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[ 0001] This application clainms the. benefit under 35 U.S.C. 119(e) to
Uni t ed St awe0d8roas4zsi onal Application No. 60/852, 380 firEuuszoo7detiober
17, 2006, the contents of which are hereby incorporated by reference
in their entirety. Field of the Invention [00021The present invention
relates to solid acid catalysts for use in al kylation processes. The
solid acid catalyst includes a multinetallic (e.g. binetallic,
trimetallic or tetrametallic) conponent that perforns a hydrogenating

function for the reaCtBIMETQﬂLgérAIEKYEB@IWQR)I‘A?JCYS’f@ catal yst in
the presence of hydrog ates to al kylation

processes using a solid acid catalyst having a nultinetallic
conponf801f or hyﬂnmthaauanrclalﬁadieg:emﬂtdmﬁmal&ﬂ §1/1Qie)toﬁ}mtgéﬁtatﬁl ly
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reacti Qé}e]gfm&ﬁ-béllafewbgrrefefbhﬁﬁsﬁelr@ﬁﬂ@étjinched sat ur at ed hydrocar bon,
such as isobutane, may undergo al kyl ation with an ol efin containing

2-6 carbon atons, such as 2-butene, to produce an alkylate that has a
hi gher oct ane nunber and whi ch-Eiﬂﬂ_%ﬂlﬁéﬂ_Y%&ansol i ne range. Processes
directed to the al kyI ation of paraffins with ol efins produce branched
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S UC h aﬁa Exf‘etrdtﬁﬁj bﬁ’ﬁlé easkystAn ﬁﬂ‘b?é}gn&cdf ST @RAtion 416 2latésCb alkglation
F al so describes the an nock properti of gasoline.
NDN i spWﬁ%r‘@@g\ﬂﬁeh f¢id catalyst I@H@gﬁenulwwm@ﬁ@e?nmmiy fggerafft-gher

rpin), and the RON is neasured at |ower |oad (Ilower rpmn.

[ 00041Gasol i ne produced by the al h 1Jgﬂdprocess is essentially free
of contam nants, such as sulfur a “rrogen that may be present in
gasol i ne obtai ned by other processes, such as cracking heavier

pet r ol O3 r act i ‘GlRylattord.genasaligpefegats thé teactivth it hpdpbabor; sndsisdne.

Sul fur

aromatic or a saturated hydrocarbon, with an olefin. For example, in one type of reaction of
particular interest, a branched saturated hydrocarbon, such as isobutane, may undergo alkylation
with an olefin containing 2-6 carbon atoms, such as 2-butene, to produce an alkylate that has a
higher octane number and which boils in the gasoline range. Processes directed to the alkylation
of paraffins with olefins produce branched hydrocarbon molecules for gasoline components,
such as isomers of octane, e.g. trimethylpentanes (“TMPs™), which have high octane numbers. A
gasoline with a high octane number, often expressed as research octane number (“RON”), can
reduce engine knock, which lessens the need to add environmentally harmfhul anti-knock
compounds such as tetraethyllead. A second octane measurement, motor octane number
(“MON?™), also describes the anti-knock properties of gasoline. MON is measured when the test

engine is run under heavy load (higher rpm), and the RON is measured at lower load (Jower

rpm).

[0004] Gasoline produced by the alkylation process is essentially free of contaminants,
such as sulfur and nitrogen that may be present in gasoline obtained by other processes, such as

cracking heavier petroleum fractions, e.g. vacuum gas oil and atmospheric residue. Sulfur

-1-



WO 2008/ 048427PCT/ US2007/ 021366 oxi des ("SO0x"), a conbustion product,
are the primary cause of pollutants. In addition to direct

SOx' em ssiwo008B@42¢an significantly | ower the effecti vViBITRERI®GI021366
catal ytic converters, thereby adversely inpacting SOx, NOx, and CO
em ssions. SOx also formindirect particulates - - a conbination of
water and SOx to form sul furous and sulfuric acids. These indirect
particul ates normally exi st in the 1-10 m cron range, which are
"inhal abl e particul ates"” that cause health problens, especially to
peopl e r r . <K al=1
obt ai neﬁfagyégb%ﬁr?nééigmﬁgg P{Egu(grargmag% ac avf?th oingfr%%'etﬁ}o eurlrllitggn-ect
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aci d, phictochemipal euctiont whﬁ:ihe:amd)zomtﬂxdtshﬁgenw ronment . [0006] To
address t hese and ot her deficiencies of quuid acid catalysts, solid
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sonmewhddngkiokeif veleased mtd theekaronfiensoon as the catalyst forns a certain
| evel of polyallcylates, the catal yst essentially stops the

al kyl a reac d eact ot., .an .
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deact ?variﬁ%ﬂw t‘!f%ﬁ&'i*r?t‘ mgtal thatprowde ﬁ!@é?seaateaﬁwmrleg%eiﬂﬁﬁ%
to W@@%M%R@WQ&%QM@W comprising a solid acid, such as a zeolite, and a

hydrogenation function. The solid acid described has a defined range for the ratio of the volume

of catalyst pores to the specific length of the catalyst particles.

[0007) A disadvantage of the prior solid acid catalysts is that the catalyst can become
rapidly deactivated due to the formation of polyalkylates (e.g. C12+ product) which inhibits the
alkylation reactions - - somewhat like very soft coke. As soon as the catalyst forms a certain
level of polyalkylates, the catalyst essentially stops the alkylation reactions. In a fixed bed
reactor, an often preferred configuration, one can view the deactivation as occurring as a band-
wise aging, with the deactivation zone moving as a band throughout the bed until most of the bed

is inactive. This catalyst deactivation requires that the catalyst be periodically regenerated to
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ensure that the process produces a sufficient yield of the desired
product. Regeneration of the catalyst typically requires that the

al kyl at i onwproasaasizbe st opped for a period of tine. ThiECTES2rez1366
production and i ncreases the cost of the allcylation process,
especially by |owering the "onstreanm factor of the process. [0008] A
preferred nmethod of regeneration of the catalyst is hydrogenation.
The hydrogenation function is typically provided by a netal of G oup
VIIl of the Periodic Table of the Elenents, in particular the noble
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process in which the catalyst is subjected intermittently to a regeneration step by being contacted

with a feed containing a saturated hydrocarbon and hydrogen, with the regeneration carried out
at 90% or less of the active cycle of the catalyst. While these regeneration methods improve the

overall efficiency of the alkylation process, the relatively large amounts of solid acid catalysts
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Summary of the Invention [00012] The present invention is directed to
solid acid catalysts for olefin/paraffin al kylation, and the use of
the solid woxexmsarysts in the al kylati on process. TherGEUs$ao7201386
catal yst conprises a zeolite and a hydrogenating function. The
zeolite may be any zeolite known to those skilled in the art for use
in solid acid catalysts for al kylation processes. In a preferred
enbodi nent, zeolites having a faujasite structure may be used in the
solid acid catalyst. The extended faujasite famly can include X Y,
ZSM 20 |

descri pt‘fl%go 0 d éerrn%: e!i%é%l%g c&ﬁ%tﬂ g‘%&nf’q%ﬁ? och%ﬁg% tf% eo?mf‘%rgn'?l Vl%blﬁy of
(i ncl uﬂlemﬂcyddtmn@mcaxsle Y -"USY", i.e. having a unit cell of 24.506A or
| ess), zeolite X -and conbi nati ons of zeoI ites X and Y. [00013]'T’he

or "t 71 ROPL{I'P o' bbb RbleTR nBY S et R e Al g octss e

trimet pﬂobided mgmns Fiinepptibicto ldeédnuﬂﬁmv af woua arg@ Bt Gesirabla S have QlsoBX &1 €
Pt or in c%alnatlonssc exadnﬁwe PtNi, PtCo, PtAg, PtAu,

Pt PdNi ca #YMJ@@ ptbipss 2 mstalfor ﬂvﬁ‘dn@imgaﬁ%!me tiowfieh Pioaides papaber 1mproyed
Pd wi tﬁbr&h‘na&cfeas g&dﬁfﬂﬁ?d%\ﬂ%ﬁ@ b@%@zﬁlaﬂﬁ%@al&% %?ﬁ?@ﬁk@éﬁ?es
tetranetallics can be enpl oyed Au or EQ

[ 000 14iPT¢rgiopoverspmes onea mase of t;l;eﬁ ané pither drewhadca medlsadvnmtam of prior solid
tradit le metal catalysts. In the catalysts
of theéc?élgégag#ﬁ&?%gé'g%ﬁ@%%%%80& elrgonj hydr ogenati on function is

provi ded by a conbination of Pt and at | east one "3d" netal (i.e. N,
Co, M, Cr, V, Fe, or Ti). Tsammnﬂmﬁnhm;dl scovered that this
synergi stic conbination can provide excellTent WO

2008/ 048427PCT/ US2007/ 021366 regeneration _at | ower or_.Pd | oadi ngs.
Thi s @PMAIat i onlhearespRiviYentiprisslitestad fo sokid awg‘ﬂtawﬁforaa!ﬂﬁr@améﬁnf y
wast e eyl Ynd ﬂaeuwtﬁémiq'aeﬁ%tal Q‘?nﬁx@éﬁ%?e&% Béé %Qs&pf e one
or two "3d" netals along with one dr two n eta

one notstalysieemprises a molm arech hydamnztte:g fenvitiodi Meohtehna}cmamws@hte known

I
corpr 85 P s TR SRR bl
al um rembogirhént,azeoldtcs hapdngd faﬂjaﬁl&: staictifORhytbe Wedyh the Kol itk duedlys.Mhe

h f
ther eoex’tended faujasite family can mclude X, Y, Z8M-20, and EMT. For illustrative purposes of this

invention, the description of preferred embodiments will focus on zeolite Y (including ultrastable
‘ Y ~UJS8Y™, i.e. having a unit cell of 24.50A or less), zeolite X, and combinations of zeolites X
and Y.

[00013] The hydrogenating function is often preferably provided by a bimetallic or
trimetallic component. Conventionally, the bimetallic or trimetallic component would include
various noble metals, for example Pt or Pd, in combinations such as for example PtNi, PtCo,
PtAg, PtAu, PtPdNi, PtPdAg, PtPdAw, PANi, PdAg, and PdAu, Combinations of Pt or Pd with
Ru, Ir, Rh, Cu and Re have also been used. In some instances tetrametallics can be employed
(e.g. PtPdAgAwn or PiNiRelrAun),

[00014) The present invention is a major departure from the traditional use of bimetallic
noble metal catalysts. In the catalysts of the present invention, the strong hydrogenation fimction
is provided by a combination of Pt and at least one “3d” metal (i.e. Ni, Co, Mn, Cr, V, Fe, or Ti).

The inventors have discovered that this synergistic combination can provide excellent
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[ 00016] The catal yst nay be used in a process for the alkylation of a
paraffin with an ol efin, such as al kyl ation of isobutane with

but yl ene (woembdiss27butene), to produce a gasol i ne prodeci/usravinpsa
hi gh RON and MON. [00017] One advantage of the solid acid catal ysts of
this invention is that they include nultinetallic materials that are
| ess costly than catal ysts having only Pt or Pd, while performng
equi val ent or superior regeneration duty. O her advantages of the
present invention will be readily apparent to those skilled in the

art basggnoarshe 1@%%'&% ﬂﬁ%&@&.miﬁgar&hlaﬂaﬁéﬂ @ggb@g}?ﬁ%ﬁa@&@m |§§§t and -

forth belTow. Brie

Description of t Draw ngs ure

schematsimeplify awasta gecoveryh & oresambmdingapg tteemaysbahtalyst tivangndcesse swo “3d”

descri
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I zing the experinental procedures used in the coking and H2
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as alumina, silica, silica-alumina, zirconia, clay, or combinations thereof,

[00016] The catalyst may be used in a process for the alkylation of a paraffin with an
olefin, such as alkylation of isobutane with butylene (ideally 2-butene), to produce a gasoline
product having a high RON and MON.

