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ALKYLATI ON CATALYST, | TS PREPARATI ON AND USE The
pr esent |nvent|on relates to a process for the
W@ L@pAIE1 BRGOO a catal yst suitable for al kyl ab€TV8PB05/055740
hydr ocarbon feed. The invention further relates to the
catal yst so obtained, and its use in alkylation
processes. Wthin the franework of the present
invention, the termalkylation refers to the reaction
of an al kyl at abl e conpound, such as an aromatic or
ABRYLAZIRY %EAbX&H’ b b{rﬁp RREPABATIOMANDI WBEagent , such
as an olefin. Wthout imting the scope of the
invention, we will further illustrate the invention by

THe pedksst i rm/etrﬂu@narblawé@td aprétessaor s pebpayaticitef b@afalyst suitable
i n general branched saturated hydrocarbons, wth

an
foawékx'ahtlrtga aghxﬂéoeareﬁnjegﬁ aﬁbﬂ em%ramw further nolates in tan satalyst so
Hydrocar bons contain
o%r%tdgr?ﬁbo her h %ﬁa&r gen and carbon. This reaction
is of interest because it rrakes it possible to obtain,
V\&h[o hthe allgetlon of i sobutane th angef_in
thin dieifianewerkeal B Presam, '"‘é\?ﬂtéﬂ%} gtiermnalkplatian rgfers to the

redclBn O6f a?ﬁ %Wgﬁﬂéw%n Q:dfﬁbdﬂhcpobgéh I st '&‘ﬁ Qﬁ’ﬁﬁqéﬁﬁe or saturated
range. I ne obtal néd by cracki ng heavi er
hydrocatbenpwithaart alkylation @igeat susbasnan akefioi Witheait limiting the scope

of HRSRRARIGS S Wil Biinst WheHteals RS e ie P disCiip ity W gikytation

oﬂSétUPéi'@G HdoSetbBAS, Al rBH brartheahsHtakHed 'I'@Hi‘&%rbd)ﬁéS with an
anti-knock properties, represented by the

oleﬁn atnegwenblghly beanahed: saturated hydraearbensi wrtlnrm’mginerymolecular

wBBE g BEaighB Rphg AERAR AHEwER HloRIE fg Rproon.

TRigpielaktdonris Of intereki becaeRy itemakesriolpesibld a@tomam, through the
al kgl ate contains few if any aromatics or olefin

alsiiatian C@'n‘@PPBWr‘@nWHhI?“éﬂ%fﬁklcﬁgta'nlggaZﬁJP@mn atorfs, an alkylate
wﬁfé%aﬂéé"%ehlgh octane number and which boils in the gasoline range. Unlike

gasoline obtained by cracking heavier petroleum fractions such as vacuum gas oil
and atmospheric residue, gasoline obtained by alkylation is essentially free of
contaminants such as sulfur and nitrogen and so has clean burning characteristics.
Its high anti-knock properties, represented by the high octane number, lessen the
need 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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The al kylation reaction is acid-catalysed. At present,
in comercial alkylation equi pnent use is nmade of
wo 'rz(wwiommﬂpﬁcr%?t al ysts such as sulfuric acid aPdI/EP2005/055740
hydrogen fluoride. The use of gsuch catal ysts is
attended with a wide range of problens. For instance,
sul furic acid and hydrogen fluoride are highly
corrosive, so that theequi pnent used has to neet high
quality requirenents. Since the presence of highly
equipmesit \wsedunas ital meeh highe quekity| regwirements.j Since the presence of

BRI tatial® AT rehlfing fusl ¥ i Tiofols” T Rimaining acia

h&€ R batrefitvet fRim By @lkytatee ARD, beeduse! of thd'phas®eeparations that
is conplicated and thus expensive. Besides, there Is

hayerigy et gasied uitt g PIOSRSS i @egtr&lﬁet@y 3 Huss expengyenBesides,
o
' 6 eflo e Pk Yl 158 sfpRBinEet SRR, o PRI Rhoide wil be

emittdd.t e- cont ai ni ng catal ysts. WO 98/ 23560 di scl oses

the use in the al kylation of hydrocarbons of a
catal yst containing a zeolite, such as a Y zeolite, a

