WO 2010/ 096336PCT/ US2010/ 023972 REFORM NG CATALYST FI ELD OF THE | NVENTI ON
[0001] This invention generally relates to a reformng catal yst that can be
used i n awbhyovmoessaver si on process. DESCRI PTI ON OF THE RETCABEDOAED72

[ 0002] Nurrer ous hydr ocar bon conversi on processes can be used to alter the
structure or properties of hydrocarbon streans. Cenerally, such processes

i nclude: isonerization fromstraight chain paraffinic or olefinic

hydr ocarbons to nore hi ghly brrpebrMINOCatAlST, 10dehydrogenati on for
produci ng ol efinic or aromati ¢ conpounds, dehydrocyclization to produce
aromatics and notor fuels, alkylation to produce commodity chem cals and
notor fuels, transal kylation, and others. [0003] Typically such processes
use catalysts to pronote hydr K i reactions. Oten, it is
desirable to devel op cat al ystgﬁ\;\nﬁt)?%l ﬁgr@{e]%%\ﬁgggperti es, such as activity
15and selectivity, to process various hydrocarbon feeds. Thus, discovering
cat al yst[900d}t h maw ipveanpien igewsaltareldes toeneforming] cataBrAaRYarChe Tk it NVENTI ON

[ 0004] I n one enbodi nent, a reform ng catal yst can include indium tin, and
a cabal yDIdERAOPYEIEICR PEIGEYe anount of a group VII1 el ement for one or nore
reform ng reactions. 20Typically, at least 25% by nole, of the indiumis
an I n(3+) species based gppthpmTON OPFOEsS RO ATED WRRfter exposure for 30
m nutes in an atnosphere including 100% hydrogen, by nole, at a tenperature
of 565C. Usually, no nore than 25% by nole, of the tin is a Sn(4+) species
based on008d t ofNmengisdrydisicahion canyaspior Rpnsstseecandie wod i dlipr g stiychige or

at nosphere i ncl udi 100% g . e . I C.

25[ OOOS]Rrﬂp%rﬁ% (I%*ljfcekry%prcggjé)ré rseég{elgfbgg?eﬁ@#’ QP%} Qrgﬁ?%lﬁgggitl%%%aﬁévﬁ?ﬁcl ude
tin. Typiuaadhk Yhaidpalagfasé odSi¥iniyhytmicarbond tottherethighly draaclni(iB)drepamngs and no
nore than 30% by nole, of the tin W) 2010/ 096336Pgr/ US2010/ 023972 is a
Sn(49) sfshydwgensiondogrodurang elebnicpspEmasic copRowtdseAehydisy aizatipp o 30

m nutes | ' [ o : : Lenperature
ot 5650 PP BBE A HRAR AR A, ey A o R SO e imiclls B IR o1
can i nclfude, @arsalkglayivh,cablogheed.f ect i ve anmount of a group VIII elenent for
cat al yzin@ﬁg:%ne or nore reform ng 5reactions, an effdg%):tive anount of a group

| VA el e and YBIFa Y PYeORIORes fEABSS (G QTOIHRY EP R ORISR y .t he

coor di nakh QnRupRh, i0fs defiatiefUidvBB pRhRNRRLwiANG f@fY Brogktties SueRBNActivty

greater than O as determ ned at roomtenperature after exposure to an

at nos pheand sofectiGig/fo bypcess|verios/ladseranbant feedst dipardigogiering cabBpts with new

[ 0007] Ther ef?re tbh egpoc&i ments di scl osed herein can provide a catal yst

havi ng 108PHET &t 633‘38 &'ties for facilitating hydroconversion reactions

and flexibility with processing different feeds. DEFIN TI ONS [ 0008] As used

herein, the term"zone" canSUMMRARY ORTHE@IVENIION ng one or nore

equi pnent itenms and/or one or nore sub-zones. Equipnent itenms can include

one or nore 15reactors or reactor v,esse(l@f, heate1 S lJaar at or(g, exchanger s,
y$t tu

pi pes, pPORPY  compResRBYdmeRng rEBHPINGICPBNS! Cardlr i i o, UL A4 ui prrent
Istjg[nz Oﬁgés:a?alﬁcaﬁy e BREHR anMunY 885 Sloup SAM dI4hEd 61 dRTr YelSe OFBIRIng TRACcBoRLONES OF
20  Typically, at least 25%, by mole, of the indium is an In(3+) species based on the total moles
of indium after exposure for 30 minutes in an atmosphere including 100% hydrogen, by
mole, at a temperature of 565°C. Usually, no more than 25%, by mole, of the tin is a Sn(4+)
species based on the total moles of tin after exposure for 30 minutes in an atmosphere
including 100% hydrogen, by mole, at a temperature of 565°C.
25 [0005] In another preferred embodiment, a reforming catalyst may include tin. Typically,

at least 45%, by mole, of the tin is a Sn(0) species and no more than 30%, by mole, of the tin



[ 0009] As used herein, the term"streant can be a stream i ncluding various
hydr ocar bon nol ecul es, such as strai ght-chain, branched, or cyclic al kanes,
al kenes, wbkadvesiss, and 20al kynes, and optional | y ot hePC3lssaiane®32 such
as gases, e.g., hydrogen, or inpurities, such as heavy netals, and sul fur
and nitrogen conpounds. The stream can al so include aromatic and
non-aromati ¢ hydrocarbons. Mreover, the hydrocarbon nol ecul es nay be

abbr evi aisedS{H+) $pecieCBased on.théIdtaMA®@® offtin dfePEgsBiieTot FEmnNeh agf car bon
atonms in the hydrocarbon mol ecul e. 25[0010] As used herein, the term"netal"
gener al | §tnasaRdie Hi¢ludingrbi% hpdo2eb bt pitsaPalE W9 Gt s conpounds are

in sol ut gﬁiﬁq go%%z]s?ﬁlo‘d%‘?%ré?&fr@d &nb&dﬁ%ax(ﬁjtgé%féﬁﬁhgg%{tgqyg?éawn%ﬁée%t |ve

anmount" Qeneral 'y “neans a anount  a to a st ‘support to

faci | it atsalylieallyediferiionambumtof hgasip Vilkelemepdoncatafziag bye vomardxeforsingam
Typically, a catalytically effective ampunt is at |east 0.005%_preferably
300. §5% TRAEPHp #ﬁqqtlye 6B}, Of PP Bﬁ“ eliBcRbidghen sffeth& aEQUa} §fst reduas
2010/ 0963R6RGT/ [%%g},QAQg%?Z%a{i&p%ﬁé N R BRi8E Bemt nhgrms;;' ViPERkKeAnal I'y

effective amount™ generally neans an anount on a cataly upport to
i ncr easeiscatatntharcO pedétemmaedt & roomderoperv@resafcm egposarcipdinataodpharesifri®ah, t o,
e.g., fa iliﬁa%e t he reacti on, of ﬁég%gﬁgt one conpound in the stream

Typi cal | §Y mle h¥droeen Al ieiperafuse o unt is at |east 0.005% preferably

0.05% apghoFppt 'T‘Hékéf&re?th@@%bo?ﬁ% @5c16RA HORIPBAn AbvidBe aalat Msfing [ 0013] As
used herein, the term"effective amount” includes anounts t'hat can i nprove
t he 10at allijferant prapkdiembercieciiiraging hydmconversaerereapiéons @ad flepibildy vath grecessingne
conmpound ﬁ%ma gﬁgrocarbon stream [0014] As used herein, the term
"condi ti ORS*GEFEYal [y means process conditions such as 10tenperature,
reaction time, pressure, and space velocity. [0015] As used herein, the term
"support" generally neans a porous DEFINIEIONSt erial that can optionally be
conbined with a binder before the addition of one or nore additional
catalytical ly active conponents, such as a noble netal, or before

subj ecti f@Oﬁﬁe Aipp6H fered. Sifsun ieHe” rbtiededn Srenndudig pRRPOTPHat i on or
reducti Oy, ] t o - ally
reans a AT e R R oA D b e, o PR o R e B BB S

i ncltéde ohttors arecackdruesiectse hedderorsepaatony, ekddinpes, pAgesapurepa opingressorhiandgen
conponent can incl ude a.hal ogen, a hydrogen halide, a hal ogepated.

