggwt ha1 t he %Bm.88soci ati dn
did not_incrlease for high density and high platinu
cont ai ni.ng Catal yst D (33% Sn 10 associ at i on) as it

was expected based on | ow density and high platinum
[0043bnt Tl wglpdmwry gnaleed(wrkhféVbﬁsbat}%rcﬁPie%MS@ﬁlyy topegsamingethe extent

of thg%#s%c@%ﬁcf ?lpﬁngtt{g?tat §[§18 Mosg?aatggl x\ﬁff&tlve Sn/Pt ratios

for@alta%ty%ﬂg?%%effo%d@@mrm al reform ng anits. Such
increase in carbon production reflects poorer

St ability and causes a significant relative increase

i c;??;gegereﬁtdk SdPty |r eidisshadert%6Sbur|n Bffestie §h@t ratio based
r el @Y |cambsifindlevel ashotiatg widt Bd st onMossbauenthalmol
High @arnon caggalsq Tead t33 a reggnerator |pgst such

that a refiner nay hHave to decreade caonversion and/or
feed Datg in b2¥er tlo redudd the cdrbon prodddti on.

OV\AD

AdditioenratHy—Catalyst—C-—showed—thebest—activity by
achieving the target RON at the | owest tenperature.
[0041imer e’ti‘ﬁé ﬁdosgﬁﬁemgﬁfsqﬁpéfztﬁ%&s@% H_ XS BfshbWitBat the %Sn association

it s critrcal to havé effective platinum
did not increase for high density and high platinum contamjng Catalyst D (33% Sn

=~

association) as it was expected based on low density and high platinum containing Catalyst B
(47% Sn association). From the reforming performance tests, Catalyst D shows a significantly
higher carbon production which is disadvantageous for commercial reforming units. Such an
increase in carbon production reflects poorer stability and causes a significant relative
increase in regenerator duty required to burn the higher relative carbon level during catalyst
operation. High carbon can also lead to a regenerator limit such that a refiner may have to
decrease conversion and/or feed rate in order to reduce the carbon production. Additionally,
Catalyst C showed the best activity by achieving the target RON at the lowest temperature.
Therefore, for high-density catalysts of this invention, it is critical to have effective platinum-
group to tin ratios that maintain acceptable reforming performance and permit operation with
high density catalyst to allow operation of a moving bed with increased pinning margin under

hydrocarbon conversion conditions.
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group to tin ratios that maintain acceptable reformng

performance and permt operation with 20 high density
wERheh%se to all ow operation of a noving bed vdiysa00s/039357

I ncreased pinning margi n under hydrocarbon conversion

conditions. -14 WO 2006/ 055229 PCT/ US2005/ 039357

EXAMPLE 3 [00451 A representative X-ray diffraction

pattern of the catalysts fromthe previous exanples

was obt ai ned by standar dEXANMBLPOWIer techni ques. The

diffraction pattern showed that the catal ysts are

simlar to the material disclosed in US 6,514, 9

[004Gihi cHh re@rqua@tgnmxawélfgaﬁwaﬁteayofrtbq aliia Foehe g vious
exan?pﬂ? %s q %%1 ned §%§ aﬁ‘&a@& kerr é%gldgxy tel aT}?et dif%actibn fﬁgﬁ’é?n showed

are 0 conven I on

that theWilaly8ts afdSindiRt tOhe ﬂ{ate@faa Kistlos&hisi T$ 651@,904 as]meh is meorporated
two- theta Bragg angle values of 34.0:32,5 and

hereifghyOeitferie fareto Bicspenknwerecharssterized by iakingrafigy of peak intensities

as oqeapasoicn et DRET B Fhnd dile Fafbs 30 Beak Bich el Wespective two-
thetalSa I\/é%’ 14 vElRESHREs A4 §@§%§8 1643 .9 Verd U etérn@ild t0heli0f 28061 for
S. C) US20.0503.9357 16 - CLAIMS: 1. A

conveptiomat garhow abwninerasd b4 andtlal fos theeagdystsofihe garesent invention.
pl ati num group conmponent, a tin conponent, and a
support conponent havi ng an average bul k density
greater than 0.6 5 g/cc and preferably greater than
0.65 g/cc, wherein the bulk mass ratio of
plati numgroup to tinis less than 0.9 and preferably
| ess than 0.85, wherein the platinumgroup conponent
is platinumpresent in an amunt fromO0.01 to 2.0
mass- % of the catal yst cal cul ated on an el enent al
basis, and 10 wherein said catal yst contains
associated tin in specific platinumtin clusters,
with associated tin present in an anount at |east 33
mass- % of the tin conponent, and the effective nolar
rati o of associated tin to platinumin said clusters
is at least 0.65 as characterized with Mbssbauer 5
spect roscopy.
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2. The catalyst of claim1l wherein the support
conponent is-an inorganic oxide binder selected from
the group consisting of alumna, magnesia, zirconia,
onta titania, bo.ria,-thoria, phosphate, zinc :
si i ca Mh@ TRt ures. 20 thereof and BIBES336118  P.09

jrm'(ed 06/1Q/%0Qﬁ eferably al unina. .CgST AMR at al yst of claim?2 US2005039357.

