REFORM NG CATALYST FI ELD OF THE | NVENTI ON [ 0001] Thi s invention generally
relates to a reformng catal yst that can be used in a 5hydroconversion
process. DESCRI PTI ON OF THE RELATED ART [ 0002] Nurrer ous hydr ocar bon

conversi on processes can be used to alter the structure or properties of
hydrocar bon streanms. Gener al IREFCGRMIN@ICESEESTI ncl ude: isonerization from
straight chain paraffinic or olefinic hydrocarbons to nore highly branched
hydr ocar bons, 10dehydrogenati on for producing olefinic or aromatic
conpounds, dehydrocyclization to produce aromatics and notor fuels,

al kyl ation to produce comodirkypeherrgamnsy@aetig@t or fuel s, transal kyl ati on,
and others. [0003] Typically such processes use catalysts to pronote

hydr ocar bon conver si on reactions. Often, it is desirable to develop

cat al ysi0904 t h Thistiesnsine sprespbrielaiss to 8 EREPFIBE B¥elyRtithat cashpEseddp activity, to
progess (gcoougI 1§ O%gakr bon feeds. Thus, discovering catalysts wth new
pro%ert]? Can“'B Picial. SUMVARY OF THE | NVENTI ON [ 0004] I n one

enbodi rrent, a reform ng catal yst can include indium tin, and a

catal ytically effective RDESCRIPTOONDETHERMATEBIARENt for one or nore
reform ng reactions. 20Typi cally, at least 25% by nole, of the indiumis

an In(3 pecies based he total noles of di f for 30
m nut est Ob@ “H%?é%ﬁgﬁyé OCHRPR GPNG IR PRI Sa%ﬁe mfl)ég]tg {ré"} hee%%%a#éeﬁper ature
of 565G, %&u@d é%ydmmrmﬁ@trédw @H%allpysuaR beoce ks hbﬁdéllsbrnaman&ﬂfrém) speci es
based on the total noles of tin after exposure for 30 mgﬁ&es in an

at mos phiaégh aledin graiinioonslefine bg&ﬁcalbfy“r&w@w Bighly braehet Rydie@rippssesc
25[,0005 li¥Sioni®y 1 ncl ude
ti r118 Ty(;ilﬁhg ll%ggﬁa%ﬁ f(Fl %(ﬁ{d %@gﬁ@g} %E&t‘l u(tﬂ ?gnndlg gycg@ééﬁ(lm gggci es and no
nmore t f;andlﬁﬁ%orbgucmh@mocﬂr fedig alkyﬁntxonsco moﬂmc(eélce)nmtprbm asmixatsedd orptothe t ot al
nol es géi tin afﬁ( expogure for 30 mnutes in an atnosphere including 100%
hydr ogeelspiansplicglation, 200 OSer at ure of 565C. [0006] I n yet another preferred

enbodi nigpp3; a "f%féﬁlw ﬂﬂh?)%c@is)éﬂlse%fhlysfkctb%ﬁﬁn@e agdiatabocadoversiinf ect i ve
anount of a group V ement for catal yzin one or nore reformng

5react i xgarglonanoétﬁm,em |dvsg1a§}¢dg devedep eatgydtipyith gilfespns penertiesniych s %‘f“f"été’ tive

nt of Leduc r HobetiRhethe
Fedtci g PeREANe KhdoghSTE My B P ubin feIE BRR BRI AR GHIRE Bk o ot
roomtq;rp@raéwaﬁbafbbmﬁc@)lposure to an atnosphere of 100% by nole, hydrogen
at a tenperature of 565C. [0007] Therefore, the enbodi nents di sclosed herein

can provide a catal yst hayj {f t ies for facilitating
hydr oconver si on reactions i&ﬁ%@&%&%i%ﬁﬁ%&cessi ng different feeds.
DEFI NI TI ONS [ 0008] As used herein, the term"zone" can refer to an area

i ncl udippgogine of oﬂHHxﬁoﬁﬂﬂctrﬂmforhh@g@tﬁWﬂ/cm inolde Qdivay tn, andazones.
EQUI prment itens can include one or_nore 1l5reactors or reactor vessels,

heat er scatabytisally etecsive epORRirRf érgsouR Y P elems gt onc Y ipeiad&igraing feagtions.
copgr Ol'{‘)ﬁﬁ@dﬂ AdgL é{ AR YinoRNoEAY RIER s elntlﬁ{)ﬁbr §¢$§:ﬂ:s%§séﬂ cﬁﬁﬁ@ {oRdl nWlevessel ,

can fur hclu e one’or nbre zones or 0009] As used herein,
t he t erahifiditmedtet expasurb dored3Oshingtemii mhtuwspig:m/mpluclu& W@&r b&@@@%nbml ecul es,

Zggh asmglgrzftl Ia Qx%p&gt%ienof ggr @C{}sua’lly,o no CQgre than %‘}‘ nyel%bleﬁcl)hgg B is £ gr‘f@g enes,
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



20al kynes, and optionally other substances, such as gases, e.g., hydrogen,
or inpurities, such as heavy netals, and sulfur and nitrogen conpounds. The
stream can al so include aronatic and non-aromati c hydrocarbons. Moreover,
t he hydrocarbon nol ecul es may be abbreviated C, C2, C3 ... Cn where "n"
repr esend $S4(ae) §pecioebasell of #c1ofl MbREBI ti aﬁ&%xb&ﬂlﬁ@%@Bb@cﬂnd‘f@d Bcul e.