Pyt ocar Bt AeE SRl TR AR Ra s arictingr Jevte Sit FAVEr bald,
hal ogen g han&Rzohs& &QuPZzba&d in a catal yst. 20[0017] As used herein, the
tern1"ha|o%en-containing‘conpound" general | y neans any nol ecul e that

cont ai ns[URR| i des usad heleoy die tewn “streamliden bhlastpare indyding Vareous hydigcadon or
odi ne._fypical Lyen & DAl a9eR; FORLAIALNG. SemPoNATk.CARRE BaldiRl Aq9as
stream and 1 nerdde conp&%n&s Suth as el rine, hydrogen chi oride, or

per ebl or gelivs aieoptidnslyedic udyhkes ssubRbho ga8s, eonPiofiesdent 6r ignpuiitiad, ¥6¢h as

25[ 0018] As used herein, the term"catal yst precursor” generally neans a
support Peayy mptalhand quifes and narogsACoBPORtse Thgtsirgmican pisg ingdydeigopgifddent s,
such as ﬁ‘odl%hﬁigg%@ocax%ﬁs. WB{&:‘BV&{ ﬁn‘ﬁth%r&Q b%Ht?ﬁcﬁgéﬁ?%}tmﬁr OEaRTERateFEGD as
reducing or sulfrding, to conplete the’manufacture of the catalyst.

However , C2C3 oneCh whtana®? sgpresentatilad yishbep o€ carbso atonm)in fsevieydeatagdont i ¢
properties, and can be used as a "catal yst". 30[0019] As used herein, the
tern1"ro%ﬁ#?£ﬁperature" generally neans a tenperature of 20 - 25C. WO
20195 096RFHICT/ USARIONOREO (2 (EFFT AP RESCH ok O0ZRAThE: 6Rhahysive

di scl osed herein can 1 nclude a support” and one or nore additiona
conponentoss wher it aempeundaenripepkitien. i nto the support during its fornation

or incor ed afte rds., Typically, the_catalyst can include the

suppor ¢, 00t Flier A%aiser Bt edBbram el R S pat ook By oS e al s and
opt i onal 4o RREdMId BRIk 0gHoriGe IRIANERBe reAbt@f ofdRRASI ddeQdnRPouhdier sret al s,

a high tenperature calcination can create varying oxidation states of the

one or niydkowdpositcan. Mypaaly fagatal piratly ieiget yeeand@sit ised lesel @093 %i pryfesaidy

actiyity formance . f rious carbon fe : 021] General |y, the support
cansge f%’ﬁ%da yOpélﬁnacl)llylcq‘bq(gpba f% eo"?el%&ttosg%e%%{g%ﬁ%t hough 100t her net hods

can be utilized. The support can include a porous carrier material, such as
a 2



refractory inorganic oxide or a nolecular sieve, and a binder in a weight
ratio of 1:99 - 99:1, preferably 10:90 - 90:10. The carrier material can

i ncl ude: WO 2010(@¥33a refractory inorgani c oxi de such as ROTAISAM0/023972
magnesia, a titania, a zirconia, a chroma, a zinc oxide, a thoria, a
boria, a silica-alumna, a silica-mgnesia, a 15chrom a-al um na, an

al um na-boria, or a silica-zirconia; (2) a ceramic, a porcelain, or a
bauxite; [0Q1B)] a Aklbalhensinahs tdrindprgadtjonally effecte anmubi”c@nelallylrr&ylnmn a
silicate synthetical] repared or naturally occurring, which or

not be a upf @bt Eﬁalygtogg ‘géYﬁJ‘P%"eésr? Céfahj%{ﬁtﬂe SlaEmeicgyin a&‘”&l‘feéil %ous eart h,

a fuller'y ?fdl%@ﬁxtben sRedfRQ), b, f%lllﬁt&h@?&kg&méf atg%fléneacoﬁ{r}:%%g@ dﬂh@%tr@zﬁﬁ) litic
alum nosilicate such as an X-zeol i1t e, a Y-zeol it enit
-zeolite Tyamaﬂy,zaembmoeomllyaaﬁfeml\zfemh@ure,15 ®iledye0.0050%t prefengtdy G@é% faml m or nost

pref abI n r re alkali metals occupying the
cati ohi Hﬁgé@%}f ga stgne Welg%t of the Cata ¥¥%) a non-zeolitic nol ecul ar

si eve, Stpmnsqs afs abddHeRAPNAS RIAL BffBEHVR aPldulnPOnalLHEY d?x%un&&am%h@bﬁoveor

(6) a conbination of one or nore materials fromone or nore of these
groups. Ihe @ﬁéytmﬁﬁfl‘éﬁmédcee&ﬂd@dlf@mhﬁate thtreeapigeroefsat desst orercompoand ef uni na, such
as a gamiradl%C um na. . The binder can include an alumna, a magnesia, a
zirconia, %roma d titania, a boria, a thoria, a phosphate, a zinc

oxi de, a[&)lkﬂ] ca, AQused Heteth,Uh&teinetemfitiony” Redially theRsd frijcesy Bifition¥B)ch as
30result in higher |levels ‘of tin oxidation speci es after a high tenperature
t r eatthentempayghise 169L 0UBRBEATTSWS2 A1DIMERYACI[IN022] The cat al yst nmay cont ai n
one or t he t e

andi o | TSR s GURRTR e R R Bl hRLABL bR Sl i ERRUL, )

or non- mehabpsticatly bacbmbl@ed ¢vlth aebigdeapfové the adbrivanl oné @) marqudditiinglr such as
a group | Alel enment, (3) a reducing elenent, such as one or nore group IIIA

el enent s CHALYGENEF actize SPBRBINE, SuhdS @A0dle HeliRb ge heferpBIfs e hastPRHEI y, t he
catal yst nd Il A netals (alkali and
al kal i neSﬁe%rgt‘ﬁénngﬁogggs%&@%dgh%gxwhlaggaﬁogB%S%tﬁir@based on the wei ght of the
cat alsyst [0q16023] 5 efedrhaidiy, the t@emg‘hdugenvftdrmpceﬂeen’f@anefahy pieamd aatidanoch bhe

cat al yst cont effec m)un Typically, the
ool vet SORbRCRE G gpnuainsg ool ifigetn Shn BRLIERRTRE Wiori hrEhing or

pr ef er abldif. akd MERanAS Qthaipeh B@mp@ﬁeglh&alpﬁmm@a%aro@&y%thydi R4hlids, BT oot er
can be a group | VA el enent and/or other el enents. preferab e group | VA

el enent h@logfmteddmdmmm ansk a ¢eppRundorduding f bripigkyand ametabt Typioalher

pr onot er n can dis rhenium a rare earth netal,
such as (}:lélr (R{l%%t anu rnmprlse /18racelﬁlr3bsg| um phosphorus; nickel; iron;

