Bl METALLI C ALKYLATI ON CATALYSTS [0001] This
application clains the benefit under 35 U S.C 1

wQ 9(08)p48407 Uni t ed States Provi sional Applicati oPCT™MIS2007/021366
60/ 852,380 filed on Cctober 17, 2006, the contents of
whi ch are hereby incorporated by reference in their
entirety. Field of the Invention [0002] The present
invention relates to solid acid catalysts for use in
al kyl ati on processes. The solid acid catal yst includes

a mul tinet i ~0.~ DI t@ddd C OF
t et ranet al Mmmmmﬂ S'rogenat| ng

function for the reactivation (or regeneration) of the

[0001] C at al 19h°1§ applichfiéh &&%?seiﬂé Berkit DY el 39908, CT|§?19(€)’%'"(§1'11€HE‘1 States

| so relates to al kylation processes using a solid
Provxsxoaall Mp}ﬂﬂ:’aadube 64852338 Cefiled lot iQnbabek [17 ,2066,1ho nemttnts of which are

t| Back round [0003] "Al kyl ation"
herebylaéﬁnur “E@yrr Eﬁn§efrb REWEL-t i on of a hydrocar bon,
such as an aromatic or a saturated hydrocarbon, W|th
an ol efin. For examyh&d df'th® L%pg of reaction of
particul ar interest Tb‘r‘a'nt%&l‘murat ed hydrocarbon,
such as isobutane, may undergo al kylation with an

[0002] ol ef i Thegnedeat mh/agxoa -rélats it solidedoideatalgsts forase i dikiylatien
to_produce  an al kyl ate that has?hig er ﬁtanen er
processegn d haplichacid P¥t§lyﬁtrfn'f*lﬁéesgaa%‘81"i“i‘?éal 16 g% bippigHics wametallic or

PealtifitioR
enme iR AIERALEHL SO0 Blam Bttt bt it
regeneratmn)mﬁha batalysumheapresmeref Bydrbgenc tEednveatign also relates to alkylation
tripe ent.ane tane .
processc g AP R oG eB I SLh e g e e R s dgteeastion
expressed as research octane nunmber ("RON'), can
reduce engi ne knock, ' ns the need to add
envi ronnmental |y harmm%%lﬁﬁ%ck compounds such as
tetraethyllead. A second octane neasurenent, notor

[0003] oct arlRpaRET” genballly keferl t6 thedeadiontda Hyb@can’mbn duohakan
properti es of gasoline. MON_is_neasured when the test

aromatwewgq saiurptsd hydrogargen, Widhewy oleBad Forexgmple. inage tyanal fefgtion of
particuldFNetest, THRRhED siraled W5 lirocQB8n (uEHE! isbiine, 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 harmful 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 (Jlower

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
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[ 0004] Gasoline produced by the al kylation process is
essentially free of contam nants, such as sul fur and
woRasogsn7 t hat nmay be present in gasoline obt aPeEUSINY7/021366

ot her processes, such as cracking heavier petrol eum
fractions, e.g. vacuumgas oil and atnospheric

residue. Sul furoxides ("SOx"), a conbustion product,

are the primary cause of pollutants. In addition to
direct SOx em ssions, SOx can significantly | ower the

. ectiveness of catalytjc converters her eb - .
oxides (RET AT RR Profeest hEni o rrelfipfe tn aggiton to direc
SOx emkidfs, ST Van B i BdntlH A6 wirahd eff@tiveness 8f CRdTPlid@driveRersf thereby

wat er and SOx to formsul furous and sulfuric acids. - -
adverselyfimpecting hQxe NOp and (Gl emissions 0¥ Qs feix wdirpet partisulpteso - a
. mcron ran i re."inhalabl.e.parti cdl ates: that,.
combindof b8 VeleR AR SO Ip apES TR AU BPIORAM T el plotacs
normally &80 iA $HMRO eicOARMERe WBichAkS‘Gnhalible satigalark? (Ht cause health
obt ai ned by reform ng naphtha or by cracking heavier

 problemp.cspesialyro beepleivdhosulisr frgmastimagremphysqeay Alsogm)ike gasoline

. i G ef i,ns i X b .
ovane 50 gt e AR L8 R Al AR i o
if any arbRiatiés adefidl Arofintics espeoiatly baskenRge taxit)ahd oléfifs are reactive in

al kyl ation reaction is acid-catalyzed. Liquid acid

photochergical spagtipns hu¢h caysepzomgapd smegd or hydrof | uori ¢ acid,
have been commonly used in al kyl ati on processes. The

[0005] gs € Ofel él%%tﬁorﬁ%h&ioﬁl% Qéig-%ﬁél)%@&’. Eﬁlgﬁf &id %?t%lﬁ?t@’ such as sulfuric

i sadvant The Tiquid aci"ds used are

acid or hydraflusiiv ecidy hﬁmi beem gompeolyalsed)iredlkylgtiompoeesses €fteivse of liquid

. i pnent . Because the presence.pof these.acids in the ..
acid a0t SR o oA O L citRy S T PoToRye Fruiring
special duaBty2nbYd SipRnsVs EqiipmeRMBEBshse T SreftnOS §8thedeSacids in the resulting

conpl i cated and expensive. In addition, the |iquid

fuel is undsisiahle.cmp acidaempiningiinghe alylate mustde remevedaridés praeess is

. d i h [ . .1 0006]. )
complolEAERFEeb e, b BRI, W e SOaB AAPEFST. bp 06
dangero@Lif ecleatdnts tife dhaitenesn devel oped for use in

al kyl ati on processes. The solid catalysts typically

enplgy a solid acid catalyst and_a netal that praovides
[0006] 7 hydlﬁyooagiérféﬁ these audethprdeficregeies o Hapid acid catalyst solid aqgid
= . - o i . _
cunlys s el UE0EA S50 5 SRVAIPIroR Y, Bl Bl i
employ d bdidseid chtdgstcind asuetalthat hhaddes defdrogaiatianfpacti@r. Kdrexample,

0.5, Pl 5o A O O Rl Bl ust DO €5,1,0,d D1 SRSAIAE, anda
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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[0007] A disadvantage of the prior solid acid

catalysts is that the catal yst can becone rapidly
wale@sissat ed due to the formati on of pol yal kyl B EES2007/021366

(e.g. Cl2+ product) which inhibits the al kyl ation

reactions - - sonewhat |ike very soft coke. As soon as

the catalyst forns a certain | evel of polyal kyl ates,

the catal yst essentially stops the al kyl ati on

reactions. In a fixed bed reactor, an often preferred

e I B O T AL S e o
catalyst fypicallyRvquin®s &t theRARatidi FUEHIS YE stopsedRela paridd offffié. Phis

the bed i1s inactive. This catal yst deactivation

reduces prqgyrtiensandripereasss theanost gfthe plkylstion proicess) ¢speeialieby laxtesing the
“onstrea}r?eI?Ethgfﬂlgﬁfoggﬁe process produces a sufficient yield
0 e desire [

pfoduct. Regeneration of the catal yst
typically requires that the al kylati on process be

[0008] st oppkprdfatedampthbd oflregbndratioh ofEhé Satalgsius BydiBp@@Ateh. I TH
and i ncreases the cost of the al kylation {)r ocess, .
hydroge@%tﬁ@cﬁﬂawoy ip PGNP deciey 2 Bt pEGFRUPT Vit of the Peripic Table of
. ' r - At i .
he Blrf 855 A0 RS SHBL R AN TE SIBNEEOH PD, Bt e
classicalfhif\mbtinfmal E}met’aymjict)aiateyysp,gfie/hﬁ?dgégwi&r frictibn phy$3itMior no direct
. MLl of the Periodi.c.  Table of the, E ngs, | .
role in ﬂifaf#{‘ﬂemwa?twes Hé%f-_elqﬁ’é?‘él lgplézﬁc«'héré%cagr ke mfbﬁfﬁﬁtyveéiz
reactivatici {a?éé' cdRd Fegenekitionk ﬁeﬂeﬂ@f thk ARtV ated RBAGHSC TR drogenation
. (metal/acid) catalyst, the hydrogenation’function
functiong$ impportant in twtlptherso-calledlow teviperature (flewal k ywhdibighremperature
“p: Lcactions itself. [lnstead, it plays a critical role in
( hlghTfﬁ%%g??%&%svcgeswt?egabé%‘y/at ion (also called
"regeneration” here) of the deactivated catal yst. The
[0009] hydr Ogefvat kenptd hetd BdenirSade TP AE+eddY inkpto R JolitlAGId catalysts. For

so-called |ow tenperature ("low T") and high o
example; U, dublication (Naa 28PA/9162454 gesraibas am#lkylatien eatalystopwrising

o GRS R TR B S 5. A B R satin
Y provides bh alkytatowithia. highed RON/6AAS Aasj\leflb ag zbib&gi&ﬂ'uﬁl kikne fé(fj theRatalyst.
e . . v
The nangfg'gﬂ?t%l g% 5%?@{{@%20% Ql?g gfc[l%}%téggpéig %gzﬁigtﬁlé{ﬂeﬂ of 312 Pe?iodic Table
r ' i j late with a
ot BESARSI B4R QP kP L RIS Al 22 11

catabéét. The nanocrystalline zeolite Y catalyst also
[00010] | nc| gergasedheéffisiency andprotindtivity of itee ieylatiati prodesbuising solid
to provide

acid cat s(tjsf, gg%ﬁ{g?’fﬂn%ﬂ&}%dﬂﬁ%? I%%w?éevaopgé to%gﬁprove HE process o regenerating solid
acid catalysts. For example, U.S. Patent No. 7,176,340 describes a continuous process for
alkylation using a total of at least four catalyst containing reactors. However, use of multiple
reactors increases the cost of the process; this cost increase may be offset, at least in part, by the
efficiency increase of the overall process U.S. Patent No. 5,986,158 describes an alkylation
process in which the catalyst is subjected intermittently to a regeneration step by being contacted
with a feed containing a satﬁrated 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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[ 00010] To increase the efficiency and productivity of
the al kyl ati on process using solid acid catal ysts,
wQ ar08ous2Tret hods have been devel oped to i npr ovECT/82007/021366

process of regenerating solid acid catal ysts. For

exanple, U S. Patent No. 7,176,340 describes a

conti nuous process for alkylation using a total of at

| east four catalyst containing reactors. However, use

of multiple reactors increases the cost of the
and assogHBle ol bt il HeomBem B AhEische fommerci wa%ﬂity of
thealky]@ﬁ@lg:Fﬁ)@eQ S Pat ent No. 5, 986, 158 descri bes an

aI kyl ati on process in which the catal yst is -subject ed

ntermttently to a regeneration step by bei ng}l
[00011] cont dtweuldberdesizabiletochaye atsalidhagid catalyat for theedkylation process that