25[ 0010] As used herein, the term"netal" generally meags an el enent that
forms paynesphese inshling: 0% hydregnipbyimets. at%etemesaatrapf i C10011] As used

her ei n, ter V. E;Inait LMadEans an
anount &%’%& Iﬁlegg{ogtal@ e?&tégpeg?{()hn%‘?am t at ecat lE]reaétlﬁon of at |east
one co rrpam}ydc:dfy cdfehgietr :{mmmb ofia gtonp M1 elopmne ﬁdl lcytal yaingana oy triocateformedd ect i ve
am)unt is at |eas 005% preferahly 0. 05%, and. opti mal | based
on the WECYMS 6‘?“%%8"%3‘?‘81"}}&? a"“{”@@%ﬁ] %Emﬁ%‘eﬂ*dﬁ‘é‘r gﬁeﬁ Vetar‘i‘é"‘t“gf)gﬁleg“ ing

" pr ondt ieRARM. YURAIEGhE YR @R nundRPEf Bk kddubRaRfendit HMOHBEp VNI @leﬁ%hﬁ' yst
support to increase catalytic performance in a conversion of a dr ocar bon
st ream tsogreaterghan § agdatermines at heom temnerasire Gfteigxppans to wm@mhstﬁnfd 00%, t he

stream fective amount is at |east 0.005%
prefer al}))%%e)ecgg&%%g g&g@ﬁ%ﬂ@?@ﬂé&se{a% based on the wei ght of the

cat al ys{0007P013hesefoisetie hﬁtbedlmentshmctcﬁednmeﬁtfoan prowideanmitaiyst havigg udes
amounts that can inprove he c er f or.mance or f. Iltate t he
Poatt | ofh B prabeHE f%rf@mfe Varst%g)a?a&&la?%ﬂ R WSS HEE us ed
herein, gifhged &emy." condi ti ons gener ally means process condi t| ons such as
10terrperature reaction tine, pressure, and space velocity. [0015]As used
herein, the term "support" general lié nmeans a porous carrier material that

can optionally be combined with aDEFRH#EIONEf ore the addition of one or nore
additional catalytically active conponents, such as a noble netal, or

before fdt)'% cti pRAr b ; r :

oxychl ori na fl or&glrswﬁgﬁ“tht ?lgr%él 1?'[03%11%?25%82%@ (ﬁga?@?ﬁ,al ?lﬁggfgﬁlﬁte hal ogen

corrponenquiprganeteaisIayd/nealmoranchalsilhdeodesnEquipmanyiterml (auunllcéuctehalb Ot:tmltrfal ns a

hal i de. A hal ogen can i lIéei‘?gjechorlne L i 0 a As an

exaripl e A OR AT SOt YETESnRTACTS SAPAIRIS S %{‘gﬁbﬁr 8‘88%1 p“’é’pﬁfa%’ ﬁorf‘rat‘l" de, a

hal ogenadeelbydneaaidaay, saRguidmeMTRMIRMAcH £ ldadtitoravehil, @@e Mirtbdinaluaet al .

Typically, a hal ogen conponent is conprised in a catalyst 20[ 0017] As used

her ei n, ORH@ TRQIE FPNGTAN SYERORESNt ai ni ng conpound” general Iy neans any nol ecul e

that co om ne,

or iodi LUOG bill'ypl cgﬁ {3& g‘gelnﬂh?gélfe}%%gg a?dr?‘lnér\?I éj%%ﬁ%ghﬁgalﬂg mbédéq}rghﬂ)%ar? Qfa gas

stream mnd:culm;lsu«deasmmghunbbm Suatehed oc hy@mlaﬂetnedaylkan@eaikwchbMJ ahd, or

per chl orpet hyl rovi de a hal ogen co nent to a catal

DS 801 a1 REbnd SRbip ATty othatsPbsdise™ coH St e ITGBRen Ghiualiey Sty o

suppor t hdagy ienld, ARd aﬂﬁhtah@ RitRfze P BSnMFund®r Ehédeamydah aabliNcladd irvRatosmaonent s,

such as a noble netal, but not subLected t o subsequent processes, such as

r educi ngProRroRgti¢ hmrﬂ@fubqr@ Mrpder.dhe edroeanbinapelgeEeomay @altbat\ati%?l

Hovvever A, SO anc yt| C

pr opert| es&andragla‘h E [[P 1%§res§m§;%21a%6§ yﬁqg%%éé?%@ﬁgﬁ% se er ein,

term™ rmomttlerrperature generally neans a tenperature of 20 - 25C.

DETAI LE SCRI PTI ON [ 0020] The cat yst scl osed herein can include a
ortBQ% on@SysehRfging |t§rinoﬁ%ﬁta{:8?&?6%b' Ea“tgﬁate[é(?}fﬁt fhat SoHBs PR %t ed i nto

the SUPBRY fvniid &Qnaxi&uﬁdiﬁénﬁi&dlﬁibnor i ncorporated afterwards. Typically, the

catal yst can i1 nclude the support, binder, and added conponents, 5which may

be one [0p1hor e Avwsed lmrandhgtmmonaﬂalyycaibeef&ctlmmowm eg@mlb'dnmﬁént s. After

d
ot dat 45t agded o FERA e nBod R Tah BURER B Ba RLEUPRE bR FRDNFE AL n 8™

desi r echysiedcefioh ‘éttée}fn amdpiaglty, tJ(lcht}dlyﬁezﬁlfyoéff&fiQearhﬁtﬁnt\imtlléusSO oat%pmefee(e)d;s
[00211General |y, the support can be formed by an oil-drop nethod or

ex By udétzl05'78>lft“ﬁ(9lﬁ§jﬁlalﬂ®8tlﬁ - btedipadiac waighbef the F‘W‘ligd The support can include
a porous carrier material, such as a refractory inorganic oxide or a

nol ecul ar sieve, and a bi nder in a wepght ratio of 1:99 - 99:1, preferably
10: 90 - 90:10. The carrier material can include: (1) a refractory

i norgani ¢ oxide such as an alum na, a magnesia, a titania, a zirconia, a
chromia, a zinc oxide, a thoria, a boria, a silica-alumna, a
silica-magnesia, a




15chrom a-al um na, an alum na-boria, or a silica-zirconia; (2) a
ceramc, a porcelain, or a bauxite; (3) a silica or a silica gel, a
silicon carbide, a clay or a silicate synthetically prepared or naturally
occurring, which may or may not be acid treated, for exanple an attapul gus
clay, a [d0B2jomaegas Ieadih,the RrthUbiodiotiongsy dffectie &Ad\lnrNgenefall§ nda@s gh guhr ;
20(4) a crystalline zeolitic alumnosilicate, such as an X-zeolite, a
Y- zeol i t&0OURL AR A QEAIYSISIPROTY - ineease catal iR POQIEMINEY ¥ AOnKgision 9B te, either
el TRERARRNLOLIR B B0 TheiERUR ARl oF APRAGGHE LRk AR, O 10 ©
al kal i al's occupyi ng fRe cationic exchangea (5) a
non- zeol Typiallypd pmmoaoneéiye:\i&ctlmmﬂmuamsanleai;tlﬁ)rﬁ(}’j&p paesphbly ©.051%,and