[00017] One advantage of the solid acid cata;lysts of this invention is that they include
multimetallic materials that are less costly than catalysts having only Pt or Pd, while performing
equivalent or superior regeneration duty. Other advantages of the present invention will be
readily apparent to those skilled in the art based on the defailed description of preferred

embodiments set.f;:nfth below..

Brief Description of the Drawings

[00018] Figure 1 is a schematic drawing of the reactor system used in the processes

described in Examples 8-14.

[00019] Figure 2 is a graph showing the olefin breakthrough time for the catalysts of

examples 1-7 used in the processes of Examples 8-14.

[00020] Figure 3 is a chart summarizing the experimental procedures used in the coking

and H2 regenration procedures of the examples.

[00021] Figure 4 is a table summarizing the characteristic vibrational features of coke and

- coke precursors.

[00022] Figure 5 is a graph of CO chemisorption on “coked” 0.35wt% Pt/USY catalyst.

[00023] Figure 6 is a graph showing *Coke” formation on 0.35 wt% Pt/USY catalyst.
-5-



coke precursors. [00022]Figure 5 is a graph of CO chem sorption on
"coked" O0.35wt % Pt/ USY catal yst [00023]Figure 6 is a graph show ng
"Coke" forwatxnemw4®n70.35 wt % Pt/ USY catal yst. -5- WO PCT/US2007/021366
2008/ 048427PCT/ US2007/ 021366 [ 00024] Figure 7 is a graph show ng H2
regeneration of 0.35 wt% Pt/ USY catal yst. [00825]Figure 8 is a graph
showi ng "Coke" formation on 0.105 ivi% N -0.35 wt % Pt/ USY catal yst.

[ 000261Figure 9 is a graph showing 112 regeneration of 0.105 wt% N -
0.35 wt % Pt/ USY catal yst. [00027] Figure 10 is a graph show ng " Coke"

for mat ifo002aD O- 10t P4s Mgraph shéwis %, regenecration of 0.35 wi% PYUSY catalyst.

[00025] Figure 8 is a graph showing “Coke” formation on 0.105 wt%.Ni - 0.35 wi%
Pt/USY catalyst. '

[00026] Figure 9 is a graph showing H, regeneration of 0.105 wit% Ni - 0.35 wi% PYUSY

catalyst.

[00027] Figure 10 is a graph showing “Coke” formation on 0.105 wt% Ni - 0.12 wi%
Pt/USY catalyst.

[00028] Figure 11 is a graph showing Ha regeneration of 0.105 wt% Ni - 0.12 wi%
Pt/USY catalyst.

[00029] Figure 12 is a graph showing CO chemisorption capacity on different catalysts
after 60 minutes coking.

[00030] Figure 13 is a graph showing CO chemisorption capacity on different catalysts

after 100 minutes regeneration.

[00031] Figure 14 is a graph showing the CO adsorption capacity of 0.15 wt% Pt, 0.12
wi Pt~ 0.11 wi% Co and 0.12 wt% Pt - 0.10 wi% Ni catalysts.

Detailed Description of the Preferred Embodiments

[00032] The present invention relates to a catalyst for use in processes for the alkylation of
a paraffin (e.g. isobutane) to an olefin (e.g. 2-butene) to produce a gasoline product. The catalyst
comprises a solid acid zeolite and a hydrogenating function. The catalyst may also include a
matrix or binder material. The hydrogenating function is provided by a multimetallic
component, preferably a bimetallic or trimetallic component, that is incorporated primarily
within the zeolite structure. However, the invention is not limited in this regard, and some of the
mentioned hydrogenaf:ion function can reside on the binder as well as the external zeolitic
surface. The following description of preferred embodiments generally uses the term

“bimetallic” in describing the catalyst, but it should be understood that the invention is not
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Pt/ USY catal yst. [00028] Figure 11 is a graph show ng H2 regeneration
of 0.105 W% N - 0.12 wt% Pt/ USY catalyst. [00029]Figure 12 is a

gr aph showwoe@@4gfaem sor ption capacity on different carcyRvs/aiiser
60 m nutes coking. [00030] Figure 13 is a graph show ng CO

chem sorption capacity on different catalysts after 100 m nutes
regeneration. [00031]Figure 14 is a graph show ng the CO adsorption
capacity of 0.15 wt% Pt, 0.12 wt% Pt- 0.11 W% Co and 0.12 w% Pt -
0.10 wt% N catal ysts. Detailed Descri ption of the Preferred
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incorporated primarily within the zeolite However
i nvent 7e9lits ©r pgsyin thereseat inventinn is o zeglitediaviap @ fayasitc fudtire, swelnas zenkitd Y

hyd f t well as,the
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cat al yﬁtS PQf’ént I{kt) (Hb‘%"&lq bg U’ill{%ede éétes??atent%%héa%%n o 5'0(1224;4 H’xe contents

of each of which are hereby incorporated in their entirety.

[00034] As described in United States Patent Publication No. 2004/0162454,
nanocrystalline zeolite Y offers advantages when used in the alkylation process. The zeolite has
a crystal size of no more than about 100 nanometers (nm). The maximum diffusion distance of
many reactants and, more importantly, products is decreased. Coking and the associated catalyst
deactivation are reduced by enabling 1) the desired C8 products to leave the catalyst before
subsequent alkylation reactions occur, i.e. forming C12 + heavies, and 2) the coke precursors
(e.g. C12+ heavies) to leave the catalyst before undergoing retrogressive condensation reactions.
The nanocrystalline zeolite Y catalysts also exhibit higher activity than zeolite catalysts having

larger crystal sizes due to an improved effectiveness factor.

[00035]) The hydrogenating function in the solid acid catalysts is preferably provided by a
catalytically active bimetallic or trimetallic component. The bimetallic or trimetallic component
is preferably comprised of at least one metal from Group VIII of the Periodic Table of the
elements. Multimetallic components that include Pt or Pd as one of the metals are preferred,
such as PtNj, PtCo, PtAg, PtAu, PdNi, PdAg, and PdAu, or PtPdNi, PtPdAg, PtPdAu.
Combinations of Pt or Pd with Ry, Ir, Rh, Cu and Re may also be used. The invention is not
limited in this regard, and any multimetallic (especially bimetallic or trimetallic) component may
be used that will provide a hydrogenation function in the alkylation reaction. For example,
Group VIB metals, including for example, Mo and V may be used in a multimetallic component,
or multimetallics that do not include either Pt or Pd, such as for example a TiNiHf combination
may be employed.
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WD 2008/ 048427PCT/ US2007/ 021366 limted to use of binetals, and that
any nultimetallic material, or conbination of nultinmetallic

mat er i al s, wolats/qas@avi des a hydrogenating function can becros20epaias ed
in the solid acid catal yst. 1000331Nunerous solid acid zeolites are
known in the art for use in allcylation processes. Any of these
zeolites may be used as the solid acid catalyst in the present

I nvention. A preferred zeolite for use in the present invention is a
zeolite having a faujasite structure, such as zeolite Y or zeolite X

Zeol it kS pard.c [ . ln.an es jal | referced

embodi ﬁ%o}?? 515 an %%%‘?”9@?‘4 g?aﬂl?{]@gpz 8‘3&? Plglevlﬁcsorﬁ‘gjgjgghgh 8%"@%’5%)'? InComemted
the naiwibe yedlitd hsinpeconeaitiohal técheizmeyknoas 16 thokt skilldddh @rtarfeuchs 743, 911-
and United I?I\Sﬁft_es Pat ent. Publicati % I\@ 2004/ 0162454, the contents

of eacRFWPIGRY 107 exPhangRe IBRIPERGoR PhBE 26t PrnERPIRNIQN AT themplimetd amifirAs
descri Bafhesi3 nidriaf SoRlWkiEIS thR2EANE isRuRk] TAL hofenhd meARAr NERARAL
nanocrystalline zeaolite Y offers advantages when used in the

al ky| atticomorstion iy iompechaegs Beeause hegeolitgsara highlyselectivena satbafghe han

bout _ . S )
Faot an i QR bE fbser Wlenh e oBR SR Pl UBCL A RhAR” BoflraliBY
t he asistredmaming salést (algy eltlonideactitrates ordiydaxles)ad tieadultisnetisadah ba grephreti aad

desire roducts,to. | e the catal.yst befare subsequent

o1 Kyl aeedio PRBbiEint Bl ronfont Rtk ShotlS Thcilirell maatsope ne
coke pineapoardsing aGequehfal pheays, Smletiits kefaval ohe “dabrR! JFt, iPehRh e
undergmoi]k?ecir et ro%{tgs{%lég condensati on reactions. The nanocrystalline

zeol i t EPOEISEXR05 sglufipmitelloyyedrbydrypg ard ¢ajcining i fe e mudtimetal in
cat al yfik Sed)A, laB@ tHe Pr&REs iS & ' ;

effect] ve?\ess f acte%?. . [SOIOO%IE?%EJ%H%@ ggﬁa%&rﬁp?futﬁ%@?gﬁgﬁtﬁ hta %%eegol [
aci d cheepgisted in thegediter abl y provided by a catal ytically active
bimetallic or trimetallic conponent. The bimetallic or trimetallic
conpon s pr I : : ' $1.Q

VIl o@?shu poy 1 B deid QBB BoneniFER Pdt%?urﬁer@alﬂ’?’gﬂtc%nn‘%%gg%g
t hat i veigide ofthegpulibgetalicdae. Wmetallie onbiradtalliar @npoedmymen prefereblyas

Pt N, ' d PdAy, ~ar Pt.RAN ... Pt PdA

Pt P ehR R 2t vl BB et Yo ogf biinklpies gt o
be usexhd evérembreyeeteiably absutrbds weightt% tb abvut QB Svelghg 84 oF thamdltiaweyallic

mul ti net al Ii% (especially binetallic or trinmetallic) conponent nay be
used t$YHIPORFH provi de a hydrogenation function in the allcylation
reaction. For exanple, Goup VIE netals, including for exanple, M
aEd vd[ﬂagssu)e uslqm(é hfsiicbachmanailysemm heijwnyanﬂmh Bﬁﬁ?rix {@lso %Mld;dibﬁ&te Il cﬁﬁs
that do not incluy ither Pt or Pd, such as for exanple a Ti N .
conbi rF&F}PBﬁe“Fﬁﬁa‘EB‘ﬁéﬁibF°@‘é‘aPhyskﬁé 15iGErRy gﬁté—ﬂ‘#’éﬁfm@%@ b fingsyeneration,

etc.) as well as macroporosity. If used, the matrix components can be combined with the zeolite

d

before, or after, the process by which the multimetal is incorporated into the catalyst. Materials
that may be used as matrix components are generally inorganic oxides such as aluminas, silicas,
silica-aluminas, zirconias, clays, etc. The matrix may be in the form of a sol, hydrogel or gel, and
it may be catalytically active or inert. If a matrix material is used, the matrix material may
comprise between about 2% to about 98% by weight matrix material of the combined weight of
the matrix material and the zeolite. The quantity of matrix material included in the solid acid
catalyst is selected to achieve a desired crush strength while maintaining sufficient catalyst
activity in view of the dilution of the zeolite by the matrix component. Preferably, the matrix

material will comprise between about 5% by weight to about 70% by weight of the combined
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[ 00036] The nultinetallic (especially bimetallic or trimetallic)
conponent is incorporated in the zeolite using conventional

t echni queswionown4gn7t hose skilled in the art, such as feeTesamu2esby
i On exchange, inpregnation of the zeolite or inc-orporation of the
multinmetal in the synthesis material fromwhich the zeolite is nade.
The preferred nethod of nultinetal incorporation is by ion exchange.
Because the zeolites are highly selective, a salt of the nultinetal
can be chosen to enhance uptake of the nmultinmetallic conmponent. For

exanpl e, tetraamine salts .g. ,chlorides i tes or . hydroxi des.
of 1 Pehight ghiat mReanao st B ouie R mbEire Brsbh e e anpy Yopes et
bi met ajdd 4boGOSMIPBENeight) TnlagazRalatly @referfsd eMbotinieat,ahe mBIYix ahAeriah Comprises
i ncor porated using a sequentj al process,, sonet i ne%%lrép%fser,red h% as.,
" doubl eet@pgy abophl Sih by Weighbandeabpyk 30% by weighicd dhg eombinedugight of fhg matrix

follo 1 d calcining to fix the nultinetal in the
zeolir@gtegﬁl ?ﬁ%é%ﬁ,g{géss is repeated until the desired anount of the

mul tinetal has been incorporated in the zeolite. [00037] The solid
aci d cHOABYIst prEfeanadtimptaliisrsolid acid patalistapderebly hoa aneidate sdiametex g ut