t ungst en[O(IIU] ybd@mwm hieteli@ Mhd iR m Z-hile gerPEontAsagd Ko iFoudl S@enellg @dﬁahmiy on of

t hese el enents can be used. Generally, the catalyst contains 0.01 - 5% by
wei ght , Bwiesyleghatgentajsiaftides Ath?éog@atcan Wﬂ”de?ﬁ@lljlﬁoﬂﬂﬁ)flﬂ% TSMERR 9F 1askineot her
pronot er ¢ 1 l.api: t hough not
wanting t ﬁlgal%ggg{rﬁ%gﬁtco t'ggltrl C |s b géjt i< g%] ﬂﬁeg%eaﬁ?sl&ggdﬂ n can have
pri mari | yomptwlds equkgemhbnmdshycmmbnmy)rhie m;mrﬂﬂomﬂa@lesu,ra‘naoﬂaqudﬂs aas
opposed éol a bul k oxi de, a&%as Sn02. 20[ 0025] The catal yst can al so

contai n JAPEIHBTRRMNER] 9 2¢fRESEi ve ampunt of a reducing el enent. The

redygi ng[gei8entACARaNEreRl, theRfh “Qﬁﬁy@tfpr@cﬂgo(?uger{eﬂlﬁ xﬁ&ﬁﬂﬂ%@‘u {ﬁg\gii@b' y
indium 1ron, chromum cobalt, nickél, lead, cadm um F%m sel®&ni um
and eur o]:hewddltmymf oa¢ blyl',nOtehettaimcatlly attl‘cmmmqnsntzmuoh apa n(»bln cmemirlwtmhan 1%
by wei ght erab ased on the

i ot Jotibisreed GeuBiegith prodSuie Gl vt i€ ARt g i SOl S e At urg
the cat abfymt calyds [ROeRE, iTROBe GRIRRM) dTataBHEPredssbNdh P MARdalBytican al | oy or
a mxture of platinum tin and indium or indiumchloride. Preferably, the
cat al ystpwagltlﬁﬁ)amﬁb@?él henisad @s 89%atdystivei ght, i ndi um based on the wei ght of

t he cata hou not nt| q..0 be nd b

Feadd ngtWiZhenct B ReaR AR el BB namery BaRE s A0S bERCERAELT  anc
may be ongseor nore surface oxi des as opposed to a bul k 30oxi de. WO

2010/ 096336PCT/ US2010/ 023972 [ 0026] General |y, the reducing el enent acts as
a pronoter to change the catal yst perfornmance by, e.g., facilitating the

catalytic activity of the group VIII elénent. Al though not wanting to be
bound by theory, the reducing el ement can achi eve increased reduction of
the group VIII element, as well as the group IVA elenent. Typically, the

group VII1 elenent 5is platinumand the group IVA elenent is tin. [0027] The
hal ogen conmponent can be included in the catal yst and can be fluori ne,
chlorine, bromne, iodine, astatine or a conbination thereof. Preferably

t he haI ogen conponent is chl or| ne. The cat aI yst can cont a| n typ| cal I y 0 1 -

A NN 7 Y "~ NN o, a ~N 7



can be altered. Particularly, the oxidation states of the one or nore
netals can be altered and/or an interaction between the reducing el enent
and groupwvl2bio/avei3al can be created. In one preferred erbodiSAEN023972

i ndium(3+) may be present in an anount of at |east 25% by 15nole, based on
the total noles of indiumpresent, and no nore than 25% by nole, tin(4+)
based on the total noles of tin present in the catalyst as neasured at 565C
in an at nosphere, including 100BFABYEDMIESCGRIPTOQNN. Al t hough not wanting to
be bound by theory, it is believed that the high tenperature calcination

can incr t he_anount s  of posed to indiu whi | e

- educi ngrTORE! ouiatiyt afeiaset heeth o sk BC RamE: ekt o Moo sAeiutRts
namely SpdidgdneRdhaprb@be idSrpoefild k82 QupSRP&Iidas f@ﬁﬂatﬂfn%f'l%rﬁorgﬁﬁ al yst
with desired activity and selectivity properties. Al so, the defined

oxi dat i oafterwatdss polcahﬂltmwaﬁdsttoan lrrm;dedhet wﬂpertplme@@mnceaddad\ cemnporEntsd

t enper at ower at ur

t enpr at HPER PR e AT R B ST e asar) cSppdichs. ARE™

i ndi un( 3dgydksitidh @Mrﬂeﬁetﬁedwﬁ‘gh APRLE dadlinSR0 che C&Hﬂcefdaﬁyxﬁ%bxf&i@t@rﬁﬂ&t@@of
Sn(2+) to Sn(0) if the 25indiumis reduced during the hi t enperature

t r eat mentheippe phelor%qiqp@wmdgn@téléé@i mpartmgﬂhe)ieareSrselzqt)\nW(@d)acmVISn( 0) which
can be t vQr to produce In(3+) and Sn(0). [0029]In
anot her Q%éﬂ&%ﬁ&%%lggj n?&’?#&ghe pronoter is tin, preferably the tinis
present [0021] i rG@BraallyDﬂhB suforedanbe@6imetENg anpsibtiepahdiiodbr dx@astd, 20oudly
nole, tin(0), no nore than 30% 30preferably no nore than 25% by nol e,
tin(8+) efelaetaﬁd%% Begttizedrpl ResSUPPArt Srip s Ride 3 pOfqps caxpyor material, such as a

2010/ 0963, r t t phere
ol udi n 100, "By Rl Bt SO i R B A a0 Lo
t heory, mbﬁndﬂpéoﬁév@ﬂlmhﬂmemhﬂummghnnenmemamdee caIC|nat|on can increase

t he anount of Sin%g% and decrease th anDu t of tiné whi |l e increasing
the amounts of! Ct‘PWd“‘%‘;&é‘&‘F@? CRYC ‘t“ﬁ@é‘eaﬁlra Pty pédaniy 4 ZHFBWO% a

catal yst 5with dgginhiedh Aat le'dE,Ya @BHa, %edo?ﬁat b VilitY aRLARE Rl IRS-mARESQVEr . the
defined oxidation states of tin may only be present at an el evat ed
tenpérat ure, e. ghronsigBimisagupdswehattoria, prowelicaamesraat ure, e.g., room

t enper at ur e. 30]1n yet another enbodi nent, the reducing el enent and
group VIII eIéﬁ@ﬁ?hmgﬁ6ngggWﬂd@U%V%ﬁH ®pl atinum respectively, can

dermonstrate a3¢aailthatbisaradnericah chi®dk! a gragak afsiliklicRgnAthricalygh&yaadd y at
| east 0.1. Although not wanting to be bound by theory, it is believed that

such a val ue iHHiwaleccahyhid Ay asmay sekkd asif trestrll forraemplerant he i ndi um
and platinum el &l i n i dation
state of |nd|ﬁn?g%ysg%?2{a'dﬁlﬁ%ﬂ§€MHﬁ yﬂﬁggyﬁgﬁ’Bk(gﬁlgrbgmggggéent in the
f ol bowi ng OX|@aMMmﬁﬁahﬁiﬂ&huEenﬂﬁhomHMﬁatadl£bm2&yaﬂhbGQYﬁﬁoH%(£+) Cd( 2+),
T1(3+), Se(2-), and Edé Additionally, it is desirable if a 15group | VA,
such as tin, RAenigadypedlitg. pnp-aerlie or @h%ﬁe%}gtemﬁéﬁ Wuhe hé%m&erbﬁ%mrnau on
nunber no mor gt hatredfl in ﬁaaeerfgfnﬁlaaeh% ravm;s?§ AcRMoREs Sieh Byl
extended x-ray absorpti‘on fine structure E scan, bed below
at room t enperaaiburcexealidngeabdx piessure t o an atnnsphere |nclud|ng 100@6 by