a conbi nati on of one or nore

silico-al

nat e |alo§l{l‘f’}a@%00@§£(?ﬁse ﬁeo‘f"elﬁh%%féh"g?aéé]ﬁ%‘ In one preferred embodi nment,

the por que1jar r Kehisddhesdin, ah@mrﬂaeff&u@@aﬁguﬁ”g@ms ahoiftOthat dRemptdder can

i nclude an alum na, a nagnesia, a zirconia, a chroma, atitania, a boria,
a t hor i dhe eatahiee pritarmance anies fasilitefe theareagtion of at lepst aneopepsuad pher eof . A

hi gher t may 30result in higher levels of tin oxidation

speci esq}gpﬁgé%ﬁg@@%termer ature treatnment, [0022] The catal yst may contain
one or 1f60kt]ot has uszadrmmnemmfstefmldaﬁddmns’hgenbfwyfxmampnomS0bnd1h@1s$u¢1pmsrt

and/ or incorgorat ed. aft erwards. T ese components can be one or nore netals

or Hbn- PR, FPAFtioN iRe-PressyreAndsgess ¥ol9cityel ement, (2) a promoter such as
a group [ho#s] el eRBRied hedln, Ihd ©HN Sy ﬁb? ot BEHRMIy rﬁé&ﬁbaﬁémﬁ@@alﬁél ARERaghgupr MA
el enents or other 5 el enents, and a hal ogen conponent. Optionally, the
cat al ystcapapticnalp be evrmbined wih a@nndmbfefor@rtb@mdlmaﬁdmﬂm moreaddslitianakal i and

o ol R0 Bk s 5L RS MRS oL

cat a: y s bulsseqiemit pﬁ)c@sses such a@@t}ﬁhwimm@dﬁic}hecgtfcﬁﬁﬁl ve anount. Typ: cally, the

catal ys tai 1- 2% by we t, of the 10group VII] el enent,

pr ef? eraiﬁ"!ﬁ& At A srggb&wdﬁme h@lwgﬁmpalﬁem %ﬂne&élw%twa{lwmnw pr onot er

o, PR Bt AR A0 O BRSTc MBTR Sy AP ATphas b V2

pr onot enod;ulrfatAbm ¢X@n@ld, ¥ hel@gerb@mpuﬂbmd@d lmcéuctﬁraelmilqgm ah)rda@gnélahdm amet al ,

tungst o OB A Rp e Tor e Bl B BARRR AR Aies TESMBt ot on of

t hese eh@lﬁg&ﬁa)m@ne&es ;ge@n@b@bﬂym the catal yst contains 0.01 - 5% by
02%2 ased on the weight of the catalyst. The group |IVA el enent or other

t ef 0&311 be’\ﬁaﬁl%éé?ﬂem Hetti@ TRAIGACBICOBRAINGIE GRINRAUNG” SHEHHY dReannPBhough not

s Sp A DL BRI ok ASLIBEOIBHEL RS it o

oppos _edTVpJCdI)blalhlalogm—dmwmwghoa@om bzq:[aﬂ(mfa]gihgre(aat aldyistludean al so

¢ educt g BReREn U< il 5 ainseS oflantt on byr B AT BB PO BE fer abl y

i ndi um hamgymcomp'ogmtumca@@gl t, nickel, |ead, cadm um thallium selenium

and euro |um pically, the catal yst contains zero up to no nore than 1%

by 2Rei gH018hb¢ t sg¢ Berpinp-Aha taapet wi/ st preeysei IgeyerpliyngaRs asaBeRlt bavitte wei ght

o L esahitshorble D ALEOR BpSRAI R SRR BB e

m xt ur esubfecpldat iswhsayuent ploamlest sugbihLpgr ecbmlngruﬂlsuﬂlﬁxdnigL m;ruodqnletPthefrmmlfdcwret he

catal yst. has no e than 0.6% i ndi um bas d onaﬁ e wei ght of

Che- cat 8PS corip st gt SRR AE<F ot ALY BIREVEP PREGRY oS Es bel | eved

redum nlgogélﬁg@mdscag%mg@ﬁaslan@hﬁmsg’an have primarily nmetal oxygen bonds, and
be one or nore surface oxides as opposed to a bul k 30oxi de.

[ 0@9 6] GOAEMal | s usebhereiguibi trymefreor iempasatgresd gererpliomernsra tempehangel 2the
catalyst% érformance by, e.g., facilitating the catalytic activity of the
I

group Vi el enent. Al though not wanting to be bound by theory, the
reduci ng el enment can achi eve increased reduction of the group VIII el enent,
as well as the group I VA elenent. Typiscally, the group VIII elenent 5is

pl ati num and the group I VA elenent is tin. [0027] The hal ogen conponent can
be included in the catalyst and can be fluorine, chlorine, brom ne, iodine,
astatine or a conbination thereof. Preferably the hal ogen conponent is
chlorine. The catalyst can contain typically 0.1 - 10% preferably 0.5 -
2.0% and optimally 0.7 - 1.3% by weight, of the hal ogen conponent,
preferably chlorine, based on 10the weight of the catalyst. [0028] By using
a high tenperature calcination, the activity and selectivity of the

catal yst can be altered. Particularly, the oxidation states of the one or
nore netals can be altered and/or an interaction between the reducing



based on the total noles of tin present in the catalyst as neasured at 565C
in an atnosphere, including 100% by nole hydrogen. Although not wanting to
be bound by theory, it is believed that the high tenperature calcination
can increase the amounts of indium3+) as opposed to indiun(l+), while
reduci ng the anounts of Sn(4)EBAILEDDPESERIPTIONE ot her tin 20speci es,
namely Sn(2+) and Sn(0). As such, these properties can provide a catal yst

wth de IVIt d selectivity properties. Al so, the fin
oxi dat i iﬁ@? at ebregaRysiliseios et%%%ly&aaﬁ? &SRO AR 8 OHPoIg g‘l“@(}gt ed
t enper atyfBondhtsthat caf BEiIRSRRRAS R the s@ﬂoﬁ%hn%ﬁ?ﬂﬁﬁﬁﬁéﬁ & 1ﬁ@01ﬁ®nateﬁoom

tenperature. Although not wanting to be bound t heor
i ndi un( 3fyrwands li“rypma)ly,rtb@lcmlmmalpmcmd@ itheel suppant, lbmdgufaﬂﬁl @cil@dtcomon@mce

