. WD 01/91901 Novel alkylation catalyst and its use in alkylation %:MN 2@(
2004.- PCT/ EPO1/ 05845 5 The present invention relates to a novel a? I 4
cat al yst . and ot/bmouse thereof .for .the al kyl ati on of hydrocacirars1/oddks hin
the framework of the present invention, the termalkylation refers to the
reaction of a hydrocarbon, such as an aromatic or a saturated hydrocarbon,
10 with an olefin. Wthout limting the scope of the invention we wll _
further illustrate the invention by discussing the al kylation of saturated
hydr ocarbons, in general branched saturated hydrocarbons, with an olefin
to give highly branched saturated hydrocarbons with a higher nolecul ar

wei ght. This reaction is of interest because it nakes it possible to

obt ai n, t hr dloyk! alkglatios catadystaricits abeiis aliytation Wi th an ol efi n contai ni ng
2-6 carbon atons, an al kylate which has a high octane nunber and which
boils in the gasoline range. Unlike gasoline obtained by cracking heavier

trol f t,] ] . at her i i due,
Gasol 1 ne obi Era 3t HFRoftin FRHECIEE Bl adlFteR BR0R ao itk dberasfon
as sul phur ardhaizliky@afsh 8Ney@Bcldorel ean burning 20 characteristics. Its
hi gh anti-knock properties,” represented by the high octane nunber, |essen

the need to add environnentally harnful anti-knock conpounds such as | ead.

Al so, unlike g_lasol i ne obtained by reform ng naphtha or by cracking heavier
pet r ol eum f VEEID $he Trameyork of thenprasest invgntionatiie taranakyledioorrefarsdoithe,

LT, onnLFERERLE) i SBEBHARR, sl U BEi AR 27 g BBl o
(Poor o ah  du nap e e sugl SRS i g
probl ens. Fie inventior by distysising thenalkylladiod dfyshtogted hidacadsorsy, én geheed! Y
TS Bt e s R o S o S e s i B
resul ting fugfrhd hydrocarbons with a higher molecular weight. |
This reaction is of interest because it makes it possible to obtain, through the
15 alkylation of isobutane with an olefin containing 2-6 carbon atoms, an alkylate
which has a high octane number and which boils in the gasoline range. Unlike
gasoline obtained by cracking heavier petroleum fractions such as vacuum gas
oit and atmospheric residue, gasoline obtained by alkylation is essentially free
of contaminants such as sulphur and nitrogen and so has clean burning
20 characteristics. Its high anti-knock properties, represented by the high octane
______ number, lessen the need to add environmentally ﬁarmfu! anti-knock compounds
such as lead. Also, unlike gasoline obtained by reforming naphtha or by
cracking heavier petroleum fractions, alkylate contains few if any aromatics of
- olefins, which, environmentally speaking, is a further advantage.
25
The alkylation reaction is acid-catalyzed. At present, in commercial alkylation
equipment use is made of liquid acid catalysts such as sulphuric acid and
hydrogen fluoride. The use of such catalysts is attended with a wide range of
problems. For instance, sulphuric acid and hydrogen fluoride are highly
30 corrosive, so that the equipment used has to meet high quality requirements. -

Since the presence of highly corrosive materials in the resuliing fuel is

CONFIRMATION COPY



CONFI RVATI ON COPY 2 3 NOV 2004 WD 01/91901 PCT/ EPO /05845 2 objectionabl e,
the remaining acid has to be removed fromthe alkylate. Also, b@cauggy diil4

t he phase g%oﬁgﬁ% ons which have to be carried out, the process is
conplicated a us expensive. Besides, there is always tHhRCTEBR/OSHAt
toxi ¢ substances such as hydrogen fluoride will be emtted. 5 A newer
devel opnent in this field is the use of solid acid catal ysts, such as
zeolite-containing catal ysts. Thus WO 9823560 describes the use of a
catalyst containing a zeolite, such as a Y zeolite, and a hydrogenation

and.  opt ona Py et e [gPamiar A PER o€ dmpBhatom Reandtais Alseon

and, optionall'y, a matrix 10 na suc

of sat ur at ecbénairsecalr thenshasthseigdratibhe viageh Wa%%%é)éartriléhso@?gg éﬁﬂg'&g is

satisfactory, there is still a need for further increase o
activity, setepicateqg anthdhus gpensiyeoBeasives, thatealsy shways thehask 1AM toxic

surprisingly, Qu that the perforpance can _be further inproved 15 by
choosi ng theSL@J}?%P%?ﬁQ"?%?%bggm&?@kﬁqorﬂi{g%@)bﬁ gBIttRA.i 0 between (i) the
volunme ig catal yst pores with a dianmeter in the range of 40 - 8000 nm and
(i1) the specific length of the catalyst particles is in the range of 0.01

- 0.90 n /(g mewer ddyeibbmenttimlthofididviel e, e df@%fiﬁ?%&gy%ﬁ%lkét[sgtrsu:cﬁaf%e

0.20 nmug and (¢) the volune in the catalyst pores w
range of 40-Z800t-Reniaining cslalpstsoThae WO §823560 deseriietharisd oba &italyat ned

in nore detgj] ow, _The present ipventjon pertains to a catalyst suitable
for use in tadr?@t%ﬁ{{& %lzﬁ8ﬁteo13”°|ﬂ€§r%g'a4%ﬁ% I arhydirgnnation fuackioystuch as
particles cemErbgh\lichdbE" O fUNCE | olid agjd, wherein
the r at%c()) bet vvéenp( I ﬁ&%@%gﬁﬂﬁ.%@é %ﬁ@s@l b%@ﬂ@@ﬂmﬁpﬁ Qpﬂ‘?réﬁi@t & MaH% he
range 01040 maigdia suchaasi allininat retigpakividtion shedilrapéd
particles ii in the range of 0.01 - O. g(g _MI(g*mr)randrfxgg?%%%\é‘é%?hoth
catal yst hadh@ HQSE%!“ Ohibisipatadystds sajistactory? thenegisastil 4 meedofourferther t he
increase of catalytic activity, selectivity, and stability of these catalysts.

It has now surprisingly been found that the performance can be further improved

15 by choosing the catalyst features such that (a) the ratio between (i) the volume
in catalyst pores with a diameter in the range of 40 - 8000 nm and (i) the

_ specific length of the catalyst particles is in the range of 0.01 - 0.90 ml/(g*mm),

{b) the total pore volume of the catalyst is at least 0.20 ml/g and (c) the volume

in the catalyst pores with a diameter in the range of 40-8000 nm is below 0.30
20 mig. |

The invention will be explained in more detail below.

