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WD 2006/ 048442) OPCO0 PCT/ EP2005/ 055740 ALKYLATI ON
CATALYST, | TS PREPARATI ON AND USE The present

‘igg\e/@?&%)dgﬁw es to a process for the pregpg{g?%%@gmgtm

t suitable for alkylating a hydr
feed. The invention further relates to the catal yst so
5 obtained, and its use in al kylation processes.
Wthin the framework of the present invention, the
termal kylation refers to the reaction of an
ALKYLATEKON CATALNYSTNITS RREPARATION ANBNEBEC or sat urat ed
hydr ocarbon, with an al kyl ati on agent, such as an
olefin. Wthout limting the scope 10 of the
iThe praseahinvestioni rblatdsito tahproceds| fasthe preparaiion ofeccatalyst suitable

i GRR s hydinGanth B e doviht e oS50 Labavet <o
obiafried, ard 48 wee inialiylatiob peoueless. sat ur at ed hydr ocar bons
with a higher nolecular weight. Hydrocarbons contain

no atons other than hydrogen and carbon. This reaction
Withirf thenframewbribef thes preséntninkertion; theotesimballsylatiorotefersrtp the

AT ot i, Sty | BB, hO A O, el §F, Salate
hy@bcarbba]nﬁc(lgam’alkylade' i agdrit.duicbm'slm olefin. Mﬁtl'@at;'_ Iirhitlns the scope
GERBS et G e By 8 b B B itor
af satapzted hyclimear?:rjne,in gmeetal bmrpheﬁisawtgq hatitogaebons,rwith an
o 3BT Bionly, BEfenih sefi i RO A Rldhbt molecular
m_(éigr:t.sl-!ydr@arbnnsi cotairt ko proopesthérdban hygrogereand:darbgn.t he
. e .

ShiT e e.Pt et bEREER i Maical Robosdaiid 16 obtai, through the
allylation of isobutdreawith Alrs olefini rdontaammﬂeﬁ icaEboobatamlse @npalkylate
PRI, F 8 WGP Stie Juniblr SRCWhiEH] cRFEh Ho, oBEING rEHER. Uniike
gbsdlineobtaimid:by cragking heavienpetrdigurs fragtionsguch @isavacuum gas oil

funther n MLt 0 kO Badahti

fly fi f
st A YRR el NS S BRAT WP Bty e o
equiaminants suob asssulfadandhitrbgepuant se has caaa byming chasacteristics.

g bt R Pl i SsLbn th

T it Rk ety Bontod B ¢ Figh Berdfiniler 1g6cbn the
Reed to add environmentally harmful anti-knock compounds such as aromatics or
lead. Also, unlike gasoline obtained by reforming naphtha or by cracking heavier
petroleum fractions, alkylate contains few if any aromatics or olefins, which,
environmentally speaking, is a further advantage.

The alkylation reaction is acid-catalysed. At present, in commercial alkylation
equipment use is made of liquid acid catalysts such as sulfuric acid and hydrogen
fluoride. The use of such catalysts is attended with a wide range of problems. For
instance, sulfuric acid and hydrogen fluoride are highly corrosive, so that the
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i nstance, sulfuric acid and hydrogen fluoride are
hi ghly corrosive, so that the WO 20061048442) OPQ00

PCT/ EP2000cHoin740 2 equi pnent used has top@rﬁi&&'ﬂ%’%"“
y

W2 P4M42equirenent s. Since the presence of

corrosive materials in the résulting fuel is

obj ectionable, the remaining acid has to be renoved
fromthe al kyl ate. Al so, because of the phase

separations that have to be carried out, the process
equipmepl usad &ds dodnediuighe xpelity i requirdBearitsicSincd thé presence of

Plohf oo™ s e il R B ilaablot e fmEle acic
has tdibe lreiir1"se’«l_reaﬂofrtmall tm!ilaalkylate?ﬁ’mllsno becauseiaf ﬂymphamrﬁiaoﬁ that
B f e ool ot B Ao f i nfiragpl s g Sbensive. Bosides,
thetls ds always Shefrisk thalt tekigstubstantes suctyas hydmwigen dluodde will be
%ﬁ‘ﬁq Y zeolite, a Goup VIII noble netal (e.g.,

um or pall adium as hydrogenati on conponent, and
optionally a matrix material, such as alum na. Such a

AthBrakaficvaeoRteE N i 1l B b fe/ch Sl pii] catinfta!'shbh ae
peoitte-comtainingncatalystsi WO $8/28660 atisdlasessthe Tise in 1be alkylation of
BYFRRIBRRL of B SEHRE Kok Aot U Usth 3 zddite? a' Gfoup Vi
peblei oietsd . (efR, pl@iBBm207 mllsdiiog cas dwdaiglelyatgm mmgonent, and
B A ) e
U400, P e G Tt DB o o
ihydhoggrationi compomepb maytbe inicorposated liftarthe catalysh icagposition by

?@é@g”&%n O'Flg'hra q%gtfén@%snt di scl oses different nethods

reparing t erial conprising the solid acid
and the hydrogenati on conponent, one of these nethods

B DT el 1 Aol gl AR, B3ptdl conpetng soc

wicidh adnydedgenation component consisting essentially of one or more Group VIl

noble metals, and at least 0.05 wi% of sulfur. This catalyst is prepared by

contacting a material comprising the solid acid and the hydrogenation component

with a sulfur-containing compound.