S t 0 f the 25 d d tt
Cr e ety niet v e R G RTNTE o o aldtR By ndRERRR L
can be Hb@sﬁﬁﬂm&m 8éthlsya lﬁ@hwnqcbrzttmemmdmﬁen tan(c3date eardlin@okation GARObS N

anot her desired enbodinment, if the pronpter is tin, preferably the tinis
pr esent the one or mpredepasifighmetals %}tlmpé%‘tg thesdgsirgs @#@Pw 9nda%ctl|Véést 50% by
mol e, tlpgl(f(g)n nehgh; Q,Qm;{gr %b% @%C@O% 30preferably no nore than 25% by nole,
tin(4+) ase on the tota es tin present on the catalyst as neasured
at 565C[0R21An e(ﬁarmaﬂlyeuhe supyoktidi g fdm@%bytay oﬁshq; mhgmd@gextrudAﬂiaidmggh not
vvantl ng he ed t hat erature
ol 161 noplGrRERa THo AR e bRert ot ] pere bbby ETRA e o
tin(4+) refhiclogy indefarSIxid@ drien@eBlissevef andtad tehdel ima FBREL R%io 0A3:909U0M; 1, t hese
properties can 1Brow de a catalyst 5wt h desired activi ty and selectivity
F

pr oper t PederaNgd8@0eP0:10h dhg spirigematsxinkeaniiefiudst at es of tin may only be
present at a I r

t enperature, ﬂg%@i:{é’ét&g 1}1& rrperaltd E?%Cheaf%Bﬁgﬁﬁgfgﬁag%%g?ﬁdgﬁa%%bagzd%cﬁe%t t he
reduci ng el enerchreand, egnmummﬂ: lal thefieg erbotia, asvilida-adisminadi sihvamdgnesat &8 num
respectively, é;gn degfnstrate a coordi nati gn nunber at | east greater 10t han
0, Breferabl y &OrIREaL{URHNY, an AYRGHEAIHSY A3E5EHEYS be bound by theory, it
i's believed thatcesthab FpotediMg, dndiagaik€es a bond, such as a coval ent bond,

bet ween the i ndi um and pl ati num at ons. Gener al I y, the indium can be present
in an oxi dat {308 sgicaros agflic gl apiigay carbldhearclakwmslh@t@y@%ﬁﬁfﬁlwmpay@cbd and

N (2 P 2 R Sl y IRl o) B B pefiBed fiefle )11

desi rabl e i fatampilsgs clap, d dftonmoains ascth, iarfullaisdaah, grkaalin, \élrlalkxeeblgmnt such as
pl ati num has coorg& atli) rrber no m)rg tha% 1.g. :I'Is{e Cﬁorgii nation
nurfBers can a(fé‘fs Bﬁ/aéﬁ’f‘&ﬁﬁﬁ?ﬂte Yl g AL ZSPRE: HA F5°HE &t ruct ur e
(EXAFS) scanofRnfeaP-iRae, Q@m%ol@torraﬁl”iéoﬁ[@&ﬂﬁ%f@le%gﬂl%%e@ﬁﬂﬁhsdﬁe to an
at nosphere includi ng 100% by nole, hydrogen at 565C 03 ]The supports
can be for rrem0$trmfe@blyen@gnmdlefmma ere @pmloraaqallynmlﬁ ReyREingtharor e
20conponent s h t ents, such as the one or nore group VIII

el enent s, th%mgrgr% ear%gea%?ngégg’r the reduci ng el enents, may be i ncorporated
in the suppais) ainonasylitkunblabller sieenaich asum:hluﬁﬁnaphmphmepirhaﬂicomummo-

i on-exchange or inpregnation. However, it is generally preferable for a

hi @B t enper RAGFRIAEACEI nati on to occur between inpregnation of the reducing
el ement and ihe cSﬁlBHlBtlé/A bt od@eotl%one AR BIs8tR Snd Bl O] RfindE gRARS.NY the
catal yst can involve 25inpregnating a porous carrier naterial with a

sol ubl elp o@e®mfpm@h¢3ht®dgn@rupthvpbtousgmpomdn ahgniam sexuassd gamma plluanmenum met al

Ch! or opl LRI AL Aot hal ikt & o BPb s oL AL G T &8RS gr oup

VITT methedig alpaysphateeipineYedle] £silitd) b § Rakiufhs@blt Aafighed dehsityGhpteber byt i num
nitrate, platinumsulfite acid, anmmoni um chl oroplatinate, bronoplatinic

acP®, pratliadrsber leypls of Haexidation snecies Blitiatnal Isnperage igasak, pl ati num
dlehlorocarbonyl di chl oride, dinitrodiam noplati num sodi um
tetranitroplatinate (I11), palladiumchloride, chloropalladic acid,

pall adiumnitrate, palladium sulfateg4 di anm nepalladium (I1) hydroxide,

t enamm nepal  adium (11) chl ori de, hexaanm ner hodi um chl ori de, rhodi um

ear bonyl chl oride, rhodiumtrichloride hydrate, rhodiumnitrate, sodium
hexachl ororhodate (111), sodium hexanitrorhodate (TM iridiumtribrom de,
iridiumdichloride, iridiumtetrachl oride, sodium hexanitroiridate (111),
chloroiridic acid, 5potassiumor sodiumchloroiridate, or potassium rhodi um
oxal ate. Use of these conpounds may al so provide at |east part of the

hal ogen conponent, particularly by adding an acid, such as hydrogen
chloride. In addition, the inpregnation can occur after calcination of the
support. [0032]Simlarly, the group Il A netal nmay be incorporated in the



preparing the catal yst can involve inpregnating a porous carrier materi al

with a sol ubl e, deconposable group IllA conpound. As an exanple, an indium
nmetal may be added by an inpregnati ng aqueous sol ution of indiumchloride
(I'nC13) or indiumnitrate (I n(NG3)3) and hydrochl oric acid. Use of

t hese cqopm)ndsTREYAtAYSS thacOMiafheondlor hRasbtherddoinpehedth addealdiegenthéSconponent .
[ 0033] The pronoter, such as a group IVA netal, may be incorporated in the