A A O MR N (U ——

catalyst that tbygilizeyWinletal fhrahe h?&ﬁg&ﬁhﬁF fgfetioR tHe g vides %@Nﬁ ot fifiproved
overal |l effici encg) of the al kylation process,

performanse a¢ Forapared i BleorRdpand %babmax ¢ wﬂabﬁe@t @éﬁ"éﬁrf@ﬁtsé'ﬁ)é present

mventlox"i‘ﬁ%}% % %e ggﬁn%%?%xl{ X %/rlr %%vﬁa%#ls 8 $ gz%cﬁ?agtraggs St'Prior solid

acid catahyskg/\hsadnmaikp]rauompmcessez{.OOOll] It vvoul d be desirable to
have a solid acid catalyst for the al kylation process

that provided longer run times prior to deactivation.
Itmuldalsobewf Inyention solid acid

catalyst that that utilizes a metal for the

hydr ggenati ng functi.on th pr ro
o012} 0% IR R SRV T Ber i ool sca SR Epe g
alkylatiogyaid thous: @Itthé1 sOIRVRNd €8V sts e EIk?ﬁﬁiBh phﬂ%?sn ITHRNolid acid

overcones one or nore of these and ot her awbacks or

catalyst eprapyisesazeq)ise and a pydrogenating fungtipn The @M@t maw beany zeolite known
e e Tt A NG e

embodintsht &leyl&?tbﬁhi\ﬂﬁg ) Eailﬁasﬁé B@ﬁ@ﬁﬁehﬂhyﬂi&%b@id 8 solddakid B8talySE€ The
ol.id acid catalysts in the al e])b(flratl on process.

extendedaaii aenikysen iekda XY, Z3MpH), sud EMT: rillusteite Rurposes of this
mventxoxEﬁng vv%)&tagﬁé eﬁé’@ﬁfz Qrgbo&_ H}%Ht%%g?ltff) s%ﬁzsegﬁtle?énﬂﬁ%hhﬂlﬁrastable
Y - -“US¥ d. ecmvanﬂlg/a; it ball o£2450/ bt ess) preotiesk amd cbmbinations of zeolites X
4y preferred enbodi nent, zeolites having a faujasite
and Y. structure may be used in the solid acid catal yst. The
extended faujasite famly can include X Y, ZSM 20,

[00013] and ENE hyfegendting Fhrkolibh VEo R fRfeeiblPhrolilied by a bimetaltic 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, PtPdAu, PdNi, 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. PtPdAgAu or PiNiRelrAu).

[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 function
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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i nvention, the description of preferred enbodi nents
will focus on zeolite Y (including ultrastable Y -

WO 2008%¥i48427 . e. having a unit cell of 24.50A or PEFE$2007/021366
zeolite X, and conbi nations of zeolites X and Y.
[00013] The hydrogenating function is often preferably
provided by a binetallic or trinetallic conponent.
Conventionally, the binmetallic or trinmetallic
conmponent woul d include various noble netals, for

regener: 1 ’8%@8 io&(eégt %,Figdadﬁéﬂﬁ %ﬂgtfg;&@lg E]qs_’;} %g} gwgﬁgpé,aﬁfeﬁ p%[%yst cost and -
_ s:mphfypﬁi&e reafeeri’d fdloneCestbidiaentOme ndbel BataByst £ intluble b or'thvo “3d”

Cu and Re have al so been used. I'n sone inst ances
metals aﬂ@tgr‘a\%@m o1, te%o nodie wetalsng logeas eue rpblmpighig Al ooPd. In another

| I detﬁfet“ on is a major

emb““ﬁé‘l‘gaﬁgu@@wfs tr %Jm ]?r gs]eéh a‘lglﬁq ona : %?&H nmetal lic noble

nmetal catalysts. In the catal ysts of the present
[00015]i nverDptionallythe solidagd batalystgempohen niayriatluda ifitrix material, such

provi.ded. by conbi natjon of Pt and at | east one "3d"
as alumina, 1c:(,ls1 g:a-q%gmm@ozquﬁla, elay, oy combinagipnsithereofry o

i nventors have di scovered that this synergistic
00016]COMDi Ty '
0001607 Gy BN ) AR A BV an
olefin, Suﬂeasmllkylamrad)@ns&tbmt\m&nbhtslﬁm(ldéaﬁy\mmtmer‘),eo @vattuge algasoline

ne enbodi ght/} ovel catalyst can include one or
prOdUCtg%ng%‘gm&f@d §Rg with one or two noble netals, as
| ong as one noble netal is Pt or Pd. In another

[00017) errboctnmttvanﬁaFeomte@bu@ hici@ OARIybIS ©F tHY¥ in9entReh i8 miu {Hey clude
net al s 00015] Optionally, the solid acid

multlme&éhém@nabdhqi@ﬁems ersily theoicatalysts hwmgu onlyBt esrBda whilg petforming
cquval o IRIuaSicH iR | A08: AALB oF HRRL Ri Boi nfe

readily appamnnbohmskﬂmd it thee 2 Beigechon the defailed fesceipfiomofpreferrad
as al kyl ation of isobutane wth butyl ene

uc

emb(’d"{"?rﬂ%%ﬂtiﬁif%Q 8¥ene), to produce a gasoline product

having a high RON and MON. [00017] One advant age of

the solid acid yention is that

t hey include rru??le?febtég‘% ?pt?onn(%tlt}ié?ﬂg wg&%at are | ess

costly than catal ysts having only Pt or Pd, while
[00018] per f dfigirad ieqschealatiotdroring opteireactoragsamnatd inthe piocesses
d 9 E qva t%ges of the present invention will be
escribed in :

[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-



readily apparent to those skilled in the art based on
the detail ed description of preferred enbodi nents set
wo oooslo4daet ow. Brief Description of the Draw ngBCT/08D28921366
Figure 1 is a schematic drawi ng of the reactor system
used in the processes described in Exanpl es 8-14.
[00019] Figure 2 is a graph showing the olefin
breakt hrough tinme for the catal ysts of exanples 1-7
used in the processes of Exanples 8-14. [00020] Figure

31is ; I Zl.ng,,t he experi | o r
10002415 3 e sHHBI LRI REnBiREn i weRRTEEY iy

the exanples. [00021] Figure 4 is a table summari zi ng
{00025]t he cFignradtie nigsdphcsheivirigettCokeaforfraebnl 66 9. 106 WiokNi a0d5 wi%

cok recursors. [00022] Figure 5 is a graph of CO
PVUSY&H@E?SEM ption on "coked" 0.35w % Pt/ USY catal yst.

[ 00023] Figure 6 is a graph showi ng "Coke" fornation

on 0. Y S | G4l o/ N\t S 0
ooneion © gt el ook QO0Rr fgs o s
catalystcat al yst. [00025] Figure 8 is a graph show ng " Coke"

formation on 0.105 vd% Ki - 0.35 wt % Pt/ USY cat al yst.

0002715022 R € ot B e RS D PSRRI Fi o

P/USY thiglyse 10 is a graph showi ng "Coke" formation on 0.105
Ww%N - 0.12 wt% Pt/ USY catal yst. [00028] Figure 11
is a graph showi ng H2 regeneration of 0.105 wt% N -
[00028] 9 12 I%EW}’@ bl Ay sgraphsheying Hregamestiorio§ 0165 % i v0.42 ayphh
LNg CO chem sorption capacity on different
PUUSY%%t 1'13;sts after 60 m nutes coking. [00030] Figure 13
is a graph showi ng CO chem sorption capacity on
[00029] di f f digurt 12 d¢ apnaph 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
wt% Pt - 0.11 wt% Co and 0.12 wt% Pt - 0.10 wt% 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 hydrogenafion 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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after 100 m nutes regeneration. [00031] Figure 14 is a
graph show ng the CO adsorption capacity of 0.15 wt %
weR008048427 Wt %0 Pt - 0.1 1 Wt % Co and 0. 12 wt % PeCFUS2000021366
wt 90N catal ysts. Detail ed Description of the Preferred
Enbodi ments [00032] The present invention relates to a
catal yst for use in processes for the al kylation of a
paraffin (e.g. isobutane) to an olefin (e.g. 2-butene)
to produce a gasoline product. The catal yst conprises
. .. .4 sol ig, acid zgol ite and a h ,dro%e.nati ng function. The
limited toyisg p¥ bimetals, apd hat any: miltimetaliig pratsriab orispmisinatinn obmultimetallic

i T NE -

trinmetalli'c conponent, that is incorporated primarily
[00033] i t hiNMurnéreug sadidi acd zebolites vk lnowdweeart foriuse tnalleyihii@processes.
nd .sone of the

\ Timted in thi |
Any of ‘h_%%??%%éws%ﬁnﬁty Fé"@%h%ﬁb% sPfted %ﬁyseaathewseat ighentioa. A preferred
zeolite ff@x‘ollik»l@ Sh (Rpr¥Rhl indentidaSs 5?&%&@ vi %g k‘éeu:j%fte §Hﬁ<§]ttfi’1%?suc-h”§§ zeolite Y

) OW ng description o err odi e
or zeolitg & efeslite/ Y us particilarly prefiertadi e amkspecially prafesat érhbodimeitea
.al yst t it. should be understood that the., “

nanoeryfi e PSR b o otiBte BF DBRBISALne 24qlte Y described n
U.S. PataiityNd6l, 2931581 alnl iUnite® SeitésHater® PuBIERbA Rl 80045162454, the contents

mul timetallic materials, that provides a hydrogenating
of each aflich as hesabydecarprraied dn thesentirety.he sol i d aci d

catal yst. [00033] Nunerous solid acid zeolites are

KNowp d : : ' . at Any

00030 7 S8 SHES oM AR50,

nanocrystatin¢ yenlite i dffees pivastapes winanansed imthe Alkgttioapisudss, €T dedlite has
se in the invention_is a zeolite havi

f t ng a
o enystal s 36 e R B T i, TS g Githrance of

many re£c®itd &, Pﬁo&éirﬂ%{rfahﬁf,lp?&&détﬁﬁ Rb&L4sed- Cbﬁingggﬁ ?tféga%%ﬁ%ielgé(d catalyst

_ preferred enbodi ment’,” a nanocrystalline
deactivatiereare reduchd hy ehabling i athel desirédeCd arudlacty $¢ khalé the cambist before
nd United