This document discloses different methods for preparing the material comprising

the solid acid and the hydrogenation component, one of these methods involving

the steps of:

(iy shaping, e.g. extruding, the solid acid, optionally after mixing it with a matrix
material, to form particles,

(i) calcining the resulting particles, and
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material, to formparticles, (ii) calcining the

resulting particles, and 3 iii) incorporating the

hydr ogenati on conponent into the cal cined particles

by, e.g., inpregnating the particles with a solution

of one or nore GoupViIl noble netals and/or by

(conpetitive) ion exchange. 5 The so-prepared materi al

is preferably cal cined and reduced prior to its

contact wth the sul fur-containing conpound. EP 0 640

575 Al discloses a process Por catalytically upgrading
i palraffi ni.c &e%dst ock. Preferred catal ysts conprise

zeol ['T¥PREIR9dhe Midtgeraenat Femparentl intoltbestattinas pBeicles
byTleey.ret alimi - i t.e.. by _jon-exchan

Wi te% an ané%gur?g ggﬁlﬁjpgﬁ'%&%ﬁ% e%cgr@%?ﬁ/ﬂtao’&‘ﬁPBF?%’@%’OUPV”'
Nofolt Mellel apg/as diydcompettivel ioATXclangd)S 3, 851, 004

di scl oses a process for the al kyl ati on of hydrocarbons

using zeolite-containing catalysts in conjunction

Thei schpreipakea] matertal B Biiclf S1all V£ aBMebiafididg r o al
Wi@/lﬁ%os%ﬁnati on, agent. The p)?ef er Fe techéléagg%#g}ﬁg contact
on'tsi i HGCYHaINNG SRIBPAMY. nobl e netal with the
nol ecul ar sieve is by ion-exchange of an aqueous

sol uti on of the noble netal as an am ne conpl ex
EFc8 6187 Sdbdisgiosas byprotbes farl ctalidallyiudRadinghl S5 finic

i ' tal_is. cal '
oSt e RSB S8 Bt s et

suds Pol. T56 ntalie ISl 361, tﬂ@gzéﬁliﬁﬁﬂ)f%?lse?cﬂnr%%%i% Lar
alyst co g

verting hydrocarbons with a cat risin
aq'gér)]@euso?o’%gbo%gy% ISFARIDE i oridanl follcavasbby nalsirmttbnaat 450 °C.
decationized zeolite. Preferred hydrogenating netals

USidg Iéide pal | adi um and tungsten-nickel. After
é PP siscirsesrrepioseas joi el dliyylatidi wehy®bahrbons using
is dried 25 and cal ci ned at

& . cat gl yst :
ze a@%ﬁg@?{gﬁ%%aeﬂaggtsa@ocﬁryﬂ L%‘ﬁ't't.r"cbsl g@g’qﬁw@ggpwadium
e ol

Gr%ﬁd{/f?gﬁob& m&alﬁgﬁ‘hﬁwe molecular sieve is by ion-exchange of an

rogen
aqueous solution of the noble metal as an amine complex cation. Subsequently
the molecular sieve combined with the hydrogenation metal is calcined in air at a

temperature in the range of 400 to 800 °C, preferably 450 to 650 °C.

GB 1,162,969 discloses a process for converting hydrocarbons with a catalyst
comprising one or more hydrogenating metal components and a decationized
zeolite. Preferred hydrogenating metals include paliadium and tungsten-nickel.
After deposition of the catalytically active metai component(s) the catalyst is dried

and calcined at a temperature of about 450-700 °C.

US 2002/0198422 A1 discloses a process for the catalytic alkylation of
hydrocarbons. The catalytic material comprises a hydrogenating metal
component and a solid acid. The process by which the catalysts are prepared is
not disclosed.
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conponent and a solid acid. The process by which the

catal ysts are prepared is 30 not disclosed. I~ _ 3a

@B 1 452 521 discloses the preparation of crystalline
alum nosilicate zeolite hydroconversion catalysts.

The process involves providing a physical m xture of
zeolites wth channel pore structure and zeolites with
t hr ee- di nensi onal pore 5 structure, in particular

L-si eve and onega-si eve. The netal conponent is
incorporated into the m xed zeolite support by

I npregnation or by ion-exchamge. A specific exanple
uses agqueous ni ckel acetate and anmoni um

| 200, 300 d
Gﬂggtoﬁiglﬂgﬁ B%E%feigg%éggﬂmﬁ%” 8&«2@%@?@1&@%@@5&%@%@3&1@
yﬁmﬂ@naelsmrecaiéiyatmr&# PRREDS Irﬁab%s p?@\ﬂlfj?ngea ﬁﬁiﬂmﬁ%ixture of

allo-silicate zeolite
zeBﬂagg%@'eﬂ}aqnﬁ} PPifSiEGtY8/3Rd zeolites wethdhnee - di)ynensmnal pore

stroelhoae nﬂtplaﬁftui’ér Lasie%ﬁ'pﬁ{oa&ME %PeQ/\é P’%g%&epgépﬁathgyéa

acaIC|nat|onte ture o

’”‘HOFPQFHEedéﬂbﬂr%lﬁé@'xeﬂ&a@t@s%rﬁﬁﬁurﬁﬂ@nsn&me@ n-exchange.
A dPeRARSS ite with structure type
S%r Théhg‘g%@%gg%rr‘#af%é’séﬁ'&ﬁ% CHale RubammerdemeneBtuigmate.
Medest WersscalBinatlial BOOTBYO A 401t Y@duced into the
cat alyst in the form of hexachloroplatinic acid, but

s amoni acal conmpounds may al so be used. Preparati on of
Bt‘neagﬁsal S I al ci hing at, a
Lenper tudf(e ?i%%??%%e%ﬁ%rﬁﬂ éﬁgﬁ? tt%@?e T%g‘lﬂ Egmé’ﬁé'”g
ZeqH enE@ g/sééésgilgﬂeﬁ Wt@!;:esﬂuaatprzeomeslffa@ly &P @B H i @resent in
k b
thed:%b&?gﬁpigagﬁ%vgaw #ﬂgmgg? é?&%t?roag‘ge %@E? ?é&’ 'K%,bul below

function catalyst.