nmol e, hydrogen. at 565 00 he su rts n be forped i nto spheres or
ot udat os° o SneRrSTid MOBRUAb b st AR P o as SeS BlRSE et s,

suchsas the offsPhadRre group VIl elements, the pronoters, and/or the
reduci ng el enments, may be incorporated in the support in any suitable
manner, such @3 a@@pxbetampn 9:10 N momrmetméﬂafrgm @r drmpre ghdicsogroupbwever , it
i S gener 5% E ferabl e..far ﬂg %% e eratuqe calqvﬁatlon to ), Qeeur. bet ween
i mpregnati POF Y HeSP %Hg?ﬂ | R %liﬂ%aBV%ﬁb it e Bﬁﬁﬂeferred
met hod ofhdsig@arichi thhi a@@hﬁhﬁﬁ%ta £@BndsnY 8lzMEord B IHRFQHIAAA tifglia a BOFiOUS
carrier material wth a soluble, deconposable group VIII conpound As an
exanpl e, thariplaghopphaiaretziic axde. Beiliwadud Bixtee ared| | A§igheedenstipnrposi may an
aqueQus i I p onpounds or
el exd e BB o) TR b e AT s U bR S AE Cor 1t one
and i ncl ude platlnun1n|trate pl ati numsul fite acid, amoni um

chl oropl ati nate, bronopl atinic acid, platinunltrichloride, pl ati num
30tetrachl oride hydrate, platinum dichl%rocarbonyl dichloride,

di ni trodi am nopl ati num sodiumtetranitroplatinate (I1), palladi um
chloride, chloropalladic acid, palladiumnitrate, palladium WO

2010/ 096336PCT/ US2010/ 023972



sul fate, dianm nepalladium (I1) hydroxide, tetraamm nepalladium (I1)

chl ori de, hexaanmm ner hodi um chl ori de, rhodi um carbonyl chl oride, rhodium
trichl oriwe 2hwdvei3e, rhodi um nitrate, sodi um hexachl or oPRDABRE 0(023N7)
sodi um hexanitrorhodate (I11), iridiumtribrom de, iridiumdichloride,
iridiumtetrachl oride, sodium hexanitroiridate (111), chloroiridic acid,
5pot assi um or sodium chloroiridate, or potassiumrhodi um oxal ate. Use of
t hese cof@22hds Tieycasdl 0 npiy@ohtén @ie dredst ol tompoidnes didbdg@ingcteponent ,
particularly by adding an acid, such as _hydrogen chloride. In addition, the
i npr egnatf‘i’rBtheaﬁf @@éuppoar %réirmdar%wateﬂ@ﬁeafar%e iseﬁ%ﬁ@rlponepa@@jvspm Pariy,
the group,dil | ieSaon! ¥ aREnk RRAROF lgtaeg‘?oﬁcpﬂvhﬁ?gleﬁiéﬂp?ﬁ % nfdfR st dap! e
10manner, such as copreclpitation, regnation

preferr ergrm@tlh@delerhemr ééparrbdlgcmgmemattadtych tas ool mued greup HpA elgrr&htsmg other

i i h | ubl e bl I1T1A d.
re. o ex SIFEIeA. S (A BB EATEY B RIaLn By AR B CUNAET i 245 Bbus
sol Ut | oo btdh YRHRION it (oG 3hd Alcal AR AblaldtP0.01 NEHERY Beidnd

hydrochl ori c acid. Use of these conpounds nmay al so provide at | east part of
t he hal ogmdmcthmw@rghmfth@wa@]ﬂhe pronoter, such as a group |VA netal, my

be i t t al t abl hi
nomgene T s Jariafy T iRy st Bttt peh R e oSN car ri er
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indium in catalysts by inductively coupled plasma atom ¢ em ssion
spectroscopy. The hal ogen conponent, particularly chloride, can be

determ ned by UCP 25met hod 979-02 by x-ray fluorescence or by UOP net hod
291-02 by potentionetric titration.



The ampunt of species by oxidation nunber and coordi nati on nunber can be
determ ned by x-ray absorption fine structure (hereinafter may be
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standard procedures with an Rbkg or Nyqui st frequency value of 1.3 A 1.0
A, and 1.0 A for respective the platinum tin, and indiumspectra. The
Fourier transforns (FT) of the measuredb6spectra are sinultaneously nodel ed
with a k-weight of 1, 2, and 3. The x, (k) spectra are Fourier transforned
from3.5 to 10 A-1, 3.0to 11.0 A-1, and 3.0 to 8.0 A-1, for the respective
plati num tin, and indium edges. The Fourier transformfigures are obtained
20with the data processed with a k-weight of 2. The theoretical nodels are
constructed from FEFF software based on the crystal structures of Pt(0),
Sn(O) In(O) Pt Sn, and InO 05Pt0 95 as prOV|ded by the Inorganlc C}ystal
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platinum tin, and indium along with two variables (Pt-Sn/In distance and
0-2 val ues) which are constrained to be the sane for all three edges. This
constrai rwoderadiset hat the Pt-Sn/In signals in the plaPCmirsespmeiora are
the sane as the Sn-Pt and In-Pt signals in the respective tin 30and indium
spectra. As required for a robust nodel, the nunber of variables in the
nodel is WD 2010/ 096336PCT/ US2010/ 023972 | ess than the nunber of
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Sn Wth $ﬁ'ay only be present at an elevated temperature, e.g., 565°C as opposed to a lower

temperature, e.g., room temperature.
[0030] In yet another embodiment, the reducing element and group VIII element, such as
indium and platinum respectively, can demonstrate a coordination number at least greater

10 than O, preferably at least 0.1. Although not wanting to be bound by theorys, it is believed that
such a value indicates a bond, such as a covalent bond, between the indium and platinum
atoms. Generally, the indium can be present in an oxidation state of indium(3+). Other
reducing elements may used and be present in the following oxidation states: Fe(2+), Cr(2+),
Co(2+), Ni(2+4), Pb(2+), Cd(2+), T1(3+), Se(2-), and Eu(2+). Additionally, it is desirable if a

15 group IVA, such as tin, and a group VIII element, such as platinum has a coordination
number no more than 1.0. The coordination numbers can be determined by extended x-ray
absorption fine structure (EXAFS) scan, as described below, at room temperature after
exposure to an atmosphere including 100%, by mole, hydrogen at 565°C.
[0031] The supports can be formed into spheres or extrudates optionally with one or more

20 components. The metal components, such as the one or more group VIII elements, the
promoters, and/or the reducing elements, may be incorporated in the support in any suitable
manner, such as coprecipitation, ion-exchange or impregnation. However, it is generally
preferable for a high temperature calcination to occur between impregnation of the reducing
element and the group VIII metal. A preferred method of preparing the catalyst can involve

25 impregnating a porous carrier material with a soluble, decomposable group VIII compound.
As an example, a platinum metal may be added by commingling the support with an aqueous
solution of chloroplatinic acid. Other water-soluble compounds or complexes of group VIII
metals may be employed in impregnating solutions and include platinum nitrate, platinum
sulfite acid, ammonium chloroplatinate, bromoplatinic acid, platinum trichloride, platinum

30 tetrachloride hydrate, platinum dichlorocarbonyl dichloride, dinitrodiaminoplatinum, sodium

tetranitroplatinate (II), palladium chloride, chloropalladic acid, palladium nitrate, palladium
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sulfate, diamminepalladium (II) hydroxide, tetraamminepalladium (II) chloride, hexa-
amminerhodium chloride, rhodium carbonylchloride, rhodium trichloride hydrate, rhodium
nitrate, sodium hexachlororhodate (III), sodium hexanitrorhodate (III), iridium tribromide,
iridium dichloride, iridium tetrachloride, sodium hexanitroiridate (I1II), chloroiridic acid,

5  potassium or sodium chloroiridate, or potassium rhodium oxalate. Use of these compounds
may also provide at least part of the halogen component, particularly by adding an acid, such
as hydrogen chloride. In addition, the impregnation can occur after calcination of the
support.

