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WOROSS7RE-ERENCE TO RELATED APPLI CATI ONS The pPEBER1005/003469

application is a continuation-in-part of U.S.

application Serial No. 10/067,719 filed February 5,

10 2002, which is herein incorporated by reference,

and to which priority is clainmd. BACKGROUND 1.

Field of the Invention 15 The present invention is

related to a nethod for conversion of hydrocarbon

conpounds, and particularly to the wuse of a zeolite

claf( a: y &Dkgg Egly 6ﬁ%§§fd}1@ @éim Q&Mﬂsgﬁg@% IZBOLITE Y

pertalns to t he chen1ca| addltlon of an al kyl group

to another nolecule to forma er ul e.
ConfBBREEaREEERENGE; 30 RELAL Iy be

aromatic al kylation or olefin/paraffin alkylation.
Aromat i cCTRS abkykati epplypachdt yid rvelasinyption-in-part of
production of -1 WO 2005/077866 PCT/ US2005/003469

a't kw;.gf. OHBhi §cSPUBAUBES 4. 0. X0/ DENZeEL] UmRiuary 5,
etc.

2002, which is herein incorporated by reference, and to

which priority is claimed.

BACKGROUND

1. Field of the Invention

The present invention is related to a method for
conversion of hydrocarbon compounds, and particularly to the

use of a zeolite catalyst for olefin/paraffin alkylation or

aromatic alkylation.

2. Background of the Art

Alkylation perfains to the chemical addition of an
alkyl group to another molecule to form a larger molecule.
Commercial alkylation processes can typically be aromatic
alkylation or olefin/paraffin alkylation. Aromatic
alkylation typically involves the production of
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by al kyl ating an aromatic conpound (e.g., benzene)
wth an olef in (6. g. , ethylene,: propylene, etc.)

WO 2006m778d paraf fin al kyl ati on pertains to thePCEESI00D003469

bet ween a saturated 5 hydrocarbon with an olefin to

produce a highly branched saturated hydrocarbon with

a hi gher nol ecul ar weight, for exanple, alkylation of

i sobut'ane with 2-butene to produce a gasoline product
haslkglarbmnghioctamponudberle - onl,i kthylbepredact canent, etc.)
gasoline by cracking high 10 nol ecul ar wei ght

peb{ol el LE aaki QASasURBL B8 BBMPRIUNAOT (e RELT BLEY D e) with an
residua,” al. kylation gives a cl eaner gasoline product

wi t hout sulfur -or _nitrogen_inpurities. Nofreover, .. .
al RQFg’r’é Z%s%l- i'nStﬁXieP%ttPEggP’lﬁSLear Siril ¢ cgﬁfﬁé_ﬁP/P,araffln ‘
which is a further environnmental benefit. 15 Various

al RYkal hbhopr persséssake khswieand ipsedetmeesughsaturated
the petroleumindustry. For exanple, alkylation is

r ouiapetyrbans wedhodh 6DEFERACKER byddyicesian®ibhdyl Branched
acid catalysts such as sulfuric acid or' hydrofluoric

aci nat.i || eql it Vv n

issarufptBasRl HYBhLpBA LELECR, HiBneR BRI BetERY, cor

usi ng highly_ corrogsive and &Pxic l'iquid acids.

HoREGEP LSz eBliéatdaR CSutFEPULAOR deddt irAtitencc agsdFoduce a

by coking. Various -2 WD 2005/ 077866 PCT/ US2005/ 003469
gasoline product having a high octane number.

Unlike the productio§ of gasoiine by cracking high
molecular weight petroleum fractions such as gas oil or
petroleum residua, alkylation giyes a cleaner gasoline
product.without sulfuf or nitrogén impurities. Moreover,
alkylate gasoline has little or no aromatic content, which
is a further environmental benefit.

Various alkylation processes are known and used
throughout the petroleum industry. For example, alkylation
is routinely carried out commercially by using liguid acid
catalysts sﬁch as sulfuric acid or hydrofluoric acid.
Alternatively, solid zeolite catalysts have been used. TUse
of zeolites avoids the disadvantages of using highly
corrosive and toxic liquid acids. However, zeolites can
suffer from deactivation caused by coking. Various
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processes for al kyl ati ng hydrocarbons using zeolite-
containing catalysts are disclosed in U S. Patent Nos.
WR2840786¢ and 3', 815, 004.. An al kyl ati on pr oCEGSEHUSRDFIGP3469
an acid solid catalyst using zeolitic or non-zeolitic
material 5 is disclosed in U S. Patent No. 5,986, 158,
which is herein incorporated by reference. Zeolites.
are porous crystalline materials characterized by
suppbeeeseopicr chitiybdising aygrocachbas sbiagandidrnite-
configuration. Zeolites are typically conposed of 10
al Hg}lgg§1&kh§a£§taﬂ?‘ét§eﬁ:étSl%l@ééal $nh@ve been JMAderos.
ange of other conpositions. The latter.

are conmonly referr as._mc us _materials. .
The SRAnREr andr s rhbE eab, e P el B AR S D Epe using an
provi de uni que propertles whi ch nake zeolites useful
asacatiabp$id oatabgerbenisngi reebitadustr nah -meodddsias material
For exanple, zeolites can be used for filtering out

smakl gk sApLgel! &8, yWBI ChabegOMRoENE! 8BREd Sia) Wii&h is herein
pores of the zeolite. Also, zeolites can function as

shape selec e _cata hat favor certain chemnm ca
coﬁ58?§P8ﬁ§ tﬁynr?%érégFés in accordance with the

shape or 20 size of the nol ecul ar _reactants or

product geokabEpt 85€hRYECUH| §EYEEER 116 matearialgh characterized
exchange, such as for water softening and sel ective

r epgvenymokrbeavyisetabanels3of a particular size and/or

configuration. Zeolites are typically composed of
aluminogilicate, but zeolite materials have been made in a
wide range of other compositions. The latter. are commonly
referred to as microporous materials. The channéls, or
pores are ordered and, as such, provide unique properties,
which make zeolites useful as catalysts or absorbents in
industrial processes. For example, zeolites can be used for
filtering out smaller molecules, which become entrapped in
the pores of the zeolite. Also, zeolites can function as
shaée selective catalysts that favor certain chemical
conversions within the pores in accordance with the shape or
size of the moiecular reactants or products. Zeolites have
alzo been useful for ion exchange, such as for water
softening and selective recovery of heavy metals.
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WD 2005/ 077866 PCT/ US2005/ 003469 Synthetic zeolites
are traditionally made from sources of silica and

wa@baosiornsee (silica and alumina "nutrients") thaeCT/D820%$/003469

with each other,, in the presence of nmaterials that
ensure highly al kaline conditions, such as water and
O+. 5 Oher zeolites can be borosilicates,
ferrosilicates, and the |1ike. Many of the

crystal Ei,zahbpncstepsigee eorduaidd tinonalhy pisekeheon sources
of an inorganic directing agent, or an organic

templ ate, which induces a i £ [ tr, £ "

LRGP SLEARB “BHSPLy BE For e 1 TG SBLIRS offppientsa) that
directing 10 agent or tenplate. Many of  the organic _- :
t empbatewithecaghaPERfEny WM RHRESANCE Q§nmé£ﬁF%ﬂ%% that

be |linear anmines, alcohols, and a variety of other '
cCogpeuRdshifple AYHeOAnde corsbite alis,ectidly sagerdiser and OR".

i ntroduce hydroxyl ions into the reaction system

h , alkal.Lni ' al 4 ' c s, an e
o\eﬁ\‘)t%&ofztegﬁé_ﬁeéac glr %))éi ?zaf%ahq c)é.’t'_qisc,t ajeeiicifc;s':ilbﬁ’ dhe ; d th

anoun odi um hy (NaOH), potassium
hydr oxi de (KOH), etc. The reaction typically involves .
2 Uikgui AYGRY Padhs FIMRICH T AT MRS S Cotdicted in

transitions occur, such that a redistribution occurs '
bettee pridsernaleumifn@nanhardarhe rMireEiirg agent, or an organic
nol ecul ar structures are formed 20 which correspond

to ifdeC 28AldH anauddera MBpedi Xt desol Lo @t secbere that
i ncl uded, such as titania-silica, boria-silica, etc.