Y.descr.i bed i.n U S. Patent. 6, 793,91
subseaquaty Sk g Feartions s, 46 RIS C obhsmiss o) e ke precursors
.£. C1 om0k Stoqtave ; | i :
. CIBBEO oo RS, A SGLOL BRI sacins

The nanqugystaltinggelite Xicptolysiialsoxdibithigle 4stivityr thamesofise cdtalyste having
I} ffe es used in the
larger crg%gf }Ztggfi%%pgrnol (F:n §§%%ﬁ%c 7601t %cqﬂras a crystal size of
no nore than about 100 nanoneters (nm. The maxi mum
{00035] di f f Uhe bpdmbgenating duration 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 PtNi, 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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many reactants and, nore inportantly, products is
decreased. Coking and the associ ated cat al yst

wale@sissat i on are reduced by enabling 1) the deCST/USIOTBR1366
products to | eave the catal yst before subsequent
al kyl ati on reactions occur, i.e. formng 2 +
heavi es, and 2) the coke precursors (e.g. Cl2+
heavi es) to | eave the catal yst before undergoi ng
retrogressive condensation reactions. The

000361 iy bl o) S piscorpore

in the zeBlidéSishlg cOh¥@RioHaRetHhiffs | fldii
e [ Cl)0035]g The hlydrogené | %mwgﬁéﬁ tﬁg%gg‘ﬁ’g&ggs r

exampledutiah grehange ippesgostidnl of thy zeelitteut ingorporetitradfithe aniltinetal in the
symtesi ) RPASUACH b B0 BE0E R bt
incorpor@@ePIsibyaén efchahpd. ERShuRRe FElifds a&l\){] llﬁigxgest@lglﬂtli\?éé hlsabs e

. Periodic Table of the elenents. ]
multimetab gaspbroghosen toanhpngs| uptpke pf thermultimstallireomponeite Feosesdmple,

ey A6 005 b B oB iR e W repard an
used to ificorporate the biinadlliPomdportest id thé zddlite. | The dliltinidtalana) 48 be
| so be used. The invention is not limted in this

. may a , a1, A
mcorporiﬂsé 5188 agrareanyl praseshiematimperefazgdde aaf‘deubls dipt.dn which the
st g ST LASHIRRPRNSALS B oy USSR s b it
the zeolitegamd theprodesy is espeatedantiGhe dpsiléd Bmehabdfthe hudtinietalghsfbeén
. ex {]Fg, I\{bandeay be used in a multinetallic
mcorporﬁ%ﬁgg A8 rnultinetallics that do not include

either Pt or Pd, such as for exanple a TiN Hf _
[00037] CONMDiThe sbRdadl@ XatlR sepRlefibBHedHeifs3Rbm HRSut Db W@errg%t ﬁtﬂlsﬂocabout 2.0

. /(especi ally bimetallic or trimetallic) conpon
weight % atibe portametllic(etgh binesalli¢ ortrinssitalljc)nomponentomate preferably

. ' Q,,t.hose ill.ed dn.the art ch as
conins bE SR I PRIRH R IRELS AL W iy S BorPonen,
and evenzanolei préferablyi aboat P.05 akeihin ¥ofo 4bboat OB e g Vabf the mill@metallic

synthesis material fromwhich the zeolite is nade The
comp‘”‘"ﬁ'¥-eferred met hod of rmultimetal incorporation is by ion
exchange. Because the zeolites are highly selective, a

[00038] S?I t gﬁé sSIRBacT¥ bAth TR I AR RcIRRO AR ghsglrbgﬂéwﬁnkfﬂ}j ake

of the multinetallic conponent. For ex
components; pariiowtarle tesgilve physica)) intedrity (6. glesyshrstrength gedaced fines generation,

N SR A S N .
before, oZ &fRdr] the prodess BvhicARhénulietali$McBPorated 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

.8-



i ncorporated using a sequential process, sonetines
referred to as "double dip", in which the zeolite is
wezenesd2t o the salt solution, foll owed by drypPemyusnd7/021366

calcining to fix the multinmetal in the zeolite, and

the process is repeated until the desired anount of

the nmultinetal has been incorporated in the zeolite.

[ 00037] The solid acid catal yst preferably contains

from about 0.01 weight %to about 2.0 meight % of the

mul ti netal l b tall t
weight of ShayoHER MG év?cbﬁ’sfzgé% e drstrabBrbussrabon 105 53 gy weight

R

between Ubautd5%aby @e@ht/\m@hou%()% by vesightlof ihestombiinesd weighionfdhe matrlx

3 The solid acid catalyst will usually include
matenal%ﬁ@?% >?]e?l‘aIFso cal | ed binder) conponents, particularly

to give physical integrity (e.g. crush strength,

[00039] ' eduqgd n‘idlﬁﬁn%taﬂﬁ:ns%h@tabﬂrbata@}sii poefesbliMBhs adéxtrudate diameter of
macr oporosity. used, the natri x conponents can be

betweenabongsi 0-38omwi arid abnut 250unt Mﬂm@n aofixegfhaghreagterthe extrudate
aiametef i graszat s [alouttF Mme wl SfumpeD iR G Bt Sl

diameterS W%Eél@ﬁﬁdﬁ@@ Bécb SlurrPagiefy. CTHdathdyst prefdralbly has an average
alum nas, silicas, silica-alumnas, zi rconl as, clays,

micropore djamateeofiabont %4 dayheeusing zendits $0m¥ef a sol , hydr ogel
or gel, and it may be catalytically active or inert.

I f
o000, RSBl Syl AR s
conﬁguraﬁﬂrrslta( caraltyees thelreaftion lof a paraffimand] anedlgfin, podduckng aigasoline havmg a

RO BB T Ui Sy TR o s
system }GBWAGS Bfdsd Quﬁ&hinet}’l@ aft, §i8R hs 39 elftfFaisdd fRdiaRegbéd iﬂ&bés@es fixed

mai ntal ni ng suffici ent cat al yst activity in view of
fluidized beel moctesselsmbudiateﬁlbed zaaotors, slupty preeessesand fixed hesbprepgsses. For

et k25 B0 B g 2 L R G 8 Pt

No. 6, 84‘10179'0‘9 atvRitaStaRE PubRcdtidh Nox 2084/6162854, acﬂ@l céritentz 6btdch®f which
and nore preferably between about 10% by wei ght and

are incoxprated IB0sin by theisiegitety.l n a particularly preferred
enbodi ment, the nmatrix material conprises between

' [00041] ig%l Hi’? A \Ag,yth%?fkggﬁoﬁgpoc@ ﬁlg rar%rg%@gfl%ﬁg\épg §tlcﬁz§ shdifthat at least a
portion ¢fabd alkglation agent and the alkylatable compound will be in the liquid phase or the
supercritical phase. In general, the process is practiced at a temperature in the range of about -
40° to about 250° C, preferably in the range of about 50° to about 150° C, more preferably in the
range of about 70° to about 100° C, and a pressure of between about 1 to about 100 bars,
preferably between about 10 to about 40 bars, and more preferably between about 15 to about 30
bars. The molar ratio of alkylatable compound to alkylation agent in the total feed in the reactor
preferably is higher than about 5:1, and more preferably higher than about 50:1. Higher molar
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
-9.



[00039] The multinmetallic solid acid catalyst
preferably has an extrudate di aneter of between about
w@:2@8/0ss3zand about 2.5 nm When used in a fi xerchEs2007/021366
reactor the extrudate dianeter is preferably at |east
about 0.5 mmw th an upper limt of about 1.8nm
Smal | er dianeters may be used in fluidized bed or
slurry reactors. The catal yst preferably has an
average m cropore di aneter of about 7.4 A when using
zeol it 040] The nul ti nmet solid a
lower arg Qe O EGpB i< SBRPIP NGB CHFToH] SRPSH oG Qe io of
alkylatat]e @&hﬁbﬁrﬁttb AN§14tidn g‘éxﬁlo\f 1801756 lrI?@&Isidéfbd}Boﬁ P&Eﬁ‘&f "The feed
and an ol efin, producing a gasoline having ahi RON
rate (WHS\) ofithe arkyllatlam kgdmgemﬁnalbmmﬁm rmgc o @bpras (. Qk ma%ouinS preferably

el e Ry s

b ted
grams oMllg;qr IS On %?ax{x 'F)gbagrlgc ggg?rggg&m? of ﬁﬂ%hicﬁﬁtﬁ@le saturate

rs
hydrocaghon peeferably 1Fmthexmgp|oé abautd. latlola;vb@ttioﬁn Imlmublslgz yrglgrskand that the

o ot S Ay AR S oo
conditioh¥ m@ﬁﬁ%ﬁdﬁﬁgﬂﬁd’escﬁm 4boRé BRtekeMplappch of which are

| ncorporat ed herein in their entirety. [00041]

ally, the alkylation process is (gracu ced under
[000421 c ond ffthieé‘ﬁ@b%‘éﬁihﬁ Hitentign 1Sé°a§tcu&lrlgcwtt¢ t9 bsrused or alkylating

1soalkm?§nlk‘%0hx%[tt 20 CQR‘%SH %toﬂﬁdchﬂ Wobutait %Hp%nﬁﬂ{g)&qwlewﬁriek oPfhixtures

i qui ase’ or e supercrrtical phase
thereof, githeiefins haviag Ar l@axasbm doms,grefembly 26 cartioa rmpnnsmnd |ore

et SRS B g SR 370 S ARl
a partlcu'ldi‘lgts;ﬁ@feh@@ ?ﬁ%@ﬁmﬁﬁ? U’l’lkx)e7 ﬂv&rﬁm"i\h@ﬁ%t lﬁQ@e&n tﬁi@ Qeg%rd and any

sure of between out to about
appropripne ghmffub byoleBb wegrbeathidiaed inthe alkylation pmaetseto @btaamal desired
preferably between about 15 to about 30 bars. The
product. \h)'ar ratio of al kyl atable compound to al kyl ation
agent in the total feed in the reactor preferably is

[00043} hi g helrhetcaarysabﬂué pResént iavEtioR iy RIsefbenaed Sorlotlgh eypel ban
about 50:1. Hi gher nolar ratios are considered

alkylatioppspassseasur ps proFesseiiamelyinesyslontkanssar angdalkapgsy For example, the

.viel i e
catalystsa n%ﬁlgé%% %f iy #n% ?sagsnﬁ Lﬂ) ﬁ%%?ﬁe ée?an% %ﬁ‘l:“ﬂ)g ?f)(fcetglrﬁﬂ} 1?@@% %treams In
one exarhple déihe byﬂldﬂ oil (tCOMNea ﬁisnﬁatefprcm‘uotﬁsm acfipid @dckiag Catalyst
(“FCC”):%«?cessr %83‘(%15115 al%nr?nng] é:nd shgﬂ&y glﬁglated artgglztltlcnr?lllgas[ asr sautc oxtsI csetane

number is quite low - - typically 10-30. Hydrogenation of the LCO only marginally upgrades the

cetane number. Typical hydrogenated components are slightly alkylated cycloalkanes, such as
methylethylcyclohexane. In one embodiment, the catalyst can be used in a process to combine
the hydrogenated LCO with a rough-cut stream of C4-C6 olefins to produce a higher quality
diesel fuel.