[0032] Similarly, the group IIIA metal may be incorporated in the support in any suitable
10 manner, such as coprecipitation, ion-exchange or impregnation. A preferred method of

preparing the catalyst can involve impregnating a porous carrier material with a soluble,

decomposable group IIIA compound. As an example, an indium metal may be added by an

impregnating aqueous solution of indium chloride (InCl3) or indium nitrate (In(NO3)3) and

hydrochloric acid. Use of these compounds may also provide at least part of the halogen

15 component.
[0033] The promoter, such as a group IVA metal, may be incorporated in the catalyst in
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

20 metal component into the catalyst composite involves the utilization of a soluble,
decomposable compound of a group IVA metal to impregnate and disperse the metal
throughout the porous carrier material. The group IVA metal component may be
impregnated either prior to, simultaneously with, or after the other components are added to
the carrier material. Thus, the group IVA metal component may be added to the carrier

25 material by commingling the carrier material with an aqueous solution of a suitable metal salt
or soluble compound such as stannous bromide, stannous chloride, stannic chloride, or
stannic chloride pentahydrate; or germanium oxide, germanium tetraethoxide, or germanium
tetrachloride; or lead nitrate, lead acetate, or lead chlorate. The utilization of metal chloride
compounds may also provide at least part of the halogen component. In one preferred

30 embodiment, at least one organic metal compound such as trimethyltin chloride and/or

dimethyltin dichloride are incorporated into the catalyst during the peptization of the
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inorganic oxide binder, preferably during peptization of alumina with hydrogen chloride or
nitric acid.

[0034] Other promoters such as rhenium; a rare earth metal, such as cerium, lanthanum,
and/or europium; phosphorus; nickel; iron; tungsten; molybdenum; titanium; zinc; cadmium;
or a combination thereof can be added to the carrier material in any suitable manner during or
after its preparation or to the catalytic composite before, during or after other components are
incorporated.

[0035] With respect to the halogen component, the halogen component can be added with
one or more of the metals and/or one or more promoters. Furthermore, the halogen
component can be adjusted by employing a halogen-containing compound, such as chlorine
or hydrogen chloride, in an air or an oxygen atmosphere at a temperature of 370 - 600°C.
Water may be present during the contacting step in order to aid in the adjustment.

[0036] The components can be impregnated together, e.g., co-impregnated, or separately
with one or more optional calcination steps there-between. As discussed above, a catalyst
precursor can be calcined in separate steps between impregnations. In one preferred
embodiment, the group IIIA element, preferably indium, is impregnated and calcined at least
700°C, desirably 700 - 900°C. Although not wanting to be bound by theory, it is believed
that the high temperature calcination can create reducing elements at various charge states.
[0037] The amount of material contained by the catalyst can be determined by methods
known to those of skill in the art. As an example, UOP method 274-94 can be used for
platinum and other group VIII metals, UOP method 303-87 can be used for tin and other
group IVA metals, and UOP method 873-86 can be used for noble metals and modifiers,
particularly indium, in catalysts by inductively coupled plasma atomic emission
spectroscopy. The halogen component, particularly chloride, can be determined by UOP
method 979-02 by x-ray fluorescence or by UOP method 291-02 by potentiometric titration.
The amount of species by oxidation number and coordination number can be determined by
x-ray absorption fine structure (hereinafter may be abbreviated “XAFS”) or EXAFS
following procedures discussed in the “Report of the International XAFS Society Standards
and Criteria Committee by D.E. Sayers (adopted July 25, 2000).

[0038] The catalyst embodiments disclosed herein can be used in a variety of

hydroconversion processes. Exemplary catalytic naphtha reforming or reforming units can
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disclosed in US App. No. 12/104,482 filed April 17, 2008.

ILLUSTRATIVE EMBODIMENTS

5 [0039] The following examples are intended to further illustrate the subject particle(s).
These illustrative embodiments of the invention are not meant to limit the claims of this
invention to the particular details of these examples. These examples can be based on

engineering calculations and actual operating experience with similar processes.
Example 1

10 [0040] Nine samples are made with varying orders of impregnation and optionally
calcination at a temperature of at least 750°C in air (abbreviated “HiT”) on the base or
between metal impregnations. Samples 1 and 6 are made with a high temperature calcination
of 865°C between the indium and the platinum impregnations.

[0041] The supports are made by an oil drop method followed by standard heat treatment

15 procedures. Tin is incorporated into the aluminum sol such that the formed support contains
0.30%, by weight, tin. The support of a Sample 7 is made in similar fashion except that
indium chloride solution is added along with a tin-containing solution to the aluminum sol
and co-gelled by the oil drop method. The indium is impregnated on the supports from an
aqueous solution containing indium chloride or indium nitrate and hydrogen chloride. The

20 platinum is impregnated onto the supports from an aqueous solution of chloroplatinic acid
and hydrogen chloride. For the indium and platinum co-impregnations, an aqueous solution

of the indium compound, chloroplatinic acid and HCl is used. All the samples are then

oxidized in an air flow of 1000 hr-1 gas hourly space velocity (GHSV), at 510°C for 8 hours,
while simultaneously injecting a hydrogen chloride solution and chlorine gas. The catalysts
25 are reduced in a 425 GHSV mixture of nitrogen and 15%, by mole, hydrogen. The reduction
temperature is 565°C and is held for two hours and the samples are tested at this temperature.
[0042] The samples are subjected to in-situ x-ray absorption fine structure (XAFS) scans.

Also, the oxidation states in the samples are obtained by XAFS scans during an in-situ

10
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temperature programmed reduction study which is done by ramping from room temperature
to 565°C at 7.5°C/min. in 100%, by mole, hydrogen followed by a hold period at 565°C for
30 min. Alternatively, the oxidation state can be determined once the sample returns to room
temperature, as in Table 2.