The present invention pertains to a catalyst suitable for use in the alkylation of
hydrocarbons which comprises catalyst particles comprising a hydrogenation

25 function and a solid acid, wherein the ratio between (i) the volume in catalyst
pores with a diameter in the range of 40 - 8000 nm and (i) the specific length of

- the catalyst particles is in the range of 0.01 - 0.90 ml/(g*mm) and wherein the
catalyst has a total pore volume of at least 0.20 milfg and the volume in the

catalyst pores with a diameter in the range of 40-8000 nm is below 0.30 mifg.




catal yst pores with a dianeter in the range of 40-8000 nmis bel ow 0. 30

m /g, WD 01/91901 3 2 3 NOV 2004 PCT/ EPO1/ 05845 In the fol | ow rdy3t N8VpBads
havi ng a dwvameseniin the range of: 40 = 8000 nmwi |l be denategro1/05845
"“macropores" and the pore volune in these pores will be designated as
"macropore volune". The specific length of the catalyst particle is defined
as the ratio between the geonetric vol urrg and the geonetric surface of the
solid part of this catalyst particle. The determ nation of the geonetric
vol ume and the geonetric surface is known to the person skilled in the art
and can be daihe &dloving the goresBavingscdiepnrter in e 285255840 + 8006 nmowébbé hat
the specific Ienefq%,h is differ eqr;:%i iI"r omthe 10 dianmeter of the catal yst
particle. ESFNOGE,MACOPOies A ina B ‘{/‘gynﬁdf‘tq BF% PORRS Wikbe depignatashas er
is four to 9} | | # (depending on the dianmeter and the |ength of
the particl egﬁétchwtér\\@‘gﬁgdi fic length. Further, the dianeter of, e.g., a
sphere is six tinmes higher than the specific length. 15 As stated above, it
rs essential_to the catalyst of the present invention that it. has a ratio
bet ween acridisosresifis lﬁﬂgférﬁf tspecatalyst pertiple: is defihed rrantie oitic0bétwveenOtHao

m/(g* . As further stated,above, it is essentjgl to the catalyst of the .
pr eggnm nv@ﬁpf’ijﬁn? NRlume 3ng Ymetﬁlﬁr%’r%@euﬁtﬁtﬁ sgiid | Ragt of @?'é@a’ﬁﬁdshnd
that the r s bel ) : | 0 |.n,.the

(conpar at i vERT e Pae Bekibtiohs of the qEomBeil yelrf® At AUkl Sutacs:

per f or manceis rknblwei & kitkapeeonobkilizdriaceiden bagdsan fbd haariedtdi®, Rej wegn

macr opore vol une and s%ecific | ength and/or the total pore volume Ts
out si de t hesleseabgpin DER235455. dbisynoted dhatdhiespesificdengthaisr difiereat frohutie and

Peci figal ength i e .20 m/[(g* re preferably above 0,30
T g+ Inﬁr? -%si?én%/cag?@% P r?ér@p%%n?ae%}éafta&%v@amclﬁsthe |
refera HRME @ ; *t!ﬁ“ib- b rr S
ﬁas a tot'ZlI l?%ore vz) u?re r(t) g%t Ie%%?‘n%észgib#?; Qfé peq{o‘?ﬁﬁonetﬂe d]%eié}ear&a{h@ Y
length of the particle) than the specific length. Further, the diameter of, e.g., a

sphere is six times higher than the specific length.

15  As stated above, it is ess‘enﬁal to the catalyst of the present invention that it has

a ratio between macropore volume and specific length in the range of 0.01 -

0.90 mif(g*mm). As further stated above, it is essential to the catalyst of the

present invention that it has a total pore volume of at least 0.20 mi/lg and that

the macropore volume is below 0.30 ml/g |

(o 20 As is shown in the (comparative) examples below, the catalyst shows a
significantly poorer performance in the alkylation of hydrocarbon feeds if the
ratio beiween macropore volume and specific length and/or the total pore

volume is outside these ranges.

25 Preferably, the ratio between macropore volume and specific length is above
0.20 mli{g*mm), more preferably above 0.30 mlf(g*mm), and even more
preferably above 0.40 ml/(g*mm), as well as preferably below 0.80 mi/(g*mm). It
Is further preferred that the catalyst has a total pore volume of at least 0.23 mi/g

and most preferably of at least 0.25 mi/g.
30



and nost preferably of at least 0.25 m/g. 30 2 3 N OV 2004 WO 01/91901
PCT/ EP01/ 05845 4 Preferably, the catalyst particles have a specif BCNU?”%U‘@

of at lea nore preferably of at |least 0.16 nm |
Sk ?9(’Frenast é’g{%ﬂﬁ’ﬁ%%t h

preferably of "a 0.20 mMm The upper limt of the sp

preferably.lies at 2.0 mm nore preferably at 1.0 nm and nost preferably
at 0.6 mm The particles of the catalyst of the invention can have many
~different shapes, including spheres, cyl#nders, rings, and symetric or
asymmetric polylobes, for instance' tri- and quadrul obes. Preferably, the

ore. oot or Shry SpVIMHE A Buified HaECh A ook 28 fo T

nore preferably of "at | east and

mm The uppemote picferafbly bé ahlexstde16 pam, istiderdisapedferaty of e addst d.2esmat.
10.0 mm nore preferably at 5.0 nm even nore preferably at 3.0 nm
Preferably, HifeUpReyBptal theispreilicdageth presenabhobes at 8.80wmj ingre preferalily

preferably f 8.t0 0. 30 / a ven nore preferably from0.08 to
0.25 M/qg. éFﬁen@ E’Hﬁaﬂ}g{n%%rﬁs%%%@yfqg)oémaci d, such as a zeolite.
Exanpl esgof zeolites contained in the catalyst of the invention are
Y-zeolites, including HY-zeolites 20 and USY-zeolites, zeolite beta,

MOM 22, and THe\baficld?r of tieabhialysthuf thedhiéRtiors caX-Hae! inafyWitirent Whzpese! |
size in the_ranﬁ%g of 24.34 - 24.72 angstroms. Mre preferably, the zeolite
is a Y-zeol iMQduggEpaies.: cylisderssirings;, andeyrmmelic of agymretrie polylotesyFor ons

and a silica; L na. lar ratio .in the range 7-18 a st . preferably the
zeol | teI i Is ?%gg%rﬁ"ggﬂﬁt Hui&ﬁﬁgtﬁe%eﬁm{ﬁ@ Yi ﬁhﬁh@a%gpﬁmog?&. 2"’@"9253/'1
24.58 angstr i 8 | {iS@ ' rAakd Qmnl - 5.
ne otarod abacradnfafide disfefer OF BRI U i dnofe pRAcFIper B iRadfo®

sui t abl 80 hywnimo gadatriosh prefecablprof at Bast dobmirs €Ehea uppet iimifl b tHepbherams al .
The - Goup WVIIIL nople netal ,preferably is contained in the catalyst in an
anount of 0 Rgiticle giameter preferably ties at 10.0 mm, more preferably at 5.0 mm, even

more preferably at 3.0 mm.