2.0 wej ght % of ul ti ic ( j i i i)
compongarect i SEp d dBBhE s o, it vig BFL Bicd b BERRME)
about diafetpisqhdferdblgfat ldag abukttoi et lxith an appap tindndgf abewtd . &an Snatler
preferagbly about, 0.05, wei.ght % to about 0.5 ight %o he

Ul | nOeRPIer BRSO TGt F Brg apetprs i R Dererdhly s 0 upepge
i ncl Ud@idiBidrd SiatmdleS 6F Akl B4 ADVRIAIngGRARONRANS, particularly to give
physical integrity (e.g. crush strength, reduced fines generation,

etc.) as well as machpori)si_ty._ | f used, the trix onents can be
combi nidBOdl b FERCTaBEEl sl GFid catglystiphibe vied in s5verabd KRSPRIIPSE ¢ ho
mul t i g @lentaBionsts 4RIGLAIHE dedchbiPof 4 \arlh 3hy & olefR iR duding a@ﬂ@dlin%iévih@a

used as trix conggnent s are generally inorganic oxides such as,

al umi nbigh RENY aesMONs | Thedkodatipnairergss may bersrioEmed ig|any suitabledfornyraction
mat ri x I f I : i e
Cat ol o Pl fpoilo DS LANCH 8 tnPct Bhoh A cRBhe iy b fodclocliphel
mat r i xflmidized bad progegses.oripllated bisbteastans, shibgutro@dses end bised bedgrodessenel ght

matri x material ,of the conbi ned wei ght of the t L X - ri he
ool | 1 cvmmp, Ok aiiacof Sifee a6 Ap@st afthoh iy A0SR i TR Saick Bhtehy
cat al yqb, 6,845€10a% € Units) Si6t0é PasticatichaSs.2004/0162454,3h¢ eonginks offehdbeof which
mai ntai ning suffjcient catalyst activity in view of the dilution of

the zetPincomepatedersinin thgir 8@ nent . Preferably, the matrix material
wi |l conprise between about 5% by weight to about 70% by wei ght of

the C'Qgi@bmd WAy QQf, ASARYIRGH P50/ Rk licRtunderd @htlitiohs &R tsRbylEast a
material and the zeolite, and nore preferably bhetwee %o,ut 10%%}/
wei ght pertien ebibeelkslotemagepiangrike alkﬂatablsapmpwﬂaﬂﬂﬁ3be¢m&e Ridphase or the
nbodi . t e i ; 0  aht
enbo I%}éfgltc%%?gh{@. i P%,%@Bcé&?ﬁ%&cﬁ@&i e{?gﬁé’iﬁﬁ&t 5 at?ﬁ%&hé%ew ab&itg

and ab y wel ] conbi ned wel he matriXx nateri al
and t h0°zeabéut 8507 Q@dFeikilydn thel rangesf about §0%5i0labeutadd0Y Comprer pyeferably in the

pr ef er abl S seXt.ru i [...0f nd
Bbout e ooy e ok & hRTE R ot EhYBR AL AT pbR0S BT
i s pr eprefeadblybativednadsnt 1o aboud 48 bans) asdtnore prefipaidy betweed atmiut dbtmubout 30
1.8mm_ Small er di ageters oy, be used in. fluidized hed, or .sl.ur
eact o Pl ot o Ky Bebe Zompordso Avialen e in BF 15 e baragtor
of - abopibfefatdy 1 NEHBFthhiS bkt 5.‘?9&11dtrﬁor€([pféfer¥blr hiY@e@hd SeoueBd:1] Medhet msRt i d
acid catalyst may be used in several al kylation tﬁr ocess . .
ratios are considered preferred for performance reasons, because they generally yield an increase
in product octane number and catalyst stability. The upper limit for this ratio is determined by
the type of process applied, and by the process economics, The upper limit molar ratio is not
critical, and may be as high as about 5000:1. Generally, molar ratios of, e.g., about 1000:1 or
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configurations to catalyze the reaction of a paraffin and an ol efin,
produci ng a gasol i ne having a high RON and MON. The al kyl ati on
process mawomsoguesf2er ned in any suitable formreacti on ByBUS0VHI2ZM
to those skilled in the art, such as by entrained fluidized bed
processes, fixed fluidized bed processes, ebullated bed reactors,
slurry processes and fi xed bed processes. For exanple, the al kylation
process may be a process such as that described in United States
Patent No. 6,844,479 or in Unlted St ates Publication No.

2004/ 0162454 f.whic r rein
-t heles e mped BEbEbRICH R Ly Map ekt Brfiop i HRRAL Ello0E
pract i gikelatabibeionpomt fblaﬂmzmsu @@xﬁ bA150aTS50k Eﬁ&bns@dqmimm Ipreﬁnddh@he feed

ohave. bt CHESEDpLReAe Phaf pgt Goeriy A nee Ao b8 abe 5 by

practi SIERED. [ TaTo T bﬁbﬁ
pref ergﬁtﬂ ﬁéoﬁe rangie%(r)a?og{)noﬁ?ﬁ %0 toﬁrabi(-)aut dhe m,né@rr%it%owgre?gor%g?ty@

int hegnamsg)é aliflatibwagentygxd gram abetalyst o& hour. hel VQJ%Y ofthe althevajretnd

cevs. et RS Bl 6 Ao PR ASLsAp tholf Bt 0 e
nol ar usgtdfoheafolia bty leathlylt o&‘ﬂmmmutndvérmoaﬁéo;dt ditnited tagiarticular eactiet al

feed in the reagtor eferably is. higher than about 5:1, and nore
pr ef er%&ﬂdy‘%ﬁg?ﬁé?het‘}? ﬁlil'tlg "rﬁﬁdf boyg Wgﬁ"’ér rati os are considered
preferred for performance reasons, because they generally yield an
i ncr ea?monz] pr odnﬁcaﬂg&mmm&ronamﬁaraﬁnﬂlm&e@mdséd for alkyRatiigper
0

dimt rothis ratigQ is determ ned by the type of prqQcess a Iled
and byispHkanss Bedugs-dR 6ibAR alems:yeh %‘ﬁ@?"t%“ieﬁgﬁ’eﬂ%‘{‘%ﬁ%fﬁ%@?@@ T fuires

criti Cﬁbpeoﬁwthrméﬁmaﬁag bllgr&aﬁr%n%%&kt RRAMbIY2-66aMRH aldnkk, alPhafke atios
of , g., about : WO 2008/ 04%427P 7 US2007/ 021§66 | ower are

pr ef erp@&rﬁwﬂ‘ 3écc@rb@ma@m8ea‘she n&ylanﬁn ﬁﬁ#ﬂ?b%ﬂ!\e athebusas (o 8 aixiyresof btenes igr

Consi dapeselibARR ERERRHEM, "BeRRNLEL AL RAR i B B o

agent appoepriatel pardfiin bnolefoemap Fog etilidedat e talkyldibn pmcessda bbin qodeei’rﬂi ably
in the rg‘gge of about 0.05 to about 0.5, and nore preferably in the
range BP%Pout 0.1 to about 0.3 grans of al kylation agent per gram of
catal yst per hour. The WHSV of the al kyl atabl e saturated hydrocarbon
pref er@od43]i s i Mhsheatalyahgfehofresdnoinvestioh nay zﬂ?dndmtus&i)ﬂbr othier shesdfd be
underst%ﬁd that the use of the s g)}ld acig ﬁat aI qE t he resenltg

i nventHEA2HY BIBTEsTesLEREF RIBCessRy “b" YR e© alsanssi oet’fémp nte
the congitidtonsy Bescl iPRdcARR'S upsBdSke Mm&ﬁ@%&h‘ﬁm@stmfe@wﬁﬁs ah

the invention is particularly suited to be used for alkylating

i soal kensexample) kight gyclooid HLEAR ) QiﬁﬂIatesﬁiéwcéﬁoméo@l!@&fécklli%@ﬁé‘ﬁﬁta nes

or { T, f

o o EEENoRss Watis S LiAE RO gty o Rt iRl R s tdid (G SR

at ons . nufker i quojte éczw ontypically bba0.aHgdmeenatiouoiihe LEO @lﬁmatgmaélyorpgrades the

but enes, i | t

o e o’ Ly BHp Ol b L LR SR AL By alliiicd YRS, S

utili Zrﬁéthﬂ&th@h@clﬁh&&h@t l'anme pmbodisgnt, the@bﬂalysfbaﬂ bel@sddried pwa&shmtcombme
00043] The, cat aI esent |nv al s e

bt nor thy Bedsgmaigh i Gl with § FolbhiRiE Stsam of b ARy tohea st SHETE ety

cycl ogljkapgs). or aryl al kanes. For exanple, the catal ysts may be used
in processes to upgrade the cet ane nunber of certain distillate
streans. | n one exanple, ght c¥cle oil ("LCO'), adistillate

produd00944dm a Eatatyst Gﬂ&%ﬂ&@% cep pg pgrdqrmed F@@“j‘g ployisgwerapppmsthed opar e
e gt Rl oy e iy REERILE B pemiuitRoquehily. KtisHifoce
only rtﬂa:fgmrshd:Wyap Grptine @dnkxcttdwmposmam@r@fmablelal balgwiabait 20 eidhetime active

cycle of the catalyst. The active cycle of the catalyst is defined as the time from the start of the
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-10- WD 2008/ 048427PCT/ U82007/ 021366 feedi ng of the al kyl ati on agent
to the nonent when, in conparison with the entrance of the

cat al yst - comtmognisng7r eact or secti on, about 20% of the akdayliszbimnizes
agent | eaves the catal yst-containing reactor section w thout -being
converted, not counting isonerization inside the nolecule. Low
tenperature regeneration can be performed nost practically by
shutting off the olefin feed, and introduci ng hydrogen into the

i sobut ane-ri ch hydrocarbon feed, at the reaction tenperature of about
700 to a out he C 2+ heav

The moatge oERe ks MEREISo Pompnciher, RebmRaroR AL Fr Ot FEUE
after @atdlfét-@@ntﬁlimﬁgeéacﬁfr st@ibn} ABREI0M of the sikglatien @genolasues dte catalyst-

t enper at ur es bet ween abouf * 1%5 to about 350 C, In the

 rer g skl watheehs 699"8!“343BPWOPW@’%o‘é‘P‘BWZPW"gW&d? i

ol efing, o} F?eﬁzg Qo ff the
renove # %tﬁ%o e an eavy e@%ﬁg%]gr bon e&&glggzl?sﬁﬂg&%o *g%/’myﬁ%: eggaarrpl es
i |1 ust olefiefebdand nrﬁmdm‘.mg hpdrpgersiatotthe mlmtﬁmawh hVﬁTOE(hmeeé@» agihggeactione

t st L =
Cyat enmRpREbEpu 9 KSR B0 Crobtmhye ed B2 R LY oo i o GO
(ol ef i The ranie sEvZEZ% lﬁltgli mﬁ;&rgfuze E@B)ch@d‘tﬁnpﬂy]fmeﬂly pEnfprmédedften aéﬁg@numtﬁ:-r of low
CcO rrses cCIs ut ene an e 1S al a a S .
o obut BB BT SC MRS EoRen b B A0h8 SPoCar bgigh on
r eact Ofempd@mrdeb&ivagon) i fisw of bdth 8L phReinldnll (i oleliRisGRippbd, 3hd A¥drbfa