Sone, 289l 185 157 Mo "RTC ML UL OLGADT Sz Lenp! 81 £8cting
agent or template. Many of the organic templates are
guaternary ammonium salts, but can also be linear ;mines,
alcohols, and a variety of other compounds; tAs a h&droxide,
some directing agents introduce hydroxyl ions into the
reaction system; however, the alkalinity is usually dictated
by the amount of sodium hydroxide (NaOH), potassium
hydroxide (KOH), etc. The reaction typically involves a
liguid gel phase in which rearrangements and transitions
occuf, such that a redistribution occurs between the alumina
and silica nutrients, and molecular structures are formea
which correspond to specific zeolites. Other metal oxides
can also be included, such as titania-silica, boria-silica,

etc. Some zeolites can only be made with organic templates.
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-4 WD 2005/ 077866 PCT/ US2005/003469 O her zeolites
can only be made by neans of an inorganic directing

w@®an778¥et ot her zeolites can be nmade either PYT/UR®AFE3469

of a hydrophilic (e.g., inorganic) directing agent or
a hydrophobi c (organi c based) tenplate. 5 Miuch of
today' s hydrocarbon processing technology is based on
zeolite catal ysts. Various zeolite catalysts are

Knowehén 661 btds atan poskesse wede dry amgpets pof ean inorganic
systenms with wuniform pore sizes. The term "nmedi um

porﬁgl_¥§§%?1?€|(:%§&{ 0 ¢80l L{8s Usdil ok & &8 Sod Gnade either by

zeo res having a pore 10 size of 4-6

angstromunits (A). "lLarge, pore" -zeolites . include ,
st roeenF et h%v}ilﬁgﬁz%mbjlc—)f’egsf‘lz)eg of HERERE- o %o%%%“ff agent or
A. Since many hydrocarbon processing reactions at

i ndashydabbyobid evangaric ebasddyenmlates si on rat es

are 15 limted by mass-transfer (specifically,

i nt rapar i g} e i £ S5 08) hy @r S@d M US tp s €118y Wddh@logy is
i deal pore structure MA|¥ facilitate transport of the

reactants to active _catalyst si . W 1 hi
parP7efe BNd*t? %E%o??e%fy%%%' 6%%%%%4%r%éki%§%t?ﬁ?alyStS axe
catal yst particle, but still achieve the 20 desired _
shakeows| &t the 2utabydi ROSTRDS | el A PRRINIRY, POYe eSystems with
crystal size, is another paraneter in diffusion-

uniform pore sizes. The term “medium pore” as applied to

zeolites usually refers to zeolite structures having a pore
gize of 4-6 angstrom units (8). “Large pore” zeolites
include structures having a pore size of above 6 to about 12

A.

Since many hydrocarbon processing reactions at
industrially relevant (i.e., high) conversion rates are
limited by mass-transfer (specifically, intraparticle
diffusion), a catalyst particle with an ideal pore structure
will facilitate transport of the reactants to active
catalyst sités within the particle and transport of the
products out of the catalyst particle, but still achieve the
desired shape selective catalysis. Zeolite morphology,
i.e., crystal size, is another parameter in diffusion-

limited reactions.
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limted reactions. -5 WO 2005/ 077866 PCT/ US2005/ 003469
Catal ysts have a limted |ife, for exanple, because of

w@olosngsedCat al yst deactivation usual ly requi r eBCHUS2005/003469

reactor shutdown and catal yst regeneration. Although

the use of two reactors operated in a "sw ng node"

(i.e., alternating use 5 of reactors wherein one is

operated for al kylation while the other is down for

r egener abicadysakl basef arlouritddhdos, praduetauplejtbesause of
neverthel ess preferable to perform alkyl ation

r e%%ﬁciiﬂgs. W'dah.a%?@k:' b&a et S whiLh haveg@i 1889 reactor

life so”as to mhnimze the econom c | osses incurred by

10 hut down and catal yst. regeneration. .. .. -~ . ..
00k5R5% Sh 01 0 SRl ALURL S AL he oo of wuo

conpound is provided herein. Thecﬁéocess conprises
pr oeirditpysaopatrakbest inj act gy P30l {4 e ¥ havtagnating use
crystal size of no nore than 1S 100nm and reacting an

al kyl atablerky dheeat hosna id dreraddd/ | Birt rgllageatibA while the
the presence of said catal yst under al kyl ation

;ﬁ%%ie%” i%%gwni 203 28%&592%&% N alkyhat £, p&eﬂyghwus
€ process escr’I bed erel n advant ageousl y proviaes

an 20 al kylate product wth a high Research Cbtang
Nu@g@@ugtmgﬁy)lt is nevertheless preferable to perform

alkylation reactions with zeolite catalysts which have a
long life so as to minimize the economic losses incurred by
reactor shut down and catalyst regeneration.
SUMMARY

A proceés for alkylation of a hydrocarbén compound is
provided herein. The process comprises providing a catalyst
including a zeolite Y having a crystal size of no more than
100nm; and reacting an alkylatable hydrocarbon with an
alkylating agent in the presence of said catalyst under
alkylation reaction conditions to provide an alkylate
product.

The process described herein advantageously provides an
alkylate product with a high Research Octane Number (“RON")

as well as an alkylation reaction having a longer run time.
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as well as an al kylation reaction having a | onger run
tine. -6 WO 2005/ 077866 PCT/ US2005/ 003469 DETAI LED

wWORBSRIBdd ON OF PREFERRED EMBODI MENT(S) The al RgI/H820051003469

met hod descr.i bed herein enploys a zeolite wth..
ultra-small, or nanocrystalline, crystal size, i.e.,

a crystal size of no nore than about 100 nanoneters 5

("nm'). The nanocrystalline zeolite possesses severa
advaniiages JHEEOIIEDON 0DF W R BF BRI B | BMBOIHMmEr (son

conversion processes. For exanple, the effective

diffu5| ty r t S S04

|ncrease %;g%ﬁ] on %g%?%dﬁct se é%thltfi%gwloys 2
enhanced for 10 certaln [ OCeSSeSs, eci_al . C T
s EG@aritialv iidncth O, S%&‘e Sh n‘?‘%?%?ﬁ%‘iﬁ@t“éﬁpr Sqystal size,
is desired. For. exanple, ultra-small " crystal size

can er.educ etyher sdlnoaihte ob £ (AP weee - chacldlbgut (0.0g.natdmeters
production of C3/CA4 light gas products fromthe

Cr@aGki-ng ofryaciiip 9ass 0411 her gian tistidd M & ANGeveral
napht a 15 products are the desired products) and (2)

nt ed aIkIatlonlnaorrat

PoRastaada 4 Hudkeion it Rttt trdhe Hhngn gonversion
deactivation, is reduced for nanocrystalline zeolites
by revats s t ot okeappeeur §be sef fect baw edi fisiatidly @f many
bef or e undergoi ng retrogressive 20 condensati on

r eaGldti®:s and products is increased.

Secondly, the product selectivity is enhanced for
certain processes, especially sequential reactions, where an
intermediate product is Qesired: ~For. example, ultra-small
crystal‘size can reducé the améunt gf (1) err—éracking |
(e.g., the production of C;/C, light gas products from the
cracking of vacuum gas oil wherein distillate and naphtha
products aré the desired products) and (2) unwantéd
polyalkylation in aromatic alkylation processes. Also,
coking, and the associated catalyst deactivation, is reduced
for nanocrystalline'zeolites by enabling the coke precursors
to leave the catalyst before undergoing retrogressive
condensation reactions. |

Thirdly, the activity of the nanocrystalline zeolite
catalyst is higher than for larger zeolite crystal
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Thirdly, the activity of the nanocrystalline zeolite
catal yst is higher than for larger zeolite crystal -7

wWODB00B6O77866 PCT/ US2005/ 003469 cat al ysts, BGI/US2005/003469

diffusion limtation limts the accessibility of

I nner active sites in the latter case, resulting in a

hi gher effective nunber of active sites per. weight of

catal yst for the nanocrystalline zeolite catalyst. 5
Theatrlheds pfad hid f hveidn ohimst aleiswr | g teel tdve iavcessibility
connection primarily with the use of zeolite Y as

pr Sﬁugﬁger by hee nBihod descrd bag ddy camonly. amedy in a
copen Ing US. application Serial No. 10/067 719 for

or EHEREE PR ECEISANERSh [ (Fe- 10 it gt B weicht of

appllcatlon Serial No. 10/067,719 has a cubic
faupasRYetsf®nctMﬂeﬁ&@@¢¢¥ﬁﬁ%ﬁ$%ﬁﬁ|%@9%kﬁ@;Qﬁtﬁ&ﬁ%ﬁ of
about 7 to 8 A and a unit cell size of less than 25

A. The TReOhitoY &5-sShathesézeltoml 50 queienadd odlasy an
silicato alumna nole ratio of | ess than about 10,

ten s than. 15 . st al
naﬁSBPySEé??i%lé”%%%aﬂ?%Jg gﬁ%o&%réﬁt Han Stbou% afO(?rOduced
nm preferably no nore than about 50 nm and nore
pr BV eEBBI §eRBOFDRRSEREPE Abbut COBNPRA Y \RRes ¢t HePpending U.S.
synt hesi s of nanocrystalline zeolite Y can be carried

outipphitheipnesentel dfio anl of genj T19 efgt ad Bxkyldieion catalysis.
Nanocrystalline zeolite Y Prﬁducéd in accordance with the
method of application Serial No. 10/067,719 has a cubic
faujasite structure with an gffectivg pore diameter of about
7 to 8 A and a uﬁit cell size.of less than 25 A. The
zeolite Y as—synthesiéed also preferably has a silica to
alumina mole ratio of less than about 10, often less than
about 7. The crystal size of nanocrystalline zeolite Y is
no more than about 100 nm, preferably no more than about 50
nm, and more preferably no more than about 25 nm.