cat al ystiormatign ! digisuppareanddnriesorpasatad piteverds: bpsGempouiTiaaPEcsF R, such
as by cophegidhil gAMbl And i @Zﬁ R DR el RS ?%ﬁ[‘dﬂ%éf%ﬁ%?éwe with
the carrier material, or inpregnation-of "the carrie terial at any stage
in the prepadVat cloment(Xe ameducong ebfménncochpay ateion gnardgrogp dllp elevfenBOorettladr
conponens into %£§~C tal yst congosi e iﬂkolves he ugifization of a

sol bl e SHECER B ) F B208HHERAMRPIBE LRIPBHY> IAARBEEMAY 8P ARHBIGYEE & and

di sper sendB@rdiBlAl antl MO HBHAUGIKA 8nd Ak AuR-&dth mhe@dls TR0 -3%, biheeightoup | VA
met al conponent may be inpregnated either prior to, sinultaneously with, or
aft er t fhasedtanghe werghooidhe eatalyy. added to the carrier material. Thus, the
group al g ] . e | by

commi n\g;\lﬁl)(?%ﬁt he]tglggé?a(r%lﬁl}g?l]i en%t%éé? ??II @%g}%ﬂt %ﬁlatggﬁxggagé tl&seo aﬁ%ﬁggé rg{'lhgésui tabl e
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the artpashP Adke AN, biEB B LR 344U th@ReidRt HRE Ay stPlathbRsHm&Nd
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cagobe @gder mi ned by UOP 25net hod 979-02 by x-ray fluorescence or by UOP
met hod 291-02 by potentionetric titration. The anmobunt of species by

oxi dati on nunber and coordi nati on nunber can be determ ned by x-ray
absorption fine structure (hereinafter may be abbrevi ated "XAFS') or EXAFS
foll owi ng procedures discussed in thes" Report of the International XAFS
Soci ety Standards and Criteria Commttee by D.E. Sayers (adopted July 25,
2000). 30[0038] The catal yst enbodi nents di scl osed herein can be used in a
vari ety of hydroconversion processes. Exenplary catal ytic naphtha reformng
or reformng units can include continuous catal yst reaction and
regeneration vessels. Exenplary units are disclosed in, e.g., US 5,958, 216;
US 6,034, 018; and US 2006/ 0013763 Al . Anot her exenplary unit is disclosed
in US App. No. 12/104,482 filed April 17, 2008. |LLUSTRATI VE EMBODI MENTS



5[ 0039] The follow ng exanples are intended to further illustrate the

subj ect particle(s). These illustrative enbodi nents of the invention are
not neant to limt the clainms of this invention to the particular details
of these exanpl es. These exanpl es can be based on engi neering cal cul ations
and act yghzeiper akhdglEXRaIRME 1NN abts & h Bronkit&a6 ShATe o e 1

10[ 0040] Ni ne sanpl es are made with varying orders of inpregnation and
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removed using standard procedures with an Rbkg or Nyqui st frequency val ue
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spectra. The Fourier transforns (FT) of the measured spectra are
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provi ded by the Inorganic Crystal Structure Database nunbers. The nodel s
are optimzed for all three elenments for each sanple. The FTs are nodel ed
froml1l.3to 4.0A 1.0to 4.0 A and k0 to 3.5 Afor the respective
platinum tin, and indium edges. The Fourier transform 25ranges and the
nodel ed regions result in 13, 17, and 10 i ndependent points per spectra for
respective platinum tin, and indium The nodels contain 6, 10, and 7
variables for the platinum tin, and indium along with two vari abl es
(Pt-Sn/In distance and a2 val ues) which are constrained to be the sanme for
all three edges. This constraint demands that the Pt-Sn/In signals in the
pl ati num spectra 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 I|ess than the nunber of independent
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5[ 00451The foll ow ng table depicts the nethodol ogy and final weight
percents of netal s and hal ogen conponent on each support. TABLE! Sanple
No. 1 2 3 45 6 7 Base Average Bul k Density (glee) 0.58 0.58 0.58 0.57 0.57
0.69 0.59 Base Forned Wth Sn Wth Sn Wth Sn Wth Sn Wth Sn Wth Sn Wth

Sn and |dutdtst apmeRBared ANO6INT oS ablosyBere NEllIng 100%, by mole, hydrogen.
Although not wanting to be Bound by theory, it is believed that the high temperature
calcination can increase the amount of tin(0) and decrease the amount of tin(4+) while
increasing the amounts of other tin species. As such, these properties can provide a catalyst

5 with desired activity and selectivity properties. Moreover, the defined oxidation states of tin
may only be present at an elevated temperature, e.g., 565°C as opposed to a lower
temperature, €.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 theory, 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+), Pb(2+), Cd(2+), TI(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 (IT), palladium chloride, chloropalladic acid, palladium nitrate, palladium



| mpregnations In, HT, Pt coln+ Pt coln+ Pt ImInIminIn, HT, Pt 1m
Pt W. %Pt 0.30 0.31 0.30 0 0 0.26 0.30 W. % Sn 0.30 0.30 0.30 0.30 0.30
0.30 0.29 Mole % Sn(0) 532 441 451 281 281 451 441 Sn(2+) 253 272 242
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 (IIT), 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 IIJA 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

8



372 332 302 262 Sn(4+) 223 292 313 352 392 252 303 W. % In 0.30 0.26 0.31
0,30 0.30 0.26 0.59 Mole %In(1l) 721 961 951 100 100 671 711 In(3+) 281 41

51 o o 331 291
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;
5  oracombination 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

10 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

15 precursor can be calcined in separate steps between impregnations. In one preferred
embodiment, the group IITA 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

20 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

25  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).