Preferably, the macropore volume ranges from 0.05 to 0.30 ml/g, more
15 preferably from 0.08 to 0.30 ml/g, and even more preferably from 0.08 to 0.25
- mifg.

The catalyst corriprises a solid acid, such as a zeolite. Examples of zeolites

contained in the catalyst of the invention are Y-zeolites, including H-Y-zeolites
20  and USY-zeolifes, zeolite beta, MCM-22, and MCM-36. Preferably, the zeolite is

Y-zeolite with a unit cell size in the range of 24.34 - 24.72 angstroms. More

preferably, the zeolite is a Y-zeolite with a unit cell size in the range of 24.40-

24.61 angstroms and a silica:alumina molar ratio in the range 7-18 and most

preferably the zeolite is a Y-zeolite with a unit cell size in the range of 24.24-
25  24.58 angstroms and a silica:alumina molar ratio in the range 7.85-13.75.

As stated above, the tatalyst comprises a hydrogenation function. A suitable -~ =
hydrogenation function, e.g., comprises a Group VIIl noble metal. The Group
VIl noble metal preferably is contained in the catalyst in an amount of 0.01 - 2

30 wi%, and more preferably 0.1 - 1 wt%, calculated as metal and based on the



30 wt% and nore preferably 0.1 - 1 w% cal culated as netal %?aﬁﬁ@ ﬂ?‘ﬁlr
the 2 3 Nov 2004 WO 01/91901 PCT/ EP0O1/ 05845 5 wei ght of the soli

Pref er abl ywat1@i®ioup VII |1 nobl e metal conprises pall adi unecuiEPmrssss

pl ati num Preferably, the catalyst additionally conprises a matrix
material. Exanples of 5 suitable matrix materials are alumna, silica,
titania, zirconia, clays, and m xtures thereof. Matrix materials conprising
al um na are generally preferred Preferably, the catal yst of the invention

conprises 2 oI| cid nd 98-2 W% of the matrix materi al,
based on thé’”?'@t\f‘,\g VGE? E’ r%rﬁ)ﬂc.ﬂae 16y Vil reRenmetal spmprisesnt

I n the catal the catal yst conprises 10 - 90 wt % of
the solid a édmﬁ?égdﬂ%ﬁvﬁq%of the matrix material, based on the total
wei ght of the solid acid and matrix material contained in the catal yst.
Even nore preferably, the catalyst conprises 20 -80 wt% of the solid acid
and 80 - 20 Reefzrablyt Hee watalyst additonally congtrisps ed enattikymaterial SBxamieaf of he

15 solid.acid.and 20 50 Wt%%:‘a the matri x rraterlal based on the total
wei ght of thEakl ToatEK; MatRAaltaEre xalmieR; sliconiianiad 2iconie slyal 3ﬂ§1d | f

i1 o um ARret FAEDL AR R ROSE-RRR AGRA bl BBbcBT B TR 20

titanium or tin, mxed oxides of zirconium nolybdenum tungsten,
phosphorus, etc., chlorinated al um nium oxides or clays. Prefer abl y, the
cat al yst cori’é*e’&rablesﬂmcatalwt of the hwénbgermﬂmme‘wma wi% of & sdlid aeld,

and, optional |l ivr\@} X mater. al re preferabli/ t he_ catal yst consists
25 essenti a3y %@ é(ﬂf ithe m%"”&"ﬁﬂ"&”@l‘ | basesier the telal weight 0 ae spiid acid

terialg | S t e h t nt| | | ree of
rgr e ea*rt h tr?lenltda étﬁ%d erﬁ% éFéée&‘i’ {n 2%% %%EB%{ ITMOQ-F b?ef%ﬁéo @? é/at !VSte
preferably, cbhﬂaris@%&lQ/SQO(Wt% df'ﬂ@e solid &eRf &8d 90NN §kSH 85 BRMlafiA bha?éné}
Goup VIII noble nmetal. conpound, a zeolite, and a matri-x, wherein
2004 based on the total weight of the solid acid and matrix material contained in the
catalyst. Even more preferably, the catalyst comprises 20 --80 wi% of the solid
acid and 80 - 20 wt% of the matrix material, most preferably 50 - 80 wt% of the
15  solid acid and 20 - 50 wi% of the matrix material, based on the total weight of

the solid acid and matrix material contained in the catalyst.

if desired, the solid acid can also comprise non-zeolitic solid acids such as
silica-alumina, sulphated oxides, such as sulphated oxides of zirconium,
20  titanium, or tin, mixed oxides of zirconium, molybdenum, tungsten, phosphorus,

etc., chlorinated aluminium oxides or clays.

Preferably, the catalyst consists essentially of a hydrogenation function, a solid
acid, and, optionally, a matrix material. More preferably, the catalyst consists
25 essentially of a zeolite, a Group VIll noble metal, and a matrix material. It is
further preferred that the catalyst is essentially free of rare earth metals and/or
Group VIl non-noble metals. Thus, most preferably, the catalyst of. the.
“invention consists essentially of a Group VIII noble metal. compound, a zeolite,

- and a mattix, wherein



WD 01/91901 6 PCT/ EPO1/ 0845 (1) the zeolite consists essenti al lhﬁ of oxidic

conpounds (oxides and hydroxides) of a Group |11 elenent, suchZas NOV 2004
al um ni umwgﬂgéiﬁfu of a Goup 1V elenent, such as silicon, Poﬁﬁ)gshonal ly,
oxi di ¢ conmpounds of a Goup | elenent, such as sodium and/or of a G oup