E
I nvention. The alkylation reactor s inmmersed_in an 0|pP bath 112 to
mai nt agas is fed operdbeatalygt heremayve dieicoke padpevyhydecaPONanpl e for GC
anal ysis can be drawn off at port 103 fromthe effluent stream 102 of
the al on FEREIMwik anicf]d?é‘s ﬁﬁsfnlat&feém@ Cthy plesht investich. IrfSsiptes
st rear#gb@gm ]l%s (?:l r“gu% / B bac?< tobt he al kyl ati on e
r eact 08-14,1e mﬁ@telrsysﬂa@ Hddlestistedse FIG. és»vanempyrsd Thgrepctor 3ystegn gmployeam

ar awn B4 B il BEGRAL 8, 1 G Ashind XA DSRLEB A e The,

Wi t hdr gtefin §tream R-h eomapitises ois-Redteieand He(si-paraffiarstremnl camprse iscbulatee dhe

recycle reactor to maintain i,sobut ane tene r.ati d
o st e Rt S e O R B ron e pyfint  BxdKoa 11
| SObut GMEd RHIPRBf e iivestifie TRe bikylation fEacter i embaedriidnwil kh Cizke netlain
hi gh boiling conpounds which deactivate the cataly

f d bed
r eact othe prefetpaninedgaciionienspiraigg Asanaledos G éﬁ"ti}’%%cﬁ?cheﬁ@% ¥ ﬁ‘i Rq%é]roént
bed e ghind i Gkt QT Ak atﬁdﬁ%e&%ﬁ'lﬁ@drﬂe%?ﬂh%ﬁﬂ%ﬁ%d%}@ a18djoR

at any given location and overall across the catalyst bed
reacti siantalpﬁbd'dmh inmizcated Ry prrap Bbackde ﬂ@ﬁﬁékld@imﬂdﬁ%’#ﬂfé 1@ pfigrghe adgdifinnof
The pr t r
nydr oar S F-Lt 2 RO Siich Bldie 3Bk H art 1B, A Ry por
For exdnrgdr@wn 3ffdyofn thbltmmai&gtbmmnalhyletem &R es)oxrteaaé iswitghhwed fréd0he

3008/ ey Rersasdd o Rsnocts < Bistuen G tle Mot KoM BEm  Bin ssumee of

the wepadie rétrcﬁafdlsﬁﬂm@tfe aQRAINRATRRRANink(reddi(CEUR], rmgm B8butane/butene ratios
chromat ogr aphi c é’) anal ysi s) rrultlg,l ed by the o ne nunber of

t he cohﬁamemumm@e pneﬁ@c&cem Bigh &atling GePerds rN Sepsivais ey r ed
th t t

RN v

chr onslichait kphticamad yeintain ki ciear@dscd:emue/bsnama rgtio @tfarwrgeregel@cany:s and overall

NPLEEISOSS the ca!ﬁE/stlbed. The reaction product was a mixture of various components and/or

isomers, The preferred alkylation components are isomers of TMP branched Cg hydrocarbons,
which each have a high research octane number (“RON”™). For example, 2,2,4-trimethylpentane
(isooctane) has a RON of 100. The total RON of the product alkylate of the examples was
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Ref erence Catal yst (netal s-free) [00046] The catal ysts exenplified
here use a conmobn zeolite base, viz, a coomercial ultrastable Y
("USY"), ewoni2bisads@BV500, manufactured by PQ Corp. CBVSEO/0s2907/021366
approxi mately 80wt % zeolite and 20% al um na. The catal yst was sized
to 18/ 25 nmesh for use in the bench-scal e performance tests (described
bel ow). The finished catal yst was | abel ed as catal yst "A'. EXAVPLE 2
Prepar ati on of 0.5wm % Pt Contai ning Catal yst [00047] The Pt reference
catalyst (i.e. without a second or third added netal) was prepared
wWth t " ent i escyd bed
Wi Exagg aﬁgmgﬁmw SEASHRBLE o¥ e W brnorfilldr O{i\&dﬁ of YR (oIRRE £ 8
tetraa gmlmenatogmplﬂe(&@) analyisisy muftipiied bﬂﬂhmcﬂaﬁ:ﬁnmmbw eﬁﬂﬂe@ambonem iTheent

t t ech d d,at 110C 1o
ool o1 nBrEia WSt ee gt SRy Bufed PSR Giebly MoV eR
fini sheds aefmlusthe badkirduphYoltit). ATEEs pdifk §l€ﬂﬁi ek 8h ¥RelgalBifofiaf@fhph O

18/ 25 nesh _for, use_in _the bench-scal e perf ornance tests (descrlbed
bel ow) 2nayss ‘Pﬂﬁﬁt%@@cﬁ‘éﬂt’ap)ﬁgﬂw\ﬁa@lﬂ%bel ed as catal yst "B'. EXAMPLE 3
Preparation of 0.15w % Pt Containing Catalyst - 12 - WD

2008/ 048427PCT/ US2007/ 021366 [OOOﬁWEﬁgnd Pt-only catalyst (i.e

W t hout a second or third added

EXAMPLE 1
Reference Catalyst (metals-free)

{00046] The catalysts exemplified here use a common zeolite base, viz. a commercial
ultrastable Y (“USY™), entitled CBV500, manufactured by PQ Corp. CBVS500 has
approximately 80wt% zeolite and 20% alumina. The catalyst was sized to 18/25 mesh for use in

the bench-scale performance tests (described below). The finished catalyst was labeled as

catalyst “A”.
EXAMPLE 2
Preparation of 0.5wt% Pt Containing Catalyst
[00047] The Pt reference catalyst (i.e. without a second or third added metal) was prepared

with the commercial ultrastable Y (“USY™), entitled CBV500, described in Example 1. The Pt
was added with a solution of platinum tetraammine nitrate salt, incorporated by the conventional
incipient wetness technique. The catalyst was dried at 110°C in air, followed by calcination at
400°C in air. Sufficient Pt salt was used such that the finished catalyst had 0.5wt% Pt. The
finished catalyst was sized to 18/25 mesh for use in the bench-scale performance tests (described

below). The finished catalyst was labeled as catalyst “B™,
EXAMPLE 3

Preparation of 0.15wt% Pt Containing Catalyst
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prepared with the commercial ultrastable Y ("USY"), entitled CBV500,
described. in Exanple I. The Pt was added w tha solution of platinum
t et r aanmi myorzbdgreEase7sal t, i ncorporated by the conventi aral/uszoeivpimsat
wet ness techni que. The catalyst was dried at 110C in air, followed by
calcination at 400C in air. Sufficient Pt salt was used such that the
finished catal yst had 0.15m % Pt. The finished catal yst was sized to
18/ 25 nesh for use in the bench-scale performance tests (described
bel ow). The finished catal yst was | abel ed as catal yst "C'. EXAMPLE 4

P / t t
or par SoHUAB T | b/ sSbortiaen Retalf (2, Bk o bAOAH helTaudla it o7
descr i, peagated @Mh@tm@emrﬁhldhﬂtahlay (EUE¥Y), watitled £EA00f desorilmd! ip Easriiplah

tetraa I C or at the conventional . I.ncipient
wet ness ggﬁnl qafjd%&v,ullﬁg SBIgP ygqlgw %&F‘E‘é‘“ ﬁlnﬁ??°r438IW6ﬁ%d by
cal ci nasiventiaial #oEnt wembds techuiqhi.CTROatdRyst %@k Hnétaﬁ 1U6€inis Folloh@l by he
fini sheci cat al ysé had 0 épﬁ@ % Pt. A second netals i ncorcﬁorat I on step

was enfrlepaipnd 440¢ ‘Pﬁg iciont Phgaltyges usermgh tet the Sinished eatalyst b@d

ni ckel V.

wet nesgqtsg%ﬁ??qﬁgéﬁmﬁ cat Qi @éS%\%gEY%;?g%I&g%%ﬁ%%q?#eaﬁeggﬁ Pd 0 owed by
cal ci nperfasmange tasiO(deserihpd bel@u)‘ fThei fenighelicatalysttwasdabeleded catalybt “Crat  t he
finished catal yst had 0.10wt % Ni. The finished catal yst was sized to
18/ 25 mesh for use in the bench-s%mf ormance tests (described
bel ow). The finished catal yst was as catalyst "D'. EXAMPLE 5
Preparation of Pt/N Conparative Catal yst (low | oading) [00050] A
Pt/ N catal yst was prepaprgggrwﬁlmfpmlggmﬁgy@(tatg%tr astable Y ("un-),
entitled CBV500, describe n Exanple I."The was added with a

solution of platinumtetraanunine nitrate salt, incorporated by the
convent®OB#| i noh Br/Nieatalist was srepaxe il the comraerciat elirgsablodUBYE at
110C i [ | f .ent Pt
sal't vl CEVIODMEHN o Bkehale, B s a8t ol oo rofibifith o

seconderemahineinittate gl wcorporateddy thamnecmionyledclplentammsh &:chimqueThHmeNl

Was ad%?aqys v}aQ dffed 8'1%4@ i a?lf, forffo S lby @z':xl%irnghon A %6"’C 1Inra]1?r(.) rS%%c?én(ta gt saXt was

used such that the finished catalyst had 0.12wi% Pt. A second metals incorporation step was

employed to add the Ni. The Ni was added with a solution of nickel nitrate salt, incorporated by
the conventional incipient wetness technique. The catalyst was dried at 110°C in air, followed by
calcination at 400° in air. Sufficient Ni salt was used such that the finished catalyst had 0.10wt%
Ni. The finished catalyst was sized to 18/25 mesh for use in the bench-scale performance tests

(described below). The finished catalyst was labeled as catalyst “D*.
EXAMPLE 5
Preparation of Pt/Ni Comparative Catalyst (low loading)

[00050] A Pt/Ni catalyst was prepared with the commercial ultrastable Y (“USY™),
entitled CBV500, described in Example 1. The Pt was added with a solution of platinum
tetraammine nitrate salt, incorporated by the conventional incipient wetness technique. The
catalyst was dried at 110°C in air, followed by calcination at 400°C in air, Sufficient Pt salt was
used such that the finished catalyst had 0.06wt% Pt. A second metals incorporation step was

employed to add the Ni. The Ni was added with a solution of nickel nitrate salt, incorporated by
<13 -



t he conventional incipient wetness technique. The catalyst was dried
at 110Cin air, followed by calcination at 400C in air. Sufficient N
salt was ugetdossmabuthat the finished catal yst had , 0. Obvit/8$doer/0ksss
finished catal yst was sized to 18/ 25 nesh for use in the bench-scale
performance tests (described below). The finished catal yst was

| abel ed as catalyst "E'. EXAMPLE 6 Preparation of Pt/Co Conparative
Cat al yst EO00511Based on the unexpected and synergistic benefits of
the Ni/Pt catalyst, a Pt/ Co catal yst was al so prepared with the

o B R S B B,

nitr at by salbhatmmdﬂmﬂ Butadrl Sufididne Ni salt/ﬁau used aichltlli‘at ithd f&ﬁihehl/e&talqashad

oo DB kR it s s iperrre o T2 mth B b e amsstl nat ¢ ho
fi ni sheefsmiaatass bﬁﬂcrﬁ)eag%%?] Plhe fﬁnﬁﬁafeﬁtﬁlyﬁe&ﬁ'l&euéa% RAlyaf4Een step

was enpl oyed to add the Co was addéd with a solution of
cobalt nitrate salt, incorporat ed by the conventional incipient

wet ness t echni que. The cat al yst wEXAMPBE6at 110C in air, followed by
calcination at 400C in air. Sufficient Co salt was used such that the
finished catalyst had 0.1 wt % I ni talyst was sized to
18/ 25 mesh for use in t e“*%"éﬁb"ﬁcgé’é(@%ﬁmﬁf Ef@t@fitgtests (descri bed
bel ow). The finished catal yst was | abel ed as catal yst "F'. EXAMPLE 7