While the synthesis of nanocrystalline zeolite Y can be

carried out in the presence of an organic template, the
preferred way, in terms of catalyst production costs, is the

use of inorganic directing agents.



20 preferred way, in terns of catal yst production

costs, is the wuse of inorganic directing agents. -8
wWODR00BLO77866 PCT/ US2005/ 003469 Nanocr yst al PCTES2005/003469

zeolite Y is useful in various hydrocarbon conversion

processes, such as: aromatic al kylation and

transal kyl ation in the production of ethyl benzene or

cunene, al kylation of paraffins with olefins 5 for the

pr oducwa%cgfys@agﬁl%t ase19asolyi nes yafeTr aski-ngishs
vacuum gas oi'l to produce transportation fuels,

hydr opr ocessi ng for makin tub I e stocks

Qﬁégaﬂﬁ gﬁ ngweﬁgéPnaF%~Cﬁghzé%e§gg?h aromatic
alkylnaphthalenes selectlve hydr.ogenation, aromatic
niabatidriorernd toaTse liilisdd B ot dpaei Rgoduction of
nanocrystalline zeolite Y includes inpregnating a
saliil1 HarQuSE Y icarealeyMenay lparidie| f opashEfithyr @ith olefins
witha concentrated aqueous solution of an inorganic

ropgre for |r agent nc

f %rﬁﬁejﬁé%é&w rc}%%)rousrgééll %g@gﬁaﬁlnhQB%%Eracklng ot
naterlal can be annrphous or crystalline. g
of vaduigny 9ilede tHae %%’%?d{ﬁﬁ%?awaf}u Uk &t
woul d cause surface gelation visible to the naked
eygydddterddeps ichg fawvindddiri Yulee soildpaper siocks, preparation
silica-alum na particle or structure is absorbed into

ancgf V‘.ﬂr?eéﬁ%]i@l%é.rparen\@ s Oilkylnaphthalenes , selective

ﬁm)unt

hydrogenation, aromatic niFration, etc.

The method of preparing nanocrystalline zeolite Y
includes impregnating a solid,vporous silica-alumina
particlé‘or structure with a concentrated aqueous éoiution
of an inorganic micropore-forming directing agent through
incipient wetness impregnation. The porous silica-alumina
material can be amorphous or crystalline. The amount of
liquid is less than the amount of liquid that would cause
surface gelation visible to the naked eye. The liquid
provided to the soiid, porous silica-alumina particle oxr
structure is absorbed into and wets the interior voids of
the latter, but does not form a paste-like material with the

same. The liquid includes water, inorganic micropore-
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20 the latter, but does not forma paste-like nmateri al
wth the sane. The liquid includes water, inorganic

wor@sopsse -9 WO 2005/ 077866 PCT/ US2005/ 003469PCT/U8200510P3469

directing agent and also, if necessary, an organic
tenpl ate. The organic tenplate is selected

i n-accordance with the desired product. Typica
organic tenpl ates useful in 5 zeoIite synthesis

cl ude ernar | sal-t
L AE AT AE, S ARSI, L1AE0Lee B APE Sorgunic

organi c tenpl ates include tetranethyl amoni um

hy@mgdiade .or salts thereof, tetraethyl ammoni um

hydr oxi de or salts thereof tetrapropyl ammoni um '
hydroxmm%(nrgﬁﬂjﬁtjﬁgﬂhEEeam qg&e&ﬁe@|na accordance with the
hexane I, 6 di am ne, hexane-I|-6-diol, piperazine, and

LIRSS Ehﬁllda% QAR £ 10 CF OROT 8L £OT HEBGL] in

dlreétlng agent provi des hydrOX|de ions and can be an
kal i,ne earth_neta

| kal |
FARAIGH S VT TR R0 Eh il FY DT pEY ot DT o rB0 Fpe Linear

Y of t he present i nvention, preferred
i a0 iorpece eaxtcbrctuarrglrchsr,e@tndwgalagefmss ar eMphe fpefyanrally,
al kali netal hydroxides, and preferably sodi um

hyoy.oxi der { NaQHan N0 1igAn 4 et ates seerusedhySi Bfonium

a high pH favors zeolite Y formation over other

Crﬁ;&fgéi ) Paggftseghg¥géf, tetraethyl ammonium hydroxide or
salts thereof, tetrapropyl ammonium hydroxide or salts
thereof, pyrrolidine, hexane-1,6-diamine, hexane-1-6-diol,
piperazine, and 18-crown-6 ethers.

The inorganic micropore-forming directing agent
provides hydro%ide ions and can be an alkali metal base or
an alkaline earth metal base. However, with respect to the
preparation of zeolite Y of the present invention, preferred
micropore-forming directing agents are the inorganic alkalil
metal hydroxides, and preferably sodium hydroxide (NaOH) .

No organic templates are used. Since a high pH favors
zeolite Y formation over other crystalline phases, as well
as rapid nucleation and crystallization, high concentrations
of the caustic directing agent are required.  For example,
when using concentration of 20% (by weight) or less of NaOH,

-30-
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20 as rapid nucleation and crystallization, high
concentrations of the caustic directing agent are

WO e@aiorsee , For exanpl e, when using concentr ap¢DOSD5/003469

209,5 (by weight) or Iess of NaCH, -10 WD 2005/077866
PCT/ US2005/ 003469 ot her crystal phases such as
cancrinite or zeolite P may be forned, no conversion
m ght take place, too large zeolite Y crystals may be

F oL fRdy nyéét?'%l %Vﬁss'scéfbh i gardake e dharLepiadl ¥ may be

| ong perio Ime. 51t has surprisingly been found

t hat hi gher concentratian i,nor an ire .
ag%ﬁ?m§ggn¥1?’i%%‘h‘f€flﬂﬁl%m He e ssézf’ry reag{ e zeolite ¥
tinme. A preferred range of NaOH concentratian in . .
aquepaSatelmaymlﬁDmaﬁlt crboit BOVECHRL MR Hheht nbrke an

preferred is an NaOH concentration of 2501 to 10 about

603, Q% WL ghiy 1\&% O}Q{ﬁfcﬁi refl tHnan NaoH

concentratlon of 0 50% by * meight Si nce hi gher
concentrations result '

V|SCOS|F§ Eﬁa ??R%ﬁﬁﬂ%ﬁi& ?%erna %E% %ﬁﬁer

i nternmedi ate concentration range represents an

optbmakntewslions SoTolmergtal @ GlreRy et stgelficantly

anmount- of inorganic directing agent solution should

not-cexeeedhd00¥% ofsihe posetiupnl uime of Aherebepusd range of
i norgani c oxide material, and preferably ranges from

abgut,80 %%E%n@?gyioﬁogdbg&uegﬁspQéfutlon is 21% to about 60%
by weight, more preferred is an NaOH concentration of 25% to
about 60% by weight. Most preferred is an NaOH
concentration of 45% to 50% by weight. nSince higher NaOH
concentratioes result in exceedingly high viscosity ana
incomplete internal wetting, the intermediate concentration
range represents an optimal level,

To maintain a “dry” material the amount of inorganic
directing agent solution should not exceed 100% of the pore
volume of the porous inorganic oxide material, and
preferably ranges from about éo% to about 100% of the pore
volume.