[00044] Catalyst regeneration can be performed utilizing a low temperature method or a

high temperature method. The low temperature method is performed frequently, long before

olefins show up in the product composition, preferably at below about 20% of the time active

cycle of the catalyst. The active cycle of the catalyst is defined as the time from the start of the
-10-



critical, and nmay be as high as about 5000: 1.

Cenerally, nolar ratios of, e.g., about 1000:1 orl ower
ware@spssaberred for econom c reasons. I n nmany CRECT/E81007/021366
applications, a nolar ratio of alkylatable conpound to

al kyl ati on agent of 150-750:1 is considered nost
preferred. The feed rate (WHSV) of the al kylation
agent generally is in the range of about 0.01 to about
5, preferably in the range of about 0.05 to about 0.5,

e 1 L] RO 8 S St st e
catalyst—{jb%eﬁning?%c%@ct%, At 8096 AlAlkRatiH abedt Raves the catalystt-o

rocarbon prefetrably i1s in the range of about 0.1
containinglreartors@etion withows bethglvonvanttdy satcountingasomerizatior insidetthe

moleculey A I ReERHTR CRPTAE A 0 SR TN MeONRT I BE oY AR gt e

olefin fed B4 fﬂ’u‘%ﬁﬁciﬂ? fdlopETinfPRY %o@ﬁﬁn@%i@ﬂﬁ?'%)tarbf)ﬂ@&ﬂ?dt tid¥Raction
catalyst of The invention is particu arI¥USU|ted to be

temperatursed about 74F iy abxit 1909 € txrernove she@ld-nheary hydiogarbens and coke.

the o S PO AR R B8 A oo

temperatdieQ8BeneRHidhs 2@ inyperatlres BEthasn acuis 75%t0dibomr350° C. In the high
preferably 3-5 carbon atons. The al kyl ati on of

temperatprsgpaptivatonitheflow o hethdhe parafiprand dhapleln fsevieppersand hydrogen
. lxcu r ' pavention is
posis AL LN PRERREBLEATAUIERL n RBEbgEn | ©
. paraffin or olefin my be utilized in the al kylation
[00045]} pr oc @hs foliowihg akamplesiBlustratel fqatweluafithe pean Hveditien. In Examples
catal yst of the present_jnyention na | so he used for

8-14, hegeasaor isael (N TafiafebmmLly | s s8kg el therreardSip g Rloys
recycle strEXrH IRANGhiEN ﬁie%éd(%gﬁﬁgg‘él 1) 8PS (isd-Bhrafilsd) AR Pined. The

e catalysts nay I'n processes to upgrade the
olefin stremndh e comphises cit2-betenaand die svo-paraffip sseam samprises isogbatane. The

comine§ SELR e b il S ) S B 1
of the cafaPy3t 8f (he idRnfoh. THE Atdatfiniredtiéris ahinglsad aflarpéiDbRRI1¢2 to maintain
ri‘'ngs; as such, its cetane nunber is quite |low - -

the predetgmpiined legetion tedperaue. dyeamnle S GF analgsis cam bpdrpwn off at port 103

i nal | r i ey g
o he R Bt 2GS DB B 1 0 L8l o rcyoe
stream RGWaldhdk keidsted by pmpP ek iy thetaliyylation redueorali6. affenthernddition of
enbodi nent, the catal yst. can be used i.n rocess to..
fresh focd dinhHbF v ndhsfEReBy MY Bigh KentforperatatioRy gt 24 dioanhich vapor

V is dravill oftdrciP 1R t6) b ploQuit BENGE Al AP iHRHrb)iY withdrawn from the

bottom. Reactor 110 is operated as a fixed-bed recycle reactor to maintain a high isobutane to

butene ratio and simulate a continuous stirred tank reactor (CSTR). High isobutane/butene ratios
'help to minimize the formation of coke and high boiling compounds which deactivate the
catalyst. A fixed bed reactor can be used with several butene injection points at different bed
height locations to maintain the desired isobutane/butene ratio at any given location and overall
across the catalyst bed. 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

-11-



di esel fuel. [00044] Catal yst regeneration can be
perfornmed utilizing a |ow tenperature nethod or a high
w0 esoposseur e met hod. The | ow t enper at ure et hoPICT/8S2007/021366

performed frequently, |ong before olefins show up in

the product conposition, preferably at bel ow about 20%
of the tinme active cycle of the catalyst. The active
cycle of the catalyst is defined as the tine fromthe
start of thefeeding of the al kylation agent to the

abtaine B G R b BB i B b B o B g BB fom
gas cm@hdfdérasni@(ﬁcﬁpmuybﬁg WMpltddDyGht iR RBABR 0P IR ORGRRER! The

. section w theut being convefted, not counting
experiments ere coatinued untd iolefins lvecurmaddo thereadtionw predyse (aaduioff at 0.012wt%

rat | e pef formed S ractical
was defiE0 e Bheshibe i a7 STt Hiehn RS bR s iheegront
analysisiindiCatéd@eactiediiondTehd ¢adlydtydr ocar bon feed, at the
reacti on tenperature of about 70 to about 100 Cto
renove the Cl2+ heavy hydrocarbons -and coke. The nore
severe high tenperatur EXAMBLESti on is typically
performed after a | arge nunber of |ow tenperature
regenerations, at ten‘pmgetv\een about 175 to
about 350 C. In the hi ture reactivation, the
flow of both the paraffin and the olefin is stopped,
and hydrogen gasp a yst to renove
t he coke and hea\gf&ﬁérgc?g‘\g Sé&lgstaf%%%ék] The foll ow ng

exanples illustrate features of the present invention.
[00046] | n Exdephtdystcémplified haaauton commioarediN® bhdd, wizt 4 abrahercial

SN T e T
approxirh&b§T80mo:28 ifeatd C03PaIRAL R g‘h@ Latdly& WA ikl 10 1885 %%Hf{)}r use in

[

stream F-|1 conprises cis-2-butene”and the iso-para
the benchtseale perfommncs testsi(desoribethieelowh el hediisheddatl yse was labeled as
SRt via line 101 to al kylation reactor 110, which
contains a fixed bed 111 of the catal yst of the
i nvention. The alkylation reactor is imrersed in an
oil bath 112 to mai ntaigkAp@Lpr£det erm ned reaction
tenperature. A sanple for GC analysis can be drawn off
at port 103 fromthe effluent stream 102 of the
al kyl ati on rRrepdrationldf.5wWive PeCohtamitg Caalgstvi ded into a
recycle stream R, which is circulated by punp P back

to thiFaI kyl ati on reactor (110 after the addition of
[00047] f o5 Hhe Bt erferencegriplystfl.c. avithoyt 2 eespnd outhiifiadded metgBrwas prepared

with the b8mfhetEA M RstBle TS enddTr560! dU@REd in Example 1. The Pt

was added with a solution of platinum tetraammine nitrate salt, incorporated by the conventional

catalyst

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

-12-



Vis drawn off fromthe top and product al kylate A
(e.g., TMP isoners) is wthdrawn fromthe bottom
woRe@sHes42110 i s operated as a fixed-bed recycl BCT/E820001021366

to maintain a high i sobutane to butene ratio and

simul ate a continuous stirred tank reactor (CSTR).

Hi gh i sobutane/butene ratios help to mnimze the

formati on of coke and high boiling conpounds which
deactivate the catalyst. A fi xed bed reactor can be

used e 1nj i on at, .d ef.ent
0048 =5, ke BS5E) coPUL 25, ok BSH 4 om0 2hadl SLhSn
prepared ﬁzﬁlhlﬂlheﬂftﬁﬂrhﬂbﬁh althsthble 'ia(“UBW ")ri¢ied OB 000 8esRABed in Example 1.
’ overdl . across the catalyst béd. The reaction product

The Pt wsqddedypith asalugipn gfplatinem defrasoweine siteatrivaliy incarpesated by the

R

calcmatlbﬁ 20400°C iacirasufficiedtan s4lt Radlided st thﬁ%ﬁi@'ﬂﬂn?shed catalgst had
oPp2iA-trimethyl pentane (i sooctane) has a RON of
0. 15Wt/°rﬁb Tha Binishadiga f st Was pirestiack/2) mwldpéusﬁmtthnab@whﬁpales

pro RSB B pHTT010 e B P SHhsl 5u 6

chromat ographic 03.C) analysis) nultiplied by t he

oct ane nunber of the cEANPIIE 4 The experinments were
continued until olefins occurred in the reaction
product (a cutoff at 0.012w % was defi ned as the

br eakt hr ough Pesparation o€ PtY¥i Gompparative Gatelysin peaks on

t he gas chrormt ograph anal ysis i ndi cat ed deactivation

of th MPLE erence Cat“a |
100049] o1 2 RIS BesfS s asgrarsion £ PEveereR BT IE LIS ),
entitled GB¥ 500 CRETRHEASE E'xhﬁ\}ﬁleqa%e PY whs adtic QWTIEA §dl§ﬂ1c]gn of platmalm
ul trastabl e Y ( entitled CBV500, manufacture

tetraamnpipe pitratoal, m,mmadw ﬂ!@mpnmutmalehcyp@ﬁwemmdéalmg]uan The

The S Siz e 8/ 2

s 430030 T APy ¥l s B2 SR Pe st v
used such thaQ\tﬁe firf Elﬁ:dfdafagfshﬁiﬂ G.2DWM% Pt WAEcdrdbstied lﬁc%rﬁﬁhﬁdxys%p was

EXAMPLE 2 eparation of 0.5w % Pt Contai ni ng
employe@;g@ gqlq,gnp 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 PUNi 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 -



[00047] The Pt reference catalyst (i.e. without a

second or third added netal) was prepared with the
weormoisieal ultrastable Y ("USY"), entitled CBMESD0S2007/021366

described in Exanple 1. The Pt was added with a

solution of platinumtetraanmne nitrate salt,

i ncor porated by the conventional incipient wetness

techni que. The catal yst was dried at 1100C in air,

fol |l owed by cal ci nati on at 4000C in air. Sufficient Pt

f d I Jhad .
e con Sy SRR HED Bl ol LSS Flo 030 i oo
by calcinaivh at 400°Csia 4ir) Sdfﬁmbﬁﬂ@ffkaﬁ@@ds%s&?ﬁfcﬁ W'ﬂﬁeﬁrhﬁ%d%at JSt had
.descri bed below). The finished catal yst was | abele

0.05wt% Bi. cEhedfnjshed cafalystymsvmze to lﬂﬂépaﬁ:wfpwsean tig: emah-Beabe

pctorm SR Y 50 SO RS

prepared with the comerci al uItrastabIe Y ("USY"),

entitled CBV500, descrigpedpmprgEganple 1. The Pt was
added with a solution of platinumtetraanm ne nitrate
salt, incorporated by the conventional incipient

wet ness t echnPrgparatidinef Rt2aCaCymparatise GataBgt at 1100C i n
air, followed by calcination at 4000C in air.