40 &v-%%‘ﬁ@ﬁgorﬂ@emppraﬂuemam A depigausedl .ﬁltﬂ@@xéﬁﬁlé
material with platinic 25 ammonia nitrate.
catalyst is calcined at 350 C for 3 hours It has now

USibedt?, 20018d difbbséd g heEdQr fEF‘EFez)anﬂ 5%’ 17 LR, iS{fucture type

EU{) ?étl on of noble netal-co id aci
a ?ﬁ?f’ Ednalgéal mravns uwﬁi)rrbser@enﬁatidrrerecaahcmﬁm la@MsT may

be introduced into the catalyst in the form of hexachloroplatinic acid, but
ammoniacal compounds may also be used. Preparation of the catalyst is

generally finished by calcining at a temperature in the range from about 250 °C to
600 °C.

US 5,830,345 discloses a process for producing a debenzeneated Qasoline
biending stock by using a dual function catalyst. The catalyst may be prepared by
ion-exchanging a pre-shaped and pre-calcined zeolite material with platinic
ammonia nitrate. The catalyst is calcined at 350 °C for 3 hours.

it has now been found that the performance in alkylation reactions of noble
metal-containing solid acid catalyst can be further improved if the calcinations
steps before and after incorporation of the hydrogentation component — i.e. steps

b) and d) mentioned below are both conducted in a specific catalyst temperature
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steps before and after incorporation of the
hydr ogent ati on conponent - i.e. steps 30 b) and d)
nmenti oned bel ow are both conducted in a specific
catal yst tenperature 3b w ndow. The present invention
therefore relates to a process for the preparation of
a catalyst conprising the steps of: 5 a) conbining
particles of a solid acid selected fromthe group
consisting of zeolite bgta, MCM 22, MCM 36,
nordenite, X-zeolites, Y-zeolites, and m xtures
eof with a binder material to forma catal yst
precursor; b) calcining the catal yst precursor at a
tenperature in the range of 400- 575C, 10 c)
™ 5p qg}rslatl n(‘:] the cal cined catal yst precursor with a
gY INEign Gegtproirplatenitont Brerasalfoe Bipprrgnaration of a
caWsUEbﬁBrlngEtlﬂg%tep%ocﬁpr' sing NH4' ions; and d)
calcinin regnat ed catal yst precursor obtained
Yin §¢'éblﬂo')g maﬂraiers of a@l@raam\setecmfram taetmnppcahmseng of

el S, SO ESP R g5 o L, e e

thedemﬂwlgw a boider matefiairstfoan & ¢dalyses@edrsa! ci nations
step .is.in the clained tenperature w ndow. The solid

b) aci BN RiCALP pRlmrPeyresT aba temeerpiegin the range of 400-
578egj,d- cont ai ning particles generally conprise a solid

acid and a matrix nmaterial. WD 2006/ 048442) OPO0O
c) P@F@Qmmemlcm@amswr@mrsm widih Iaescrtm!ordofaa iGleup VI

T Lt I T e T

d) H Ycammmg tee ipleyitatedanitall sispreco®or s6@ihéd f stepid in air

ds such as silica-alum na, sulfated oxi des such as
Hngft&fis at a‘temperature in the range of 400 to 500°C.

As illustrated by the Examples below, it is important that the temperature during
both the first and the second calcinations step is in the claimed temperature

window.

The solid acid-containing particles

The solid acid-containing particles generally comprise a solid acid and a matrix

material.
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oxi des of zirconium titanium or tin, mxed oxides of
zirconium nol ybdenum 5 tungsten, phosphorus, etc.,

and_chl or i al um ni um oxi des or cl ays. r

?glzf’%’“éséfzdg]ﬁ%?tg zeol ftes, including mrdenlzf@%ﬁ%?g
beta, X-zeolites and Y- zeol i fles, the latter including
H Y-zeolites and USY-zeolites. M xtures of solid acids
can also be enployed. The X- and Y- zeolites may al so

be exchanged with nultival ent cations, such as
Exarmplesesf softgble aolid acidd &rei zmolites Ancteas uedm beta; MCM-220MCM-

S8, g, 5o o Y-l B bl 8t zeotes,

Yionaebliticesolidt écids such as dllicafalumna.f smfatatﬁeﬂdeseuch as sulfated

%R@%LOE%?PF?S@;M@ﬁ?@ ozl‘{i ?BL&%@} dregl)(%fgglllo%ﬁiuﬂjl SmBI.S(Sdenum,
ningstene phosphoad, .etd/hand ehipdnated alusnioiompoxidésgr allaysn Praferred
3ol SEHF 0B 400 Bo L8 mordeney FeiSBut xirhfingepdv-zeoites,

diwe latteaindiuding H-3-olilescantl USNe-zaalites. Mixtatesrof solid beide d¢an also

38, ePighSa e X Uil 1, 2ol i S 1f, Gfangelf Wi el

mnomao buch as (ndixtucasnofy rare ngrmannsl. Ah @yen mqne peafortanl mhd acid is

%/ 3ol afrl?l’? St i Xes &92\’%@% rpé gaend WBLY préferred is a

ven more preferab
Nereblitowithaa onih gelpsize o&%&@éﬁﬁr&ngs&o}ﬁs 10-80 wt % of the