The degree of uniformity of the impregnation is
important for successful crystallization of zeolite Y.
Localized non-uniformity can result in non-zeolite Y Dby-

-11-
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vol unme. 20 The degree of uniformty of the
i npregnation is inportant for successful

w@eopsHishé zat i on of zeolite Y. Localized PCT/US2005/003469

non-uniformty can result in non-zeolite Y by -11 WO

2005/ 077866 PCT/ US2005/ 003469 product formation. To

provide suitable mxing on a small scale (e.g., In

the range of several grans to 1%% %Lans% a nortar can

be wyeducs Foxmakaosi-|i d&- AYGN £5ab femixdpgt pgna small
of the mcropore-formng directing agent. On a 5

| ar gemlscakeg.a tihxehel waogrbiofasevrralt framsprtayen0 grams) a

. can be wused. The synthesis m xture of conbi ned porous

[angﬁﬁ%%Hscaiibkcﬁéébu@hnﬁdﬁn@h@!%@Qﬁhﬁgaﬂgﬁﬂha(wégﬁ)the
is then placed.in a heating nediumand heated to an .
el evated tenperature of 10 m about

f 50C bout
S BOEOLNGAERIPE CPEDIY FPBREoCE T SE 2T 5SRhone TsRE . On 2

Uni form heating of the synthesis mxture is desired

to pregeundecthe,f er matieon iof coabgaatien| Vibhcpyspabyer can be
The synthesis mxture is nmaintained at the synthesis

15 temperature for a time period sufficient to convert

a sufficient amount of the silica-alumna to zeolite

Z}yngl|&%%?Fg%%%%%ﬁ%{ﬁ%%%&%%tB%ecga£§£ed porous/amorphous
silica-alumina and directing agent (NaOH) is then placed in
a heating medium and heated to an elevated temperature of
from about 50°C to about 150°C, more preferably from about
70°C to about 110°C. Uniform heating of the syntheéis
mixture ;s desired to p¥eclude the formaﬁion of large
zeolite crystals.

The synthesis mixture is maintained at the synthesis
temperature for a time period sufficient to convert a
sufficient amount of the gilica-alumina to zeolite Y. The
final framework structure after crystallization contains a
substantial crystalline conﬁent (by weight), typically at -
least 15%, preferably at least 50% and most preferably from
about 75% to 100% zeolite. The period of synthesis time can
depend upon the synthesis temperature, lower synthesis
temperatures requiring longer synthesis times. Synthesis

-12-
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substantial crystalline content (by weight), typically
at |east 150, preferably at |east 50% and npst

w@e@bermbé y from 20 about 75% to 100% zeol i t e. PATIES2005/003469

peri od of synthesis tinme can depend upon the
synthesis tenperature, |ower synthesis tenperatures
requi ring longer synthesis tinmes. Synthesis -12 WO
2005/ 077866 PCT/ US2005/ 003469 tinme can range fromb5

m nutes to 150 hours ut. more typically from 10

m MtesSd L Hofren a% Pt et atbc%/)el §C?ol}ﬁ¥u%%o Emié“ore

m nutes. to about 30. hours. After the required

sytrirpresd BLy i fireom tHe wimehesiso 68 mModis e and ppe¢derdddly from
guenched by active cooling. Subsequently, the

i gESPores ot ngs did eshony agensushoul d  be renoved
fromthe product to prevent further reaction in |ater

. er_ dater
Shoul 0 DE-TEred 71 oh TRes ZRonT T2 (T aRsuorc Bptiigys

10 exchange wi th_anmmoni um usi%g I on exchange
t ek iR st et e Learrinky t SUeRERe SRY 13 YR €l HRg.
Optionally, the zeolite can be adm xed with a matri X,

bi saleseqoentclat al yisé slppopdrenbdeEnind . dBuebt imyeagah’s should
include silica, alumna, alumnosilica, titania,

Zi K& O0nLAsJ2a anehh hend | keoaRkef s a&l.L?/VéH@ E@%@ﬂ?t\( rg{l]%t ion in

the invention 1ncludes nanocrystalline zeolite

0, 0,
abf&ée?’%%é%é&Qﬁstteps or during storage. Then, the sodium

should be removed from the_zeolite framework, e.g., by
exchange with ammonium, using ion exchange techniques well
known to those skilled in the art.

Optionally, the zeolite caﬁ be admixed with a matrik,
binder, or catalyst support, material. Such materials
include silica, alumina, aluminosilica, titania, zirconia
and the like. Preferably the catalyst of the invention
includes nanocrystalline zeolite Y and about 5% to 40% by
weight of refractory oxide binder such as alumina, silica,
silica-alumina, titania, zirconia, etc.

The ion-exchanged zeolite preferably has a sodium
content of no more than about 0.2 wt%, more preferably no
more than 0.1 wt%, and yet more preferably no more than

about 0.05 wt%.
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wei ght of refractory oxi de binder such as, alum na,
silica, silica-alumna, titania, zirconia, etc. The

w0 ovsexshaenged zeolite preferably has a sodi unP@DUS2005/003469

content of no nore than about 0.2 wo, nore preferably
no nore than 0.1 wo, and yet nore preferably no nore
than about 0.05 wt% -13 WD 2005/ 077866

PCT/ US2005/ 003469 Nanocrystalline zeolite Y produced

in acconganesyutil the pedhoge of lbh@duaéan&hoachémance with
nmesopore to mcropore vol une. ratlo rangi ng from

bout 0.2, 1 6 T t.
oot M98 bhr g re i e er R Ep B8R oGP prpRore
about 24 6 Ato about 24.9 A Cptlonally a’

' cav@lwecﬁawowé@n%nﬁeimmc%mo%*é .ac‘éppéb@uéd6u Avoa BET

the zeolite by, for exanple, ion-exchange or

i npregaeti aneaf of het zeshst eabmiit by75nedfPpasiad i Aduihe cell size
active nmetal in the synthesis materials fromwhich the

Qo2 eBLbheabsuPr epaE oA IRt abacgnate 1n 2 metallic
orn1or . oxygen (e.g met al oxi de).

Sui t abl e cataiitlcall ctive ﬂftals depend ugon t he
partlcuPBFlOE? ¥ss?i Rt ¥R R Xa?SFﬁgF Petpdt eAdedre

to be used and generally include, but are not limted

t olnGroppr¥ted metal she zeolite by, for example, ion-exchange

or impregnation of the zeolite, or by incorporating the
active metal in the synthesis matérials from which the
zeolite is prepared. The metal can bé in a metallic form or
comﬁined with oxygen (e.g., metal oxide). Suitable
catalytically . active metals aepend upon ﬁhé particular
process in which the catalyst is intended to be used and
generally include, but are not limited to, Group VIII metals
(e.g., Pt, Pd, Ir, Ru, Rh, Os, Fe, Co, Ni), rare earth
“lanthanide” metals (e.g., La, Ce, Pr, etc.), Group IVB
metals (e.g., Ti, Zr, Hf), Group VB metals (e.gi, V, Nb,
Ta),‘Group VIB metals (e.g., Cr, Mo, W), or Gfoﬁp IB-metals
(e.g., Cu, Ag, Au). In a preferred embodiment the catalytic
metal 1s a rare earth metal, preferably lanthanum, or a
mixture of rare earth metals having a high lanthanum
content, with a rare earth metal to zeolite mass ratio of at

-14-



10

15

20

15 (e.g., Pt, Pd, Ir, Ru, Rh, Gs, Fe, Co, N ), rare
earth "lanthanide" netals (e.g., La, Ce, Pr, etc.),

w@@ap7issB netals (e.g.,-Ti, Zr, Hf), Goup VEBCTESHDT003469

(e.g., V, No, Ta), Goup VIB netals (e.g., C, M,

W, or Goup IB netals (e.g., Cu, Ag, Au). In a
preferred enbodi nent the catalytic 20 netal is a rare
earth metal, preferably | anthanum or a mxture of

rar r tal s havin kgh_La u congent,
w PR BRe U Do bar e 2o 0A ot T hAEE Thof B0k Another
-14 WD_2005/ 077866 PCT/ US2005/ 003469 | east about

0. GAtagwéier HELplats| 8asPPaBolet 9l o8Praferaety platinum, with
catalytic netal is a noble nmetal, preferably platinum

W Ehmeaatetal zb@lieelméeénassibabfoabf1e&steaﬁbu@b@U©001,

0. 0001, preferably at |east about 0.001. 5 In one

;rfgg@if@%amgt ae MeLbedagbuthe pogsent invention
I crystal

e
e oys nan Ine zeolite Y as a catal yst for
olefin/paraffin alkylation, It has surprisingly been )

f ound FHaPnﬁsémgPﬁﬁQﬁBErngﬁlW?ﬁ%oéeﬁgiFEeYPﬁ%§$%@ anvention
crystal- size of no nore than 100 nm preferably no

noeaptbas 5enoeryatdllOnrorecpl et eY abt yanoahalest hfor
25 nm results in longer catalyst life than

CO%E%@HhZ@&Ea%&Qbib@kg%ﬁﬁﬂ@nthelﬁeﬁﬂétEﬁgpr9§§9§i?ebeen found

product has a hi gher , typically at |east abou

ggt%at use of nanocrystalline zeolite Y having a crystal size
of no more than 100 nm, preferably no more thaﬁ 50 nm, and
more preferably no more tﬂén 25 nm, results in longer
catalyst 1life than conventional zeolite Y, and the resulting
gasoline product has a higher RON, typicaliy at 1éést about
98.5.