Suf fi Pt salt was used such that the finishe

1000511 S o) S50 P iegmmpsachitang SREERTn et fdbely Bt caiaist, aPUCo
catalyst Wﬁgo bRpafa4mt e Ro ? dﬁﬂferﬁ%i%éﬁ%tqtbﬁ%qeqﬁv ?%ﬁ"élﬁs | GBV500,

performance tests (descri i SN
described in Ekyspleia$he Bbwheatidad watht edofstion’ dfplatiﬁ)iﬂd\ﬂE&EaIﬂmme nitrate salt,

oSR5SR Db 10
in air, folllﬁvédi’é;' @Qk:ﬁat\fox{ atuf@vb@ in %’Ft s&ﬁﬁi%n{?ﬁV{aﬁ%s%é& §1#clﬂqgat'tﬁ'e finished

rri) was added wth a sol ution
catalyst lp;adeﬂ Ewﬁ% Pbt A&amndneetmls uncm]mrawmsxep wasoampulopedeto add theé@o. The

Co vas G0 bR TSR B P (oo e
wetness #0Riqud) Phd catalydtiviagideied aPt 109€lih aivepllooed b? @El@mtaﬂéﬂ atl489°C in
finished catal yst had 0.12wt% Pt. A second netal s

air. Sufficiens ,C@oqagtwagﬁxsgd yehihas t}@q@m@\w@atabysah@ﬁ 9.h& wtpo CaheMinished
catalyst W&?&jﬂgq 8)@3 @es@l tﬁxo Léétlh% ? ¢ B%r?clgbur@ﬁ%ee 5 arqciéssgnbed below).

I ncor porate y the conven IOI’]
The finished batalgstovasThlecledisadaydyst W8S dried at 1100C in air,
fol | oned by

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 wt% 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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calcination at 400 in air. Sufficient N salt was used
such that the finished catalyst had 0.10wt % Ni . The

wo Rovsdisad7 cat al yst was sized to 18/ 25 nesh f orPQiBES1007/021366
t he bench-scal e performance tests (described bel ow).
The finished catal yst was | abel ed as catal yst "D".
EXAMPLE 5 Preparation of Pt/N Conparative Catal yst
(I ow | oadi ng) [00050] A Pt/N catal yst was prepared
with the comrercial ultrastable Y ("USY"), entitled
CBV500, described in Exanple 1. The Pt was added with
a solution of platinumtetraammne nitrate salt,
i ncor porated by the-conventional incipient wetness
techni que. The cat al yst rHed at 11Q0C in air, :
foll owed by cal cinati onE)gtﬁ% inair. Sufficient Pt
salt was used such that the finished catal yst had
0. O6Mik¥taHon perfemnance tastihgad CatalystRegenerationt@palystB
enpl oyed to add the Ni. The Ni was added with a

I f | t, i.ngcorporated t he
i T DB T
1llustratddﬁﬁ F@h’il Bdit 80°G, 188 C1300 Psigitétal ﬁr@éshfé\’\@ﬂe Rkt G‘vhi@ﬁhﬁﬁreaéf 2-butene

in air. Sufficlent Ni was used such
(“olefin’} t(ﬁe Q" ) And ebutene GiI)s with ad OUCIQB\MO/H!Niar rattoeoff fién |B¢Hd the isobutane

reeycle, B REHRL YA WS Bobiudidy 738 X et B bbbl byepting from

room terﬁpdilateh:etd mat@ laty BIC /s inl fodh g dir 435 ﬁﬂhﬁh)sgsdm c&al stg,Whgz hr at
Pr epar at ion of Pt/Co Conparative Cataly
this tem%w enplingdoyimeie seem é@nmf@bg\{edth}’cﬁ“b@h@glw bydmgen flow of

20 g ek kil Pt My B RO oot

to room @Biﬁﬂﬁnedﬁ@hrteéj @ded 4 phtteofichralybt, ahl) €. 77t pavesmia dd ek abovdireactant
solution of plati numtetraamm ne nitrate salt,

mixture.;The prosyeteapesitqn uastaeritRed BHEC, 'flleHh&gé?RhI\ﬁéCﬁ‘é)s%Ctane number
(RON) ﬁa@ ‘ébﬂbﬁt%& TH & peRhRhis$ Eon‘ﬁﬂﬁ)ng %%%Qt e i Q—gj F%l\cﬁ&{ wherg the

owed by calcination a In air. I clen
initial Olgﬁii Qcmmmssdm&%cahthdmn ofrenf i ni shed catal yst had
0.12wmt % Pt. A second netal s i ncorporat| on step was

tovosa] 0P BY s B g ARt md U Eaci PG St et cqt (heavy

hydrocarbmn;\y Bm‘lldlqj"ta:lcuisrfﬁ(brﬁ it o R T8adtGrab ThebiRk of iR 1@9&@1’ Catalyst
ried at 1100C in air, followed by calcination at
deactlvatm@lqs antil olefins conversion is incomplete. This effect is termed “olefin

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.

[00055] 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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air. Sufficient Co salt was used such that the
finished catalyst had 0.1 1 w% Co. The finished
W@ a108l0ys=ie7 was si zed to 18/ 25 nesh for use in tP€T/US2007/021366
bench-scal e performance tests (described below). The
finished catal yst was | abel ed as catal yst "F'. EXAVPLE
7 Preparation of 0.5wt% N Conparative Catal yst (no Pt
| oadi ng) [00052] A Ni-only catal yst was prepared with
the commercial ultrastable Y ("USY"), entitled CBV500,
descr i FddmbH ' d |
[00057]sol ut ‘Il"fgcﬁﬂe(:)r#’ ni cﬁéggglﬁltstjarr %%Heb sa tﬂ@'ﬁﬁgbﬁggﬁlﬁtg&s@yeg%eakﬂmugh
times oftbfhewtsj DA hbuisparidot. @ hoursdtirths thréeemhni Theeompldte paifainante

I at. 11Q0C in air, followed by calcination at

fe°““>2@§’é%aﬁ€§ %?ﬂt F‘?e]*@gf(f&ee FegeperRfion procedis Was Bighby effectivet
the finished catalyst had 0.5 wt% Ni. The fini shed
catal yst was sized to 1 i? gfor use in the
bench-scal e performance tes @ escri bed below). The
finished catal yst was | abel ed as catal yst "G'. EXAMPLE
8 Al Killyddtiof eifbirhACERELER ' :
Regeneryg%i onlp: Cat al yst Bg%%%g%tg%sgﬁggebggfﬁghyi%gflgstA
al kylation testing was carried out in the reactor

[00058]sy st e@atalyst A) the stferahexicatalystiwGh b aetaBA6AAing whs 4@ disiagimilar
f 2-butene

1 ot ressure. .Jeact an was, a m xture
manner pEig oy Riple £, 6xSep ] iRl GRenty mroyclisy Mg federays had a
breakthrbhgh ARk 4/Ad ideffi ' t i
w t héeIl i nt er nal Iu/95 Oﬂﬁ%%@gg\%?v%%ﬁ%%o@%ﬁé;@%b{lfs&g gﬁ:;g?sult,
along with gauivalerttpredict dethye, demphsigitedrtban thonretal sap aobéssemial for

- 30 C/mnin flowing air (75 m/mn/gram
alkﬂaﬂo&’a’% 2@@%‘}43 cool i ng

"holding 2 hr at this tenperature,
down to roomtenperature, followed by swtching to
[00059] hy dr oyfter Higlotenmperatire Tt demitiation, ake @eaalgétms t¥died Rr B8&donALycle,
0.275QC at | C m_nute, holding for hours and coolin
and olefing bf@g%’?‘&%p‘é%sa&lmeé?l)@ac A2 koaies. Edgiresuly demgnssfated the criticality of
: 7 ] e _@ahove reactant . .
meials fo Rt reterallon SRS Ik sEbdh el BB e SRR Borer o i
cycle wasmot déemeglaotssary. (C5+) oct ane nunber (RON) was
conmput ed. The experinmental conditions reflect the
industrial practice where the initial olefin
conversion is 100% at EXAMPBREdOof run.