Il elenment, such as calcium 5 and/or of a Goup V elenent, such as
phosphorus, and, optionally, additional I% ammoni um and/ or water, and (ii)
the matrix is selected fromthe group of ®xidic conpounds of silicon,

alum num titanium zirconium Goup 11 netals or mxtures thereof. 10 The

catal yst cafi)bethy epeslite an@[s@eéégénﬁalw toxidibe doRspsinds (OxieBl Gid
process conprises the successive steps of (1) shaping, e.g., extruding the
sol i d acid conshydimides)sytd Gnawp il #lereentyistichggs aluminiumaandibr ok ar@iterg al |

to formparticl ,,(11),calecining the resultin articles, and 1 Lii

i ncorporgti ng t&%ﬂ?éﬁéﬁ'&ﬁi%s'ﬁﬁ%ﬁ (T Bly HEO%'QF%PWPBOHQSQ Pgﬁt(ﬁr ), a
e.qg., |i regnat i LGl M.t j f o) ' al
co?rponerrlr!to agd/ O?‘B%};ﬁ %?b%%{éﬂé iat%i %‘M\dino%ng(%gr;ggh%g?&iﬁt[le%ﬁﬁfe%’e%{ﬁaé%gglggﬁi yst
can, e.g5, be prAgmredf by GralipPaLsslefIM isticRYat NBhoSHITIaSS ianed, d%;ﬁma%, 20

(i) incorporating the hydrogenation function into the solid aci
constituent or additionallyiarvuoniuot antdéorsvated ared d constituent and the matri x

material, (ili) shaping, e.qg. xtruding the resylting material, to form
particl es, ARd ﬁ‘(e[ imﬁ*ﬁ’?falscgﬁleﬁgeci HEem&e OroKpP FPLJlr ?4"3?%@”@“,“5*? hef edicany st
Is particularly ' : | f bons. The
I nvention ther eﬁmh?m’ﬁﬁ%ﬁhggr aclahlsi}%”gét% ﬂsnéé%w{)ﬁ@?%g{%d@gf@dgf t he ‘
invention in the alkylation 'of these feedstocks. As stated above, this
conprises the reaction of a saturated hydrocarbon with an olefin or olefin
precur st i hereatalystsandwe prepaieddat argassses actmionvienthieoimdusingi Adypicghl y
branched saturat ed . . . .
process comprises the successive steps of
() shaping, e.g., exiruding the solid acid constituent, optibnaﬂy after mixing it
with a matrix material, to form particles,
(i) caleining the resulting particles, and
15 (i) incorporating the hydrogenation function into the calcined particles by,
e.g., impregnating the particles with a solution of a hydrogenation metal
component and/or by (competitive) ion exchange.
Alternatively, the catalyst can, e.g., be prepared by a process comprising the -
successive steps of
20 () incorporating the hydrogenation function into the solid acid constituent or
into a mixture of the solid acid constituent and the matrix material,
() shaping, e.g., extruding the resulting material to form particles, and

(i) calcining the resulting particles.

25 - The catalyst is particularly suitable for the alkylatioh of saturated hydrocarbons.
The invention therefore further pertains to the use of the catalyst of the
invention in the alkylation of these feedstocks. As stated above, this comprises
the reaction of a saturated hydrocarbon with an olefin or olefin precursor in the
presence of the catalyst of the invention to give highly branched saturated

30 . hydrocarbons with a higher molecular weight.



30 hydrocarbons with a higher nol ecul ar wei ght. WO 01/91901 7 2,3,NOV 2004
PCT/ EPO1/ 05845 Preferably, the hydrocarbon is a branched saturalze%i NOV 2004
“hydr ocar boXOMEKIEs an i soal kane having 4 - 10 carbon at orCT/EPGANRE48S ar e
I'sobut ane, isopentane, isohexane or m xtures thereof, wth isobutane being
nost preferred. The olefins 5 to be used in the al kyl ation process
generally have 2 - 10 carbon atons, preferably 2 - 6 carbon atons, still
nore preferably 3 - 5 carbon atons, and nost preferably 4 carbon atons.
Most preferably, the al kylation process consists of the al kylation of

| sobutane with butenes. 10 As will be evident to the skilled person, the

| kyl ati i .| wSul table f I ncl udi
i o dr ze. badopy age Bk PTriRbeN 1 b, bHored S Sed Hflmcpibboniduas e
process may ibsalkdite hedingus I n02dsBRCAtotls. iedimaRYl Bl ILBRRI SeofARHRN ;Qy

separate olefin addition. In such a case, the process o

be carried dphaxanearimixipasdheranfdwithrisomaanebeindndst bedfeeredl ThE Slefins
eondi ti ops 3(5 knowa to . the skilled person. Preferably, an alkylation
process dsed imth 8lg0 pocapp|daneralthdiqyeoless0 carixtint iatoras,

Tenver at ur e P SCY & 5 Sefhadl APy B o Bkl s geSrespuoms, and
hydr ocar bomdst pleféiablpr 4! GimeH 4Roms2 Wdst (Btctanly > AL LiNPRiiP 17661400

-15010 - 4050:1 - 1000:1 nost preferre
Pref er abl y, cansistgeoidhatalkylatien bhisphertase withdutbees.i n WO 9823560 is appl i ed

i 10 As will be evident {o the skilled person, the alkylation process can be applied iﬁ
any suitable form,l including fiuidized bed processes, slurry processes, and fixed
bed processes. The process may be carried out in a number of beds and/or
reactors, each with separate olefin addition. In such a case, the process of the

invention may be carried out in each separate bed or reactor.

15
Suitabie_ process conditions are known fo the skilled person. Preferably, an
alkylation process as disclosed in WO 9823560 is applied. The process
conditions applied in this process are summarized in the following Table:
Temperature | pressure range { molar ratico of saturated
range [°C] [bar] - hydrocarbon fo olefin
preferred -40 - 250 1-100 5:1 - 5000:1
more preferred 0-150 10-40 50:1 - 1000:1
most preferred 60 -~ 95 15-30 150:1 - 750:1
20 '

Preferably, a regeneration technique as described in WO 9823560 is applied
during the alkylation process. More in particular, during the alkylation process

the catalyst is preferably subjected intermittently to a regeneration step by
being contacted with a feed containing an- aliphatic compound and hydrogen,