A%Bﬁp redeht dBQ@IbEM@?ﬁ% tHi§ -fidid |s°{h%t LW Bt f)li@ébﬂdaégtégkts, such as
as

rogenatu 0 onent, and optiona a matri
zenalttmcoatalnlegoctatalys’al maslzsssa disclases ;tbe useninbthe alkylation of

nYHrBBaRBMs & Ash iy S naIaing: a 268fte st 284 of zeoliteya Group VI
né‘ﬁéchﬂétﬂg (6.8 PRIthuAl a5 Ehﬁdlhﬁqrﬁgeﬁ%mgénéﬁﬁﬁ)%&ﬁﬂ%onent and
be incorporated into the catal yst™ conposition

optmeéwamatm( watesial,ushras auedna.ep 1 308 207 di scl oses

Sch iS4t B bET E5RA B Ao oo ae, Bl tndix material,

siesisiegt tied | yhitireont oforADr garfitiesp dhd | calinieg rmh@l particles. The
and at |east 0.05 wt% of sulfur. This cataly is

hygreganaiipr, goamengat Mmay Qenlgpgmogqategolnfg the ,q:gtqupg empesition by
insregnaitth bhSaidparpgenat i on conponent

EP 1 308 207 discloses an alkylation process using a catalyst comprising a solid

acid, a hydrogenation component consisting essentially of one or more Group VIII

noble metals, and at least 0.05 wt% 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:

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

(ii) calcining the resulting particles, and
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with a sul fur-containing conmpound. This docunent

di scl oses different nethods for preparing the nmateri al
w&mopmﬂhﬁepplqg solid acid and the hydrogenat i BXT/EP2005/055740

conponent, one of these nmethogs involving the steps

of: (i) shaping, e.g. extruding, the solid acid,

optionally after mxing it with a matrix material, to

formparticles, (ii) calcining the resulting

particles, and(iii) incorporating the hydrogenation
(iDoripeereatating: the mydegeanation grmporerisinty the. eplcined particles by,

I NPy egnat | [ . h_a Ut i gn
oS BiRoGha BB s Yl arsPBlih (G o o Groue v
| omabie hisigie.antier Bp(doNaRAIieE) iatedchahges preferably
cal cined and reduced prior to its contact wwth the
The sooprepgrachmatadalcisnpreferably calginednang sedicad grar thdis contact
r | ati on reactions of noble
""ﬁ@&‘?g‘é@ a‘ﬁﬁ%@'@?ﬁ%‘é’% catal ysts can be further
improved if the calcination steps before and after

i ncorporatiqgn of  t hydr ogenati on copponent - i.e
1t 38 v poan oo Hialing peaoUERase ThALYBUOR TEariRRs Sinoble metal-
cohtairfid sbfid GRi@! atIy$1BNESH Hel FitHdrNAdiov (?gfr Pr?f?%mination steps

I nvention therefore"relates to a process
befoem and taifien indorporadival ofdhe drydpedenatignt domponend —of.e. stgps a) and

ST BB b Al o
precursor at a catalyst tenperature in the range of

400- 5750C, c) inpregnating the cal ci ned catal yst _
The curgpenl inMention hereleremeletess torapyoeesy for the preparation of a

catalyst comprising the steps of:

a) combining solid-acid particles with an alumina binder to form a catalyst
precursor;

b)calcining the catalyst precursor at a catalyst temperature in the range of 400-
575°C,
c) impregnating the calcined catalyst precursor with a solution of a Group VIlI
noble metal compound, said solution further comprising NH," ions; and
d) calcining the impregnated catalyst precursor obtained in step c¢) at a
catalyst 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 calcination 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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nobl e netal conpound, said solution further conprising