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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[00054] In this process the catal yst undergoes
"bandwi se" aging, i.e. the "coke" (heavy hydrocarbons)
wheiosduga2pccurs fromthe front of the reactor POT/UR®07/021366

back of the reactor. Catal yst deactivation occurs

until olefins conversion is inconplete. This effect is

termed "ol efin breakthrough” or just "breakthrough". A

cycle length is determ ned by the breakthrough tine,

after which the catal yst nust be regenerated. In this

experinment breakthrough is defined as the tinme when

the olefins yield reached 0.012W % of the product and

recycl ed i sobutane. [00055] After breakthrough the

catal yst was regener at’BSAMRIE 11 owi ng hydrogen, with a

heating ranp rate of 1C/ minute until reaching 275C and

t he ld at tenperature faqr hours. [Q005 ftar

r eg&‘gﬁétﬂ?wrfq{@ng‘&% & V&%@%ﬂg&geﬁbﬁoﬂ' glf’taﬁﬁéﬁs ane

conditions of the first run, and ol efins breakthrough

was ) 3 , 3
(00061 122 CaRSPDEthe I PLREPO ARROPRY Rl caloay Mk A i an
equivalemasarinesa0ath 808 (dxatipte $)e Fherfresh catalystshadtistayelesifdvinhours

vtore ot o SIS o ST AL MRS oo
) Iits|thigd EPdI€ dThese
4o SR AU 1y { 8 BROCSARROURE o A
results derhérstraied ¢hat EheNdhiRicEI K ¢atadydt i unusvelly seodeyste-toessiclapprformance
and Catal yst Regeneration: Catalyst A [00058] Catalyst
TeCOVETY A the reference catalyst with no netal s | oading, was
tested in a simlar manner as in Exanple 8, except
that it was tested forggahpimpzcycles. The fresh
catal yst had a breakthrough tinme of 4.5 hours,
i ndi cati ng equi val ent performance to Catalyst B. This
r es Wikylatibm peyfomtahceetgstingadndrfatgdy s Regenavaticom €atalyst E
denonstrated that the netal was not essential for

al kyl ati on_performance. [00059] After high tenperature
[00062] 1 egefatalyst §£§hetwvﬁ%{‘t B/ Q5VW§(SIL’! loadiag cp ?Ysé V‘é"ééﬁﬁﬁ%[m an

. Wi i t i -
covale g FUCAAL T3l UL DB S et 5
before olefthgbrealithfouhor mgeln idengiealeo Alatabyst Bierfoemanve. Howevet, there was
some cyqi%-%-gyigéé%{g‘éggggq@gda%gn I(src]:fcoergd gyrcle haztldtahi.g goﬁ:ty Ig:rleaektl\{\r%ﬁgh 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

[00063] 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 a 4.9
hour breakthrough time, followed by a 4.4 hour breakthrough for its third cycle. These results
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EXAMPLE 10 Al kyl ati on performance testing and Catal yst

Regeneration: Catal yst C [00060] Catalyst C, the |ow
weRoBo#sdehg catal yst, was tested in an equi val BEI/US2007/021366

manner as Catal yst B (exanple 8). The fresh catal yst

had first cycle of 4.5 hours before ol efins

br eakt hrough- - identical to Catal yst B performnce.

Based on its second and third cycle performance there

was sone cycl e-to- cycle degradation of about 10%in

demonstr?x%é gléaﬁ?f & b%[ﬂ%{?ﬂ aga%ﬁ? S{Qb ?1% 1 g@ﬁ@cﬁé— -{3’2\%‘&?@?&.@3,

recoveryl S above 0. 15wt % when no other metal is-
present. EXAMPLE | | Al kylation performance testing and
Cat al yst Regeneration: Catalyst D [00061] Catalyst D,
the 0.12wt % Pt / 0. 1OEXANMPLEKHI ng catal yst, was
tested in an equival ent manner as Catal yst B (exanple
8). The fresh_catal yst, had.f]j
bei MBI R RaER IS dgH Cotetysy BbErexhons CaalAl O 5

performance. Its second cycle also had a 4.6 hour

[00064] ]?gfa;b‘?@igég 31‘ J ﬁﬁ%fb‘éﬁﬁ Rita s vgxs'?éwd ih%ﬁ%ﬁﬁi%l@ﬂﬁﬂanner

ese resu nmonstrat e
as Catalyst'B (&tanilas). I'meCﬁktsal cytalyshial ﬁmn&yﬁd cbfy3 @hws before olefins

e TS e ST e RISLY g B vt 2
breakthxcg&ggﬂﬁ%/ H%d 1§24 Bo¥Rbr BrehiQRRG3H f&Q¥s%hﬁ‘§E die. Thé&e results

0.°05m % NI | oadi ng catal yst, was tested
demonstramdahatethv ahlyrvatahyst sleywed e Gapeur yg@le@-@mg pprferngince mgavery,.
at al

mdxcatmg ﬁl@ﬁ qﬁsprgsfeg #gwgsome Cl &t fger‘ﬁ"g\i?igfaa%u{ ?eg?ﬁe{r& on Squr%)ses

per f or mance. However, there vvas sonme cycl e-to- cycl e .
per f or mance degradati OFXQW gscycle had a 3.7 hour
br eakt hrough tinme, followe y a 3.3 hour breakthrough
for its third cycle). These results denonstrated that

t heClpirgeéndativs Mahaloysgy df@d anhBghetallictAdkyletion Catalysts
performance retenti on but was clearly superior to the

met al s-free catal yst
[00065] A series of catalysts were prepared for characterization by CO chemisorption and

FTIR. A 0.35wt%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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EXAMPLE 13 Al kyl ati on performance testing and Catal yst

Regeneration: Catal yst F [00063] Catalyst F, the
wO228msePt / 0.1 1wt % Co | oadi ng cat al yst, waBCT/8S1087021366

in an equi val ent manner as Catal yst B (exanple 8). The

fresh catalyst had first cycle of 4.7 hours before

ol efi ns breakthrough- - identical to Catal yst B

performance. Its second cycle had a 4.9 hour

breakt hrough tinme, followed by a 4.4 hour breakthrough

[00070]]c or Lﬁ:@oﬁ%kﬁg gfftl thn% gi%ig}exe}g?%{?fde %r ?zte evanous treated

catalystsc ynie@tfd@pensﬂin&:olaﬁf Beodstiaiaed RV £O ﬁaﬁ%hﬁu%fl 1. Also, the
Al kyl ation perforrance testing and Cataly

catalyst Wégmértgned it F R s the paticplonBissprcicnealy bc daennimed
0.50wt % Ni | oading catal yst, was tested in an

equi le.8).
(00073) 23 368 SHBRP Bl ARraRBg Freo 2R R o hfbprchon bonds
ofcokedmrdamkbbrenugbfs - 15%Iovver than the Catal yst B

performance. Its second cycle only had a 2.4 hour

breakt hrough tinme, followed by a 0.9 hour breakthrough

for its third cycle. THEXMPEEdPts dernpnstrated that

the Ni only catal yst showed very poor cycle-to-cycle

B 1 catOSErBTRBH ontRked Lo Ata s RuGRRer ot on
pur poses. EXAI\/PLE 15 Characterizati on Met hodol ogy of

[00072] Pt a'F‘i’grﬁé g%ﬁé\'v& e ﬁlk%@fsﬁr@ﬂleﬁ@%ﬁ‘qﬁ iyt %10 ?lgél?L states: Qaz)reduced,

series of catalysts were prepared for ¢ &P 17 AL
(b) after 5ok@m”dhed Gwimptésoande) afEIHR refeferabost f4P10®minutes. The sharp,

single pe%iég %’(ffiic?rll Hwav% "3558 ﬁ%gﬁﬁ?‘%m F‘gg@e@gr ?xgg{zlaq%ggr{e?q%ogsrestores
Pt to its @Q%éﬁﬁﬁ?egg}é@ gg&‘fé gl?!allﬁr)c/)gctl peaRfap (%zvﬁggs g{g\ﬁbat ?bésﬂ rg?g Rndergone a

decline ipyity mataldfmetion. USY. [ 00066] The various |ab treatnents
of these three catalysts are shown in Figure 3. They

are: [00067] H2 Reduct ment at 4500C and 30
torr H2 partial pr essuﬁwﬁéﬁ m nut es.
FTIR Measurement: Coke formation on Catalyst H: 0.35wt% Pt/USY

[00073] Figure 6 shows three Fourier Transform Infrared (“FTIR”) spectra of the 0.35wi%
PY/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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This reduction was carried out repeatedly, up to three
times. [00068] Coke formation: The catal yst was
wezEesesd21 o a m xture of isobutane (15 torr) apdI/UusS2007/021366
cis-2-butene (1 torr) at 800C and 30 m nutes
repeatedly, up to two tines. [00069] H2 Regeneration:
The coked catal yst was exposed to 10 torr H2 at 2500C
for 50 m nutes repeatedly, up to two tines.[00070] CO
nmeasur enent: standard CO chem sorption characterized
the various treated catal ysts. The Pt dispersion could
be estimated using a Pt: CO stoichionetry of 1:1.
"Also, the catal yst was itored via FTIR so the
particul ar Pt species g%r}ﬂpgg I§et er ni ned. [ 00071]
Fi gure 4 shows the characteristic vibrational

f 0,
or ccu i 188abhert Bl 19 RE Rl e AU aCh G R BULEY
Catalyst H 0.35wt %t /USY [00072] Figure 5 shows the

[00074] FTI R F@L@s ar@fm@ tifredF otk Tratisforid Tnftafel r(qel“lﬁ”%}%‘étra Gﬁéhe 0.35wt%
after "coking" for 240 m nutes; (c)

PYUSY a#tﬂléfﬁt (f—@aﬁﬂb’géﬂe)raéldﬁb’drqcetbomoﬁlmﬁop GUBYS . (SamtﬁEaSS!mnom curve for

pie o A S0 I B i B 2

50 minutes I(m:ddﬂaé ¢uree) andd oo mm&a{wmﬂw&y) OFvhiReh fegbndritions worked,
suggests that the Pt has undergone a decline’in its

the longgrdimg Wasmers effectips@ivempving most pf e seke-enent :  Coke
formati on on Catal yst H 0.35wm % Pt/ USY [00073] Figure
6 shows three Fourier Infrared ("FTIR")
spectra of the 0.35wt Wgﬁw&t alyst ("Catalyst H")
and hydrocar bonaceous "coke". These include a
FIRIVIEAAERHN Coe HARHPADINGA éﬁt o(lto@nvt%mm 35v@% PYUSY
thirty-m nute coked catalyst {m ddle curve);

si xtym nute coked catal yst (bottom curve). The key
[00075] ar ea Fagure 8tshows thate Enuri&eﬁ‘ran@fa»ﬁﬁ Infrarkd WEGVERN)speetrs of @atalyst I

0105w D R Prut S Eieoabarpis - ki BEuBHuas Fdrocarbon-
free, redﬁ&d%ﬁﬁ[}%ﬁ?bﬁ enrve); ﬁﬂﬁﬂ& n‘ﬁfﬁhie%ok&?ca‘fﬁ?ﬁ%ﬁﬁl@&yﬁé)g afPh Bixty-

i ndi cate the presence’ of
~ 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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al i phatic hydrocarbons. The | onger coked catal yst
(bottom curve) had significantly nore
whyasoesHebhonaceous materi al present. EXAMPLE 18PEUR007/021366
Measurenent: H2 Regenerated Catal yst H 0. 35wt % Pt/ USY
[00074] Figure 7 shows three Fourier Transform
Infrared ("FTIR') spectra of the 0.35wm % Pt/ USY
catal yst ("Catalyst H') and hydrocarbon. The top curve
(same as bottomcurve for Figure 6) is of the
si xty-m nute coked Pt/ USY sanple. This catal yst was
regenerated in H2 for 50 mnutes (m ddle curve) and
100 mi nutes (bottom curve Wi |l e both regenerations
wor ked, the |onger ti PLEHE ef fective at renpvi ng
nost of the coke. EXAWMPLE 19 FTIR Measurenent: Coke

i Nisgommrn 1o Reletacted CuabRol O s NI e DSy

Infrared( FTIR') spectra of Catalyst I (0.105W % Ni -

0. 35 . Fhesteh
[00076] i\ '(%Ia W?%ggeg%oﬁ%iree “fpﬁc ca glqﬂg? t8% ©

0.105wt% Niloe?Swt%{ 1270 SY}CatﬂlysE (“aeatab}se ?’) @atl ?Igmbalbnnaﬂ:dbl@ rcmdmgg“coke”)
and a sixtym nute coked catal yst, (hottom e
The top dame (380 A potiRm EUIVE ToRFighre ﬁ?sb*rofé%ﬁ"%’n‘?&‘ %\3%’?’3’ sample.