25 with said regeneration preferably being carried out at 90% or less, more
- preferably at 60% or less, even more preferably at 20% or less, and most

preferably at 10% or less of the active cycle of the catalyst. The active cycle of



during the al kylation process. Mdxre in particular, during the alkylation
process the catalyst is preferably subjected intermttently to 23 NOV 2004
regenerati ﬁoﬁ}?%’? by being contacted with a feed containing an al i%ﬁbaticﬁ
conmpound a ViPbgen, 25 with sai'd regeneration preferabl FOENYBFried -
out at 90%or less, nore preferably at 60%or |ess, even nore preferably
at 20% or less, and nost preferably at 10% or |ess of the active cycle of
the catal yst. The active cycle of 2 3 NOV8004 WO 01/ 91901 PCT/ EPO1/ 05845 8
the catalyst is defined as the tine fromthe start of the feeding of the

al kyl ati on ipgeastaiser TR B W ' r :

the catal yst- cont gi n%% reac%%gwé;gg}ei gﬁ 200/?% thgwa%egfr‘ tlﬁﬁéz@gﬁ%’&{

| eaves the cagetityistthecmonenti when eirc compeeisbhowithiths cstitrdreienef ganeatdipd.
not counting isonerisation 5 inside the nolecule. Optionally, in this

process, t he"UURRAINGs feRERT Hecian) Bfed’ Ther Pbdialian poept deaiaghtheesptatyatur e
ti [ 0. the. h . __Thi s, hi gh-tenper.at )

eoener at i oA SY RS s WiRglt BARE convisth Mitcbasing: Seaagsatiom

nor e pr eger dhkidedhe Irhelecu®d ASpticmslyTes khiel Sioekad) ﬁhea&at%xg%t Ecgﬁ\?%c%ﬁféﬁ:téé

details of this regeneration procedure, reference IS na

9823560, ' areriadiqadiy tto cuhigh-tempeagiurd regémeation witPhpddgeade the ghi Phada,

t hrough page .13, .|jne 2. The use of the catal éSt of the present invention
in the above ?%ﬁﬂ%ﬁf@?ﬁ@%@é@geneﬁmﬁ prafesably garaed fouh at arfempsrature of
(amount of L0 4 e i yverted 15 i,n the reactjon hi gh
C5+ al kyl at ceg’talééé%}d‘i @&QS’H@%&@E@%@ gbﬁggar @%a Banﬂrraeﬁl‘b%r@?%f?’b'yd%%iz%@b the
overal | wei glio°g! Faredétils FTSHREBgeHdationigiB n fis AHd $ot
amount of undesired C9+ by-pr oductgs caﬁ be F?eg‘tgcgl?rgf ggfégﬁgpgt%erﬁw@%g?y@@s
stabi | i 1§ cdB23569, madiimpastiedar ko padet4iilires & -reSprdtparfe Bhise 13 through
paraneters, ref e{ﬁ'ﬁa@o%s made to WO 9823560. 20 The foll ow ng

char act er i zat4%hn was applied in the present invention: The macropore
volune as well as the total pore volune were determ ned via

The use of the catalyst of the present invention in the above alkylation process

_Jesuits in a high olefin conversion (amount of olefin in the feed that is converted

15 in the reaction), a high C5+ alkylate vield (weight amount of C5+ alkylate

‘produced divided by the overall weight of olefin consumed) and a high octane

number, while the amount of undesired C9+ by-products can be restricted and

the catalyst's stability can thus be improved. For detafls in respect of these
parameters, reference is made to WO 9823560.

20
The following characterization method was Tapplied in the present invention:
The macropore volume as well as the total pore volume were determined via
mercury intrusion on the basis of the Washburn equation
25
D= 4y cos@
p

with . D being the pore diameter, p being the pressure applied during the

measurement, y being the surface tension, taken fo be 480 dynes/cm, and 6



mercury intrusion on the basis of the Washburn equation 25 D4y 2@%0\’32%4“
D being the pore dianeter, p being the pressure applied during

measur emerwp og/omitng t he surface teension, taken to be 480 dynes¥oamssand 8 2
3 NOV 2004 WO 01/91901 PCT/ EPO1/ 05845 9 being the contact angle, taken to
be 140. In the present neasurenent, the pressure was varied over such a
range that the neasurenent covered pores gwith a dianeter in the range of
3.6 - 8000 nm 5 The present invention will be further illustrated by way

of the follqw,n exanpl es: neral test procedure A fixed-bed recycle
reactor as 3&%&“&%@%%@@5&%%&@%?&0%'@nﬁt@epr%ﬁerﬁ measweMmel. the | ed
witha1l:1 LH%:{EIV AL X e 8 r atal yst . extrudates and
car bor undum'\bgér e l\&é&'%fé‘ggéﬂ%{ S%h h@%g n tﬁ% rﬁﬁasgréﬁkﬂgrcovp PRres

t her mocoupl auig aGlidfketd? iFitREPARIe VRS .GV 860WAF. The reactor was flushed
with nitrogen for 30 mnutes (100 N /hour). Next, the systemwas tested ‘
for | eakages at el evated pressure, after which the pressure was raised to

21 15 bar a the nitrqogen replaced by hydrogen (100 N /hour). The reactor
t enper at rtrir enﬂﬁs Rrgaenk é'g‘é%ﬁ'% wihobe afurtiigrad Sﬂ'ﬁg%bﬁﬁlﬂaw!??eﬁh& fdlowing

2t 400C t PRI {erper ature was |owered To the reaction femperature,
which 1is given in the Exanples bel ow. 20 The hydrogen stream was stoppea
with the attaining of the reaction tenperature. isobutane was supplied to
the reactor General tesé podcahoat 4, 000 grams/ hour. About 95 - 98% of the

' sobutane W o ST hed teeytle raactor 3¢ dascribed in WO 9823560 having a diameter of 2

l'i, ) 10 com was filled with a 1:1 volumefvolume ‘mixtﬂre of 38.6 grams of catalyst
extrudates and carborundum particles (B0 mesh). At the centre of the reactor
fube a thermocoupie of 6 mm in diameter was arranged. The reactor was
flushed with nitrogen for 30 minutes (100 Nifhour). Next, the system was tested
for leakages at elevated pressure, after which the pressure was raised to 21

15 bar and the nitrogen replaced by hydrogen (100 Nlhour). The reactor
temperature was then raised to 200°C at a rate of 1°C/min. After 1 hour at
200°C the temperature was raised to 400°C at a rate of 1°C/min. After 1 hour at
400°C the reactor temperature was lowered fo the reaction temperature, which
is given in the Examples below.