Pr epar poos1] of OByt % bie lﬁefﬁaate&hhd/@n%ssﬁh&ssﬁefﬁMtEéNbpe&mﬁ} a Pt/Co
[ 00052 cat al yst, was prepared w

- onl
ul tr as%aﬁﬁy% “%Q E‘%EJB‘PPFedé?Hm ihe @zpreswb@ltraﬂ@g@m (b@aY”h e@@d&l?evspo The
N wasgagdded 1M”E§(Eln§1e5104IHé PORasHdeH wHEh 581 hﬁ&?&fﬁﬂfﬁﬁb}n t?tlr?i m@hﬁfa%dsaf?y

t he conventional 1ncipient wetness techni que ysS ried
at | 101@corporicd byfthe ¢amyertioygl mapz@nhmtnmteahmz}m Jliercataiyst wSudriedat $HI°CNi

sal t d ad 0.5 wt %

Fini shag s Ay RE0 chERbud T 4Dl S LR BlsllSfesniet et b e FeBpd
per f or cataiyst hada&.ﬂ 2w B5 cAistrdd bﬁtMcorﬂ'dﬂétldn SiepshecbnGAs RIS hddS Co. The

| abel ego Fas gc?dteg lw%l% a sofl;ltion of cobalt nitrate salt, incorporated by the conventional incipient

wetness technique. The catalyst was dried at 110°C in air, followed by calcination at 400°C in
air. Sufficient Co salt was used such that the finished catalyst had 0.11 wi% Co. The finished
catalyst was sized to 18/25 mesh for use in the bench-scale performance tests (described below).
The finished catalyst was labeled as catalyst “F”,

EXAMPLE 7
Preparation of 0.5wt% Ni Comparative Catalyst (no Pt loading)

[00052] A Ni-only catalyst was prepared with the commercial ultrastable Y (“USY™),
entitled CBV500, described in Example 1. The Ni was added with a solution of nickel nitrate
salt, incorporated by the conventional incipient wetness technique. The catalyst was dried at
110°C in air, followed by calcination at 400°C in air. Sufficient Ni salt was used such that the
finished catalyst had 0.5 wi% Ni. The finished catalyst was sized to 18/25 mesh for use in the

bench-scale performance tests (described below). The finished catalyst was labeled as catalyst
“G’?.
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WD 2008/ 048427PCT/ US2007/ 021366 EXAMPLE 8 Al kyl ati on performance
testing and Catal yst Regeneration: Catalyst B [00053] The bench-scal e
al kyl at i onwioesbsiaagizwas carried out in the reactor systeractiif2007/021366
illustrated in FIG 1 at 80C, and 400 psig total pressure. The
reactant was a mxture of 2-butene ("olefin" or "0") and isobutane
("I'"), with an overall 1/0 nolar ratio of 16. Due to the isobutane
recycle, the internal I/Oratio was approxi mately 750. Catal yst B was
pretreated by heating fromroomtenperature to 300C at 1C mn in
flowng air (75 m/mn/gramcatalyst), holding 2 hr at this
tenperature, cooling down to roomtenperature, followed by switching
to hydrogen flow of 20 m /min/gram catal.yst while heating to 275C at
1C/ minute, holding for 2 hours angxxo@ripg to roomtenperature. Each
test used 4 parts of catalyst, *and 0.27 parts/mn of the above

react ant m xtur he praduct conposition was nonitored by GC, and

t he gasoline (Cﬁl E’S‘@PE OWH%WM%QSE@W?@HQWﬂ?@MEeH nent al
conditions reflect the industrial practice where the initial olefin
conver [00053]i s 10Mf$tRhck-RealesdlRflaticftestily wab GOASE tin HRirSacRIrApSas 16d1e
cat al yifuﬁur_d rg:ggs " bgn‘gwl sg" aging, 1.e. the "coke" (heavy

hydr ocBivsiEated indith b b 80 e ard 494 psig b PropwiR. THe reatant wasa mixture of Jrbutene
back of«sieig” b : = Ae@ch | LS Il |
conver o St S Yahd [schiha 0 PRFA] ARHIM et i1, TR P Reobuaye
or j ustecyde, dkgdnternal §R ratigwey eppeorimatgyty S0sCatelystrBrivaspretygated-tey heating from

br eakt i i ch. t.he cat al t,b d. |
Dt < RoaiEplidlfe 10B0bRE A YCARin'ih BoRite (@5 pillibiventn ERAE hEl e nhe
%/i)gl)g Sﬂaéftmhpdgtﬂreomk %/odoﬁvnttﬂ foopt ttadapa’fattuaea ﬁolrm)d@y%dritialﬁgﬁ)tﬂ lﬁ?ﬁ% gen flow of
el rea rou e ca wa [egener e W ow n
o oot b Yt P RE hiing 3y 21558 ot I0mirites Boldime for Bhems s CopBee
and t henodift idinRtatie MDA bRd408artd okl st, anl QCHGLASAEA of Y SRREFdcRR:

the catal yst_was tested a%%i n at the sane conditions of the first

run, oRENEPethepsodyetermnostion Avanapniteind b & and-die|zasoling (GTJ coeneyuhter
the cgﬂ@m&xmve@apa@a) The SIERREALLIndiAI rBdcPiHe In RSP FARASSARYCHE Vas

t est ed.
initjal olefin conversion is 100% at the start of run.

[00054] In this process the catalyst undergoes “bandwise” aging, i.e. the “coke” (heavy
hydrocarbons) buildup occurs from the front of the reactor to the back of the reactor, Catalyst
deactivation occurs until olefins conversion is incomplete. This effect is termed “clefin
breakthrough” or just “breakthrough”. A cycle length is determined by the breakthrough time,
after which the catalyst must be regenerated. In this experiment breakthrough is defined as the
time when the olefins yield reached 0.012Wt% of the product and recycled isobutane.

[0005S]) After breakthrough the catalyst was regenerated with flowing hydrogen, with a

heating ramp rate of 1°C/minute until reaching 275°C and then held at temperature for 2 hours.

[00056] After regeneration the catalyst was tested again at the same conditions of the first
run, and olefins breakthrough was monitored. Following end of cycle, the catalyst was again

regenerated, and a third performance cycle was tested.
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WO 2008/ 048427PCT/ US2007/ 021366 [ 00057] The performance results are
shown in Figure 2. Catal yst B showed breakthrough tines of 4.6 hours,
3.9 hour s, warndoshsgazhours for the three runs. The conpl epEr/psnimnigssce
recovery illustrated that the hydrogen regeneration procedure was

hi ghly effective. EXAMPLE 9 Al kyl ati on performance testing and

Cat al yst Regeneration: Catalyst A [00058]Catal yst A the reference
catalyst with no netals |loading, was tested in a simlar manner as in
Exanpl e 8, except that it was tested for only two cycles. The fresh
catal yqoodsay a brraakédridadt febfB aff shwRi 2. W4 B '
perforfr[gncepto Cat a \glst B. This resuléxtw,l§ rf;lfl %’3 W%ﬁﬂii&%ﬁé\i}%@%iﬁk%ﬂé}t
oct ane Hingrs ob Athonrsed S thanss, andd-hirquas fonths three runs SEhstdomipldtoperfiriymtcat | on

e ©ooranen AR Rl on KEEREN B L RO AT BB e e 6 7

rapid - - 1.2 hours. This result denonstrated the criticality of
netal s for hydrogen regeneration. EXAMELERe second cycl e performance
was so inferior, a third cycle was not deenmed necessary. EXAMPLE 10

Al kyl ation performance testing and Catal yst Regeneration: Catalyst C
Alkylation performance testing and Catalyst Regeneration: Catalyst A

[00058] Catalyst A, the reference catalyst with no metals loading, was tested in a similar
manner as in Example 8, except that it was tested for only two cycles. The fresh catalyst had a
breakthrough time of 4.5 hours, indicating equivalent performance to Catalyst B. This result,
along with equivalent product octane, demonstrated that the metal was not essential for

alkylation performance.

[00059] After high temperature regeneration, the catalyst was tested for a second cycle,
and olefins breakthrough was quite rapid - - 1.2 hours. This result demonstrated the criticality of
metals for hydrogen regeneration. Since the second cycle performance was so inferior, a third

cycle was not deemed necessary.
EXAMPLE 10
Alkylation performance testing and Catalyst Regeneration: Catalyst C

[00060] Catalyst C, the low Pt loading catalyst, was tested in an equivalent manner as
Catalyst B (example 8). The fresh catalyst had first cycle of 4.5 hours before olefins
breakthrough- - identical to Catalyst B performance. Based on its second and third cycle
performance there was some cycle-to-cycle degradation of about 10% in each cycle. In order to
achieve complete regeneration, these results indicate that the critical level of Pt is above

0.15wt% when no other metal is present.
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[ 00060] Catal yst C, the low Pt | oading catal yst, was tested in an

equi val ent manner as Catal yst B (exanple 8). The fresh catal yst had
first cyclwoaboshedszhours before ol efins breakt hrough- -piTiesmiITRI36H0
Cat al yst B performance. Based on its second and third cycle
performance there was sonme cycle-to-cycle degradation of about 10%in
each cycle. In order to achieve conplete regeneration, these results
indicate that the critical level of Pt is above 0.15wt % when no ot her
netal is present EXAMPLE 11 Al kyl ation perfornmance testing and

Cat al yst Regeneration: Catalyst D [00061] Catal yst D, the 0.12wmt % Pt /
0.10m % Ni | oading catal yst, was tested in an equival ent manner as

Catal yst B (exanple 8). The fres t had first cycle of 4.6
hours before ol efins breakthrougrﬁwhﬁﬁ ical .to Catalyst B

performance. Its second cycle also had a 4.6 hour breakthrough ti nme,

followed by a ‘h}ﬂ{%@&% %é?fo?ﬁﬁc@rt&ﬁﬁgglﬁclf@at%ﬁ bficdatforicChtalyit@S e

results denonstra at the bine ic catalyst had unusually good
cycle-to-cycle performance recovery. EXAWPLE 12 Al kylation
per f or[08061d t estCaradysaidy thedk Riw %t PtROJ Ot ati leadingCatadiisy syas ested in an

00062] Cat al yst E, t . % 05wt % Ni ' t

| oot oopapyaisnt hmes af Cotalvatk Mgl 8. The ol Ciblyst BAGALER ik Toure! B
cat a: mfoé-b arté_ﬁhé Fﬁtmctﬁm%% -Qﬂ?:rﬂica th Q?fasysbnfpenf@tho e, lts sedaﬁeammwwa -
near | dentl ca (0] a err or nmnce, er, . re sone
oy ol o A Ghey ore e et i COItEa h add BITE DESLBHRER S it (HEGCIIes Thefro
br eaktrgé'uilﬁ ABmbhdBtedl it iV RfeldMicRafily3t RRAUmuRERR KL QUB ol @tleiptFointtinbél

cycl e) ese results denonstrated that the binetallic catalyst had
mar gi megevery. poor performance retention, but was clearly superior to
the netal s-free catal yst. EXAMPLE 13