The catélyst of the invention is particglarly suited to
be used for alkylating isoalkanes having 4-10 carbon atoms,
such as isobutane, isopentane or isochexane or mixtures
thereof, with olefins having 2-10 carbon atoms, preferably
2-6 carbon atoms, more preferably 5-5 carbon atoms. The
alkylation of isobutane with butene or a mixture of butenes

constitutes an attractive embodiment of the process

according to the invention.
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The catal yst of the invention is particularly suited
to 15 be used for alkylating isoal kanes having 4-10

w@ 2008077866 ons,  such as i sobutane, isopentane PCT/US2005/003469

i sohexane or m xtures thereof, with ol efins having

2-10 carbon atons, preferably 2-6 carbon atons, nore
preferably 3-5 carbon atons. The al kylation of

i sobutane with butene or a m xture of butenes 20

constitutes an attractive enbodi nent of the process ,

accor dilRg2REthRE ERPEALISAL th$ W8 Hes7979866he invention car
PCT/ US2005/ 003469 | n anot her enbodi nent the catal yst

ofbd heedn¥emt che eakylbeiusedd an tdmwomd kit atbopoafndn such as
aromati ¢ conmpound, such as benzene, with an olefin

(§edizer@l NyieRean BRERYRENG L, R8N, DHLERSI ene; 1-
i sobutene, etc.) to produce a 5 correspondi ng o

al kyl aromat | ¢, conpoynd . 0., ethylbenzene cumene,
dib‘%tseé’ﬁr'oﬁyk’b“éﬁ?@ne,lsé’ibé‘%)e%eﬁkl seot,c}/ t’h:t%a?’a‘?%{:ecé‘n be

used for the transal kyl ati on of polyal kyl at ed
aramtaspendiingh abéye arong taro Mm@, ¢ ; Sbenzéh)lhenzene,
provi de nonoal kyl ated aromatics.. 10 As will be evident

t QU8 esKidil-ed oRebegn bete iy 06ass. ) acCAI gbNgthe W alyst can
i nvention can be applied in any suitable form

i ncl udi fluidi zed . sl .
ke 1170 B8 PPorsaiie PHRETRET o MR YR BOIRRRE avomacics

(nﬁigg]bare ring aromatics (e.g., benzene) to provide
monoalkylated aromatics.

As will be evident to the skilled person, the process
according to the invention can be applied in any suitable
form, including fluiaized bed procésseé, slurry processes
and fixed bed processes. The process may be carried out in
a number of beds, each with separate olefin addition. In
such a case, the process of the invention may be carried out
in each separate bed.

The olefin-paraffin alkylation process is practiced
under conditions such that at least a portion of the
alkylation agent and the alkylatable compound will be in the
liguid phase or the supercritical phase. In general, the
process according to the invention is practiced at a

temperature in the range of about -40°C to about 250°C,

-16-
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a nunber of beds, each with separate olefin addition.
In 15 such a case, the process of the invention may be

weansieseout i n each separate bed. The ol ef i NnPEEDSIDH/003469

al kyl ati on process is practiced. under conditions
such that at |east a portion of the alkylation agent
and t he al kyl atabl e conpound wi'll be in the 20 liquid
phase or the supercritical phase. In general, the

pr. rdi ng,d ¢ahBe LRVEBLLENshSCPEACELERE @Eodc, mor
teﬁ%ﬁﬁ%%%ﬁ%?ﬂ##t e ?gh e of about -40C to about 250C, moxe
-16 WD 2005/ 077866 PCT/ US2Q05/ 003469, .preferably .ip
tiR?%@ﬁEﬁ?%%‘%deFEGEEQFOO bB ?H§Sgggcn%Pea£BP fgkagkyand a
in the range of about 75C to about 95C, and a ‘
pressameceofof riomnl it ¢ol1000bkAY . ppetéraBbyyoPif fowml@ 0 to 40
to 40. bar, nore preferably of from15 to 30 bar. The

nabar radid Prdfed atrablremcoppedndot ®zal Kydld @dlar ratio
agent in the total eed in the reactor preferably is

D AP PR 5 B FEe AR A S0 ke o

generally is in the range of 0.01 to 5 preferably in

t heeedinge 'tie oroBtay Prsiexabéypier BigbRy ithato Jife more

range of 0.1 to 0.4 parts of al kylation agent per part

of pr&Bd BAYEY . hpgiehaitan Floe 1VWHSYhef fekel aldoy atwatd® of the

saturated. hydrocarbon preferably is in the range of

O'&lﬁ?lé@?ogrééent generally is in the range of 0.01 to 5,
preferably in the range of 0.05 to 0.5, more preferably in
the range of 0.1 to 0.4 parts of alkylation agent per part
of catalyst per hour. The WHSV of the alkylatable saturated.
hydrocarbon preferably is in the range of 0.1 to 500 hr.

Another preferred process is aromatic alkylation such
as the alkylation of benzene with ethylene to produce
ethylbenzene or the alkylation of benzene with propylene to
produce cumene, which may be carried out in a batch, semi-
continuous or continuous fashion.

The examples below illustrate various features of the
process of the present invention. The comparative examples
do not exemplify the invention but are provided for the
purpose of showing by comparison the.surprising improvements

achieved by the present invention over the use of

-17-



Anot her preferred process is aromatic al kyl ati on such

as the al kylation of benzene with ethylene to produce
wazooentmgbbenzene or the al kyl ati on of benzene BET/IIS2005/003469

propyl ene to produce cunene, which may be carried out

in a batch,, sem - continuous or continuous fashion.

The exanples below illustrate various features of the

process of the present invention. The conparative

o BURHBG A BPaLhEo B oot T -GN P TS BR ST i

surprising i nprovenents achieved by the present
i neékyilehiover pahelicekaniy - 1700 oE/kyAz886n of isobutane
PCT/ US2005/ 003469 conventional zeolite Y catalyst for

ol gf i/ pacablbiteabkyb aproducdagidsiilal lpodRed.he 1n a1l of
aIkyIatlon of isobutane wth cis-2-butene to produce

oIe l'ggﬁﬁpgggg 3 olé@inaé dq% ré&ﬁ%lxegg%%%ézlnto a fixed

in"were fe bed
reactor immersed in an oil bath to maintain a desired
t eRpEr AEGEEOTTHENREERE of 11 e} | YehtPAS R Viedadaiim @ tdsired
portions. One portion of the product was recycl ed back
t otetnberseagtor aheare&cvokeeﬁflmﬁnniwﬁsndMﬂudédchto two
ol efin/paraffin feed was |nJected Anot her portion,

10 re e
?B&QQBBE eax ?Mr@iéﬁl T prodJ%?v%u§Q£$§H§ﬁ§d back to

separation of the a

the react o .
the reac%or as a recycle stream into which the

olefin/paraffin feed was i?jected. Another porﬁion, a
product recovery stream, was sent to a condenser for
separation of the ;lkylate product. Samples of the reactor
efflﬁent were drawn off for testiﬁg prior to separation of
the product stream into a ;ecycle stream and product
recovery stream.

One test was aerformed for the determination of
catalyst on-stream life by observation of the on-stream time
which elapsed before “olefin breakthrough,” i.e., the point
at which 6.2 % of the olefin leaves the reactor without
being converted. The reactor effluent was wmonitored by
chromatographic analysis to determine when olefin peaks

appeared. The catalyst life is an important feature since

-18-
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effluent were drawn off for testing prior to
separation of the product streaminto a recycle

wa@reosamsend product recovery stream 15 One t eBCT/UAR05/003469

performed for the determ nation of catalyst on-stream
life by observation of the on-streamtine which
el apsed before "ol efin breakthrough,” i.e., the point
at which 0.2 0 of the olefin | eaves the reactor
wi_t hout bei ng.converted. The reactor.eff|uent was
mGiE G oy L0 S ot ST L B al 81 S1Fo GEFeFpnESaCtOr
when olefln peaks appeared. The catalyst life is an
i mpefsarno fagathakersioiie- 1 118e IPP005L81Y866regeneration.
PCT/U82005/003469 ‘the better the catal yst |ongevity

i's, theiless tike daaat atonnesdsthe peotiakenwatt mbhméored
for cataiyst regeneration. ‘Al so, the total RON of the

PRSI (o oo ERSH.SOMDONENY OF LREBLOUSL s 1y

Feam s Tehar act er i zed réspective
preferred al kyl ati on products are trlnethypentanes
( TERPeStivaii@h hdhe mghieesedr ehkyethhen RurBEEss are
(RON of about 100 to 110). The total -RON of the
alkcky hmat-érvpreathinie s Wit r ®@pF esehtieht hevanhigkneekearch octane
quality of the gasoline, was determ ned by

%h%' 3%‘ L\f‘ pro(ﬁ}&(@dlé@ gyeiage of ThEetggér% R8N of the

ei1n conponent s.

al%@kate product, which represents the anti-knock gquality of
the gasoline, was determined by calculating the weighted

average of the RON’s of the individual product components.