- 20 o —

] The hydrogen stream was stopped with the attaining of the reaction
temperature. isobutane waé supplied to the reactor at a rate of about 4,000
grams/hour. About 95 - 88% of the isobutane was fed back to the reactor.
About 2 - 5% was drained off for analysis. Such an amount of isobutane was

- 25 supplied to the reactor to ensure a constant quantity of liquid in the system.
When the system had stabilized, such an amount of cis-2-butene was added to
it as to give a cis-2-butene-WHSV as given in the examples below (calculated
on zeolite weight in the catalyst sample). The overall rate of flow of liquid in the
system was maintained at about 4,000 g/h. The weight ratio of isobutane to cis-

30  2-butene in the reactor supply {(without considering the unreacted material fed



Aibout 2 - 5% was drained off for analysis. Such an anmount of i sobutane was
25 supplied to the reactor to ensure.a constant quantity of Iiq@i3 NOV 1284

system system had stabilized, such an anount of ,ci éﬁﬂp tene was
added to \QPtSraggﬁt%%) give a cis-2-butene-WHSV as given in thg%Le[@ %é’ bel ow

(calculated on zeolite weight in the catalyst sanple). The overall rate of
flow of. liquid in the systemwas naintained at about 4,000 g/h. The wei ght
ratio of isobutane to cis 30 2-butene in the reactor supply (without
considering the. unreacted material fed 2 3 Nov 2004 WO 01/91901 10

PCT/ EPO1/ 058#ekliathe reatioe) isepnirin thesEgamples Pelble TEEHBEaR8 iored&i8r
pressure in the reactor anounted to 21 bar. Each tine after 1 hour o

reaction, tlENeNterye2Woar.regenerated by being washed with isobutane for
5 mnutes, followed by 50, mi nutes of yegeneratjon 5 through being .
cont act ed wiEtquha%eE@ L#ﬁe(Sn'l Eﬁmﬂf ﬂﬁr%%PnHztﬂPncﬁ t WA regricieg hebeing
washed wi th sl : thers 3.0 nut ' an .
regenerat i or‘{bt | me %ﬁﬁo%g u t@fﬁ( |'@f\%\/§sﬁﬂ§"r%w% Z’B g@?‘@bpgﬁ Bﬂr%eg?tﬁ?q ed

agai n.  Jhe tiwopgbdseing rubntactas with & RitRA 9BS A% 6f APSnadshiithke, and then
regeneration step were the sanme as the process conditions during the

reaction st &ging ovapned swiiheisobutahetfoer ansihert be minntaby (iotal parshimprar] was
The perfornmance was

d aft t eady stat hed, . :
char act er | 2 SEOBIPTARAN e oW dhderdhisWashing siebaplklabenanas siarssragaan)

he C5+ al k iald e . ired
byor oaucr s TR ProdsSh eofih{ Bt 881 WASLERY LA, Shy IR-RASRLAR, st
The RON vas wigedhaisaett as tide proddese topaittrgedurids titnéabfof st 9823560, the

only eXfeption being that the RON contribution ~of total C9+ (excl.
2,2, 5-t 1% met hyl hexane) was estimated to be 84 instead of 90. The C5+

o Yot YT Bk sBEHRA R P, e A OR phrmarce Rtk S
steady state was reached. The performance was characterized by the olefin
conversion, the research octane number (RON), the C5+ alkylate yield, and the
weight percentage of undesired C9+ by-products {excl. 2,2, 5-trimethylhexane),

15 - calculated on C5+ alkylate. The RON was determined as described on pagés
13 and 14 of WO 8823560, the only exception being that the RON contribution
- of fotal C9+ (excl. 2,2,5-trimethylhexane) was estimated to be 84 instead of 90.
The -C5+ alkylate yield is defined as the weight amount of C5+ alkylate
produced divided by the overall weight of olefin consumed.
20 '

Example 1:

A catalyst of the invention was tested according to the above-described test

procedure. The weight ratio of isobutane to cis-2-butene in the reactor supply

(without considering the unreacted material fed back to the réactor) was 20.
25 The reaction temperature was 70°C. The cis-2-butene-WHSV was 0.21 h-1.

The catalyst had the following properties:



20 Exanple 1: A catalyst of the invention was tested according tgsﬂmw 2004
above-described test procedure. The weight ratio of isobutane t

ci s- 2- but EWE WiLA1Vke react.or supply (wi thout considering tRCTERIGESEd
material fed back to the reactor) was 20. 25 The reaction tenperature was
70C. The cis-2-butene-WHSV was 0.21 h-1. The catalyst had the follow ng
properties: 2 3 NOV 2004 WO 01191901 11 Cﬁal yst conposition: Solid acid:

Solid aci d anount: 5 Hydrogenat ion netal: Hydrogenation netal anount:
Mat ri x: %%ﬁ@n?unt Cat al yst shape: Pore/particle characteristics:
Macr opore v 8 g@loﬂ M ength: 15 Macropore volume J specific length
Total pore PCT/ EPO1/ 05845 U 70 Wt % (based on the total
wei ght of sosF)(5 Cld and matri x) pISU ﬁ%érﬁm 34 wt %

Solid acid amount: 70 wt% (based on the total weight of solid acid

and matrix)
5 Hydrogenation metal: piatinum

Hydrogenation metal amount: 0.34 wit%

Matrix: alumina
Matrix amount; 30 wt% (based on the total weight of solid acid
| and matrix)
b 10 Catalyst shape: cylindrical extrudates
Pore/particle characteristics:
Macropore volume: 0.17 mi/g
Specific length: 0.22 mm (average diameter: 1.0 mm, average
| length: 4 mm)
- 15 Macropore volume / 0.77 ml/{g*mm)

specific length
Total pore volume: 0.36 mifg

The catalytic performance is given in the Table below.
20
Example 2: ’
A catalyst with the same composition and shape as the catalyst of Example 1
was tested. The catalyst had a ratio between macropore volume and specific
length of 0.64 mi/(g*mm) (macropore volume: 0.14 mi/g, specific length: 0.22
25 mm (average diameter: 1.0 mm, average length: 4 mm)). Its total pore volume
v was 0.35 ml/g. The weight ratio of isqbutane to cis-2-butene in the reactor
supply (without considering the unreacted material fed back to the reactor) was
19. The reaction temperature was 70°C. The cis-2-butene-WHSV was 0.21 h-1.
The further test conditions were as described in Example 1. The cataiytic

30 performance is given in the Table below.



a@lumina 30 wt% (based on the total weight of solid acid and matin%}‘l
cylindrical extrudates 0.17 m/g 0.22 mm (average di amet](car e?%e :
length: 4 m / 0.36 m/g The catal ytic perforpal i ven-
in ?he Tab Hgllgégv ZO(EXQTr?pI e 2. Acatalyst with the sane ot P(‘Jyh%f‘%n and
‘shape as the catal yst of Exanple 1 was tested. The catalyst had a ratio
“bet ween nacropore volume and specific length of 0.64 m/(g*nm) (macropore
-volume: 0.14 m /g, specific length: 0.2212 mm (average dianeter: 1.0 nm
average length: 4 mm). Its total pore volune was 0.35 m/g. The wei ght
rati o of isobutane to cis-2-butene in the reactor supply (w thout
considering the unreacted material fed back to the reactor) was 19. The
reaction tefpanmglary: was 70C. The cis-2--butene-WHSV was 0.21 h-1. The

further test conditions were as descrjbed in Exanple 1. The catalytic 30
per f ormance A SA@Y&R Wit the sameppemperdan and shewe 2 mthevwf@iys@p@@ample 1

s the cat AR Esre Tl B At B athrboRl REe SR 8preiR 1 aS Rt e
vol une apd W'ﬁ’l‘l/&tﬁn%gtgné’éropér@ volurk/ (@’b@‘%iffaggeﬁﬁ&eléf@lrtﬁ‘”ﬁ %20 rﬂﬁ'h 4

m /g, specific le mm (aver age di aneter age Teng

m)). Its tcéa‘&bragercéanrdtm Dvasm, @veiags leggtihe mval)giils totdli porefvoligad uyane
to cis-2-butene in e reactor supply
0.27 m!lg he weight ratio of isobutane to cis-2-butene in the reactor supply

(without considering the unreacted material fed back to the reactor) was 19.
The reaction temperature Was 70°C. The cis-2-butene-WHSV was 0.21 h-1.