EXAMPLE 12
Alkylation performance testing and Catalyst Regeneration: Catalyst E

[00062] Catalyst E, the 0.06wt% Pt / 0.05wt% Ni Joading catalyst, was tested in an
equivalent manner as Catalyst B (example 8). The fresh catalyst had first cycle of 4.3 hours
before olefins breakthrough- - nearly identical to Catalyst B performance. However, there was
some cycle-to-cycle performance degradation (second cycle had a 3.7 hour breakthrough time,
followed by a 3.3 hour breakthrough for its third cycle). These results demonstrated that the
bimetallic catalyst had marginal to poor performance retention, but was clearly superior to the

metals-free catalyst.
EXAMPLE 13
Alkylation performance testing and Catalyst Regeneration: Catalyst F

[060063) Catalyst F, the 0.12wt% Pt/ 0.11w1% Co loading catalyst, was tested in an
equivalent manner as Catalyst B (example 8). The fresh catalyst had first cycle of 4.7 hours
before olefins breakthrough- - identical to Catalyst B performance. Its second cycle had a2 4.9
hour breaktbrough time, followed by a 4.4 hour breakthrough for its third cycle. These results

-17 -



Al kyl ati on performance testing and Catal yst Regeneration: Catal yst F
[ 00063] Catal yst F, the 0.12wt % Pt / 0. 11wt % Co | oadi ng catal yst, was
tested i n wo»opusarent manner as Catal yst B (exanpl e 8pcT/ibmoifoewh
catal yst had first cycle of 4.7 hours before ol efins breakthrough- -
identical to Catalyst B performance. Its second cycle had a 4.9 hour
breakt hrough tinme, followed by a 4.4 hour breakthrough for its third
cycle. These results WD 2008/ 048427PCT/ US2007/ 021366 denonstr at ed
that the PtCo binmetallic catal yst also had good cycle-to-cycle

erfor . j ATie6 d
ot iy R A e o B B e

| oadi ngewatyal yst, was tested in an equival ent manrier as Catal yst B
(exanple 8). The fresh catalyst had first.cycle of 3.9 hours before

ol efi ns breakthrough- - 15% | ower Cat al yst B performance.
Its second cycle only had a 2.4 @Wﬁl’gggthrough time, followed by a

0.9 hour breakthrough for its third cycle. These results denonstrated

that the N Onlﬁ’lk?l%éﬂ %&Rrﬁ%@stiﬁ@éﬂd AN stREBERTIRE LS sEBT f or mance
recovery, indicating that the presénce of at |east sonme nobl e netal

is required for regeneration purposes. EXAVPLE 15 Characteri zation
Met hod@bes#y of latakysil GRtherk HwityacNidbadingeatadyst.Ceasdesjeskis an equivalent manner

as Catalyst B (example 8). The fresh catalyst had first cycle of 3.9 hours before olefins
breakthrough- - 15% lower than the Catalyst B performance. Its second cycle only had a 2.4 hour
breakthrough time, followed by a 0.9 hour breakthrough for its third cycle. These results
demonstrated that the Ni only catalyst showed very poor cycle-to-cycle performance recovery,,

indicating that the presence of at least some noble metal is required for regeneration purposes.
EXAMPLE 15
Characterization Methodology of Pt and Bimetallic Alkylation Catalysts

[06065] A series of catalysts were prepared for characterization by CO chemisorption and
FTIR. A 0.35wi%Pt on ultrastable Y (“USY™) sample was prepared, labeled as “Catalyst H”, A
second sample, labeled “Catalyst I”, comprised 0.105wt% Ni/ 0,35wt% Pt on USY. A third
sample, labeled “Catalyst J”, comprised 0.105wt% Ni/ 0.12wt% Pt on USY.

{00066] The various lab treatments of these three catalysts are shown in Figure 3. They
are:
[00067] H2 Reduction: treatment at 450°C and 30 torr H2 partial pressure for 30 minutes.

This reduction was carried out repeatedly, up to three times.

[00068] Coke formation: The catalyst was exposed to a mixture of isobutane (15 torr) and

cis-2-butene (1 torr) at 80°C and 30 minutes repeatedly, up to two times.

[00069] H2 Regeneration: The coked catalyst was exposed to 10 torr H2 at 250°C for 50

minutes repeatedly, up to two times.
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[ 00065] A series of catalysts were prepared for characterization by CO
chem sorption and FTIR A 0.35wt %t on ultrastable Y ("USY") sanple
was preparwe,2o0saei2ed as "Catal yst H'. A second sanpl e, PCHBE0EH21366
"Catalyst |I", conprised 0.105wt% Ni/ 0,35wm % Pt on USY. A third
sanple, |abeled "Catalyst 3", conprised 0.105wt% Ni | 0.12wt % Pt on
USY. [00066] The various |ab treatnents of these three catal ysts are
shown in Figure 3. They are: [00067] H2 Reduction: treatment at 450C
and 30 torr H2 partial pressure for 30 mnutes. This reduction was

carri eqooegi] r epeabasidasuremBntt ﬁm&d&fcﬁéotchélﬁﬁo?{i%%c@iﬁﬁd rvg.géds%atelhe
catal yst was exposed to a m xture of i1sobutane (15 tort) an

ci s- 2- Bifelyse The Pighypersiongoaldheesioatad neings Pt €6bstoichibyetry pf 1:d. %h{t), thel .
[ . i O t S_exppse o]
o™ AR A ERASRPEAR e TRt R SRR e BB RARE "

2008/ 048427PCT/ US2007/ 021366
[00071] Figure 4 shows the characteristic vibrational frequencies of carbon-carbon bonds

of coke and coke precursors.
EXAMPLE 16
CO Chemisorption on “coked” Catalyst H: 0.35wt%Pt /USY

{00072] Figure 5 shows the FTIR measurements of Catalyst H in three states: (a) reduced,
(b) after “coking” for 240 minutes, and (c) after H2 regeneration for 100 minutes. The'shm‘p,
single peak at 2065 cm-1 wave numbers for (a) and (c) shows that the H2 regeneration restores
Pt to its well-defined, active state. The broad peak for (b) suggests that the Pt has undergone a

decline in its metal funciion.
EXAMPLE 17
FTIR Measurement: Coke formation on Catalyst H: 0.35wt% Pt/USY

- [00073] Figure 6 shows three Fourier Transform Infrared (“FTIR”) spectra of the 0.35wt%
Pt/USY catalyst (“Catalyst H*) and hydrocarbonaceous “coke”. These include a hydrocarbon-
free, reduced catalyst (top curve); a thirty-minute coked catalyst (middle curve); and a sixty-
minute coked catalyst (bottom curve). The key area of note is at or near 3000 cm-1 wave
numbers, a region which illustrates aliphatic (i.e. paraffinic) hydrocarbons. The reduced catalyst
shows essentially no hydrocarbon present while the coked catalysts both indicate the presence of
aliphatic hydrocarbons. The longer coked catalyst (bottom curve) had significantly more

hydrocarbonaceous material present.
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[ 00070] CO neasurenent: standard CO chem sorption characterized the
various treated catal ysts. The Pt dispersion could be estinmated using
a Pt:. COwohedusemetry of 1:1. Also, the catal yst was mowus2007d1366 a
FTIR so the particular Pt species could be determ ned. [00071]Fi gure
4 shows the characteristic vibrational frequencies of carbon-carbon
bonds of coke and coke precursors. EXAMPLE 16 CO Chem sorption on
"coked" Catalyst H 0.35wm %t /USY [00072] Figure 5 shows the FTIR
nmeasurenents of Catalyst in three states: (a) reduced, (b) after
"coking" for 240 mnutes, and (c) after H2 regeneration for 100

m nutes. The sharp, single peak at 2065 cm 1 wave nunbers for (a) and

(c) shows that the H2 regenerati Y i Pt toits well-defined,
active state. The broad peak for%ggests that the Pt has

undergone a decline in its netal function. EXAMPLE 17 FT1R

Measur ement :  CoKETIROMeRduranient H2Qadgaherafed datalisBH: 08 SviPb PUASYY
[ 00073] Figure 6 shows three Fourier TransformiInfrared ("FTIR")

spectra of the Q.35wt% Pt/ USY catal yst ("Catal yst H' and
hydr oc{i08Hac eoiguedishows thredisuriercTraudonn nfigred {3 HBH) speetea ofithel0id swit%

cat al ' 3y 1| I ve);
and o LYUPY el COMAE Yl fybbitheh, TRERR (e Riatos bPUEA ing iy ©
not e i Bigate Qs ofdhe sisyodinomebkedRtATSY) nivepls,, This catglystrwashegeheralet! isHE dére s
aliphatic.(i.e. .paraffini droc ns. The . redyced catalyst sho
oot 1t Srupiod o Bl Belirbeui” Rk oReaRrt i wonet”
i ndi cathe ldriger fime sanmerodfferlivei adhoviky Mbaeameeake. The | onger coked
catal yst (bottom curve) had significantly nore hydrocarbonaceous

mat eri al present.
EXAMPLE 19
FTIR Measurement: Coke formation on Catalyst I: 0.105Wt% Ni- 0.35wt% PY/USY

[00075] Figure 8 shows three Fourier Transform Infrared (“FTIR”) spectra of Catalyst I
(0.105Wt% Ni- 0.35wt% Pt/USY) and hydrocarbonaceous “coke”. These include a hydrocarbon-
free, reduced catalyst (top curve); a thirty-minute coked catalyst (middle curve); and a sixty-

' minute coked catalyst (bottom curve), The key area of note is at or near 3000 cm-1 wave
numbers, a region which illustrates aliphatic (e.g. paraffinic) hydrocarbons. The reduced catalyst
shows essentially no hydrocarbon present while the coked catalysts both indicate the presence of
aliphatic hydrocarbons. The longer coked catalyst (bottom curve) had more hydrocarbonaceous
material present. The major finding can be seen in the comparison of the bottom curves in Figure
6 and 8: under the same coking conditions, the bimetallic Catalyst I (Figure 8) had less
hydrocarbon buildup than did the “’Pt only” Catalyst H (Figure 6), as shown in the 3000 cm-1
wave numbers region, This unexpected result suggests that the bimetallic catalyst has a stronger

hydrogenation activity than does the “Pt only" catalyst.
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WD 20081048427PCUUS20071021366 EXAMPLE 18 FTI R Measurenent: 112
Regenerated Catal yst H 0.35wt % Pt/ USY [00074] Figure 7 shows three
Fourier Tregsheyisdnfrared ("FTIR') spectra of the 0. 35ptfusdiiddVsees
catal yst ("Catalyst H') and hydrocarbon. The top curve (sane as
bottom curve for Figure 6) is of the sixty-mnute coked Pt/ USY
sanple. This catal yst was regenerated in 112 for 50 mnutes (mddle
curve) and 100 m nutes (bottomcurve). Wiile both regenerations

wor ked, the longer time was nore effective at renoving nost of the
coke. EXAMPLE 19 FTI R Measurenent: Coke formation on Catalyst I:

0. 105W 9%Ni - 0. 35wt % Pt/ USY [ 00075] Figure 8 shows three Fourier
TransformlInfrared ("FTIR') spectra of Catalyst | (0.105W % Ni -