' - X LivGhagi g N
BRafiolos . ltale Bl 1ARBRE 57 shifn ficd Hinia, zivonia, ciays,
rant eniktarestherebfMatbematerials caoiprising aduring ara generaltytpréferred.
wei ght of the solid acid and the matrix materi al
contained in the particles. The solid acid-containing
Faefioratiye she aclidacigrepainiy tartidescomprisen2OBodSs okthg solid acid

| i | S
S W B B ol o By 4 i oy 8ot i and
inee freatrie dngledpii pepseet irodhé pagiclea.sMore, praferablys dhe solid acid-
a8l i BRke A0 6 A1 SR B BrAA0 o o o
sheirhe ateiriab Evenpporei prblesabily; dhes selidsaridcenaining| daninigsscomprise
' |
O e PR e, B0 R B8 i oty trey
camprigs 1100 W%@immmam Eﬂao%ﬁds’aam baged on the

Q@téi\{d&iéﬁté}f%wﬁ&rlr@r%gﬁéﬁ@gr gﬁ#ﬁ} fn%{e‘ﬁa%cﬁﬁﬁ&f in%he Phrticles.

The solid acid-containing particles can be prepared by standard methods, e.g.
mixing a solid acid and a matrix material and shaping the mixture to form shaped
bodies. A preferred shaping method is extrusion, but also agglomeration, spray
drying, and beads formation by, &.g., the ocil droplet method can be used.

Suitable shapes of said particles include spheres, cylinders, rings, and symmetric
or asymmetric polylobes, for instance tri- and quadrulobes. Preferably, the catalyst
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at least 0.8 mm and nost preferably of at least 1.0
mm The upper limt of the average particle dianeter

ref er abl i at 10.0 mm nore preferably at 5.0 mm
@9@W%¢%ﬁrabl y at 3.0 nm 5 Step a) THc//EP2005055740
solid-acid particles are condined with a binder
material to forma catal yst precursor. Binder

materials are well known in the art, and may conprise
silica, 10 alum na, or silical/alumna. For

maetin:_lasa'tqvemr?vehigaf particie didmatér ofiat Iqaseseﬁnmm mvara tprefarably of
{ { O

AL 0D kL eBledl 15 BRL S o, bt o o e
raxepge gartivh) diarier préféll;ahi)ﬁﬁds{ ?121&?;?2 ﬁfgﬁmr fone Bly at 5.0 mm,
?’Xﬁ’g&@%ﬁ?ﬁﬁ%g‘%{%ﬁ rB%C?m (ra]a rm?e pr ef gr ably 0. %c to

50C/ min, nost preferably 1 to 30Cmn Calcination is
A ably conducted for 0.01-10 hrs, nore preferably

—1=9 hrs., nost preferably 0.3-2hrs 20 It is

pref erably conducted in an air and/ or inert gas (e.qg.

r Mor e nosphere i.s
T Suiid afiiod S coltoiiedt iy 2 oyl i i i & catalyst
!peéourwrbamdgr otariaise dre Wbll skndwyumghe art, and freanya bbmprise silica,
ted terrprature apput C. 25
A IRl AT B b Sialion AP R cotalvit g preBadtFugntion
aixﬂmm&tbeorefammnnderanaibhall di zed bed cal ciner, and a
rotating tube calciner. Ste ¢ WO 20061048442nP(I)0

PCT/ EP2005/ 055740 6 A Group VIII noble netal is then
Stembporated into the cal cined solid acid-

The catalyst precursor is calcined at a temperature in the range of 400-575°C,
preferably 450-550°C, more preferably 460-500°C.

The heating rate preferably ranges from 0.1 to 100°C/min, more preferably 0.5°C to
50°C/min, most preferably 1 to 30°C/min

Calcination is preferably conducted for 0.01-10 hrs, more preferably 0.1-5 hrs.,
most preferably 0.3-2hrs

It is preferably conducted in an air and/or inert gas (e.g. nitrogen) flow. More
preferably, this atmosphere is dry.

Preferably, the catalyst precursor is dried before being calcined. This drying is
preferably conducted at a temperature of about 110-150°C.

The calcination can be performed in any equipment, such as a fixed bed reactor, a
fluidized bed calciner, and a rotating tube calciner.

Step ¢)
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containing particles. This is preferably done by
i npregnation or conpetitive ion exchange of the solid

.0 DR particles using a solution S
@E’o’g"ﬁﬁ’g@fﬁpﬁ% e nmetal ions _and/or their c%‘glg?{}&%}g&qm
and NH4+ ions. Preferred Goflp VIII 5 noble netals are
pl ati num pall adium and conbi nations thereof. Mire
preferably, at |east one of the Goup VIII noble
netals is platinum Suitable Goup VIII noble netal
falGroup ndlluaeblei metal ds , them | incarperatedairdo dheocsicined solid acid-

phiaife pélicieTh e rifeizby dbhe by HirprégiByT bF SolrBefiive ion

eschangemithe solidhagidocontgining particlesusing & solution comprising Group
J . f

YRR RaA3 aHetf ofl ahdfer @ orftiexsin Nisa. RS Biefblidh oroup vn

opblgt metalssaregiatinum] paligtivry, andoembinaticnsstheiesf.| Moral preferably,

' N . ced during
@m@%?fm%@g%ggénﬁ%ﬁﬁ%g%ﬁ%T he 15 presence
Suitable Grgup \Glh meblenmetal saksh ncleaiitates,nederidesehyd ammonium

' .neihi rature

Altfacs o1 the ip@ iz br oAl REAB G N bombi R,

0.1-1 00C mn, nore preferably 0.5-50C m n, nost

ably 1-30C/mn to the desired final value
%n 400 and 500C. 20 Calcination is preferably
dbadesting riable metat-camtaining, pamigies aredien caitigedatia mpesature in
e I 35 {salsdoPat om

%&geeépﬁgagﬁog’rpand I(ﬁ) | nertogg'alt %eﬁ%&%lﬁ{ %g@%ﬁ‘"’ ata
feraperatuke ref pt deast aphaut 400 S'Caterpepiovecsubstantially 28l nitrogen

SPipgtis et GotiaoalEd kg impldiialion, 7 frg B8 Rt the

REASENCE G NETOGEN (Foppounds ins ther eatalystenpaatively pffepis the catalyst's
aHat pon step. Also optionally, a dwell of about
5-120 mnutes, preferably 30-60 mnutes is _

iThisriempeeaturats areferably reached tyrhegting theopaticles by B—100°C/min,

AR/ Ry SHER RN, Fhedl OpeRraof? %-30°Cimin to the desired final
value between 400 and 500°C.