10 Thé further test conditions were as described in Example 1. The cata!ﬁic
performance is given in the Table below.

Example 4
A catalyst with the same composition and shape as that of Example 1 was
15 tested. It had a ratio between macropore voiume and specific length of 0.49
ml/(g*mm) (macropore volume: 0.17 ml/g, specific length: 0.35 mm (average
diameter: 1.7 mm, average length: 4 mm)). lts total pore volume was 0.38 ml/g.
The weight ratio of isobutane to_cis-2-butene in the reactor supply (without
considering the unreacted material fed back o the reactor) was 26. The
20 reaction temperature was 80°C. The cis-2-butene-WHSV was 0.19 h-1. The
further test conditions were as described in Example 1. The catalytic

performance is given in the Tabie below.

Comparative Example A
25" A catalyst with the same composition and shape as the catalyst of Example 1
was tested. lt had a ratio between macropore volume and specific length of
0.95 mi/(g*mm) (macropore volume: 0.21 mllg, specific length: 0.22 mm
(average diameter: 1.0 mm, average fength: 4 mm)), which lies outside the
~claimed range. Its total pore volume was 0.50 mifg. The weight ratio of

30 isobutane to cis-2-butene in the reactor supply (without considering the



(wthout' considering the unreacted. material fed back to the r?agtgg%hz@z
19. The reaction tenperature was 70C. The cis-2-butene- WHSV wa

10 The furVRM/13t conditions were as described in Exanpl @CI/EPDh5845
catalytic performance is given in the Table bel ow. Exanple 4 A catal yst

wi th the sane conposition and shape as that of Exanple | was 15 tested. It
had a rati o between macropore volune and gpecific length of 0.49 mnm/(g*nm
(macropore volume: 0.17 m /g, specific length: 0.35 mm (average dianeter:

wer ght rat1 B ESETpiarbl FBY e o PesdSh e ot S0k Brecup Ry e eds
consi der i ng whe TORCedHeCes bR VIsdyDREK 0.911419. MBRCHRIrBSt 2BndifiBRs 2

reacti on tenperature was 80C. The cis-2-butene WHSV was

further testwemndstdesmibedrin Exadydert.bétei catBidicpperfdmarive tatghler e the
perf or mance tﬁst?% E in the Tabl e bel ow. Conparative Exanple A 25 "' A
catal yst wt conposition and shape as the catal yst of Exanple 1
was tested. It had a ratio between nacropore volume and specific | ength of
0.95 M /(g*m) (macropore volune: 0.21 m /g, specific length: 0.22 nm

(aver age di dD@thératﬂeeOEf&m pRVEI age |l ength: 4 mm)), which |ies outside the
cl ai mred range ts total pore volunme was 0.50 m/g. The weight ratio of 30

i sobut ane to“x@ﬁﬁl)?stbulﬂ'erhm sameheompmsiton ang Ehapevas the tatdyssi sfebxargpleht VWO
01/91901 13 2 3.N,0O,V 2004 PCT/EP01/ 05845 unreacted material fed bacﬁ
the react or)\Wamdesigd. inhad @aaﬁ%@%ﬁ@@r@ﬁaﬂwor@a@lw& amghgpecific length Of

descri bed 1 LG Hnstrbpoforyothle B dEIbUST SPaHIE e tEr D 27 v
bel ow. 30 (average diameter: 1.0 mm, average length: 4 mm)), lts total pore volume was

0.19 ml/g, which lies outside the claimed range. The weight rétio of isobutane to

cis-2-butene in the reactor supply (without considering the unreacted material

fed back to the reactor) was 27. The reaction temperature was 80°C. The cis-2-

butene-WHSV was 0.19 h-1. The further test conditions were as described in

15 Example 1. As a steady state could not be reached, the catalytic performance

was measured after 60 hours. The results are given in the Table below.

Discussion:
20 The catalytic performance of the catalysts of the above Examples is
summarized in the Table below: '



Conpar ative Exanple B A catalyst with the same conposition and shape as the
catal yst of Exanple 1 was tested. It had a ratio between nacrob&rﬂ[]\l([olzuﬂﬁe
and speci f,g h o 0.18 m./ (g*m) (nacropore vol une: :
specific Iengtﬁm% 22 mm 10 (average dianmeter: 1.0 nm averacggEl e/ﬂ%’#% 4
mm). Its total pore volume was 0.19 m/g, which lies outside the clained
range. The weight ratio of isobutane to cis-2-butene in the reactor supply
(wi thout considering the unreacted materit# fed back to the reactor) was
27. The reaction tenperature was 80C. The cis-2- butene-WHSV was 0.19 M
The further test conditions were as described in 15 Exanple 1. As a steady
state could not bhe reached_ the catalytic perfornmance was neasured after

60 hours. {The results are given inExht [TRkl2 |bEko3v.| Bxséus€om:| Cao. The '
catal ytic [performance of the catglysts jof thg abovd Exanpl gg A9 Esugnpari zed
in the Tatl'[eth Jov 0L 1 : 20 CT] I o EX.
2Ex. 3Ex. Ie& Vomngihﬂlb?B Totgfaéporg%sol uﬁéﬁﬂ) 035710 9
[m/g]O0. 360 350 270 380. 500. 19 Macroporie vol yme/ 0. 170. 640. 410. 490. 95Q. 18
Spec| fic | gnnj'h frﬂ [ln*m‘ﬁ] -_Qeflin conqversi gn10099. 910099, 799.1598. 4 [%
wt % Co+ ( éMdacropore wolgmeg. 45. 06. 118447 t|r Dk HyDAdexafed9 |cALI5 [0B.1G+ |
aI kyl at e RONegtifiedengibindgimenp. 796. 094. 195 795. 695. 0 nunber)