COMPARATIVE EXAMPLE 1

The zeolite catalyst évaluétéd in this Comparative
Example was a commercially available zeolite HY and
containing 70 wt.% zeolite HY in an alumina binder. The
zeolite crystal size of this‘sample was 0.4-0.7 microns
(i.e., 400-700 nm). The zeolite catalyst‘was derived from
1/32" extrudates and -18 to +25 mesh with a BET surface area
of 562 m?/g. The test reactor was a recifculating
differential fixed bed reactor in a system as described
above with a feed containing isobutane and cis-2-butene in
an isobutane/olefin (I/0) ratio of 15.9 and with a feed rate

of 16.2 parts/hr. 4.6 Parts by weight of zeolite catalyst

-19G~
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The zeolite catalyst evaluated in this Conparative
Exanple was a commercially avail able zeolite HY and

w@omvsarisselg 70 wt. o zeolite HY in an al um na bP@mEs2005/003469

The 15 zeolite crystal size of this sanple was 0.4-0.7
mcrons (i.e., 400-700 nm. The zeolite catal yst was
derived from 1/32" extrudates and -18 to +25 nesh
with a BET surface area of 562 n2/g. The test reactor

wa regi l-at.in di.ff. i a [ r t i :
S R e T 36 e WTh Srasn onrai rpgioated in
I sobut ane and ci s-2-butene i% an %sobutane/olefin ,

(| FOPWRE S16£operg 3dnd A Ch 8T defCThE etCoFSTgVe moLsture
parts/hr. 4.6 Parts by weight of zeolite catalyst WO

200/ foF28 66 PELkyS200 50 03469 waesr beghar.ged to the

reactor. The catalyst was pretreated in flow ng

ni trogen1at,1300Gf Qfas? IR HeA HRMYe AFEii t Uk 80°C with a
y

before the al kyl ati on test was begun. ation was

conducted at 400 psig and 80C w.th a 5 cl at e, of

17FGHUE GRENET ol (W & (IUGHE pERobarts Siofdent per parts
catal yst per hour. The test was carried out wth .

sarmy] emtalaledn pevepws. niTha destoWagCCansipsi ougniilth samples
ol efin breakthrough. The catalyst life, as determ ned

by wliefd rvdireald hiaugtes fsr AT SneQyesC ualt i2eollietfd nY
catal yst was 2.7 10 hours. The RON as neasured before

ol ekfﬁl nakbcrher%kl}sgﬂlr .Ou%e\l\g:ﬁaté)ﬁ/tscyllaff%q e %t%?:‘nljj.ne-&h%%e olefin
results are nmaril zed I n
breakthrough, for this commercial zeolite Y catalyst was 2.7
hours. The RON és measured before olefin breakthrough was
calculated to be 99.1. . These results are summarized in -
Table 1.
COMPARATIVE EXAMPLE 2
The zeolite catalyst used in this Comparative Example
was 3.6 parts of commercially available zeolite HY and
derived from 1/16" extrudates containing 80 wt% zeolite HY
in an alumina binder. The zeolite crystal size of this
sample was 0.4-0.7 microns. The dried catalyst was sie&ed
to -18 to +25 mesh with a BET surface area of 556 m?/g. The
pretreatment and alkylation reaction and conditions were
conducted in the same manner as in Comparative Example 1.

The results are set forth in Table 1.

-20-
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Tabl e 1. COVPARATI VE EXAMPLE 2 The zeolite catal yst
used in this Conparative Exanple 15 was 3.6 parts of

weowerss@l | y avail abl e zeolite HY and deri veRlCT/D82005/003469

1/ 16" extrudates containing 80 wa zeolite HY in an.
al um na binder. The zeolite crystal size of this
sanple was 0.4-0.7 mcrons. The dried catal yst ‘was
sieved to -18 to +25 nesh with a BET surface area of
556 nk/g. The 20 pretreatnent and alkylatlon reaction
and conditions were JOMBARAT VIR {EXAMPLR

in Conparative Exanple 1. The results are set forth

in Tabl etde 7201 WO 20064 0¥£866sELTIRSPAOE/ B83A62ative Example
COVPARATI VE EXAMPLE 3 The zeolite catal yst used in

thi.s_Co rative j[Exa wa [

A

1/ 16" extrudate cont ai ni ng 80 mﬁ@bzeollte HY 5 in an .

al uFY ndebivedrErarelza6l'| e8tERgYatal confaipfinghpd wt% zeolite HY

sanple was 0.4-0.7 mcrons. The dried catal yst was

si eygdant 81udBni obiRBemeshThket heal BEE suybaecd siea of this

564 n2/g. The pretreatnent and al kyl ati on reacti on

and gﬁg%t DSoYELE 7CRTANChed | FntNeS8AP MRANGEA%as sieved
arative Exanple 1.7 10 The results are se

|n Table 1.
to -18 to +25 mesh with a BET surface area of 564 m?/g. The

pretreatment and alkylation reaction and conditions were
conducted in the same manner as in Comparative Example 1.
The results are set forth in Table 1.
EXAMPLE 1

" This exampie illustrates'the invention; ;One part of
porous silica-alumina with a silica/alumina ratio (“SAR”) of
5.1 was iﬁpregnated with 1.05 parts of a solution containing
45 parts by weight of NaOH and 55 parts of distilled water.
The impregnated material after aging was placed in an
autoclave and. heated at 85°C for 24 hours. The material was
then Washed with distilled water and dried at 1zb°c to
obtain a product containing >95% zeolite Y crystals having
sizes of from about 25 to 100 nm.

The nanocrystalline zeolite Y as synthesized was ion-

exchanged with a mixture of LaCl, and NHNO, solution four

_21_
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EXAMPLE 1 This exanple illustrates the invention. One
part of porous silica-alumna wth a silical/alumna

WO 2005071866SAR') of 5.1 was inpregnated with 1.PSI/psaons003469

of a solution containing 15 45 parts by wei ght of NaCH

and 55 parts of distilled water. The inpregnated

material after aging was placed in an autoclave and.

heated at 85C for 24 hours. The material was then

washed with distilled water and dried at 120C to

obt aimea P cdereeve 0Pl Wi P IBOWwedl 2t 6t Y. cr pftaksfiltration
having 20 sizes of fromabout 25 to 100 nm The

nan@ﬁﬁyﬁéﬂliﬂlﬁe Zeol iswen Y asnpyet hes zad @St 0R0°C. The
exchanged with a m xture of LaCl3 and NH4|\I(13 sol ution

Fovbvi SV ThGr R RS S AR RE b DBkl o -

washi ng, the LaNH4Y sanpl e was dried at 120C The

dr i Byepehdelunis t feh # xetr i te abprapr Paﬂ-élaﬁéumco@quct
Nyacol alum na sol so that the final calcined product

5 conhbBiiedd aa zeebl i ee comcenitred t Don oL abbotit88oWvd%. The
The paste was dried at 90C for 1 hr and then cal ci ned

1 eSS AETEE R O o i AL LR 4

o0 M0, §O0LE NG LR LR IS Wsgram: 2°¢/min to 120°C,
held for 1 hr, 2°C/min to 500°C, held for 2 hr, 5°C/min
cooling to room temperature.

The calcined pastes were ground and sieved to +20/-12
mesh size, of which 4.9 parts on the dry basis was loaded
'into the alkylation reactor foi ﬁerformance evalﬁation. The
BET surface area of the final catalyst was 416 m?/g. The
pretreatment and alkylation reaction conditions were the
same as above. This sample had an olefin breakthrough of
6.2 hr and the alkylate had a RON of 100.2 before olefin
breakthrough, as shown in Table 1.

| EXAMPLE 2

The nanocrystalline zeolite Y as synthesized above in
Example 1 was ilon-exchanged to obtain LaNH,Y as above. The
binding, pretreatment and test conditions were the same as

in Example 1. The surface area of this sample was 409 m?/g.