Calcination is preferably conducted for 0.01-10 hrs, more preferably 0.1-5 hrs,
most preferably 0.3-2 hrs.

Calcination is preferably conducted in an air and/or inert gas (e.g. nitrogen) flow.
More preferably, this atmosphers is dry.

Optionally, a separate drying step is applied between steps (c) and (d).
Alternatively, the noble metal-containing particles are dried during the calcination
step.

Also optionally, a dwell of about 15-120 minutes, preferably 30-60 minutes is
introduced at a temperature of about 200-250°C
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7 After calcination step (d), the resulting catalyst
particles are preferably reduced at a preferred

t enper at un ge of 200 to 500C, nore preferabl
Wg%(?@“%)ﬁpgwredum ng gas such as hydrogeﬁCT’%”ﬁéf"ﬁ"é“

or after this reduction treatfnent, water may be added
to the catalyst particles. As descri bed in

non- pr epubl i shed European Patent Application No.
04075387. 3, the presence of 1.5-6 wt% of water, nore
preferably 1.8-4, and nost preferably 2-3 wm % -

TS8P e 5 (4 S R B R bR ruces e
anlrehfgtred teroperhiure/ range of (28040 150D, mnrlegrlemat " |2ﬁ0 ttclx1 250"0. ina
Pl uch 38 Y8R 02 ched cat ur at od
lﬂpﬂrrecerr biter this hedictiom treatmeénta matdramaygbel-atided dobibe catalyst
Ao, 5 Bpifibeg o nbF A BliTor, FERBERA ParehC AGHIA0EN No.
@49753&7@ hd presahde/bfat.5-dwith oh wajar ahersapreferably gf&m ang most
BrStpisB 23 V8% 2 el B8 ineRY B lci B 07 kg B Positve
affdctromsthe pﬂqhbombmltﬁandllwmmmaluybst preferably,

the al kyl ati on process consists of the al kylation of
i sobutane with butenes. 20 As will be evident to the

Mmthe al kyl ation process can take any

sI urr y pr oc ses M@%&M%jﬁ B%o%'gﬁgdeog'r or&%?éega branched

sakiraied hydrocarbon such asiao igoallkane having @+1 (béarbeml atoarsd Ezamples

S oting - B0Pallbhe, (3R8RRA G Aalirtd iy, BubluSY peing

imost rmrefemed:a'l’he.belkylatwn adentupreferralninw asapaﬁrahavlbgaa—m carbon
SR8, o il S b ST R S5 M e
apd onesll prefatably 4/\GagXin2 3HHE. |Moapprteferdbly,l thet Blkylation process
ﬁ@&éﬁf{haealggﬁmwfsbba%négﬂh%ﬁ{eﬂgs' ntermttently to a
ng

Fegener cont act ed

As will be evident to the skilled person, the alkylation process can take any suitable
form, including fluidised bed processes, slurry processes, and fixed bed processes.
The process can be carried out in a number of beds and/or reactors, each with
separate addition of alkylation agent if desirable. In such a case, the process of the
invention can be carried out in each separate bed or reactor.

Suitable process conditions are known to the skilled person. Preferably, an
alkylation process as disclosed in WO 98/23560 is applied. In this process the
catalyst is subjected intermittently to a mild regeneration step by being contacted
with a feed containing a saturated hydrocarbon and hydrogen. This mild
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with a feed containing a saturated hydrocarbon and
hydrogen. This mld WO 2006/ 048442) GPCDO

PCT/ EP200 40 8 regeneration is preferabl
E’QPP‘?‘@G““&?? aé 90% or |ess of the active cy® ‘F'E'\‘“['fff“’sf“ﬁ’g"“
catal yst, whereby the active8ycle is defined as the
time fromthe start of the feeding of the al kylation
agent to the noment when, in conparison with the

entrance of the catal yst-containing reactor section,
Eégématmhasabrbﬁei'ﬁhly' camriadeout &t 903 \ordeddhef the actuve cycle of the

SRS e 08 A B, U Ul s o v

Iiﬁédk@loe.thé' Mkwntimeagem Ctodihbi mnmeabp»head in morripanson with the

d
& obi PaRIYRLSsTaltitR s3r sPcloly 20%0pt ifARviban, goent
eavge ths cdtﬂysmmung re[dcmr]setﬂmnahmabamgl comy@antisd, not counting
Pr ef err 4'%8“1250 5:1 - 5,000:1 More preferred

é moigcy 0 1 Most preferred 65 - 95 15
- 30 150 1 750:1 10 The mld regeneration is

eferabl duct ed ,at, .t erat ures and essures
¢ Progigss) gondiiarns, appliey éaﬁﬁwm&%r%ﬁw“m ip the
tfdiihawlrﬁﬁ%blemre preferably by not rmre than 20% still

W

ped out at z]_

Y )
tmpﬁferr& of ao- st 1506-4mre pref &0ably,000:1150

OPPQFﬂP@f q%gggﬁ::ﬁoﬁol—gtﬁegfgg tgaor ef efce)ggg’dzg Egﬁé'al \°

WO 98/ 23560 The hi gh tenperature 20 r egener at1on can
|od|ca dur i t al k tion process

Jhe Pt fegeopahion i Fraismbit foodiid B sBmpbishired fpd broesiies tha

[iff EioAbihg readtion tempéenaturd By nab thor®tHan 50%, more preferably by not

more than 20%, still more preferably by not more than 10%.