[0043] EXAFS data reduction and analysis are performed using Athena software, which
is an interactive graphical utility for processing EXAFS data. Athena is the graphical front
end and interface with IFEFFIT and FEFFIT programs. The program IFEFFIT provides
interactivity for EXAFS analysis, combines the analysis algorithms of AUTOBK and FEFFIT
with a graphical display, and provides general data manipulation. The program FEFFIT also
provides analysis of EXAFS data and fits experimental EXAFS spectra to theoretical
calculations from the software program FEFF. At least some of these programs are primarily
developed by the Consortium for Advanced Radiation Sources at the University of Chicago.
[0044] The EXAFS data are aligned to references collected simultaneously with each
sample spectra and then averaged to increase the signal to noise ratio. The background noise
is removed using standard procedures with an Rbkg or Nyquist frequency value of 1.3 A, 1.0
A, and 1.0 A for respective the platinum, tin, and indium spectra. The Fourier transforms

(FT) of the measured spectra are simultaneously modeled with a k-weight of 1, 2, and 3. The

x(k) spectra are Fourier transformed from 3.5 to 10 A"l, 30to 11.0 A‘l, and 3.0 to 8.0 A‘l,
for the respective platinum, tin, and indium edges. The Fourier transform figures are obtained
with the data processed with a k-weight of 2. The theoretical models are constructed from

FEFF software based on the crystal structures of Pt(0), Sn(0), In(0), PtSn, and Ing o5Pt0 95

as provided by the Inorganic Crystal Structure Database numbers. The models are optimized
for all three elements for each sample. The FTs are modeled from 1.3 to 4.0 }o\, 1.0t0 4.0 /OX,
and 1.0 to 3.5 A for the respective platinum, tin, and indium edges. The Fourier transform
ranges and the modeled regions result in 13, 17, and 10 independent points per spectra for
respective platinum, tin, and indium. The models contain 6, 10, and 7 variables for the
platinum, tin, and indium, along with two variables (Pt-Sn/In distance and 02 values) which
are constrained to be the same for all three edges. This constraint demands that the Pt-Sn/In
signals in the platinum spectra are the same as the Sn-Pt and In-Pt signals in the respective tin

and indium spectra. As required for a robust model, the number of variables in the model is

11
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less than the number of independent points in the measured spectra. The value for 802 is held
at 0.93 £ 0.03, 1.00 £ 0.04, and 1.06 + 0.08 for the platinum (determined from Pt(0)), tin
(determined from Sn0O9), and indium (determined from In(0)) spectra as determined from
modeling the respective standards.

5 [0045] The following table depicts the methodology and final weight percents of metals

and halogen component on each support.

12
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TABLE 1
Sample No. | 2 3 4 5 6 7
Base Average 0.58 0.58 0.58 0.57 0.57 0.69 0.59
Bulk Density
(g/cc)
Base Formed | WithSn | WithSn | WithSn | WithSn | With Sn | With Sn | With Sn
and In
HiT on Base No No Yes No Yes No No
Impregnations | In, HiT,Pt | coln+Pt [ coln+Pt ImIn Im In In, HiT, Pt Im Pt
Wt. % Pt 0.30 0.31 0.30 0 0 0.26 0.30
Wt. % Sn 0.30 0.30 0.30 0.30 0.30 0.30 0.29
Mole %
Sn(0) 53+2 44+1 45+1 28+1 28:+1 45:+1 441

Sn(2+) 25+3 27+2 24+2 372 33+2 302 26+2

Sn(4+) 22+3 2042 31+3 35+2 39+2 25+2 3043
Wt. % In 0.30 0.26 0.31 0.30 0.30 0.26 0.59

Mole %

In(1+) 72+1 961 95x1 100 100 67+1 71x1

In(3+) 28+x1 41 5x1 0 0 331 29+1
Wt. % CI' 1.05 1.50 1.06 0.94 0.95 1.04 1.22

Table Abbreviations: In, HiT, Pt:  Impregnation by indium followed by high temperature

calcination then impregnation by platinum

5 co: Co-impregnation with, e.g., In and Pt
Im Xx: Impregnation with a metal such as In or Pt
Wt. % Final weight percent of metal or chloride in catalyst

based on weight of catalyst
[0046] In addition, several other measurements are made at room temperature of the

10 seven samples above and two additional samples 8 and 9, as depicted in Table 2.
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Base Forned Wth Sn Wth Sn
In + Pt W. %Pt 0.30 0.29 W.
Sn(2+) 2880208/09&3364+) 354 324 W.

Hi T on Base No No Inpregnations co In + Pt co
% Sn 0.31 0.30 Modle % Sn(0) 372 382
%Iln 0.27 0.65 Ml @C¥%USR010D23972

TABLE 2
Sample No. 1 2 3 4 5 6 7
Base Average 0.58 0.58 0.58 0.57 0.57 0.69 0.59
Bulk Density
(g/cc)
Base Formed | WithSn | WithSn | WithSn | WithSn | WithSn | WithSn | With Sn
and In
HiT on Base No No Yes No Yes No No
Impregnations In, HIT,Pt | coIn+Pt | coln+Pt ImIn ImIn In, HiT, Pt Im Pt
Wt. % Pt 0.30 0.31 0.30 0 0 0.26 0.30
Wt. % Sn 0.30 0.30 0.30 0.30 0.30 0.30 0.29
Mole %
Sn(0) | 47=1 40+1 44+1 23+1 24+1 42+1 43+]
Sn(2+) | 29+2 20+2 25+2 3542 3242 312 28+2
Sn(d+) | 24+2 313 312 4342 44+2 27+2 30+2
Wt. % In 0.30 0.26 0.31 0.30 0.30 0.26 0.59
Mole %
In(14) | 661 90+1 89 901 6412 57 661
In(3+) | 341 101 11 10+1 362 43+ 341
Wt. % CI 1.05 1.50 1.06 0.94 0.95 1.04 1.22
Sample No. 8 9
Base Average 0.58 0.58
Bulk Density
(g/ce)
Base Formed | With Sn | With Sn
HiT on Base No No
Impregnations | coln+Pt | coln+Pt
Wt. % Pt 0.30 0.29
Wt. % Sn 0.31 0.30
Mole % | 37+2 3842
Sn(0)
Sn(2+) | 2843 30+3
Sn(4+) | 35+4 32+4
Wt. % In 0.27 0.65
Mole % | 95+1 T4+1
In (1+)
In(2+) | 51 26x1
Wt. % CI 0.74 1.07
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951 741 In(2+) 51 261 W. %cr 0.74 1.07 WO

2010/ 096336PCT/ US2010/ 023972 [0047] As exhibited in Tables 1 and 2, Sanples
1 and 6 rwoeblwdedsni gh tenperature cal ci nati on bet ween Ph@/Use@odrIdTng of

pl ati num and i ndium GCenerally, the indiunm(3+) anounts are 28% in Sanple 1
and 33%in Sanple 6, by nole, with respect to the total noles of indiumin
Sanples 1 and 6 as neasured at 565C in Table 1. In addition, the tin(4+)
5anmount s [6047]22%As nxIShitgal i@ Thbénd 20% Samfesplaed 6,redeyvenmhigh tampehatnespect to

t he total les of tin_in Sanpl es and 6 as neasured at 565C in_Table 1.
At room celiperias freeet e Bau e iRy ndipgiby _9@%@3@&? lﬁgb;gn?w mol e,
Wi th res@%ﬁln&%ré%ﬁ%tngS% 10l &)1 B, I $amPS 6EXERBL, Wiﬁqeﬁ?éctﬁ{s%@doﬁal Ghdlds room

tenperature in Table 2. Aiso, the higher density of Sanple 6 as conpared to

Sanpl e 1 ofrydiahswSareple il ahd 6as megheed aidifde@in Hablon. df a&h(@ Xheffin(é+) 10heat

treat ment. [0048 addi tion, es.1 and 2 from Tables 1 and ar

ub; €t ed UM B T an bl ke oS EuaF i RaphGn Hidpure o o Biee
neasure of rianflshhpls 2Rdd 6hang@sit@RSIBPC id Tebie Q0TAti BahitERpdHHiRe fnef OF _

pl ati num X signal (where X can be the support, platinum or tin/indium is

t he aver agpaswrampetrof din()ananexcaed 25%i Wemolgi withreweedn the totap mpldsmltinatons i n
the 15sanple.,. rdinat ion nunbers are alse deterymn f.or tin.and indium
wher o RO DRYEB L UTREchRE gt Dl oo AR Th ot RiBl i i Yor

pl at i nUMSakpese asaRl e BIRANGMTP aiagdidoGesuld i@ faei Se QoN@MirAgo6r S Uifter
Particularly, Conparison Exanple 1 has 0.29 w. %platinum 0.28 wt. %tin,
and 0. 24 hgpt treggmediitor i de. [ 0049] The coordi nation nunbers are determnined by