NH4 + |ons and d) calcining the inpregnated catal yst
W(p)mmsm&m 0BEORi ned i n step c) at a catal yst PCT/EP2005/055740

tenperature in the range of 490 to 5000C. As

illustrated by the Exanples below, it is inportant

that the tenperature during both the first and the

second calcination step is in the clained tenperature

wi ndow. The solid acid-containing particles The solid

Emalasmftwtablagscﬂ&# a¢ids @se genlitea|sugh @smadlitebatas MCM-22, MCM-

Garfuliife” XERoditdh BB - Ban GE OBl B P b5 Sai g -zeoltes,

n&ﬁzeamrcdsﬁlnd acid$- g8¢H igsesilieadiuninapsulgted o)ﬂdéstslu@E as sulfated
H Y-zeolites and USY-zeolites, non-zeolitic solid

oxjdes| Of sEgPNIM s ititanivmg| an”t'ﬂ-a m'é@ﬂ’ fagdap oki 7d@9n§l,lr@sh mglybdenum,
tuglglkf:@é %gipgéhgr‘ﬁ% . Zbﬁ& atéd La?lﬂhfﬁ'[%m deua §‘or rct,'ldy%d Preferred

I'Tcohl um
salidcacidsiarck zéolites, nad:ladlngl mmdemtm mldebeta X‘rkatylﬁes and Y-zeolltes

Preferre ol acids are ite in . .
theyeh nelidise bt Y Eeoliasanad BT seiies IS5 68 solidacids can also
bé *b?nbla L&' Th@@(ug'nagsz}ébﬁ@@,' bl S%léa%&%&cﬁsﬁééigﬁ% multivalent

M xtures of solid acids can als e enpl oyed
catmmSYsudeasu(trmgums/ofz)lrar@ em'tre)qusaAgleQVem miorerpraeferrat solid acid is

Yol %ok 831 bl A4 24172 il &N gSlereterred is a

YiploliteCwith aSiricdlf siZd oBd4 4221 58 aﬂggﬁbﬁr@rrs and nost
preferred is a Y-zeolite with a unit cell size of

Exampies2af swtahigsmaf@mmabrmlmlaé% aluming, ssilisee tilgnia, zirconia, clays,

H@éﬁ)&th%s t@% nfofaM? r eo# 885%)% %fn%né n@{"é’fé éfeoaér?erally preferred.

conprising alumna are generally preferred.

Pr eferably, the solid acid-containing parti
refamablys ehe setid\goid-geniaiing perticles camprise 2- 98 wt% of the solid acid

and 98-2 wit% of the matrix material, based on the total weight of the solid acid and
the matrix material present in the particles. More preferably, the solid acid-
containing particles comprise 10-90 wt% of the solid acid and 90-10 wt% of the
matrix material. Even more preferably, the solid acid-containing particles comprise
10-80 wt% of the matrix material and balance solid acid, most preferably they
comprise 10-40 wt% of the matrix material and balance solid acid, based on the

total weight of the solid acid and the matrix material contained in the particles.

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, e.g., the oil 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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and 98-2 wt% of the matrix material, based on the

total weight of the solid acid and the matri x materi al
W(p)mmsmﬂui)applqg particles. Mre preferably, theCEBP1005/055740

aci dcontai ning particles conpﬁi se 10-90 wmt % of the

solid acid and 90-10 wt% of the matrix material. Even

nore preferably, the solid acid-containing particles

conprise 10-80 wt % of the matrix material and bal ance

solid acid, nost preferably they conprise 10-40 w % of
particlesshaviexamaveragsl pamialepdipaeter efoati lgasicd.§ mpongeareopreferably of