Optionally, in the above procaess the catalyst particles may be subjected 1o a high-
temperature regeneration with hydrogen in the gas phase. This high-temperature
regeneration is preferably carried out at a temperature of at least 150°C, more
preferably at 150° - 600°C, and most preferably at 200° - 400°C. For detalls of this
regeneration procedure, reference is made to WO 98/23560. The high-temperature
regeneration can be applied periodically during the alkylation process and is
preferably applied after every 50, more preferably after every 100, and most
preferably after every 200-400 mild regenerations.

If as a result of high-temperature regeneration the water content of the catalyst
particles has decreased to below the desired level, tha catalyst particles may be
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preferably after every 200-400 m|d regenerations. |If
as a result of high-tenperature regeneration the water

nt e catal yst particles has decreased to
@@Wﬁf J:edg?br ed | evel, the catalyst partl%(fé%nﬂ)ﬁ&?“ﬁ@
WO 20061048442) OPCOO PCT/ EP2805/ 055740 9 rehydr at ed
during the process in the ways described in the patent
application cited above. Preferably, in addition to
the high-tenperature regeneration treatnment a ml der
Geh)dgﬁe@ datingotheipsocasp lin the wiaysi desctihed ialthg patienbapplication cited
QBS? such as described in WO 98/23560, in

par Foul ar page 9, line 13 through page 13, |ine 2.
This text passage is incorporated herein by

RofBtsBY S Ao P, BB MibfHibrbarell SR epuRAbE'R milcer
seggnecatiod is rapelied tHusing the aksylatiorepmcessitsuch ast describgd in WO
98230 R b ipo 35 B0Eh B 9, I 2 R sece
lmn'orppraiad heeain by trefatengddMore inm‘l;icutarr dunngetheralitylationtprocess

ef era %?35')"‘ %fgﬁgéss of ﬁﬁelﬁ{gg&lﬁ | Ve&g@ﬁ?mﬁﬁ}fstep
bh é)etrat ainjacted wilke _aa‘eed contaipiigea bydrobarbomaad mdm!gen with said
P Slof oy S 5y S i, o beReaB) ot o

dﬂsspaversmnre/\pmreralbig ahPR% artless) amgenmtemfefembl}oatt 1% or less of

ﬁf’ié‘#ﬁ@%gﬁ%@hﬁ SRBNE ot B0 gt calni s etRed as the
sacfram thee startoof theiifedding ob&:er@hdﬁmmeageaulo thet momn’t :hgn, in
gﬁ@é?@%@""%ﬁ herlfifuch SgéR, S5 tp I Bl b Foactor
section, 20%nofitbe alilatior agentdeavas thg catalysRoerdaining relaotansecbon
Wﬂpﬁrbefrﬁ%vef[&? B%dllr@né‘lso sitich IRéld% thfe rﬁ&{abulg nock

rating o sol i e an |ne con uen
Tbe myugiity Of e RiMyiate Hprodust eplmmd am [ the tprecasst acdormw to the

'ir@z%h fiéh Cin bd'fed8sah 8%‘%4919#2:?1 OctQ?é’ﬁUﬁbeﬁ %tglgi. Hee'ROR is a

I né engl ne, enera speak Ing a
mﬂasunengi:ﬂwe am kmagki eating tdcﬂa@nlrwgendmwawmemtimgnts The

I%‘;ﬂe?"@{ekhbﬂl o Hagel. i to%f WStk Fhtin 5;? ﬁ\bg%@ohr% will be.

process accor e I nvent1 on
g)eRgmjlm op(dhe type of gasoline engine, generally speaking a hlgher antl-knock

rating is of advantage when it comes to the working of the engine. The product
obtained in the process according to the invention preferably has a RON of 90 or
higher, more preferably of 92 or higher, most preferably 94 or higher. The RON is
obtained by determining, e.g. via gas chromatography, the percentages by volume
of the various hydrocarbons in the product. The percentages by volume are then
multiplied by the RON contribution and added up.

Examples of compounds with a RON of 90 or higher are isopentane, 2,2-dimethyl
butane, 2,3-dimethyl butane, trimethyl butane, 2,3-dimethyl pentane, 2,24-
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hi gher, nore preferably of 92 or higher, nost
preferably 94 or higher. The RON is 25 obtained by

detzerm ni Ngpcpd- Vvia gas chromatography, the
& Wﬁ@’e %y volume of the various hydr oBGFHHAER{40

the product. The percentages1®y vol une are then
multiplied by the RON contribution and added up.
Exanpl es of compounds with a RON of 90 or higher are
i sopent ane, 2, 2-di nethyl butane, 2,3-dinethyl butane,

ttrimethyhpéntins, £42,3-tamathyli parttind, 2,3:4tamethypeniane)@,3,3-timethy!