~-22-
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10 The cal ci ned pastes were ground and sieved to
+20/-12 nmesh size, of which 4.0 parts on the dry

whawse7wes | oaded into the al kyl ation react orP€¢DUS2005/003469

performance eval uation. The BET surface area of the

final catalyst was 416 nR/g. The pretreatnent and

al kyl ati on reaction conditions were the 15 sane as

above. This sanple had an ol efin breakt hrough of 6.2

hr and the al kyl ate had a RON of 100,22 before olefin

br dakt agiigh ofadhen6ASAnCFRBI¥SE . WEXAVPLEaPE fRde size of -18
nanocrystalline zeolite Y as synthesized above in 20

Exampl- o5 vash iveireexthangddtbotbbt atactalHdYTas akoyd e had an
The blndlng, pretreatnment and test conditions were

thes g?&%@@ﬂ %526 Thesausf aga aneaL9k tihics product

sanp e mas WO 2005/ 077866
PCT/ US2005/ 003469 4 O.Parts g %é grleg gatal St wit ,
a gt izl EO% e 0- 31§ef966+§ BhPhE e fF shown in

the reactor. The sanple had an ol efin breakthrough of
6. Ordimie s1 and t he al kyl ate product had a RON of 100.3
bef ore ol efin breakthrough, as shown in 5 Table 1.

EXAMPLE 3 The nanocrystal li negxeolst® Y as synt hesi zed
above in Exanple 1 was ion-exchanged to obtain LaNHY

as aboveThgTﬁgnocrystalline zeolite Y as synthesized above in

Example 1 was ion-exchanged to obtain LaNH,Y as above. The
binding and pretreatment were the same as in Example 1. The
surface area of this sample was 389 m?/g. The alkylation
reaction conditions were .the same as in Example 1 except
that the féed rate Qas 21.3 parts/hf. 4.0 ﬁarts of the
dried catalyst with particle size of -18 to +25 mesh were
charged to the reactor. The sample had an olefin
breakthrough of 3.6 hours and thé alkylate product had a RON
of 100.4 before olefin breakthrough, as shown in Table 1.
EXAMPLE 4

The nanocrystalline zeolite Y as synthesized above in
Example 1 was ion-exchanged to obtain LaNH,Y aé above. The
binding, pretreatment and test conditions were the same as
in Example 1. The surface area of this‘sample was 413 m?/g.
4.0 Parts of the dried catalyst with particle size of -18 to
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bi ndi ng and pretreatnent were the sane as in Exanple

1. The 10 surface area of this sanple was 389 n2/g.
wab@sariggd ati on reaction conditions were the BEIESHS5/003469

in Exanple |"except that the feed rate was 21.3

parts/hr. 4.0 Parts of the dried catalyst wth

particle size of -18 to +25 nesh were <charged to the

reactor. The sanpl e had an ol efin 15 breakt hrough of

hour andth ate f.100. 4
bé'ggr Sleoﬁ ef |er1feor ea roug t‘i{e cinéhown i'n T@g\lsa p18°%d an

EXAMPLE 4 The nanocrystal | i ne zeolite Y as Sént hesi zed
albded iim breadiireouptings i SR Fa tideo Bt YH-aLtél\llM\OdUCt

as above.: The 20 binding, pretreat ment and test
T conrdl B KT W @ 4.1 ediereaaso liaf X amu ek throlieg S wrsf at@wn in
area of this sanple was 413 nR/g. - 4.0 Parts of the

d?ﬁ%ﬁ (:%tsalyst with particle size of -18 to -23 WO

2 G77866 PCT/ US2005/ 003469 +25 mesh were char ged

to the reactor. The sanple Eg&n%g&aﬁl ef in

br eakt hrough of 8.0 hours a kyl at e product

had a RON of 99.5 before olef in breakthrough, as .

shown iThe TebladystBIEXAMPLIZR G Tire hampcyettadizasl above in

zeolite Y as synthesized above in Exanple 1 was

| @SNy eeh Wi fdh &M AN WO 3l NI e containing rare
earth chlorides (“RECL;") and ammonium nitrate (NH,NO;)
several times to reduce the sodium content to below 0.2 wt%
to obtain REY. The binding, pretreatment and test
‘conditions were the same as in Example 1.  The surface area
of this sample was 396 m?/g. 3.6 Parts of the dried
catalyst with particle size of -18 to +25 mesh were charged
to the reactor. The sample had an olefin breakthrough of

3.4 hours and the alkylate product had a RON of 100.5 before

olefin breakthrough, as shown in Table 1.
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earth chlorides ("RECL3") and amoniumnitrate

( NHANG3)

sever al

times to reduce the sodi um cont ent

W@ 200beise6 0. 2 wto 10 to obtain REY. The bi ndi nBCT/US2005/003469

pretreatment and test
Exanple 1..
n2/g.'

size of

The

surface area

3.6 Parts of the dried
-18 to +25 nmesh were charged
The sanpl e had an ol efin breakthrough of 15 3.4 hours

and the al kyl ate product ha

ol efi n breakt hrough,

conditions were the sane as in
of this sanple was 396
catalyst with particle
to the reactor.

of 100.5 before

as shown in Table 1. 20 -24 WO

2 57077%6 PCTIUS§E§%¥%§§%§69 FAQEE 1 géanpleRON* _ RON* %
Qgtalf§ﬁ T al yst & EOWparatlv
comercial 2.7 99.4 99.1 5 Exanple ggplltq Y
‘Chnparative comtercial 5 7 101 § a8™% e 2
Z eeblb £raf iGanpar atdnv re@amer ci al 3.52191.0 99. 39.4 99.1
E é3 1zeol I tle,o614@eB¥anpl e 1 Nanocrystalline 6.2
10
Comparatlve Commercial 5.7 101.0 98.1
Example 2 zeolite Y
Comparative Commercial 3.5 101.0 99.3
Example 3 zeolite Y
‘Example 1 Nanocrystalline 6.2 102.5 100.2
zeolite Y
Example 2 Nanocrystalline 6.0 102.2 100.3
zeolite ¥
Example 3 Nanocrystalline 3.6 101.8 100.4
zeolite Y
Example 4 | Nanocrystalline 8.0 102.3 99.5
zeolite Y '
Example 5 Nanocrystalline 3.4 102.0 100.5
zeolite Y

* After 1 hour of

reaction

*+ Before olefin breakthrough

The test results show the unexpected superiority of the

nanocrystalline catalyst of the present invention.

For

example, the average catalyst life of Comparative Examples 1

to 3

(convehtional zeolite Y) at an average WHSV of about

0.25 parts of olefin per part of catalyst per hour was 3.9

hours with an average RON before olefin breakthrough of

about 98.8.
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zeolite Y Exanple 2 Nanocrystalline 6.0 102.2 100.3
zeolite Y Exanple 3 Nanocrystalline 3.6 101.8 100.4
wQembiotses’ Exanpl e 4 Nanocrystalline 8.0 102. 3PQBUS2005/003469

zeolite Y Exanple 5 Nanocrystalline 3.4 102.0 100.5
zeolite Y 15 * After 1 hour of reaction ** Before
ol efi n breakthrough The test results show the
unexpected superiority of the ~nanocrystal line

cat al yst of e prese n pon. For 20 e
al BT ¥at 2 @%}9& FraT bF e ChpaF ot vE8VEXANS W s, %Dout 0.26
(conventional zeolite Y) at an average WHSV of about

Op2Btpavt sobéfbhepen pértpaftcétaéﬁﬁély§¢;hﬂuHuWﬁSWés36 hours
3.9 hours with an-average RON before olefin

b%?@ﬁtareéﬁfegﬁonéﬁﬁgta9§r§ eTRQNab%Emyé(ﬁﬂéﬂﬂﬁtbiééﬁthrough.
of Exanples 1 to 5 WD 2005/ 077866 -

20 3469 (nanocrystalline zeolite Y) at an
a%g é%% 8%é§8 ? about 0.26 parts of olefin per part
of cataly hour was 5.36 hours wth a
corresﬂbhéﬁnghavébﬁgé ﬁ@ﬂcﬁépéﬁ@noF@H?@%ﬂ%ﬁﬂ&*ﬁo%%%lelcsf

these specifics should not be construed as limitations on
the scope of the invention, but merely as exemplifications
of preferred embodiments thereof. Those skilled in the art
will envision many other possibilities within the scope and
spirit of the invention as defined by the claims appended

hereto.
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of about 100.2. 5 Wile the above description contains
many specifics, these specifics should not be

w@ewsorised as |limtations on the scope of thePCT/US2005/003469

i nvention, but nmerely as exenplifications of
preferred enbodi nents thereof. Those skilled in the
art wll envision nmany other possibilities within the
scope and 10 spirit of the invention as defined by the
cl ains appended hereto. -26 WO 2005/ 077866
PCHHRB2DHSCDABMED IHHAT |S CLAIMED IS: 1. A process
for alkylation of a hydrocarbon conpound conpri sing.

a) providi Agpaceakal gor hbkyldtngnacfesal hy@rdcabbon compound

having a crystal size of no nore than 100nm D)
reagtings§9 al kyl at abl e hydrocarbon wth an
alﬁymgflng ggent in the presence of said catal yst

under al kylation reaction_conditions,to provide an
alkyl ate) PFOUGELNTLIe SACTRYSPr SRELUTLRIcRarRpdite ¥

wherein the al kylation process is olefin/paraffin
al kghahigoa. c3ysthé pieeess vb wbapnftRanhépenm;t he
al kyl at abl e

b) reacting an alkylatable hydrocarbon with an
alkylating agent in the presence of said catalyst under

alkylation reaction conditions to provide an alkylate

product.