0. 35wt % Pt/ USY) and hydrocar bona&8sRdPERRe" " These include a
hydrocarbon-free, reduced catalyst (top curve); a thirty-nminute coked
catal yst (m curve) - ' ) . oyt om
curve). Thg‘lF ﬁ%@Pgéeﬁém.n%?gegegﬁgﬁhﬁa@%gg.%gﬁé}gwgf ig'%a‘?}ltzgl;]unber s, a
region which illustrates aliphatic (e.g. paraffinic) hydrocarbons.
The rqpeefl cat #gisd 9 SlRwhes Fenidr Tkdngfona Ihiyated CEHTBRT) speaémefithenhi | e
the coked catalysts both indicate the ;}[,e%gtr}fa of .aliphatig (“coke”
hydr odali5ai% NthaSwigmBéS Y srialysiGEaplysil ) By BrRcergPRASTO YR AP TS L '
hydr o ' AT 00 Eixfy-mtHuRoked PIIES ¥ eanplen
t he cgﬁn%g‘?é]g%?%?m?ﬁgeﬁﬁ%ﬁg%%g?\%ggﬁgr?q?:!ig_p%]re and 8: under  the I;ama
coki ngthioattilyst eas regeheratoi il Fori58 ndantes @@adlp cpvelndd 08 ympyigs (batam
hydr ocar bon LLdup . than..di " N LEL :
chonn SV Ml B0 R S iR, 08 ime e RRE LI E B mose
suggesgfhd doké. THeandjorfiriding ton beatalin site dosnparisositof dregrtiomair G EnBgNsT

ggf) I8>/ I@t@é g%g&%ﬂ?eﬁs%%fé—gg%%%k%omﬁﬁén@ he iaimetm Catal}'fst I (Figure 9) had less
hydrocarbon buildup than did the “’Pt only” Catalyst I (Figure 7), as shown in the 3000 cm-1
region, This unexpected result again suggested that the bimetallic catalyst had a stronger
hydrogenation activity than did the “Pt only” catalyst. Since the bimetallic catalyst also formed

less coke (see example 19), it is not clear if the bimetallic benefit is (a) lower coke formation or

(b) both lower coke formation and better H2 regeneration. Regardless of mechanism (a) or (b),

either one is clearly a superior and unexpected result.
EXAMPLE 21
FTIR Measurement: Coke formation on Catalyst J: 0.105Wt% Ni- 0.12wt% Pt/USY

[80077] Figure 10 shows three Fourier Transform Infrared (“FTIR™) spectra of a .
0.105Wi% Ni- 0.12wt% P/USY catalyst (“Catalyst I’) and hydrocarbonaceous “coke”. These
include a hydrocarbon-free, reduced catalyst (top curve); a thirty-minute coked catalyst (middle
curve); and a sixty-minute coked catalyst (bottom curve). The key area of note is at or near 3000
em-1 wave numbers, a region that illustrates aliphatic (i.e. paraffinic) hydrocarbons. The
reduced catalyst showed essentially no hydrocarbon present while the coked catalysts both
indicated the presence of aliphatic hydrocarbons. The longer coked catalyst (bottom curve) had
significantly more hydrocarbonaceous material present. The major finding can be scen in the
comparison of the bottom curves in Figure 6 and 8: vnder the same coking conditions, the
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EXAMPLE 20 FTIR Measurenent: H2 Regenerated Catalyst I: 0.105wm %

Ni -0, 35wt % Pt/ USY [ 00076] Fi gure 9 shows three Fourier Transform

I nfrared (Wobbkbédusgpectra of the 0.105m % Ni - 0. 35w % Pt P¢iBys20@t@ige t
("Catalyst 1") and hydrocarbonaceous residue ("coke"). The top curve
(sane as bottomcurve for Figure 8) is of the sixty-mnute coked
Pt f USY sanple. This catalyst was regenerated in 1-12 for 50 m nutes
(m ddle curve) and 100 m nutes (bottom curve). Wile both

regenerati ons worked, the longer tine was nore effective at renoving

onet ¢ ° . ger ! . f
(e porihOBIE R lys TP dad 1o i e-00R A HE R L2 b SRR Rl RO
condi t i(Bigere §has showminethe B00Cat-AIrggon. Thiskingxpeeted resoitduggested thtihecar bon
bui | dup. t di.d the," 'y". Catal.yst .. (Fi 7 inth
2000 ¢ Bl Be Saieien o Sl HearaSntdervigt e didGnd b Bl i o |
bi met aMdreoved s syein dimae $o,rtaaag3haﬁw&3ke%9aigh&rroaﬂfeiowiow%mw@gd

the "Pt onI(yéég:atal st. Since the binetallic catalyst also forne
S

| ess cBKES¥s Eatabi firgjng suggasts thad eitlsr éarihg Pt leved wiak helowithe aritisalrevel t
1S (@) frUMREGRES of MalB Eg‘gg? moﬁé})rat;boatnﬁ tﬂlﬁ?ﬂﬁ@tﬁ]ﬁ&%&»@%& @g?& Q% I@}{lﬂ:é:rﬂxat

better H2 regeneration: ess of mechanism

one i smosERirdlymawera purdundedhbylenomglx pié (it aetiieve thelsynerpiXidVBinEfi dbsérvéRvith
Measur g .+ Coke formation on Catalyst 3. 0.105W% N - 0. 12wt %

Pt / USY Fﬁ%tﬁ] Figure 10 shows three Fourier Transform Infrared
("FTIR") spectra of a . 0.105W% N - 0.12vvt % Pt/ USY cat al yst
("Catalyst 1") and hydrocarbonacegyamMm@i®'. These include a

hydr ocar bon-free, reduced catal yst (top curve); a thirty-m nute coked

catal yst (m_ddle curve); and a si xtdv)-m' nute coked catal yst (bottom
curve). The i} Measurements bi2RagenesatedCatakystr): 840HVEMNI-OAWEs RERISYT s, a

region that illustrates aliphatic (i.e. paraffinic) hydrocarbons. The
reduce al ysty. ial |, 0 drogar 1L, esent ile the
coked (HOPTD Y o TR SRR R PR E R R g e

hydr oc@i 85w NF0d 2 with oTUSTOR Satalyat Bi) siaithyiuetitbonaceousvepkdtathe top curve
signifjcantl re_hydracar bgnacgous, mat eri al esent._ The mmj or

71 nai ngeoare SRBL SR for FRErE B SR Sbemhtrrol Bl CaRDEL 0% RV yas o
6 and Bpeneraed intHIEfS 30ThimRkd @AIAEBEHE) 808900 hiifutesiBottoGirve). While both
2008/ 048427PCT7US2007/ 021366 _bi netal I'i ¢c_catal yst (Figure 8% had | ess

hydr oc&eetsFRtisns Watked.thalenasrdine was pere gffestive @hteanoysng mast pfihgaeks. The  as

ydr oCEEBSHFLS Fdisequas :
he. bi ek RSAE B Sl R el I S TR st BRR R

di d t rameR{2 xsgenerationcandigensithe bbnealic catalpss Fhgwes 9 andl i) bedletd, t he

al i phat,j TR f Qbp,t N0, 105W96 0. 12w % Pt /. USY, t al.yst
J. Thﬁé’dﬁcrglﬁéﬁé suag&e%ibg& leglatpteolkjl ﬁhg?%%g%f%e a‘ﬁ%\%’fl "i’l\g’f 38@?‘3&7’1 he
CII:] iti aegiloh.e’ll}éé urliaxpeceefdfremﬂti aglein@ggastedtﬁmthe(bﬁthetﬁliblicéﬁtysmhh@ﬁ stédtigk0 and
the mgtals |evels.were t aw.to ensure that st Pt atops were
surr mgﬁocgeﬂ%‘)@ﬁ%‘ﬂw tﬁf“ ‘?‘8 ﬂ%?cﬁ‘it 88]@! Pﬂé)’sg gq:egthg&n&etgpéﬁgptp{}?@@gxmle
Wi th 21 did not also form less coke than the 0.105wt% Ni-0.35% Pt Catalyst I (see example 19), it is

clear that the lower loading bimetallic catalyst’s benefit is better H2 regeneration. This is clearly

a superior and unexpected result.
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Catal yst |I. EXAMPLE 22 FTI R Measurenment: H2 Regenerated Catal yst J:
0.105wt % Ni - 0. 12wt % Pt/ USY [ 00078] Figure 11 shows three Fourier

Tr ansf or m wiofsew@suz¢" FTI R') spectra of the 0.105wt % N - Pcir@vdobtrd2izsk/SY
("Catalyst J") and hydrocarbonaceous "coke". The top curve (sane as
bottom curve for Figure 8) is of the sixty-mnute coked Catal yst J.
This catal yst was regenerated in H2 for 50 mnutes (m ddle curve) and
100 m nutes (bottom curve). Wiile both regenerations worked, the

| onger tine was nore effective at renoving nost of the coke. The

maj or finding can be seen in the conparison of the bottom curves in
Figure 7 and 9: after the sane H2 regeneration conditions, the
binmetallic catalysts (Figures 9 and 11) had | ess hydrocarbon residue
than did the "Pt only" catal yst @Ex0upeed3. as shown in the 3000 cm1
region. This unexpected result again suggested that the binetallic
catal ysts had a stronger hydrogenation activity than did the "Pt
only" cat al ysETIRSVesseretdeat: KIE€bahisorpti@aCaagisy o%ﬂu¢e Exieadifiatalysts di d not
al so formless coke than the 0. 105wt %\i - 0. 35% Pt Catal yst | (see

exanple 19), it _is clear that e | qwer. | oadi j ¢ 'S
bonet 000721 bet 1 Eevei? Sipatsdior i sredtial el Rl (51D B R AN [P
unexpgch eswiest-b.35wiR AR RAARIRCIEUSEA05402 N300 2wt mRMUBE 23 FTI R
Measur enment : CO Chem sorption Capacity of T{ure C@kﬁ% tall ﬁﬁd 1
10007 IBENFENE]) rftcet{bminutese! mklpg-slﬂéfetthaé%@fw a6y Brsonly ‘5@?@ Y%/‘ nad a less
0. 35w.9 / reahl -1 ' o [dMpekekdEind rkd J:
0. 105\/!P/‘?%’P%\"ﬁﬂygzi‘{fmtﬁﬁ%s@“ﬁ%%%ﬂ@F f[f’ 2%8/%5%%3? sgsdmof coki ng. Note
that tlbwermadaced IRt ThekyrveiSir hattwb panetallin ertalysts dhosverl thas () dheRtpedl Watkder
Pt peak. This indi,cates that,.t j : i

et | ghizr IeaapL 0o o vl el PR s 0g, SRl pRhetne
showedhihbatlic(catlyskeetRin the kdivgssiomad redicedBisfunetibn (bojterthansthot-pnly

defi ne narrov_verg_.ﬁ‘These _reatanI ts indi catlg t hat, upon coking, the

bi met etal)st- cAgain, s ds @ SHPSripr PRANBIPEHRLIFSEL| on and reduced Pt function
better than the Pt-only catalyst. Again, this is a superior and
unexpected result. EXAMPLE 24 EXAMPLE 24

FTIR Measurement: CO Chemisorption Capacity of Three H2 Regenerated Catalysts

[00080] Figure 13 shows the FTIR spectra of three catalysts (H: 0.35wt% PYUSY [TOP],
I: 0.105wi% Ni-0.35wt% Pt/USY [MIDDLE], and J: 0.105wt% Ni-0.12wt% P/USY
[BOTTOMY}) after 100 minutes of H2 regeneration. Note that the H2 regenerated, Pt-only USY
Catalyst H had a less intense and broader Pt peak. This indicates that the Pt is apparently less
dispersed and had lower, reduced Pt. The curves for the two bimetallic catalysts showed that (a)
the Pt peak was more intense and (b) more well defined (i.e. narrower). These results indicate
that, upon H2 regeneration, the bimetallic catalysts retain higher Pt dispersion and reduced Pt

function vs. the Pt-only catalyst. Again, this is a superior and unexpected result.
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FTI R Measurenent: CO Chemi sorption Capacity of Three H2 Regenerated
Cat al ysts 1000801Fi gure 13 shows the FTIR spectra of three catal ysts
(H 0. 35w WoPbdday2f TOP], 1: 0. 105wt % Ni - 0. 35vve' A Pt/ UsYr/pddoiRi2iss
and J: 0.105wt% Ni -0. 12wt % Pt/ USY [ BOTTOM ) after 100 m nutes of H2
regeneration. Note that the H2 regenerated, Pt-only USY Catal yst H
had a | ess intense and broader Pt peak. This indicates that the Pt is
apparently | ess dispersed and had | ower, reduced Pt. The curves for
the two binetallic catalysts showed that (a) the Pt peak was nore
intense and (b) nore well defined (i.e. narrower). These results

i ndicate that, upon H2 regeneration, the binetallic catalysts retain
hi gher Pt di spersion and reduced Pt function vs. the Pt-only
catalyst. Again, this is a superiW&E&ﬁexpect ed result. WO