PR 2 SR, o e 2. 3, 4- L1 ot hy

pentane, 2,3,3-trinethyl pentane, and 2,2, 5-trimethyl
LE MPLES 5 Exanples 1-6 Dried extrudates

conpristng 70 wt % of USY-zeolite and 30 wt % of an

alumna matrix were calcined in air at different

fd eratures for about 1 hour after being

hée’%wa rate of about 5C/m n. The cal ci nation

tDriadeexitudatos eomyrising 70 avi%16f USYtzedliienarkh B0 ewtPo af al alumina

ik 3t RRohent 1640 6P oA R (oo 30 appus. 1 oy afer

m(ﬂgl-l&’)aiﬁ ﬁt airaie Nmbom SBQImchIpB eaicinalioniesypsralires applied are

rilrI Tﬁélew’ggo'ﬁc%ﬁqa\f@ﬁ 1" equi val ent to the nunber of
angeabl e si

exc es of the catalyst. After drying
aﬂ'le];:aﬁﬂlédnxtmdaba rw_rere Isubsemae@mtpmbrmi&d witlhap aqueous solution

PNFESChOinc NESROR B ibinCwbinBbe, i GGl o 18y ops wes
cﬂquuahnt’@tthe pumbpeofiNa’ m@harﬁeabhates nfthexatalysh t he

VRF BT o Bl e B i for 2

dwursinircat diffaredt fhal catalystieniPecteres {TTataisinatipar 27 io | Table 1) to
‘ﬁ?gagré 3%%@%‘3 UaRhdis. 1 RathiaC Ritdl 118 Gnb Firlal GorhBorafibh Was about
5°C/min (with a dwell of about 2 hrs at 230°C).

The resulting Pt-content of the extrudates was 0.34 wit%.

These catalyst particles were subsequently tested according to the following
procedure.

A fixed-bed recycle reactor as described in WO 98/23560 having a diameter of 2
cm was filled with a 1:1 volumefvolume mixture of 38.6 grams of catalyst
extrudates (wetted in ambient air to a Loss On Ignition (600°C) of about 4.5 wit%)
and carborundum particles (60 mesh). At the centre of the reactor tube a
thermocouple of 6 mm in diameter was arranged. The reactor was flushed with
nitrogen for 30 minutes (21 Ni/hour). Next, the systern was tested for leakages at
elevated pressure, after which the pressure was raised to 21 bar and the nitrogen
replaced by hydrogen (21 Ni/hour). The reactor temperature was then raised to
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A fixed-bed recycle reactor as described in WO
98/ 23560 having a dianeter of 2 cmwas filled with a

1 vol me m xture of 38.6 grans of catal yst
é’ﬂ%@é@g’gb?gﬂb?t ed in anbient air to a Losspﬁ{]mx“s’“ssm’

I gnition (600C) of about 4.51Wt% 25 and carborundum
particles (60 nmesh). At the centre of the reactor tube

a thernocouple of 6 mmin diameter was arranged. The
reactor was flushed with nitrogen for 30 m nutes (21
R76HS at 3. rateeoft1°Cirhie angdsthe watalyst was tredudedrat 1276%G gifter & hours,

Thetpeft st Ewaf|dviied 8 8 el Ste R S (217
NiherhydrogenTsireamewas stoppedwdthathe rataining ofithe reaction dernperaturs.
. P 557

SR S il o e Fedeol 08 T2 byt 4096 frérodhodt. About
Abt-98% ohther ispbutareewas fest back terthe resctoreAbaist 2 ofittrwas dmained
PS8 S TR Ay PRPBE PSP ol Factr s 1o
tepayweraacanstant quandityioHigaid/ia shes systern.AWhso thasysiera bad stabilized,
BpEFhf alou AP ookt Bldd8h 1 4638 Bl iR sypon WSV of
uh9gsiculatedanizesiite weightdn ﬂtwh@tdyﬂgfmleinl henovenall rate of flow of
1308 C 1S ke A rifiiaflel) "t BGRE' €00 0 “E PR Ao of
ispbutaneratiss2-hbtdnszat dhe reactdr iolet was aboutof50: iThe préssuenin the
W@ j tz(}%r.t 0 give a cis-2-butene- WSV of

. (calculated on zeolite weight in the catalyst
Fanptigte. afteing houe obrieaction, theotatalystwadiclesOvér qeganerated by being
PEShET it 58Bl48hé 1078, el Yptctueet By 30 mirliss BF sibbneraton
ithrpegh heisg zootacterseith ateslytioasd Ur molefe phY:; in isabutane, and then
BERG"WANLE @l PRopu fl&hfotr' TRo@bl S5 minlfel tal w shing and
reaCtion, the catalyst parti cres wer e regener at & y
iiRgengratinntivesi 1vihaun). iAfien dhiawashing Stepi alkylation wes Istasted again.

. ; Ln .
e i Byl SR 408, il B8} o e
istapovasihe sam@d t hen bei ng washed with isobutane for

M I [ '
2R BRaSR) Bl 2 ol B o BAREFS &g somsy
state wag rggelied. Then, the temperature was decreased and the process was
conducted as above for another 24 hours. Hencs, the catalytic performance was

measured at various temperatures going from higher to lower.

The performance was characterized by the reaction temperature and the research
octane number (RON) at 99.5% olefin conversion per reactor pass. The RON was
determined as described on pages 13 and 14 of WO 9823560, the only exception
being that the RON contribution of total C9+ (excl. 2,2,5-trimethylhexane) was
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The tenperature during the washing steps, the
regeneration step, and the reaction step was the

W PB06/0a8342PP@G00 pr ocessi ng as above for 24 hpgrgpaésositse
same tenperature, a pseudo-s]ifady state was reached.
Then, the tenperature was decreased and the process
was conducted as above for another 24 hours. Hence,
the catalytic performance was nmeasured at various

t epper at.ures [ fr ' to | ower,. .2 he :
salBleR e o st 31, th3 e 9 Rrin e i Bafned es the weight
tammgumt of O5-2alkyidie producaaividdd bythbaverall widight of 66fi) caisumed.
99. 5% ol efin conversion per reactor pass. The RON was

determ ned as descri bed on pages 13 and 14 of WD
Iha3efdrt dfithe osHiginationclaiviperaturesi oy thd perfoimtaniceNof the catalyst

contrihution. of. |, C9+ (excl.
2’,%"@"—%'?? ’Hé'%éﬁ’e} was WO 2006/ 048442) OPCO0
PCT/ EP2005/ 055740 12 estimated to be 84 Instead of

io. T{we C5+ al kylate yield is defined as the wei ght
@t of o5+ al kyl ate produced divided by the overall