EXAFS sc d i fi I, Nl i a
Sampi e 1 SOBTCC il fag, Phblel  hd Sl a0 LiVH UEE SORER (TURAIR Sley * e
spectra ab dete@hihe cé@dinagopuamnihbek,| whithcdnehd aimeadNexdf, ortiéréng enipdnaiuraasies

ranped tqg 565C at 5C/ m nute and al ternati n% tin and i ndium spectra are
col | ect edhe PR IERHPR Bunker fRe RlaHBYE-X% pigg5whets X son A higSERPOrAPIALAHEY 85, t he

sanpl e i $inGAGhEY il Be 59&?5%& RIS 3 & fom8 af Y S5098Rtanddfor '&Ilgﬂjegﬁluﬁpﬁ_%lﬁ & frRr

tin and indiumare collected sequentially at 25roomtenperature in
hydrgen sample. Cofctigrtiospaotbess dronlspldaterminad f@ toodnideodieth winera Xsism | ar

fashi on. [0050] The data.nodelin rocedure refines del s. . of plati num tin,
and | ndli (FPEQERY vEens g, ok RlMnE Rt ARCOT SR, 10T PLRESALR, T8gse Samplel af
pl ati numchinphien e yfef%@ﬁcet R el AEhpd, adr BTy, S ARSLSoRREarfbIe Arihe 0. 208k (T8

are constrained to the same values. As such, the tin signal in the
30pl at i ndnpkpeenr @28 stthding amk 1 dft sttatecblailet he platinumsignal in the tin

Zgig} {)86§%@H I&%@fﬁé@%ﬁ%ﬁ%@%&%r&%@g %9 IE%(A?Fé) gc!ag\s’vmade\:/\g the platinum,

20 tin, and indium edges. Typically, a sample is purged with helium at room temperature. The
tin and indium K-Edge spectra are collected sequentially in helium. Next, the temperature is
ramped to 565°C at 5°C/minute and alternating tin and indium spectra are collected. The
sample is then held at 565°C for 30 minutes. Afterwards, the sample is cooled to room
temperature in hydrogen. The K-Edge spectra for tin and indium are collected sequentially at

25 room temperature in hydrogen. The L3-Edge spectra for platinum is collected in a similar
fashion.
[0050]  The data modeling procedure refines models of platinum, tin, and indium spectra
for each sample type simultaneously so platinum-tin/indium and tin/indium-platinum
distances and disorder terms are constrained to the same values. As such, the tin signal in the

30 platinum spectra is the same distance as the platinum signal in the tin spectra.

[0051] The results are depicted in Table 3 below:
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COORDI NATI ON NUMBER Pt spectra Conparison Exanple 1 Sanple 1 (with heat
treatnent) Sanple 2 (w thout heat treatnent) Description Pt-support 0.94
1. 08 0. 94wWeuppn9s33pt - Pt 2. 04 2.54 2.54 PtSn/In particl epCPUSS023912 62 2. 03

2.03 PtSn/In particles Sn spectra Sn-02.72 2.64 2.93 Sn2 Sn-0O 0. 7+7
TABLE 3
COORDINATION NUMBER
Pt spectra Comparison Sample 1 Sample 2 Description
Example 1 (with heat treatment) (without heat
treatment)
Pt-support 0.9+4 1.0£8 0.9+4 | Support
Pt-Pt 2.0+4 2.5+4 2.5+4 | PtSn/In particles
Pt-Sn/In 1.6+2 2.0£3 2.0£3 | PtSn/In particles
Sn spectra
Sn-O 2,72 2.6+4 2.943 | SnOy
Sn-O 0.2+2 1.5+3 1.0+4 | SnO
Sn-Sn 1.7£2 1.6£1.2 1.3+6 | SnOyp
Sn-Pt 1.4+3 0.7£3 1.3+6 | PtSn/In particles
In spectra
In-O NDV 2.4+2 0.7£3 | InpO3
In-In NDV 1.5+3 NDV | InpO3
In-Pt NDV 0.17x6 NDV | PtSn/In particles

NDV- no detectable value
[0052] The depicted data error data is with respect to the last significant digit(s). In
Sample 1, the heat treated sample can have a tin-platinum coordination number of 0.7 with an
5 error of + 0.3, which is no more than 1.0. In marked contrast, Sample 2 and Comparison
Example 1 can have tin-platinum coordination numbers greater than 1.0. Similarly, Sample 1
can have an indium-platinum coordination number of 0.17+0.06, which can indicate the
presence of a covalent bond between the indium and platinum. Sample 2, which is not heat-
treated, does not exhibit evidence of such a bond. Also, both Samples 1 and 2 have similar
10 number of platinum-tin/indium bonds. Although not wanting to be bound by theory, this
suggests that high temperature may facilitate replacement of tin with indium within the

platinum particles.
Example 2

[0053] Samples 1 and 3 are tested in a pilot plant under substantially the same conditions,
15  e.g., feed, temperature, pressure, hydrogen/hydrocarbon molar ratio, and liquid hourly space
velocity, for converting a hydrocarbon feed. An accelerated stability test is performed with a
research octane number (RON) calculated by gas chromatograph analysis of a target 104.
This target is held constant over time by continually raising the temperature. The activity of

each catalyst is determined by the temperature needed to maintain the target octane. Yields
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1.53 1.04 SnO Sn-Sn 1.72 1.6 1.2 1.36 Sn2 Sn-Pt 1.43 0.73 1.36 PtSn/In
particles In spectra In-0 NDV 2.42 0.73 In203 In-In NDV 1.53 NDV | n203
| n- Pt NDWO.2000@903 Pt Sn/ I n particles NDV- no detect ablPETHSsRUe/0pDOS2] The
depicted data error data is with respect to the last significant digit(s).
In Sanple 1, the heat treated sanple can have a tin-platinum coordination
nunber of 0.7 with an

are calculated based on on-line gas and liquid effluent gas chromatograph analyses. Data is

used that depicts material balances between 98 - 102%. All results are shown at 0.056 meter-

cubed of feed per liter of catalyst. The results are depicted in Table 4 below:

TABLE 4
Properties Sample 1 Sample 3
RON 103.9 104.0
Conversion Temperature °C 520.5 524.2
C5+ Yield, wt. % 87.41 87.39

[0054] Sample 1 catalyst has more activity by 3.9°C as compared to the Sample 3
catalyst.
[0055] Without further elaboration, it is believed that one skilled in the art can, using the
preceding description, utilize the present invention to its fullest extent. The preceding

10 preferred specific embodiments are, therefore, to be construed as merely illustrative, and not
limitative of the remainder of the disclosure in any way whatsoever.
[0056] In the foregoing, all temperatures are set forth uncorrected in degrees Celsius and,
all parts and percentages are by weight, unless otherwise indicated.
[0057] From the foregoing description, one skilled in the art can easily ascertain the