{ t i t ' i t [ -
at (&8s} B e ol Breiar@Bly. Pt BE st ip i g Liboer timit of the
aﬂﬁaﬁe gmﬁde rdiétﬁetuﬁrﬁrefdréblqu &1 PoapaT, afloky prsferabiy gt 5.0 mm,
nmet hods, e.g. mxing a solid acid and a matrix
evalt gore prefambinab3fgMfhe ni xture to form shaped
bodi es. A preferred shaping nmethod is extrusion, but
al so aggl oneration, spray drying, and beads fornation
Step.ak.g., the oil droplet nethod can be used. Suitable
shapes of said particles include spheres, cylinders,
rings, and symmetric or asymretric polyl obes, for

ThE SchBsid 1 'a_'rticfk%j aﬁé%ﬁﬂﬁiﬁ@&%itﬁ?%ﬁf&?' r?/latérf&? to form a catalyst

catal ystparticles have an average particle dianeter
precufseds Birdles mmaterials argpvwedlekadwvg infthat artteasd roapg comprise silica,

d t_.pref bl f at | t 0 Th : ,
alfifind. o sisrabipinay B8 RRRAER IOk itk ERtaysL e thB jesant dnvention
alaidd® ithePrefé?fe] ihaéemadrialat 5. 0 mm even nore

preferably at 3.0 mm Step a) The solid-acid particles

are conbined with a binder naterial to forma catal yst
SRIGGUr sor . Bi nder materials are well known in the art,
y conprise silica, alumna, or silical/alumna.

The rcatalgstapricupsoral ¢dleinedtat! y sempleratore i @senainge of 400-575°C,
invention alunmna is the %referred bi nder material .

prefergbly)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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The catal yst precursor is calcined at a tenperature in

t he range of 400- 575 0C, preferably 450-550 0C, nore
weeehessat’JPLO9- 500C. The heating rate pref er abtHEP2005/055740

ranges fromO0.1 to 100C m n, gore preferably 0.50C to

50C/ mn, nost preferably 1 to 30C mn Calcination is

preferably conducted for 0.01-10 hrs, nore preferably

0.1-5 hrs., nost preferably 0.3-2hrs It is preferably

conducted in an air and/or inert gas (e.g. nitrogen)
Af Gooup MWHle nebler anetal ylS thens ingarperaited dnics the ycalcined solid acid-

e R e R

emﬁae@eecsfathersbhafa@@@uhtamag eliidles Tbmg:alswmin @asmpﬂsing Group
performed in any equi pnent, such as a fixed

Vweﬁ@l?l@rme@l 19ns angd/eq thﬁﬂcg@plﬁxﬁérandawb'l“d' 'PB?-aPTQf@"?Q aroup VIII
néBie Gh ﬁl%tlflhﬁ‘[ aq’IHB ulh, 'é +1% J{H;CI é théretotl‘eﬂlore preferably,

|ncorpora seal cune cont al ni
atdeast arieesf thérGoupsV Ibirmetbde ar’aﬂtalsdsuplatlhum npr egnat i on or

sille oo lin GoRlecaoldls stisc BpidEn gt cHseS AfshAmmonium
nl’EFE’ééﬁ of tABhoBWrftals 'E)‘?‘tﬁ%%&ﬂb?e?k% (é:gg N corhPBRes).

Preferred Goup VIII le nmetals plrat1 num

pal | adi um and conbi nati ons thereof. Mre preferably,
St l.east one of the Group VIII noble netals is
—%Qaq)«num Suitable Group VIII noble netal salts

Thé edsifithd hbblatrRstal-eBhiniA§ partilss éfé@l’éhtd‘éléihéd at 83eMberature in
the noble netals or their conplexes (

theo rangsx ©)400s5@Q° &) prederabls 4iSOraP° ko bt eg |mportant to calcine at a
tefibREnbE At Wadhtabbit WP 46°FerBlé! ihidhtdhy ai nirogen

compounds that were introduced during impregnation. It has been found that the
presence of nitrogen compounds in the catalyst negatively affects the catalyst's
performance.