10

i5

20

30

wherein the inorganic OXIde blnder is alumna and
further characterized with an X-ray powder
diffraction pattern such that -the ratio of peak
intensities at respective two-theta Bragg angl e val ues
of 25 34.0:32.5 is at least 1.2 and the rati o of peak
tntlansities at respective two-theta Bragg angl e

val ues of 46.0;45.5 is nos C yst
of arfy %ﬁGQﬂcérﬁﬁnlcfﬁv%ITtﬁ? fi “a;gﬁprcom Ihes lé%é}

PLOODY & -r@poaenbosehect £d £ cmantpheegtoug)ngoa support

conS|st|n of. _germani u [ [ n 0.
PR PTG Bprlnt L RBTAree ShospRar Ut ot akel " °-¢

gron, and yngstegablyobybdtemnthai o GSCadﬁFun‘r’%mee‘n the bulk
%& uf&?z.imefr ngqfauﬁt(lﬁNQE&ﬁEETmﬁtowg@oehan 01¢ and

rondter conprises from0.01 to 5.0
rassespbf Lave Gﬁ?ﬁl93?5caYQEﬂ%ﬂQafqﬁnPéﬁteP%ﬁe$ﬁ%ﬂp
Baﬁbéner’é: TJWele%tlabmsbrege@ﬂylmfam|aa.|onat1fmn30fatcrnherz 0

nprisin a hal ogen conpo ent present
frtﬁaﬁ]%) cif tq-d-nel(faga §§ @agg {1?1 ed lan lggeﬁﬂ f‘@é@ls an
oaéabystsiﬂdznqtaﬂysmlaanaintoaésqduymeentthelnatmﬁﬁ*ﬁ%c
B Qnﬁur Qf%ﬂ%g%% froﬂk%ﬁoagghégu%é@zkgﬂ1@Bgsent in an

&rap he surface area 1s from 150 to 180 n®/ m
ZmoThe eetleﬁagﬁstt 35f mamy -8f °&| BRFEt I (SGTBORABF ei AT h

Q%EﬁcciQerﬁﬁﬁgﬂEﬂdﬂ&oOEfpbagbatﬁméﬁWﬁum te plAtiswhess said

t han 85, S. rbon converS| rQcess
E&Hﬁrﬁ§fnbséﬁh9§ § %a R dFBeaT bon egdsfgngéss$ﬁuer
cakakystcgbiy any of clains 1

2. The catalyst of claim 1 wherein the support component

is an inorganic oxide binder selected from the group
consisting of zlumina, magnesia, zirconia, chromia, titania,
boria,. thoria, phosphate, zinc oxide, silica and mixtures
thereof and is. preferably alumina.

3. The catalyst of claim 2 wherein the inorganic oxide
binder is alumina and further characterized with an X-ray
powder diffraction pattern such that the ratio of peak
intensities at respective two-theta Bragg angle values of
34.0:32.5 is at least 1.2 and the ratic of peak intensities
at respective two-theta Bragg angle values of 46.0:45.5 is
at most 1.1. |

4. The catalyst of any of ¢laims 1 to 3 further comprising

~a metal promoter component selected from the group

consisting of germanium, rhenium, gallium, cerium,
lanthanum, europium, indium, phosphorous, nickel, iron,

tungsten, molybdenum, zinc, cadmium and mixtures thereof,

AMENDED SHEET




Prlnted OG/TOKﬂO@ﬁl numgroup to tin Fy
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10
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to 7 at~ hydrocarbon-conversion conditions to give a

converted hydrocarbon, the catalyst conprising a

pl ati num 15 group conponent, a tin conponent and a
cp_oaSUPPOLL conponent havi ng an average bul k density

bduuauovoa/

g eat'éF t han G“6 FIEL, vvhere|B the bul k nass r%&g’ﬁi’ﬂfle P. 10
1

han 0.9. 9. The
process of claim8 wherein the hydr ocar bon 20

feedstock of naphtha range feedstock and the process
is a catalytic reform ng process. 10. The process of
claim8 wherein the process of a dehydrogenation

process and the catal yst further conprises an alkali

vﬂ‘rer&|1|ﬁa|thﬁemeadil tp:tmtq;;lerdpsperseeis oft o the sgped© pgss—*

cg:lta;1 ap anpynt..f 0%Oagle19m§n&1rra§a%l% of the
F caF

cul at ed on an el enent aI

SHEE‘]I‘h@]_ca‘F@].’AEt Pof DY of claims a? tsurt%’xer coanI:p?%I:‘-L)sn.ng

2 halogen compeonent present in an amount from 0.1 to 10
mass-% of the catalyst.

6. The catalyst of any of claims 1 to 3 wherein the
alumina has a surface area from 140 to 210 m?*/gm and

preferably the surface area is from 150 to 180 m’/gm.

7. The catalyst of any of claims 1 to 3 wherein the bulk

mass ratio of platinum-group to tin is less than 0.85.

8. A hydrocarbon conversion process comprising contacting

a hydrocarbon feedstock with a catalyst of any of claims

to 7 at hydrocarbon-conversion conditicens to give a

1

converted hydroccarben, the catalyst comprising a platinum-

group component, a tin component and a support component

having an average bulk density greater than 0.6 g/cc,

wherein the bulk mass ratio of platinum-group to tin is less

than 0.9.

9. The process of claim 8 wherein the hydreocarbon

feedstock of naphtha range feedstock and the process is a

éatalytic reforming precess.

10. The process of claim 8 wherein the process of a

dehydrogenation process and the catalyst further comprises

an alkzli or alkaline-earth metal dispersed onto the shaped

catalyst in an amount from 0.0l to 5.0 mass—-% of the

catalyst calculated on an elemental basis.
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