Oletin conversion 100 | 99.9 | 100 | 9.7 | 665 | 954
[%] ‘ '

wi% CO+ (excl 2,25-| 53 6.4 5.0 6.1 13 10
trimethyl-hexane), calc. on

C5+ alkylate

RON  (research octane| 95.7 | 96.0 | 96.1 | 95.7 | 956 | 95.0
number) '

C5+ alkylate yield [%] 205 | 207 | 206 | 202 | 185 | 183

The performance of the catalysts of Comparative Examples A and B ig
significantly worse than that in Examples 1 - 4. More in particular, the C5+

5 alkylate yield is significantly lower than the corresponding yields of the catalysts
~according to the invention, whereas the weight percentage of undesired C9+

lies significantly above the corresponding values of the catalysts of Examples 1
-4,

10  itis noted that this poor performance of the catalysts of Comparative Examples
A and B is observed despite the fact that they were tested at conditions that
should lead to a better catalytic performance than the conditions under which
the catalysts of Exampies 1 - 4 were tested. More in particular, the weight ratio
between isobutane and cis-2-butene in Comparative Fxamples A and B is

15 higher than in Examples 1 - 4. A higher weight ratio implies a lower amount of
olefin in the reactor and thus a lower risk of excess olefin being abie to react

with the formed alkylate resulting in undesired C9+ products.



EH081004 ate. yi el d- [ 94 205207206202185183 The performance of the catal #5561 0584=
of Conparative Exanples A and Bis significantly worse than that in -
Exanples 1 - 4. Mdre in particular, the C5+ alkylate yield is 23 NOY 2004
significantly | ower than the corresponding yields of the catal ysts

according to the invention, whereas the wei ght percentage of undesired C9+
lies significantly above the correspdridi ng val ues of the catal ysts of
Exanples | -4. 10 It is noted that this poor performance of the catal ysts

of Conparative Exanples A and B is observed despite the fact that they

were tested at conditions that should lead to a better catal ytic
performance than the conditions under which the catalysts of Exanples 1 -

4 were tested. More in particular, the weight ratio between isobutane and
ci s-2-butene in Conparative Exanples A and B is 15 higher than in Exanples

1 - 4. A higher weight ratio inplies a |ower amount of olefin in the
react or and Amensied clabmger ri sk of excess olefin being able to react with

the formed al kylate resulting in undesired C9+ products. 05-08-2002 EPO 1f
05845 2 3 N O V 2004 15 Anmended cl ainms Use of a catalyst for the

al kyl ation df hysrce ardataiyst fartihe Wkyaticnl gfstydeeatons eshieh citulisiogenakion -
. function and a { i, el he .r.at |. tween. ().t vol in

cat al yst pores . %rlﬁg%ﬁibgn%ﬁée}fr%i%ﬂbt Ft%egorhgn%éé&o‘gﬁ?% 91%5%@ H%Wﬁﬁ'a (5{%%? t he
speci fic | engt hVBHMere catilval peres péthta dinestardn the tdnge mérQe 8000 Gundand (), 80
m/(g*mm and WS ehdk { : 0 f I t 0.20
m/g and the vol q%éﬁﬁ]&%ﬁg%cg{ gﬁ,ﬁ%"gg%f@é%&g% Hggﬁgﬁhén']eaﬁgg O:?no'ﬁlé' 6‘§ﬁge of.
40-8000 rim is B nsovhergi thexatalyss hag 8 dotel prge volutiea at leastdhz0 adger i zed

in that the hydens tisb@nsndihehs ahtHyat C lh9 to
claiml or 2, i %%}BBB%& atio getﬂ\?geesn\hﬁ? etﬁﬂgﬁﬂgﬁahrer%a?%&‘ﬁ%ﬁﬂ'ﬂ

2.  Use according to claim 1, characterized in that the hydracarbons are saturated
hydrocarbons.

3. Use according to claim 1 or 2, in which the ratio between i) the volume in
catalyst pores with & diameter in tha range of 40 - BOOO nm and (i) the specific
length of the catalyst particles is at least 0.20 ml/{(g*mm).

4. Use according to any one of the preceding claims wherein the catalyst has a
total pore valume of at least 0.23 mlfg.

5. Use according to any one of the preceding claims wherein the hydrogenation
function consists essentially. of 8 Group VIIl noble metal.

8. Use according to any ene of the preceding claims wherein the solid acid is a Y-
zeolite with a unlt cell size in the renge of 24.34 - 24.72 angstroms.

7. Use according to claim & wherein the solid acid is & Y zzolite with a unit cell size
In tha rangs of 24.40-24.81 angstroms.

Ammm s td md .

RiApiets
. AMENDED SHEET

S e TR AT e laVYatedii¥al



aB-e8yxd02pores with a dianmeter in the range of 40 - 8000 nmand (ii) thepgios84
specific- length of the catalyst particles is at least 0.20 mM/(g*mm. 4.
Use according to any one of the preceding clains wherein the cataQ%pNOWa?wﬁ
total pore volune of at least 0.23 m/g. 5. Use according to any one of e
precedi ng cl ains wherein the hydrogen?%ion function consists essentially,’
of a Goup VIII noble netal. 6. Use according to 'any one of the preceding
clains wherein the solid acid is a Y- zeolite with a unit cell size in the
range of 24.34 - 24.72 angstrons. 7. Use according to claim®6 wherein the
solid acid is e Y zeolite wwth a unit cell size |In the range of

24. 40- 24. 61 angstroms. AMENDED SHEET 05-08-2002 E P010584 2 3 NOV 2004 16
8. Use according to claim7 wherein the solid acid is a Y zeolite with a
unit cell size in the range of 24.48-24.58 angstrons. 9. Use according to

-..any one of the preceding clainms wherein the catalyst additionally

conprises a NBLri Ys&BERKAIAY to ddim M!E?ielrﬁfﬁq & Q&!ﬂgacﬁd;s%"?%@ﬁ?e Wﬁ‘?ﬁ%g Pglipﬁ%e

. . A
matrix naterial c_orrgn ses ﬁl umna. 11. Use according to any one
precedi ng cl ai ns [Haf Binge Phe-8324P0 sngstiomsee of rare earth netals and
Goup Vill non-noble netals. AVENDED SHEET

9. Use according to any one of the preceding claims wherein the catalyst
additionally comprises a matrix material,

10.  Use according to claim 9 wherein the matrix material comprises alumina.

11, Use according to any one of the preceding claims wherein the catalyst is free of
rare sarth metals and Group Vil non-noble metals.

A AMENDED SHEET