This cataﬁrs{ SEl R B%@%éﬁﬁ%gb:fg d5u cegﬁc at(a AL brveParid 1%%&5.{6“5&10111

droca yst shows essenti al |
curve). Wﬁllé‘l b@lthoe@nbmmm onket], thi ildngelt tirae wak obre effedtiveat repasving most

of the col:ceg %ég ,Ezlrtlad@krgqfl g% Esee O g%rﬁs@g) ﬂ}fﬁ’ %h&ﬁvesm Figure 7
and 9: afé%)’ ﬁfe%ﬁ’l‘é W&g&%&xmﬂitﬁm, I@ﬁ@ﬁlﬁ{&alha' etalyaj D(Figirad) hgl less

can be seen in the conparison of the _bottom cur%eg wg
hydrocarborgbuilsdug thardig the@eenlyhEatelysel digursd).@sshown Pffkem-1

region. Thigumapeerarive| oot PP iR By WilOr aioags

hydroger@fioR A&ty thart 871 (RO OB diﬂ?"]catlmse Sincerhe bmnagho oatalfysi aso formed
unexpected result suggests that .the

less cokedseeupapldrid. & IsnotSHULIt the WS brISHt I 1oie) ogkfhrmation or
(b) both g g ﬁ $ he megthlﬁ%ebgegt%{eﬁ% %‘%&nw IREetggll%lé: gbaéxechamsm (a) or (b),

either onblis dlea B SepRtioEnd RRPEdd esuur e 9 shows three Fourier
TransformInfrared ("FTIR') spectra of the

EXAMPLE 21

FTIR Measurement: Coke formation on Catalyst J: 0.105Wt% Ni- 0.12wt% Pt/USY

[00077] Figure 10 shows three Fourier Transform Infrared (“FTIR™) spectra of a .
0.105Wt% Ni- 0.12wt% Pt/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
cm-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 seen in the

comparison of the bottom curves in Figure 6 and 8: under the same coking conditions, the
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0. 105wt % Ni - 0. 35wt % Pt/ USY catal yst ("Catalyst I") and
hydr ocar bonaceous residue ("coke"). The top curve
W@ s@s®4837 bott om curve for Figure 8) is of thePCT/US2007/021366

si xty-m nute coked Pt/ USY sanple. This catal yst was
regenerated in H2 for 50 mnutes (m ddl e curve) and

100 m nutes (bottom curve). Wil e both regenerations

wor ked, the longer tinme was nore effective at renoving
nost of the coke. The major finding can be seen in t he

bt AV a8 1R S BB oA Cataly 1
(Figure B), w8 bldvir 1 the 8OO0/ &rh-1lre r%hgpl'h§ uflx ggé&gd Gk sﬁ %5@9 M
bui | dup than did the "5Pt only" tal yst %/ gureggé

bimetallig;catalysthad A Strw&es bmrogmallon egiaty. thamdid the iéRtpm&x"e@htalyst H.

MOI‘COVEIE gygﬁov@qﬁ %gt‘?‘ hi%%ﬂ eg\g %lnﬁvatlpﬁgz% 0C ; aI S(S 1Ppto
Pt/U SYOGhtnyleIafI'ﬁisMﬁidmg%d@g@st:i fhat é?th@?gzme' 1% 167 dla¥ 5&10%1 the cntflcal level

rmed | ess coke (see exa is not clear I
for effethén%F pethat (3 Tl’iééféﬁ@l@f nago @aq thecmﬁals &mb wese et fowrto@nsure that

better.
most P pilns 08 i R4Fded BY o B4 T p SRR SR pre observed with
Catalystdi t her one is cl early a superl or and unexpected

result. EXAMPLE 2 1 FTIR Measurenent: Coke formation

on Catalyst J: 0.105W % Ni - 0.12wt % Pt/ USY [ 00077]

Figure 10 shows three EXAMBLER2ansform Infrared

("FTIR") spectra of a . 0.105W% Ni - 0. 12wt % Pt/ USY

PRk it M Stenemd R G LR A Rae sy

(top curve); a thirty-mnute coked catalyst (mddle

[00078] Cur Veﬁxgur@ﬁﬁd sﬁov% ke F&gi& §rmQtoed 16fk2h X‘sﬁni%g%%{?% of the

curve) . key area note is at or near
0. 105Wt%9NEO ﬂam% rP$/U Sy f“é@tabyst Iaend ihlydrosarbanasowd ‘I‘cpheit The top curve

same sl B 0 5 AR L ot v

regenerafé@llﬁﬁ HXHRk 3b )ﬁﬁhﬁte@&ﬁﬂdl%ﬁﬁ@ lﬁ@ﬁmﬂft&s(gﬁﬁﬁn%&ve While both

al i phatic hydrocarbons. Thé |onger cok cat al
regeneratipat Worked. the bngpridme was infore effiedtiye abreenoving most of the coke. The

meir 48 CAEBRE YR ThloBSER e S, TR 10801 e e

same H2Miegttieeation @badifions) ltld:ﬂﬁrﬁe’fhﬂl SRy EOFif\ge£ Rl { l)cmﬁ,less
ure_8) had | ess hydrocarbon

hebi [ |
hydrocanhgp feg et%r?glﬁf ig ft:}?Ft Phio Onlpt cqs%w (F !BateaT)y%& shawnRh ghe 200§)cm-1
region. T¥s ﬁ@bté&eﬁﬁ?zg%@rﬁglg%gﬁgd EEO2Bimdi iR cgﬁ%%%%ﬁ%%tmnger

resul t” suggeste
hydrogenation activity than did the “Pt only" catalyst. Since the bimetallic Catalyst J of Example

21 did not also form less coke than the 0.105wt% Ni-0.35% Pt Catalyst I (see example 19),itis
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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bi metal |l i c catal yst had a stronger hydrogenation
activity than did the "Pt only" Catal yst H Moreover,
w@soosloesan7 i n Figure 10, the aliphatic coke wasPai/ghmn7/021366
for the 0.105w % 0. 12wt % Pt/ USY, Catal yst J. This
finding suggests that either (a) the Pt |evel was
bel ow the critical level for effectiveness or that (b)
3 Ni/Pt nolar ratio and the netals | evels were too | ow
to ensure that nost Pt atons were surrounded by enough
Ni to achieve the synergistic benefit observed wth
Catal yst 1. EXAMPLE 22 FTIR Measurenent: H2
Regenerated Catalyst J : O 1 Obwt % N -0. 12wt % Pt / USY
[ 00078] Fi gure 11 sho urier Transform
Infrared ("FTIR") spewpi%t#g 0. 105wt % Ni - 0. 12wt %
Pt/ USY ("Catalyst J") and hydrocar bonaceous "coke"
T?ﬁ%%&h&%‘%& méhaﬁlsegﬁfoﬁrua adityeo i Rired CelkideCAlyits

e SIxty-mnute coked Catalyst J. This catal yst
was regenerated in H2 for 50 m nutes (m ddle cur U&
[00079] and mmrem:mnom thdBTIRspectun otthree\tatal ystigt: 19.35wt% PYUSY [TOP],

005 ER S Sb PR b S bR B

[BO’I"I‘OMu]? dhO%GRhRS o?%@ﬁng NNoREth&ARD B6KeaOP-6ly Usa( CatalyetH had a less

ves In Figure 7 9: after the sane
intense and trpaderatipeak.c Bhid mdlzms thattike B inepparently léﬁtdammeé and had

lower, reéviqu%#{gg%hg ﬂ?rr&g%gq} hehtg\g) 1%1e§fallt%c%{a?§s?sr %’(beﬁ?ﬁdt g%ethé ?tﬁ&ak was
more 1ntéd§€ a&@@? n?d'fh Ivellertingd (nhifosve)n Thpatadisindicdte thmgaipon coking, the
that the binetallic catal ysts had S&lr(iﬁ%[
blmetalhhyambfgérr@tmndhe Bt:dnsmrﬁlynﬂwéwda?t’di Rufgnetion bSHny‘ﬁan ¢ Ft-only
t al Si talyst J of Ex le 2
catalyst. I@%ﬁ“&){ﬁl&ls %Iflgpe?fa or m@eggécgégk anat %Z 0. 185vvt' %an'p ©
Ni -0.35% Pt Catalyst | (see exanple 19), it is clear

that the | ower | oadi ngeKiAmmIcH p4c catal yst's benefit

IS better H2 regeneration. This is clearly a superior

and unexpected result.. EXAMPLE 23 FTR Measurenent: CO
FTIRAMitasoreptenorCCEheamisoyptioh Chipreity dioituee HaReggrarated Catalysts

[00079] Figure 12 shows the FTIR spectra of three

oosn 5% 235 e R iy 035w s 1P
I: 0.105vAoA RO Mo Op ki3t PADDYEY, and J: 0.105wt% Ni-0.12wi% PYUSY
[BOTTOM]) 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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[BOTTOM ) after 60 m nutes of coking. Note that the
coked, Pt-only USY Catalyst H had a |l ess intense and
whe@adess2Pt peak. This indicates that the Pt iBCT/US2007/021366

apparently | ess dispersed and had | ower, reduced Pt.
The curves for the two binetallic catal ysts showed
that (a) the Pt peak was nore intense and (b) nore
wel | defined (narrower). These results indicate that,
upon coking, the binmetallic catalysts retain the Pt
di spersion and reduced Pt function better than the
Pt-only catalyst. Again, this is a superior and
unexpected result. EXAVPLE 24 FTIR Measurenent: CO
Chemi sor pti on Capacit yESAMRBIIR25 H2 Regener at ed

Catal ysts [00080] Figure 13 shows the FTIR spectra of

three catalysts (H .0.35wt % Pt/ U
FTR Measurmebid @@emomépaﬁy o g HibRggaperited Clhis
Ni -0. 12wt%Pt/USY [BOTTOM ) after 100 minutes of H2

ooost) 29°B5h3} bEMf P Rk, 2 bEBEEKRh ke o ik puusy
[TOP), ngl 19 “&%c@@@tmw/mmsm EMBDDLE], 21 &: nitOivitd Ni58. 12wt% Pt/USY

i spersed and had | ower, reduced urves for h
[BOTTOMD aften! ¢ mmxms qf@%@sﬁwy@wg §ﬁbﬁi§§ qangst ﬁ!g;e iSRSPgsirum Wit
k
s iR A o PR 0o TR MR O bbkgron

upon

appear td &gg\ﬂ&f sifnilar mdldfwmbloﬁfytthé hghtlﬂadmﬂm sn ﬂwtl%tt Pinteghdhree
i spersion and red nct|

t.h
S S N g A AR a%m%%ﬁeﬁ%%{avef when
W RAS YAEPRY andFNEBRATy §8 ketbin@dte CO than
viewing Stg%:etet &H?? ég:d;gécgg ene?geteed C%ntdal ysts 00081l °
does thePit gulye;ath&yss h'd)‘hﬁseu'vamltF?ﬁhggesmwﬁhqablgg:@ﬂih@fhayh mase metallic function

o eSO ot b LR b kg o
blmetallf’E/ USY [BOTTOM ) after 100 m nutes of H2 regeneration.

or each catalyst there is a spectrumvvlth and wi t hout
a CO background atnpsphere ( 1 to

The .