\mdlagme of wmﬂioaqnsvlainaﬁa’mhz ef Reﬁéﬁonf'rﬁmef RON at
cal cination tgnperatures gq the p r Mance
catalyst 5 paMicles is (i@di cat e@'éﬁ °PBB'I(eC§: #@Pé’"’l‘"'

Bxanpl € T cal gs@atiion 1 RBHpal cl nati on @j Reacti on 9t
at (O ( 99. 5% con (O 99.5%cony. 1 45 50

1 96.7 2 479%50 22 97.860 3 500 450 % 97.3 4 gZé’

40 58 97.2 Bo®»00 600 6(us97.0 6 600 8H0 64 96.697.3

Table 1 clear shows thaj_the perfor ce of the

4 kyl ati on cab%?yst can kfgolo optims by varyi naTIZhe

@&l ci nation tgoperature lggph before amgh after 97.0

6 600 450 64 96.6

Table 1 cleardy shows that the performance of the alkylation catalyst can be
optimised by varying the calcination temperature both before and after
impregnation. Application of calcination temperatures in the claimed range results
in improved alkylation catalysts.

Examples 7-8

A catalyst was prepared as in Examples 1-6 using 475°C for T calcination 1.

After impregnation a sample of this catalyst was calcined at a catalyst temperature
of 350 °C (Example 7). A second sample of this catalyst was calcined at a catalyst
temperature of 450 °C (Example 8).
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I mpregnation. Application of calcination tenperatures
in the clainmed range results in inproved al kylation
Waladewadasr)ORCOEXanpl es 7-8 A catal yst was ppeings66tneso
in Exanples 1-6 using 475C f T calcination 1. After

I mpregnation a sanple of this catalyst was cal ci ned at
a catalyst tenperature of 350 C (Exanple 7). A second
sanple of this catalyst was calcined at a catalyst 2

0

t eratyre of 45Q C . (Example 8). W) 20061048442) QPCOQ
S Epaoiss, we,avvses @) e TieseRe 0o HIPIRIL TGN of the
rcatilydt af Exdniphd €N wash408)ipbm JFHb aldgen tconptent [uf the catalyst of
gg%gkﬁfé of ﬁgg%e 7 was 408 ppm The nitrogen

Wes ‘al yst of Exanple 8 was < 30 ppm 5
The catal yst of Exanple 7 showed 99. 5% conversi on at

C and at 99, 5% c sion of 97.2 . The

e efalvet 5 Exaionle - Showai B B cesmerBion Af 55 Copnc, ROB o 99.5%
ofvdEdnaf9P2,. 5% conversion of 97.5. 10 -14- CLAIMS
1. Process for the preparation of a catalyst which is
suitable for al kylating a hydrocarbon feed, said
Mhecatdlyst F ExambladB simved SM5%0donvemjoncata2 90 agd RON at 99.5%
particl es 8%Pa solid acid selected fromthe group
CONSEOPREIEP- zeolite beta, MOM 22, MOM 36,
nordenite, X-zeolites, Y-zeolites, and m xtures
thereof with a binder material to forma catal yst

precursor; b) calcining the catal yst precursor at a
tenperature in the range of from460 to 10 500C
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c) inpregnating the calcined catalyst precursor with a
solution of a Goup VIII noble netal conpound, said
solution further conprising NH4+ ions; and d)

cal cining the inpregnated catal yst precursor obtained
in step c) in air and/or inert gas at a tenperature
in the range of 400 to 500C. 15 2. A process according
to claim| wherein the tenperatdre in step d) is in
the range of 450-500C. 3. A process according to
claiml or claim2 wherein the solid acid is a zeolite
sélledM® 20 fromthe group consisting of nordenite
zeolite beta, X-zeolites, and Y-zeolites. 4. A process
according to any one of clainms Ito 3 wherein the

bi lnderProessalfomithea preparatidn adt @l optlysbbrlaenasl soitabde for alkylating a

e TGN
al kyl ati on of hydrocarbons. 7. Use according to claim
6 Whera?i : ctorl?u inIPthd{)gr%?l{:sb % Sé s%liis asc%t gerlglc e%dﬁ'lc}l\flndtli'ngCg%u%oggﬁsisting of
zeolite beta, MCM-22, MCM-36, mordenite, X-zeolites, Y-zeolites, and
mixtures thereof with a binder material to form a catalyst precursor;
b)  calcining the catalyst precursor at a temperature in the range of from 460 to
500°C;
¢)  impregnating the calcined catalyst precursor with a solution of a Group VIII
noble metal compound, said solution further comprising NH," ions; and
d)  calcining the impregnated catalyst precursor obtained in step ¢) in air and/or

inert gas at a temperature in the range of 400 to 500°C.

2. A process according to claim 1 wherein the temperature in step d) is in the range of
450-500°C.

3. A process according to claim ! or claim 2 wherein the solid acid is a zeolite selected

from the group consisting of mordenite, zeolite beta, X-zeolites, and Y-zeolites.
4. A process according to any one of claims 1 to 3 wherein the binder is alumina.
5. A catalyst obtained by a process according to any one of claims 1 to 4.
6.  Use of the catalyst according to claim 5 for the alkylation of hydrocarbons.

7. Use according to claim 6 wherein the hydrocarbons are saturated hydrocarbons.