2008/ 048427PCT/ US2007/ 021366 EXAMPLE 25 FT1R Measurenent: CO

Cheni sor p ngﬂ% @bdftated Catalyst

[ 00081] Fi gtﬁghﬁa%ggdé\%lt %&oé%lé%t Rglbﬁ ofeﬁﬁ{eg cat al ya'st}s(S ? C

0. 15wt % Pt/ USY [ TOP], F: 0.11vvt% Co-0. 12wt % Pt/ USY [M DDLE], and D:
0. 10w ffpds1O0- 12%&@:5’!14 siovd ROTTIORIspecarh eavh dffifresrvatalyss (@10, ¥wt%s PYUSY

1580 DB Bon etsios e USRI fedl i -hite BB A 2D
backgr m&@:ﬁ%{ 460 QSAdsl JF 125k inkAfion. M'eﬁéﬁ daﬂﬂlys@ﬂiehé ik b@pdctrgﬂwﬁ}?h

bound Since all three catal ysts have a pI‘OXI tel
equi varginwiteut & Cabackgrounditmosme @ tors). m@r@tsewra t\ﬁﬁ‘&%

ct
at al yhPeeids PE AN SRR RIS ofty e HARY SR Co ol ot 7 g'?'lhe?g Ol ts
sugge S&atél%\ﬁé hdvb @pproRrietadly E:qmvédmt &t lmdlegs;rﬁnateBmltISfcngtﬁzr@.rHQwﬁr yben

the Pt on cat al yst, Wi erf

denon SYIF%{%‘EG %Q}xra(eﬁgecg;armqh? ?’fb %‘6‘6@&% §§ @ggaﬁgégg %?{% gmf??ebco than
those gfes@edbeRAlYca dﬁt | Théde ?&ﬁltﬁu@g&kﬁ&@ﬂh@ﬁuﬁdﬁhésﬂﬁﬂh imogsméiellie lﬁmctmn
nuner ous changes an

modi ficati ons qg nade to ? aboye t%ﬁ ?glbed
And. ot then dosstSbRirABA SAIETSt SBSEROTTY - RaBEhiF Ee RGPS
scope g ?‘ ﬁ ned in the appended cl ai ns. Accordlngly thls detail ed
description oT preferred enbodinents is to be taken in an

illustrative as opposed to a limting, sens
[00082] Asp \Es)nll be recognized by those gf ordmary skill in the art based on the teachings

herein, numerous changes and modifications may be made to the above-described and other
embodiments of the invention without departing from its scope as defined in the appended

claims. Accordingly, this detailed description of preferred embodiments is to be taken in an

jllustrative as opposed to a limiting sense.
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CLAIM5S 1. A solid acid catalyst for use in olefin/paraffin al kylation
processes conpri sing: (a) an ultrastable Y ("USY") zeolite;

(b) amultinetallic material incorporated with the zeolite, the
multimetallic material being selected fromthe group consisting of
PtNi, PtCo, PtNiAg, PtNiAu, PtNiRu, PtNilr, PtNi Rh, PtNi Re, PdN ,
PdCo, PtPdCo, PtPdNi, PdNi Ag, PdN Au, PdNi Ru, PdNi|Ir, PdN Rh, PdN Re,
Pt Nl Co, PdN Co, PtPdN Co, PtN CoFe, onbi nations thereof, wherein
t he concentration of Pt or Pd in sapg timetallic material is no
greater than 0.12% by weight. 2.The solid acid catalyst of claima1,

further cpnprigi sdicd Riddeftalyse §6f alse I THBHSPLIHiIRCAIRyI6RSRI proteses
claim1, wherein the nultinetallic material conprises between about

0.01 wei g¥iMpPEsiRY:about 2.0 wei ght % of the solid acid catal yst. 4.The
solid acid catalyst of claim2, wherein the binder material conprises

bet ween about (Qof%rtm[t}%%lt%fé\;(oué%uéeo?i e% by wei ght of the solid acid

cat al yst.

(b) a multimetallic material incorporated with the zeolite, the multimetallic
material being selected from the group consisting of PiNi, PtCo, PtNiAg, PtNiAu,
PtNiRu, PiNilr, PtNiRh, PtNiRe, PdNi, PdCo, PtPdCo, PtPdNi, PdNiAg, PdNiAu,
PdNiRu, PdNilr, PdNiRh, PdNiRe, PtNiCo, PdNiCo, PtPdNiCo, PtNiCoFe, and

combinations thereof, wherein

the concentration of Pt or Pd in said multimetallic material is no greater
than 0.12% by weight.

2. The solid acid catalyst of claim 1, further comprising a binder material.

3. The solid acid catalyst of claim 1, wherein the muitimetallic material
comprises between about 0.01 weight % to about 2.0 weight % of the solid acid

catalysf.

4. The solid acid catalyst of claim 2, wherein the binder material comprises
between about 5% by weight to about 70% by weight of the solid acid catalyst.

5. The solid acid catalyst of claim 4, wherein the binder material is selected
from the group consisting of aluminas, silicas, silica-aluminas, zirconias, clays,

and combinations thereof.

0. The solid acid catalyst of claim 1, wherein the zeolite is nanocrystalline
zeolite Y.

7. A solid acid catalyst for use in olefin/paraffin alkylation processes
comprising:
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5. The solid acid catal yst of claim4, wherein the binder material is
selected fromthe group consisting of alumnas, silicas,

silica-alum nas, zirconias, clays, and conbi nations thereof. 6.The
solid acid catalyst of claim1l, wherein the zeolite is
nanocrystalline zeolite Y. 7.A solid acid catalyst for use in

ol efin/paraffin al kylation processes conpri si ng: (a)
nanocrystalling,ultrasta o I te (b) one or nore
multinetallic pgp?%{ygtaﬁ IE&GP&@%U§Q)I ite selected fromthe

group consisting of PtN, PtOo Pt Ni Ag, PtNi Au, PtNiRu, PtNilr,

Pt Nl Rh, PtNi Re(b BelBior sHeam uIRiReLHR: n@im chﬂMrﬁ@d nﬁ’ W Qébllt@ @He&bd
PdNi | r, PdN Rh, PdNi Re, PtN Co, PdN Co Pt N wher ei n

the concelifemahp@rowd corsisingref I?Wl,slatQp rﬁthAgTﬂthiAu thNaCEleri?talllm RtNigh,
reater t [ [ al
gorrprl se %ﬁll\ﬁgénlﬁ%%\% tﬁ § ’O?@?Eﬁ) \;\allglfbﬁw to a%‘g lt-"’glll%\u% EHN\F/\%# grﬁ%Nc')[fr
t he wei ghiPdNiRH, hé’cB\lthed dﬁ’d:Nm:ocatFﬁ:lNAQb diedNiCo, Pt(\liI)oF(mF vatiersior ethe
bi nder material s, se e omthe ou onsi st.i al um nas,

ol oas T doepBud Ty EAS pd Ml shtee iR aRhahg, o dredle Buaa2
mat er i al Swé@ﬁpbéﬁ!énbéhb}ﬂﬁé‘ nill?'/m@élﬁ’tﬁhﬁ?énaﬂé‘@o%n% etwserg Bboof 0foRey
solid acid catal . The solid acid catalyst of claim1l, wherein

t he mul t i Psewaiaht @%ﬁtéﬂ%% by weighé of the weight ehe golid peidinialyst agd of
PtNi, PtCo, PtNiAg, PtNiAu, PtNiRu, PtNilr, PtN Rh, PtN Re, PtPdCo,

Pt PANi , Pt Ni d Pt NL.CoFe. o). d |.d S

of claimS8, mc}' g ‘%\#h %@-gdr?tr r'ﬂ%{éﬁﬁ%o?e]%teﬁgﬁ %@t (%e%%gbp?oﬁ%ée%’fy

0. 05% andalOmirfh bsuww, Ofilica-aluminas, zirconias, and clays, wherein the binder
materials comprise between 5 % by weight and 70 % by weight of the solid acid

catalyst.

8. The solid acid catalyst of claim 1, wherein the multimetallic material is
selected from the group consisting of PtNi, PtCo, PtNiAg, PtNiAu, PtNiRu, PtNilr,
PtNiRh, PtNiRe, PtPdCo, PtPdNi, PtNiCo, PtPdNiCo, and_PtNiCoFe.

9. The solid acid catalyst of claim 8, wherein the concentration of Pt is

between approximately 0.05% and 0.12% by weight.

10. The solid acid catalyst of claim 8, wherein the multimetallic material is
selected from PtNi and PtCo.

11. The solid acid catalyst of claim 8, wherein the multimetallic material is

PtCo and the concentration of Co is no greater than 0.11% by weight.

12.  The solid acid catalyst of claim 11, wherein the concentration of Pt is
approximately 0.12% and the concentration of Co is approximately 0.11% by

weight.

13.  The solid acid catalyst of claim 8, wherein the multimetallic material is P{Ni

and wherein the concentration of Ni is no greater than 0.10% by weight.
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10. The solid acid catalyst of claim8, wherein the nultimetallic
material is selected fromPtN and PtCo. 11. The solid acid catalyst
of claim8, wherein the nultimetallic material is PtCo and the
concentration of Co is no greater than 0.11% by weight. 12. The
solid acid catalyst of claim1l, wherein the concentration of Pt is
approximately 0.12% and the concentration of Co is approxi mately

0.11% by ight., 13. The spli cid catal yst of claim38, wherein the
mui 1 et ol o Hig &Pliyeqd ARt ARt Aar ket ShteRireli oF 1) 19 <
no great espdrBRimdlel} 05010y, WAL AL concbhtrafltye oFaNi & appxmadtalyyst109f by

claim 13, wherein the concentration of Pt is approxi mtely 0.12% and

the concef€ightion of Ni is approximtely 0.10% by weight. 15. The
solid acid catalyst of claim 13, wherein the concentration of Pt is

appr oxi ly 02 . at i,gn [ 4 i .
0. 05% b;qm%i ghﬁ‘.e %‘%ﬂ%ﬁ%@ﬁ%ﬁ@g‘%ﬁig?a|ﬁ% Sy trg, g@fﬁ%ﬁbﬁ%@& Gl
t he concesppratimatelgf0.06% andpthe ccontehehijord.od8% mndpprogintatslye00584 ibyn
of Cois agﬁ[]gxi mately 0.055% by weight. 17. A solid acid catalyst
for use i¥*8efin/paraffin al kyl ation processes conpri sing:

(a) an ultrastable Y ("USY") zeolite; (b) a multinmetallic

mat eri al {gicor abRe \&Hﬁttagﬁ LA t ti ' iy
bei ng sel ect edﬂﬁ omt ﬁe gr%u Eo%ﬁgil ég{vrma g&egté‘hi h@gt%dér:{odehﬁgfl\??ﬁ gﬁ(ﬁP‘éCO
and conbiarproxmatelipnd).@@¥, anvhéreeicancentration e Corig eppraxdmeteho .85 % byPd
in said rwéibhpet allic mterial is no greater than 0.12% by wei ght.

17. A solid acid catalyst for use in olefin/paraffin alkylation processes

comprising:
(a) an ultrastable Y ("USY") zeolite;

(b) a multimetallic material incorporated with the zeolite, the multimetallic
material being selected from the group consisting of PtNi, PtCo, PdNi and PdCo

and combinations thereof, wherein

the concentration of Pt or Pd in said multimetallic material is no greater
than 0.12% by weight.
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