30 [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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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 HCI 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



Base Formed Wth Sn Wth Sn Wth Sn Wth Sn Wth Sn Wth Sn Wth Sn and In
H T on Base No No Yes No Yes No No Inpregnations In, HT, Pt coln + Pt co
In+ Pt Iit InhniInin, HT, Pt ImPt W. %Pt 0.30 0.31 0.30 0 0 0.26

0.30 W. % Sn 0.30 0.30 0.30
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.

5 [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

10 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

15 is removed using standard procedures with an Rbkg or Nyquist frequency value of 1.3 A 10
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-1,30t011.0A-],and 3.0t0 8.0 A-1,
for the respective platinum, tin, and indium edges. The Fourier transform figures are obtained
20  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 A,1.0t04.0 A,
and 1.0 to 3.5 A for the respective platinum, tin, and indium edges. The Fourier transform
25 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

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

11



0.30 0.30 0.30 0.29 Mdle % Sn(0) 471 401 441 231 241 421 431 Sn(2+) 292 292
252 352 322 312 282 Sn(4+) 242 313 312 432 442 272 302 W. % In 0.30 0.26
0.31 0.30 0.30 0.26 0.59

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 SnO»), and indivm (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



Mle %In(1l+) 661 901 891 901 642 571 661 In(3+) 341 101 111 101 362 431

341 W.

%Cl 1.05 1.50 1.06 0.94 0.95 1.04 1.22 Sanple No. 8 9 Base
Average Bul k Density (g/cc) 0.58 0.58 Base Fornmed Wth Sn
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 | With Sn | WithSn | WithSn | With Sn | 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) 5342 4441 451 281 28+1 451 44+1
Sn(2+) 2543 2742 24+2 37x2 33+2 302 26+2
Sn(4+) 2243 292 313 35+2 39+2 252 303
Wt. % In 0.30 0.26 0.31 0.30 0.30 0.26 0.59
Mole %
In(1+) T2:+1 961 951 100 100 67+1 71x1
In(3+) 281 41 51 0 0 33+1] 29+1
Wit. % CI' 1.05 1.50 1.06 0.94 0.95 1.04 1.22

10

Table Abbreviations: In, HiT, Pt:

[0046]

COo:

Im Xx:
Wt. %

Impregnation by indium followed by high temperature

calcination then impregnation by platinum

Co-impregnation with, e.g., In and Pt

Impregnation with a metal such as In or Pt

Final weight percent of metal or chloride in catalyst

based on weight of catalyst

seven samples above and two additional samples 8 and 9, as depicted in Table 2.

13

In addition, several other measurements are made at room temperature of the




14

Wth Sn H T on Base No No Inpregnations co In + Pt coln + Pt W. %Pt
0.30 0.29 W. %Sn 0.31 0.30 Mle %Sn(0) 372 382 Sn(2+) 283 303 Sn(4+)
354 324 W. %In 0.27 0.65 Mle %In (1+) 951
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 { coln+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) | 471 401 44+1 23+1 2441 42+1 43+1
Sn(2+) | 2942 2942 2542 3542 3242 312 28+2
Sn{4+) | 242 313 312 4342 442 272 3042
Wt. % In 0.30 0.26 0.31 0.30 0.30 0.26 0.59
Mole %
In(1+) | 661 90:+:1 89+ 901 642 57+1 661
In(3+) | 341 101 111 101 36x2 43x1 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 38+2
Sn(0)
Sn(2+) | 28+3 30+3
Sn(4+) | 3544 32+4
Wt. % In 0.27 0.65
Mole % | 951 74x1
In (1+)
In(2+) | 51 26:+1
Wt. % CI 0.74 1.07



741 In(2+) 51 261 W. %CT 0.74 1.07 [0047] As exhibited in Tables 1 and
2, Sanples 1 and 6 receive a high tenperature cal cination between the
depositing of platinumand indium Cenerally, the indium 3+) anounts are
28%in Sanple 1 and 33%in Sanple 6, by nole, with respect to the total

mol es of (oA UMAsxBRTRd §STbi&NthE 2a§axH§1@§!‘5§&|6 dcerBaGidiedPBlagurd- |1 N

addition, the tin(4+) Sampunts are 22% 1 n Sanple 1 and 25%in Sanple 6, by
mol e, Wi @aicmfég)pémtwqeo thehbpps;tlag Oﬁmafewnbﬁndmfhlurm @mﬁllésthi indiem@+as measur ed
at 565C jn T msnt

exceed 2?‘{5‘ unbS arﬁ%%% 1 %Pie%g@?r %Hf’%e {Shiya’f’ reSPeCtt ?Onthe 50% élﬁ‘f)l ified

by EXarfpdﬁﬁn&uﬁim@@ﬁiﬁilekﬂrmefﬁaislﬂm&sur&i aia%B'ECQxTaMeSD Intdaaxtimmgﬂheltmdaom ty of
Sanple 6 as conpared to Sanple | mpy also result in a h?f;gher concentration

of SRA( 2+Meiede 28kdasampleat 5% MotIs f bydaplei WD resasab e fotalgoles f r om
Tabl es %ﬁnﬁn%aﬁfgfes%%%%%ame%§ SaffSle § OA@'%O% fe@n'{b@xa‘ﬁﬂgrtgé nation

nunbers, which can be a neasure of ordering and charg ansfer. The
coor di namegsnremenbed tirf(é+) phyaticaeth? o siygnele, $ith ezspecktathn tdial moles siippast ,

Gi ot ancer B o PRl Lot FrSRRES KSR o R e Pl Bnulhber's are

al so detsuniploeds E@fipdredoB Jﬂ@qimma%emlo& hBightesRREtHVioh Y SARY-Defer ti N,
or platinum and oxygen, ium or platinum These sanples are conpared to

a r 8P er eif@EIPREMEHg no |nd| um Particularly, Conparison Exanple 1 has 0.29

. % pl um
COOI’dI na @M I %dr%glégr garg :eke?r?‘lmﬁggl g”%ﬁs gﬁ%&?%%ged Joqgée §p-F(gatnlsnum
20t i n, etnaﬂeterrdmurav@dgmeon ﬂ'nyprmr&lwmch amsb&mpheasws: qf wrdpeid g wnd bhdngd framsfeat room
t enper at The tin a umK are collecte entlally
o el | CHie SReiE i @uFBier lePen PR o S (i 5Bpt D
al ter natt&xﬂﬁdﬁm{) i9ihe a0 SRS oF X%t&ﬁ@at%%b@ﬁdxﬁdnce%ﬁalﬁﬁlﬁ%@n 'a@nﬁshﬁ ehel d
at 565C for 30 mnutes. Afterwards, the sanmple is cooled to room

t enpr atsapgla fCaepdingipamunpees ae éa@éet@ﬁ@mdr@r tipand indivm &vhexedS ipm ar e

spect ra F3Roab ok fhent f orpph QR hTBGRE, Wit o M RRE ol Byluls e

nodel i ng:opm@mdduaeefmeﬁwmmngldﬂh&uni Raktidtul aalygrComipasisoaritkainpdd Lhasspzdive.a

for each,s e sinulta Yy S l.ati numtin/indi um and

tin/indi'd Q?%B hé&wfétt E‘écgfgbr‘: oﬁ"§&“§g? ternms are constrained to the

same val[pes) ASTI%'@(JEMdlhziiﬁ)ntduﬂlb%ks@ﬂ?@hetbﬂﬁuh&?bﬁ@ﬁh@@'s@é&ﬁ‘rﬁaﬂﬁ@ﬁ iR pliinufle sane

di stance as the platinum si (]J the tin spectra. 100511The results are
a

dep?tt edin; hndnadmél Slgow| bypic TVABB_&HISC COORBIANATH ENVNUNBERN pempgyeiste: alhe
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 L.3-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:

15



Conpari son Exanple 1 Sanple 1 (with heat treatnment) Sanple 2 (w thout heat
treatnent) Description Pt-support 0.94 1.08 0.94 Support Pt-Pt 2.0 4 2.54
2.54 PtSn/In particles Pt-Sn/In 1.62 2.03 2.03 PtSn/In particles Sn spectra
Sn-0 2.72 2.64 2.93 Sn2 Sn-0 0.22 1.53

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 2.524 | PtSn/In particles
Pt-Sn/In 1.6£2 2.0+3 2.0£3 | PtSn/In particles
Sn spectra
Sn-O 2742 2.6x4 2.943 | SnOy
Sn-O 0.2+2 1.5+3 1.0+4 | SnO
Sn-Sn 1.7+2 1.6+ 1.2 1.326 | SnOy
Sn-Pt 1.4+3 0.7+3 1.3+6 | PtSn/In particles
In spectra
In-O NDV 2.4%2 0.743 | InpO3
In-In NDV 1.5+3 NDV | InyO3
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

16



1.04 SnO Sn-Sn 1.72 1.6 1.2 1.36 SnQ2 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
In-Pt NDV 0.176 NDV PtSn/In particles NDV- no detectable value [0052] The
depicted data error data is with respect to the last significant digit(s).

I n Sanpl ge dalchlgd BaRY oh beaine Gas amligiceMubiaas ehrbindtoglaph andliBes.oDad inat i on

nunber of 0.7 with an
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, which is no nore than 1.0. In marked contrast, Sanple 2 and
Conpari son Exanple | can have tin-platinum coordination nunbers greater '
than 1.0. Simlarly, Sanple |I can have an indium pl ati num coordi nati on
nunber of 0.170.06, which can indicate the presence of a coval ent bond

bet ween thLAnggyn1and platinum Sanmple 2, which is not heat-treated, does
not exhi bit evidénce of such a bond. Al so, both Sanples | and 2 have
simlar 10nunber of platinumtin/indiumbonds. Although not wanting to be
bound by tlh&mfoyming prtalyst ogrepeisites t hat hi gh tenperature may facilitate
replacenment of tin with indiumw thin the platinumparticles. Exanple 2

[ 0053] Sarr_pl es. A) iRdsh 3héﬂéir¢attle%§tta%htbé%,3ay Rlole Ot ik, idHARBHSHRR:aRd bl | Y the
same conditions, 15e ure, 0 g‘n/ hydr ocar bon

.g.,.feed, t er at ressure, dr
mol ar rati o, aﬁ‘&reltri‘adﬁg‘&iﬁﬁég’f T"?'e'é’ggg@d'\‘f'él'sd%ﬂ”@) "‘F@W"ﬁ%‘ﬁ\%ﬁw e4°%lydr ocar bon
feed. An accel ewias gfihdivedted axpasure &8 bbqus3Qreindtesrimathtmpspheracompasiesaabolt oct ane
?unbe[ .(ROr\ll)lg%daMyta,togﬁ, Qymaé}t%t_é?t%?@&r@g{@&m?gr@l_;yS! s of ?ht a[ get 10:1. Thi s
arget is held_constant over ti ,continual ly raisi , enper at ur e.
The activity o) BABReRAp Qodtan o e P B 1t e TRIDBPA P Edtied o
mai ntai n t he t wtaywoled timafer exgpseieder abaut 80 waltesih at eichobrhsredorapiisiomabauhe gas and

l'i qui d ef fl Uenﬁoo@ﬁ%dr‘é&n(?%&eg%?dl@méé?é%&r)!%ﬁ‘a%out%@:.;iaﬁd used that depicts
mat eri al bal anges b

(?t,gen 98 - 102% Al | {%ISFUHS ar e shivvn at 9.056
met er - cubed of “HEEP P FieElp 2gpuntY AR ¢l SPAEN IR AR A5 R HTUTEY i n
Tabl e 4 bel ow: redABLE 4 Properties Sanple 1 Sanple 3 RON 103.9 104.0
Conversion Tenperature C 520.5 524.2 C5+ Yield, wt. %87.41 87.39 5

[ 0054] Sanpl feleiGRing LMSst E'(Q:&dﬂ?{o%la%;,im)ﬁiar{e% tR¥%roap Yl RSeRQBRAMEdpiktRuhne Sanpl e
3 catalyst. [0055]Wthout further elaboration, it 1s believed that one

skilled in the art can, using the preceding description, utilize the
present i AvERT§TIRIng Gatplyst agepding iorclaimy 2. aerein tgdefRming Setpiks) carmiiresraert 841 speci fi ¢
enbodi mentsouaz®,, by ivaigitedf pathumtbasdaen eeneightod the &sormiag edtalyst.| | ustrati ve, and not
limtative of the remainder of the disclosure in any way what soever.

[0056] I n Ehﬁlefré?&ﬁﬂgkﬁg tQJchdiEﬂgmﬁ"a{nﬂ Whé&rRin HeFerdrinin fc&%@i? c&!ﬁb‘ﬁgésra%g& ﬁ.?h-' n
degrees Cel sius andg, Al par and percent ages are wei ght’, “unless
ot her wi se 2Pt?% ¥ waight] B s BTorP Yihelementoated §b the elgkioE e BRI catiiet skil | ed i n
the art can easily ascertain the 15essential characteristics of this
i nvent i on 5arkd refdbininG GathlystigRarting BGIafint 0 RrhérRoSRisihg bbcaiEl1-86a0®%, by weight, of

a halogen component based on the weight of the reforming catalyst.

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

and non-zeolitic molecular sieve.

7. The reforming catalyst according to claim 1, further comprising a support, wherein the support

comprises an alumina.
8. A reforming catalyst, comprising:

A) tin wherein at least about 45%, by mole, of the tin is a Sn(0) species and no more than
about 30%, by mole, of the tin is a Sn(4+) species based on the total moles of tin after
exposure for about 30 minutes in an atmosphere comprising about 100% hydrogen, by mole,

at a temperature of about 565° C.