[00082] s pec tAnwill bawsaesmizaddysishesedi SetERT ﬁk’é‘df’ ‘Q"oﬂfbgasﬁg jop ghe teachings
| ; .
herein, n,y{n@r%}asgd@gng%% aﬁ?%édgﬂf@%g % @éfbé ﬁﬂgée {%%grggﬁ)}{é cfétg:eﬁ’&yéd a8 other

embodirBénis yethe idveRtion Q@tdbiitgﬁapamhg ﬁorreﬂmm)pe as dafimed én thetappended
However, when view ng . the

claims. dgereghmgindhis el e AR te s pboEmépsds fufRdeis nan

1llustrat1"v£:1 Aopposed to a limiting sense.

-4 -



does the Pt only catal yst. These results suggest that
the binetallics have nore netallic function than does

wo b@sPis4onl y cat al yst, consistent with the perPOr/IsI00®021366
benefits denonstrated by the binetallics. [00082] As
wi Il be recognized by those of ordinary skill in the
art based on the teachi ngs herein, nunerous changes
and nodifications nay be nade to the above-descri bed
and ot her enbodi nents of the invention w thout
departing fromits scope as defined in the appended
Wealaim: Accordingly, this detailed description of
preferred enbodinents is to be taken in an

) R AR S e Al e

aI kyl ation processes conprising: (a) a zeolite; (b) a
rrult ageggell dﬁc material incorporated with the zeolite.
olid’acid catalyst of claim1, further

conpr|3| ng a binder material. 3. The solid acid

cat a(y)si nedtiéailidraterid eicdiporite@ withahd teolikas a
faujasite structure. 4. The solid acid catal yst of
claim1, wherein the nultinetallic material is

2sel edhesolid anid catelystraf olrimdn firther eemprising abindexmateriphvn,

Pt Cr, PtV Pt Ti, PtFe Pt Cu, PtN Ag, PtNlAu Pt N Ru,

Pt Ni | | Rh Pt PdCo, P . PdCr
3pdvs ﬂbﬁrﬁoh i gatalppsy él?‘mgv W&Rﬁem@??ﬁﬁi& b gg@"égf ture.
Pt PdTi, PtPdFe, PtPdCu, PdN Ag, PdN Au, PdN Ru,

4 Pd N' (L%E sﬁgc{;%]c% gag%gy' J?%lmljr?t lNkNQQrel @@'ﬂ@tmﬁhﬁ%g@nal is (sjelected

I'natons’thereo e solid aci
ﬁ@ﬁt ﬁxle)gﬁdupcn‘onmbmmﬂPMBm, RtMh Pt Rt VBT RiFe, PiCu, PtNlAg,

i SR P S Bl ey, o

Paqie' ﬂtpa@odp@amlmamaf pioliet, rpu’z’dv Vthd"ﬁl PtHdpe, Maoie rPleAg,
mat eri al ri ses etween about %

P, DD aRE BN, FRGR o b o HPNICo, PINICOFe, and

acigd catalyst of claim6, wherein the binder
cg}gﬁgl‘a?grp ge ggl ected fromthe

5. The solid acid catalyst of claim 4, wherein the multimetallic material comprises

between about 0.01 weight % to about 2.0 weight % of the solid acid catalyst.

6. 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.

7. The solid acid catalyst of claim 6, wherein the binder material is selected from the
group consisting of aluminas, silicas, silica-aluminas, zirconias, clays, and combinations

thereof.

8. The solid acid catalyst of claim 3, wherein the zeolite is selected from zeolite X,

zeolite Y, ZSM-20, EMT, and combinations thereof.

9. The solid acid catalyst of claim 8, wherein the zeolite is nanocrystalline zeolite Y.
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group consisting of alum nas, silicas,
silica-alum nas, zirconias, clays, and conbi nations
wo b@esoed427 8. The solid acid catal yst of clai mBCT/US2007/021366
wherein the zeolite is selected fromzeolite X5
zeolite Y, ZSM 20, EMI, and conbinations thereof. 9.
The solid acid catalyst of claima8, wherein the
zeolite is nanocrystalline zeolite Y.10. The solid
acid catal yst of claim8, wherein the zeolite is an

16, " 3kl adid H% %%cl%iflrk%o%lfe %ﬂﬁbf‘%'g 38 hR LK AbbR'Y (usY).

conpri si ng: (a) nanocrystalline zeolite Y (b) one or

MOr e Adblid A63d adthlyst foPHRIh BleFin/pAsdH iR Ik L6dn 'pPoJeE's.“és compnsmg

zeolite selected fromthe group consiSting of

Pt Co, PtWn, PtCr, PtV, PtTi, PtFe, PtCu, PtNlAg

Pt Ni Ad) nd?bbﬁyaallinlétzb&)liteﬁ( PNi Rh Pt N Re, PdNi , PdCo,

PdCu, PdWn5 PdCr, PdV, PdTi, Pd Fe, PtPdCo, PtPdN ,

Pt Pdl\/h Pt PdCr, Pt PdVv, PtPdTi, PtPdFe, Pt PdCu, PdN A

PdNi /(h} OIFEHON; rp@*e npdmnptalllcpg@tpm{s mcgmorge i the @Qphte selected from

LR s PP 0, S M SE BT g o,
PNGRA, PZNﬂr  BNIRhVRINGRE, RalNi] PACoMPdCGh) PANIn ] Il’tECI’;‘»BHVﬂPcBHl Pd Fe,

and nmore binder nmateria

) .one_or
FBAGh,hANT Bikcib H i PN P T BT at%z% ¥ dNiye PANiAL,
ﬁdiﬁﬁRngAMhC ?aﬁilﬁ{ 'Pﬁgh}Qé FRNKY 'Pglshffé ipp 0 PtNlCo e wherein the

I ca- al um nas, “zircodi as, ays, efeln
mhilhichetal licaineterials sompripy betwecheabmﬂem()s %Whp yevght gmboanmom by

% lid acid catalyst. 12. A process
Y36 tﬁ%ﬂ%{?lgg%ofta?e ?ﬂﬁﬁch’rﬁ’s ¥tfai fins conprising the
steps of: (a) providing a solid acid catalyst

CONDPILPdi%br Jr@ BiddEﬁngzggg s?i@l:t%% ﬁﬁ?ﬂg& ofo ﬁgxgﬁﬁgo%feselected

i ncor orate Into t I Nl ng
foom thergrowy &orisiting bﬁalhmdras,cmhdasmhw-dlﬁmme, zifconias,end clays,

| kyl ating,agents in the esen f said c
it BB Forte el G se Feveeh S PR Ehana O e i preight of the
sbBd g&igq%g,sgl kyl ate pr odgct.

12. A process for alkylation of olefins and paraffins comprising the steps of:

(a) providing a solid acid catalyst comprising a zeolite and a multimetallic

material incorporated into the zeolite; and

(b) combining one or more alkylatable hydrocarbons with one or more alkylating
agents in the presence of said catalyst under conditions that result in an alkylation reaction to

produce alkylate product.

13.  The process of claim 12, wherein the zeolite has a faujasite structure and the
metallic material is selected from the group consisting of PtNi, PtCo, PtMn, PtCr, PtV, PtTi,
PtFe, PtCu, PtNiAg, PtNiAu, PtNiRu, PtNilr, PtNiRh, PtNiRe, PdNi, PdCo, PACu, PdMn, PdCr,
PdV, PdTi, Pd Fe, PtPdCo, PtPdNi, PtPdMn, PtPdCr, PtPdV, PtPdTi, PtPdFe, PtPdCu, PdNiAg,
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13. The process of claim 12, wherein the zeolite has a

faujasite structure and the netallic material is
w@elsotsad7 from t he group consisting of PtN, PPCDUS2007/021366

PtMh, PtCr, PtV, PtTi, PtFe, PtCu, PtN Ag, PtN Au,

PtNiRu, PtNilr, PtNiRh, PtNiRe, PdNi, PdCo, PdCu,

PdWh, PdCr, PdV, PdTi, Pd Fe, PtPdCo, PtPdN, PtPdWh,

Pt PdCr, PtPdV, PtPdTi, PtPdFe, PtPdCu, PdN Ag PdNi Au,

PdNi Ru, PdNiIr, PdN Rh, PdN Re, PtN Co5PdNi Co

pavia, R Py S Rk TR BN 5 PABSES! e B

combinatichs tHd¥6ofPr ocess of claim 13, wherein the aI kyl at abl e
hydrocarbon is a-paraffin and the al kylating agent is
an olefin. 16. The process of claim15, wherein the

14ar aThé processiof claihd3ewherdintthezelied iszedkte ¥ .but yl ene or
m xture of butylenes. 17. The process of claim 16,
wherein the paraffin conprises isobutane and

13.sop&he piesessph glaimd 3owb¢rpw the sy latable hydracarbpngs @ parpffin and the
alkylatlnglaé(etnltJ {s%n olefin.

16.  The process of claim 15, wherein the paraffin is isobutane and the olefin is a

butylene or mixture of butylenes.

17.  The process of claim 16, wherein the paraffin comprises isobutane and

isopentanes and the olefin comprises a C3-C5 olefin mixture.
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