2. The process of claim 1 wherein the alkylation

process is olefin/paraffin alkylation.

3..The process of claim 2 wherein the alkylatable
hydrocarbon is isobutane and the alkylating agent is a

butene.

4. The process of claim 3 wherein the alkylate
product comprises a gasoline having a research octane

number of at least 99.5.
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15 hydrocarbon is isobutane and the al kyl ati ng agent
is a butene. 4. The process of claim3 wherein the

w@bdogloztses product conprises a gasol i ne havi ngPEI/US2005/003469

research octane 20 nunber of at least 99.5. -27 WO
2005/ 077866 PCT/ US2005/ 003469 5. The process of claim
1 wherein the alkylation process is aromatic

al kylation. 6. The process of claim5 wherein the

al kyl atabl e 5 hydrocarbon is benzene and the

al kyl at ig Mgemtrdcesselofctcdadinf Lowheheigr alye alkylation
consi sting- of ethyl ene, propylene, 1-butene,

2- yrene, . and J.sobutiene ki aFhenpr ocess of claim1
wherei n fke al kylation 10 process conprises

transal kyl ati on the al kyl atable hydrocarbon is a bare
ring aromati c conpound and the alkylating agent is a

pol yal kyl ated aromati c conmpound. 8. The process of

cl ai m 7 énhelte rprduessarad dlsgmls wheretine tdenpoidlatable
benzene and the pol yal kyl ated aromatic conpound is

sel pedesk4:95dn the KrEhC ensl shien@ 1ok Ladiieihddenzene selected
and di -i sopropyl benzene. 9. The process of claim1

mﬁ%fﬁ!"geéﬁee gSJ_IOe\Pp oéongios*\"—nirn iO%i %Qh@l%?ltea}l wopylene, 1-butene,

co

2-butene, and isobutene.

7. The process of claim 1 wherein the alkylation
process comprises transalkylation the alkylatable
hydrocarbon is a bare ring aromatic compound and the

alkylating agent is a polyalkylated aromatic compound.

8. The process of claim 7 wherein the bare ring
aromatic compound is benzene and the polyalkylated aromatic
compound is selected form the group consisting of

diethylbenzene and di-isopropyl benzene.

9. The process of claim 1 wherein the step of
providing a catalyst comprises:

a) providing a porous inorganic oxide

b) impregnating the porous inorganic oxide with
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a) providing a porous inorganic oxide b) inpregnating
the porous inorganic oxide with -28 WO 2005/ 077866

WEMSBBOS5/ 003469 a |iquid sol ution contai ni NBCHDS2005/003469

inorganic mcropore formng directing agent which

provi des hydroxi de ions, wherein the anount of liquid
solution is no nore than about '100% of -the pore

vol une of the inorganic oxide, and the concentration 5

of the mcropore formng directing agent in the liquid -
solautliiem irda reyelsut Y om eboia i PHS 135 abeRF 9806 bl aEpgaYe forming
and c¢) heating the inpregnated porous inorganic oxide

at an-Llevit edhsyntiiestls pespbded Unpdtoxidedioati ovherein the
of time sufficient to forma zeolite containing

product. Quide 3 pL ghakgy ebBohbe100% of the

Ii(ﬁﬁ??§§ﬂ%ﬁn "o %%%?%%%ﬁcgéicroporg %@?&ingo E- ° ©

directing agent is an LK agueous soluéion of sgdiun1 .

hydrase deolume 1af The PROES’BIGFOXHAPm 2P(hEFE ROpRENTTation

zeolite Y has a crystal size of no nore than about 50

nMoflZhdheliprosess bbreiagmiirebeirgnaghetzenl the Yiguid

has a crystal size of no nore than about 25 nm 20

1355%5%fgﬁcféﬁg8£ elalimdowbes eincbhenzeel ishe ¥yhaeight, and
c¢) heating the impregnated porous inorganic

oxide at an elevated synthesis temperature for a duration

of time sufficient to form a zeolite containing product.

10. The process of claim 9 wherein the liguid solution
of inorganic micropore forming directing agent is an

agueous solution of sodium hydroxide.

11. The process of claim 1 wherein the zeolite Y has a

crystal size of no more than about 50 nm.

12. The process of claim 1 wherein the zeolite Y has a

crystal size of no more than about 25 nm.

13. The process of claim 1 wherein the zeolite Y has a
sodium content of no more than about 0.2 wt%.
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sodi um content of no nore than about 0.2 wto. -29 WO
2005/ 077866 PCT/ US2005/ 003469 14. The process of claim
wa2mherssé the zeolite Y has a sodi um cont ent POF/USIN0S/003469
nore than about 0.1 wt% 15. The process of claim1l
wherein the zeolite Y has a 5 sodiumcontent of no
nore than about 0.05 wt-o0. 16. The process of claim1l
wherein the catalyst includes a refractory oxide
bi nder. 10 17. The process of claim.16 wherein the
refract drdy B dedsiarderic Sfri%ds WhFHID gt Baldds Y has a
sel ected fromthe group consisting of silica,
al Widiawm ddrteantal afiima mortd ttdmra atolizi 0 convzt. 15 18.
The process of claim1l wherein the zeolite Y includes
one or nore netals selected fromthe group consisting
ofPthIrRuRhQsFeCoNlLa,Pr

Ti, Z H, V, No, T
19! The Troctis Biocisn M Seitih Thefoud the kpdlice ¥ has o

i ncl udes | ant hanum and wherein the | anthanumto
zeadddimum masstemt | of it atoredshambapeuD. 0405 -8 WO
2005/ 077866 PCT/ US2005/ 003469 20. The process of claim
1 wherein the zeolite Y has a

16. The process of claim 1 wherein the catalyst

includes a refractory oxide binder.

17. The process of claim 16 wherein the refractory
oxide binder comprises one or more oxides selected from the
group consisting of silica, alumina, silica-alumina,

titania and zirconia.

18. The process of claim 1 wherein the zeolite Y
includes one or more metals selected from the group
consisting of Pt, P4, Ir, Ru, Rh, Os, Fe, Co, Ni, La, Ce,

pr, Ti, 2r, Hf, V, Nb, Ta, Cr, Mo, W, Cu, Ag and Au.

19. The process of claim 1 wherein the zeolite Y
includes lanthanum and wherein the lanthanum to zeolite
mass ratio is at least about 0.04.
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nmesopore to mcropore volunme ratio of from about 0.2
to about O G 5 21. The process of claim1l wherein
wo b@sozsed yst has a BET surface area of at | eBST/UsID0O£003469
275 n2/ g, and wherein the zeolite Y has a rare earth
netal conponent with a mass ratio of rare earth netal
to zeolite of at |east about 0.04, wherein the zeolite
has a nmesopore to mcropore 10 volune ratio of from
about 0.2 to about 6.0, and a unit O cell size of
from abdui. 2¢he pkacesabodt claion A wWiEreihe theoceselote Y has a
claim1l wherein the alkylation reaction conditions

| NGldule, &-d ef_rm%%wp%x@f vidlemeaheiti ol B 406 0a8badt 0.2 to
250C, a pressure of fromabout 1 bar to 100 bar, and

a VWHSV of fgom about 0.1 to about 500 hr-1. -31
abou

21. The process of claim 1 wherein the catalyst has a
BET surface area of at least about 275 m?/g, and wherein the
zeolite Y has a rare earth metal component with a mass
ratio of rare earth metal to zeolite of at least about
0.04, wherein the zeolite has a mesopore to micropore

volume ratio of from about 0.2 to about 6.0, and a unit

]

cell size of from about 24.6 A to about 24.9 A.

22. The process of claim 1 wherein the alkylation
reaction conditions include a temperature of from about
~40°C to about 250°C, a pressure of from about 1 bar to 100

bar, and a WHSV of from about 0.1 to about 500 hr-*.
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