This temperature is preferably reached by heating the particles by 0.1-100°C/min,
more preferably 0.5-50°C/min, most preferably 1-30°C/min 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 atmosphere 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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the range of 400-500 OC, preferably 450-500 OC. It is

i nportant_tqg calcine at a tenperature of at |east
W(mblmam%@ﬁoaéopo renmove substantially all nitrBgeRP2005/055740

conpounds that were introduceg during inpregnation. It

has been found that the presence of nitrogen conpounds

in the catal yst negatively affects the catalyst's

performance. This tenperature is preferably reached by

heating the particles by 0.1-1 00C/ m n, nore

preferably 0.5-50C/ mn, nost preferably 1-30C/mn to

Al ealfRplighslar @) dRvRe Yakvs! e ARoRiereranigreduced at
prafsreed terhpeibling &n?efbﬂ‘ﬂco taT600° @, ®ibes pleferdbly2806s350°C, in a

Calcination is Rre erably conducted in an air and/or

redyeing gasssyceh @s Nydiogehen) flow. More preferably, this
S itGicd [ LY
BRI ENEr ie iobiuckh G8Rhiohy, deiel el bt WUbBd Y B catalyst
partielesoAe desiceibed oint aoniprgppblished! EurepeardrRatdnid Wpptigation No.
ination ste o.optjionally, a dwell of

0T E B praveriet! 1 2rrulbl Wotks. Horainrgleeably d 84, and most
pr‘e’fk%r%\_ﬁ 20w, —arﬁ@dﬁlﬁé@%rtﬁe%F§%UibnﬁBQ'@@éb&@“f—_tr?és a positive

calcination step (d), the resulting catal yst particles
effect oprtbe allkdtion activity cinglt the abtkydaterquadityt. enper at ur e

range of 200 to 5000C, nore preferably 250 to 35Q0C,

in a reducing gas such as hydrogen. Before or after

ThébikyiRidnGdrobssd r eat ment, water may be added to the
catal ySt partrclies. As described in non-prepublished

Priewbaathehydrmcarpon tabeialtylaied indog sikgtation preeess is a branched
sALERE B aRfcatbdh Bulth LY 1BhRane TAVAAPAADoEABLY atofis *Examples

are isobutane, isopentane, isohexane or mixtures thereof, with isobutane being

most preferred. The alkylation agent preferably is an olefin having 2-10 carbon
atoms, more preferably 2-6 carbon atoms, still more preferably 3-5 carbon atoms,
and most preferably 4 carbon atoms. Most preferably, the alkylation process

consists of the alkylation of isobutane with butenes.

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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preferably 2-3 wt% - neasured as the |l oss on ignition

at 6000C - _has a positive effect on the al kyl ation
waetoswity2’3R400ne al kyl ate quality. The al kyl aPCDEP2005/055740

process Preferably, the hydrogarbon to be alkylated in

the al kyl ati on process is a branched sat urat ed

hydr ocar bon such as an i soal kane havi ng 4-10 carbon

atons. Exanpl es are isobutane, isopentane, isohexane

or m xtures thereof, with isobutane being nost
regeaseatioadis praferably catriash outj@hi90% «ireless|agf the aetive cycle of the

cltafab Sk, ARy e, B e oSl SR, Bl e tar of the
feadthgmos tthgr alkgkatibh yaderitatdd ae ahoment Noisén,pirelconfparigon with the
t he al k%gatl on process consists of the al kyl ation

entsalae 8hdhecatalysicariainings reaqter sectan, i b ihenalkyiation agent
354 U cRBp8on oG ol O0IREA 1 LalB@B ot couning

isemerisgatipn hsidesthe, maledufe.xed bed processes. The process
can be carried out in a nunber of beds and/or
reactors, each with separate addition of alkylation