15 essential characteristics of this invention and, without departing from the spirit and scope
thereof, can make various changes and modifications of the invention to adapt it to various

usages and conditions.
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Serror of 0.3, whichis no nore than 1.0. In marked contrast, Sanple 2 and
Conparison Exanple 1 can have tin-platinum coordination nunbers greater
than 1.0.w@i2nides33g, Sanple 1 can have an indi um pl at i nREIraseeidiorssr? on
nunber of 0.170.06, which can indicate the presence of a coval ent bond
between the indiumand platinum Sanple 2, which is not heat-treated, does
not exhibit evidence of such a bond. Al so, both Sanples 1 and 2 have
simlar ThAilMEr of platinumtin/indiumbonds. Although not wanting to be
bound by theory, this suggests that high tenperature nay facilitate
replacement of tin with indiumwithin the platinumparticles. Exanple 2

[ 0053] Sanpl es ALIeLHHIRS HAYH QYIS a pilot plant under substantially the

same condi tiong, 15&i0m wHet8H at ERTRSIRLY hRyle, RF BRSHARM i@)éﬁﬁ&(@ﬁiﬁ'éﬁl%@’socar bon
nolar ratio, and liquid hourly space velocity, for converting a hydrocarbon

f eed. Anbagsdeinghatatd nselabdfl indipnmt &t ekpospeerfooBPrednwies in aa atresgdiesh oct ane
nunber ( .cal ted b as_chromat ogr aph a is of a target 104. This
target i §°W Pﬁnéiﬁé@mgro&y%’r ytr_fl?rlg’ ‘Bgﬁ&%{ﬂ?ﬁa E%P%é%i sing the tenperature.
The activity of) eagh vﬂ%&@h)a@&ndl@tniﬁtzgv/mbgeﬂblayofttﬁ@ud R (34 pRcieepsied ohO
mai ntai n the tar?et octane. Yields WD 2010/096336PCT/ US2010/023972 are

cal cul at & bt explesrof sin-affenexngagre dorPq mipwies iefn hineespheyasowprisinatl8gfaph
ed .t hat depi ct eri,al bal ances between 98 - 102%

AT T oourr ey ol R e hed Rl e

resu t er-cu’bé‘g of feed per liter of catalyst.

The results axy depicataBdichlly diddi®e 4mbehiFa gt F11 cRhepefol bes oSmor] e 1
Sanple 3 RON 103.9 104.0 Conversion Tenperature C 520.5 524.2 C5+ Yield,
wt. % 87.r¢£f9ff’81?1g3‘9i0t19n5[-0054] Sanple 1 catalyst has nore activity by 3.9C as

conpared,to t . v . r ion, it is
bel i evedzt hat tT‘glﬁe S |iﬁﬁéa&%@%%gdg}étgggaﬁk%gh%& T Lﬂé %ﬁé\g&é\égl %fggg{gg{scri ption,
utilize tbeppsepdninuimvention to its fullest extent. The preceding

10preferred specific enbodjnments are, therefore, to he construed as nerely
11 ust r aBi ve, |BREFTAGRINE CHADAL jogerdge T habteroh TeHERPS GEUrS | n any
way what §g@yfles ol (1058 k%/e%&%h{, Bf 83%:A\% VAl LlehRAPSLES U 8 wAighiBkhd Orth
uncorrected I n degrees | si'us and,” al'l parts and percentages are by

wei gist , wibesisgotthlbsini se i ndi cated. [0057] From t he foregoi ng description,
one skilled i har act er.i sti cs

OEERCEN E AR SR 8 ik NG T
0.01 - 2%, by weight, of platinum based on the weight of the reforming catalyst.
5. The reforming catalyst according to claim 1, 2, or 3, further comprising 0.1 - 10%, by
weight, of a halogen component based on the weight of the reforming catalyst.

20 6. The reforming catalyst according to claim 1, 2, 3, or 5, further comprising a support,
wherein the support comprises at least one of an alumina, a magnesia, a titania, a zirconia, a
chromia, a zinc oxide, a thoria, a boria, a ceramic, a porcelain, a bauxite, a silica, a silica gel,
a silicon carbide, a clay, a crystalline zeolitic aluminosilicate, and a non-zeolitic molecular
sieve.

25 7. The reforming catalyst according to claim 1, 2, 3, 5, or 6, further comprising a
support, wherein the support comprises an alumina.

8. The reforming catalyst according to claim 4, further comprising 0.1 - 10%, by weight,
of a halogen component based on the weight of the reforming catalyst.
9. The reforming catalyst according to claim 4 or 8, further comprising a support,

30 wherein the support comprises at least one of an alumina, a magnesia, a titania, a zirconia, a
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t hereof, can make various changes and nodifications of the invention to
adapt it to various usages and conditions. WD 2010/ 096336PCT/ US2010/ 023972
CLAI M5: AvOebwva9bisg cat al yst, conpri sing: A) | diramseedooern at

| east 25% by nole, of the indiumis an In(3+) species based on the total
nol es of indiumafter exposure for 30 mnutes in an atnosphere 5conpri sing
100% hydrogen, by nole, at a tenperature of 565C; B) tin wherein no
nor e t harhm¥a, dxincrokide, achotid)@ Hoiria, 4 seramBn 4 fdcempeaibasxibaaadicam dilien gadt al

nmol es of tin after exposure for. 30 m nutes in_an atnosphere conprisjng 100%
hydr ogen 2 SSVO%F"Z’}dea? clayt ehpyeialing zeolyic wnimositifge, and a 0n~zeeim%lmolecu{af

catal ytigally effective amount of a group VIII elenent for one or nore
10reform ng reactions. 2. The reform ng catal yst according to claim1,

wher ei n tlAe grlheapefvtrhingeh@imniccontimy iosdampt, &tdryumrther c@npriieg a efippont, ng

cat al yst ccorq{n toclaiml or 2, wherein the reform ng catal yst

conpri ses¥ ﬁ@ﬂtf”%@@“B?”ﬁEFﬁﬁﬁ?aUP“F%e group VIIIl el enent based on the

wei ght of the 15reformng catalyst. 4. The reform ng catal yst according to
claim2, wherein the reform ng catal yst conprises 0.01 - 2% by weight, of
pl ati num based on the weight of the reformng catalyst. 5. The reformng
catal yst according to claiml1, 2, or 3, further conprising 0.1 - 10% by
wei ght, of a hal ogen conponent based on the weight of the reformng
catalyst. 20 6. The reform ng catal yst according to claim1, 2, 3, or 5,
further conprising a support, wherein the support conprises at |east one of
an alumna, a nagnesia, a titania, a zirconia, a chroma, a zinc oxide, a
thoria, a boria, a ceramc, a porcelain, a bauxite, a silica, a silica gel
a silicon carbide, a clay, a crystalline zeolitic alum nosilicate, and a
non-zeolitic nol ecul ar sieve. 257.The reform ng catal yst according to claim
1, 2, 3, 5, or 6, further conprising a support, wherein the support
conprises an alumna. 8. The reform ng catal yst according to claim4,
further conprising 0.1 - 10% by weight, of a hal ogen conponent based on
the weight of the reformng catalyst. 9. The reform ng catal yst according
to claim4 or 8, further conprising a support, 30wherein the support
conprises at |least one of an alum na, a nmagnesia, a titania, a zirconia, a
WD 2010/ 096336PCT/ US2010/ 023972 chrom a, a zinc oxide, a thoria, a boria, a
ceramc, a porcelain, a bauxite, a silica, a silica gel, a silicon carbide,
a clay, a crystalline zeolitic alumnosilicate, and a non-zeolitic

nol ecul ar sieve. 10.The reform ng catal yst according to claim4, 8 or 9,
further conprising a support, 5wherein the support conprises an al um na.
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