9. The reforming catalyst according to claim 8, further comprising:

18



t hereof, can make various changes and nodifications of the invention to
adapt it to various usages and conditions. CLAIMS: 1. A reformng

catal yst, conprising: A) indiumwherein at |east about 25% by nole, of
the indiumis an In(3+) species and no nore than about 2% by nol e, of the
indiumis in a In(0 C a i ndi um
after exposur eafﬁg’ytéﬂbﬁ%ecf%‘f? amot‘fﬂféasgr?%%@hgea'teﬂﬂgﬁ%@(z& ggar?goqeé?%?ta""gbout 100%
hydr ogen, by nodagionat a tenperature of about 565 C.; B) tin wherein no
nore than about 25% by nole, of the tinis a Sn(4+) speci es based on the
total nol €8 e referming fatalyst @&g@gmtoaamb‘-’r f%b%ﬁ?”’%@'"@n nutes in an atnosphere
conpri sing about 100% hydr ogen, Iy |l e, at a tenperature of about 566 C. ;
and ©) a cat aPyeffecliyf pyowy ?fé@fqu%/\zﬂ?ﬁl‘i?hm Cfalyze @‘r‘?ﬁ"‘ﬁb’“?/felf"lrm@?’ BABRE to

catal yze at | east one reformng reaction. 2. The reform ng catal yst

accor di ng 1t 0rhe keddriming. catsmfsescedraing o elapt muphewdid the gbaTia tlereompumipsies iluat | num 3.
The reform ng catal yst according to claim?2, wherein the reform' ng cat al yst
conpri ses v f wei ght
COMDY | S22 ALy PN B3 LA Bl F AN DBRE I, Ve O
wherein the reform ng catal yst conprises about 0. 01 about 2% by wei ght,

of the grd@prhwrefarmiay exiadyst adserdiagitoslain h &rrthrsicgrrising atoHed- FrPurIRventy wahhPy st .

The r ef or inaggdnabMpansit basea of the RBightf té RFdidg catalyet her conpri si ng about

0. 1-about 10% by wei ght, of a hal ogen corrponent based on the wei ght of the
reform ng st. accor di aim further
conpri si ndga‘lh U%%'B'P? catﬂﬁg?cé?r 'nqtﬁéa'gﬂ%?u ?rcg isip as@porp%[\eégg es?‘f)@o%f an

al um na, megersed analumiaani a, zirconia, chrom a zinc oxide, thoria, boria,
ceram c, porcelain, bauxite, silica, silica gel, silicon carbide, clay,

% yst a:c i ne. T%@@éfdrt«hgcammceaahd fo GRInFS, maa@ln enéys%eutlsb%qoymtee@fmeam issd eve. 7.
e reror

st _accor r. conprisin pport,
wher o1 1t ROUEHERGT I B0 REECB SRS AR o Be N PG L RS CaT ) LR
conpri si ngoleApftini n wherein at | east about 45% by nole, of the tinis a
Sn(0) species and no nore than about 30% by mole, of the tin is a Sn(4+)
speci es bagedeRmitdGtalyat @mpfdges of tin after exposure for about 30 m nutes
in an at nosphere conpri sing about 100% hydrogen, by nole, at a tenperature
of about 565C. 9. The reform ng catal yst accordi ng to claim8, further
conprising: aftawiEMEceertye é’f‘?@b‘tf?\g@”&?%ﬁﬁf"e@fm FRYFDUFRNNE @RSt to
catal yze at | emattiogne reform ng reaction. 10. The reform ng catal yst

according to C'B?ﬂn%?ﬁtthMoLH%F grglgm(,Aggem t G ef fective amount of a group

[11A elenent to cata one reformng reaction. 11. The reformng
catal yst accor 8l Eﬁ‘@ff???"‘t?"at“ﬁﬁ016fedW’f@re@m‘t“ttv‘f*l‘éreﬁr”t%ﬁ°rf"f‘?“ﬂ” BYRRTER e XENDr i ses

i ndium 12. Theemét atdtha@oupadlbdiansdnt uag@aedhamg) dsdetednariemapormieenebtoretditer gr oup
VIIl elenent c ing to

ol ai m B ur t ot S BB B aubik 190k byl Nilo B e pieef GRLLL TS e
conmponent base#f%f: the wei ght of the ref orm ng cat aI yst. 14. The reform ng
catal yst according to claim@8, further conprising a support, wherein the
support canphé ﬁe%smua@ca@dlyéfﬂceadmg]éctam Wk the RuogleRgRts AREQLAE 6T tO claim

8, wherel r}td%bw tonuct Fog@t&;ogtbaECr)t% el tl)é/adrrgfirﬁnm t]c'tallu sélén@m %d%ur%g(nq) speci es and

no nore tHan abo eci es based on
the total noles of tin. 16. A reformng catal yst, conprising: A a

cat al yt i ca$.ITpe esfofraing ¢ajalystavouding totlaizn G wigrinthe grogd léfyelament s tivat al yze at | east
one reformng reaction; B) an effective anbunt of a group |IVA elenment; and

C) an effegtriy @foﬁﬂpé"&ttalﬁf acordi H@Ih:%Se\hm\be YOKS Bil BerhdHe cdrPRSedipRBdunPN
nunber of reduci n&gte%ement an e group VIII elenent is greater than 0 as

determ nea”da*t‘e g Wﬁ%‘rc%ﬁ“fﬂs‘:és'%t f®r exposure to an atnosphere of about

Lov% B e Qe R UBR s e RO o B oo o PO T 0
cat al ySt ggéi@?t a%outB 1%‘1n hQ’t.%? atmuIrBa?%rdmatl n nLtm]bgr %]%prﬁ ?t i eas

one of indiTaR "IvBAT chrom u admum thaII

sel enium and europium 18. The reform ng catal yst accor di ng to cl ai m 16,
wherein the group I VA elenent is tin. 19. The reform ng catal yst according
to claim 18, wherein the group VIII elenment conprises platinumand the
reduci ng el enent conprises indium 20.1%he reform ng catal yst according to
claim19, wherein the indiumplatinumcoordination nunber is greater than
about 0.1 and the tin-platinum coordination nunber is no nore than about
1.0.