TRIGIbceds ¢BALMIBRS CappliRdSHCthe? présisht protedd o8 rﬁﬁmg?igéd in the

i nvention can be carried out in each separate bed
follewirtgoFableui t abl e process conditions are known to the

di scl osed in Bv@ ’@%ﬂégﬁeo i SPIESEHT%d. |§i3§%r§5%Pg Bedigcarbon
the catal yst irange/br Po]edrangesmbhient | %’hfogalgyelgtoilér‘i’agent
_regeneration step by béing contacted w

Rrefersechi ng a sa¥0ra28@d hydr dcadB0n and hydrsden5,000i%s

1|l dregeneratiog,i s eferably rried out _at, 9Q% or
Iﬂégespl@?eq% act29€ |l e of #ﬁe‘ﬁ@at al yst, \ﬁﬁe'lréayﬁﬁé
M6t preferved € | s gefbped as tie- gpne from t higest arts500f

the feeding of the alkylation agent to the nonent
when, in conparison with the entrance of the

Tﬁ? &@1%%}@@8@%@@[‘%'Hefe?é‘&&:%n%ﬁ%{édogr te%%)@rg{u réé1 &nd pressures that

differ from the reaction temperature by not more than 50%, more preferably by not

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

Optionally, in the above process the catalyst particles may be subjected to 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 details 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, the catalyst particles may be
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| eaves the catal yst-containing reactor section wthout

bei ng convert ed not counting isonerisation inside the
wornloense2) O GO0 process conditions applied in tPEI/EP2005/055740

present process are sumariseg in the follow ng Tabl e:

Tenperature Pressure Mol ar ratio of hydrocarbon range

of [0C] range of [bar] to al kyl ati on agent Preferred

-40 - 250 1 - 100 5:1 -- 5,000:1 More preferred 20 -

150 5 - 40 50:1 - 1,000:1 Most preferred 65 - 95 15 -
repydreded during18@ process inithe waysg sibedin the patené appligation cited
aﬁ%%uct ed at tenperatures and pressures that differ

the reaction tenperature by not nore than 50%

nor e preferably by not nore than 20% still nore
preferably é not more than 10% Optionally, in the
Pi@i@ﬂ?@%r'&c@@ Itlpnetocmeahggkrteamraw@sresape@éloguﬁﬁemga a milder

eggn@rzﬂloguhfsegﬁ&[%ﬂﬁﬁn? dHe i éflé’r'i‘ #h4dbsNSHCRISD deBohdld in WO

S phase. ure egenerfation 1s
o8/Pa6e0,ahlparticuian page 8} |Ifiﬁ 1atrhreugbrpmger1§.3 dihed. Thisikdxt passage is

NS ROEaIER Jealn Bodelereaso MOTRJR RAFIGHIAL ing e alkylation process
[ &
tHESREAEREPadRIcY GRSl Sanh 06668 infbrifRithil G0 regeneration step

b)gpplrigecbrpiacheddmtlalal fpedmnh@nmgea Alydsacarbem apd dyelsegamdvith said
regRpBiatiopureteraBhsiis natied pulirL Blat B B LmoRs BreTerably at 60% or

IeQQOe\f’é?prﬁBré breRESHG rAA0% Or 1&ds, Endmioss Brdfeftbly at 10% or less of
gh-tenperature r agiener ation the water content of

th@a@@lvﬁs@ycﬂ%\ﬂf ithe catalyst. dberaciivedcycte bfemﬁmcataé'sdegudeéaed as the
o ARl USRS oBOEb 59, R SEALE B AR when, i
carppartisas ivith ¢hé eslkylation agent added to the catalyst-containing reactor
section, 20% of the alkylation agent leaves the catalyst-containing reactor section
without being converted, not counting isomerisation inside the molecule.

The quality of the alkylate product obtained in the process according to the
invention can be measured by its Research Octane Number (RON). The RON is a
measure of the anti-knock rating of gasoline and/or gasoline constituents. The
higher the RON, the more favorable the anti-knock rating of the gasoline will be.
Depending on the type of gasoline engine, generally speaking a higher anti-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, 2,2,4-
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above. Preferably, in addition to the high-tenperature

regeneration treatnent a mlder regeneration is
wappbiedsldPCGR9 the al kyl ation process, such aBCT/EP2005/055740

descri bed in WD 98/ 23560, in rticular page 9, line

13 through page 13, line 2. This text passage is

i ncorporated herein by reference. Mire in particular,

during the al kylation process the catal yst particles

are preferablé subjected intermttently to a

trimejbylepentaoe, IQefﬁrth?ethl pgnienet 23, édrlmettmvl Pendane, 2,3,3-trimethyl

g BghALPAT P oo P RIEBBOAE! g ar v ed out at 0% or

| ess, nore preferably at 60% or |ess, even nore
%eferably at 20% or |ess, and nost preferably at 10%
E of the active cycle of the catalyst. The
active cycle of the catalyst is defined as the tine
fromthe start of the feeding of the al kylation agent
Examples ‘rF6rrent when, in conparison with the alkylation

DEFH rshidags /Esgmtp?lg@%g?ﬁw 0880l anacad % of an alumina
mafhawspé éfa%?nﬁ@d W M- BEAFRENCRGAI Rinpérbiifes f@fﬁgeut 1 hour after

converte ot counting Isonerisation Insid

being dweated atraeratguaf alogutd?()/tnm alhey talcimation dempecdaiuedsnapplied are
in,th C ,,totheinvention can be

I'%%%f@ﬁleb a§ %@’g?g P8h! oct ane Number (RON). The RON

Thé calciRPextfudidtes MRra Bubs&q@srit _}/f |mpr§§nﬂ6d%ﬁpbh RRyueous solution
and/ or gasoline constituents. hi gher the RON, the

ofnBHRIH3 apd NideNOa i ingipigrt welnesg bhe tamogsts@fl INhle+ ions was

» +4 o)

L g e e

ARelv aryirg at WReTC ifor 2gess ttl@eti:hpremfétem@xﬁﬁdétbe wew G@Icmed for 2
The product. obtained in the process according,t

h¢l|'1'§éﬂta]"bﬁt different fima), catalysi tﬁmetﬁtuw of Qﬁ@mﬂon aomaTable 1) to
otﬂ?gﬁer%eﬁﬁﬁ ngHH HeSfing 288 B MeCHAR YemBeRture 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 wt%.

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 volume/volume mixture of 38.6 grams of catalyst
extrudates (wetted in ambient air to a Loss On Ignition (600°C) of about 4.5 wt%)
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 system was tested for leakages at
elevated pressure, after which the pressure was raised to 21 bar and the nitrogen
replaced by hydrogen (21 Nl/hour). The reactor temperature was then raised to
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obt ai ned by determning, e.g. via gas chromat ography,
t he percentages by volune of the various hydrocarbons
w0 mo’ﬁhamm 98&%9 The percentages by vol une ar ePCTEP2005/055740
mul tiplied by the RON contribution and added up.
Exanpl es of conpounds with a RON of 90 or higher are
i sopent ane, 2, 2-di nethyl butane, 2,3-dinethyl butane,
tri net hyl butane, 2, 3-di rret hyI pent ane,
2,4-trimethyl pentane, 2,3-trinmethyl pentane,

2725°§> at arratasow?C ntamethezca;awst vwaﬁenedycecﬂ)eheaﬁ%C After 2 hours,

théﬁ?é@ﬁﬁée@s%%ﬁ“&?ﬁ&%%ﬁ%ﬁ@%ﬁﬁ%ﬁ%tﬁhd 30wt 9%

Tieé hgdrayjemstiearavas stopped wih ¢he ettainingof tied reldtionr tefiperature.
final tenperatures for about 1 hour after being heate

Isgbutaneawas suppligdto B reactoridlea faleceirlqu #,000 grams/hour About
o TG0 F %@%ﬁ%ﬁ%ee@aér@d ljaek &4 the ra?abfe ﬂcbcﬁﬁ 2 15% was drained

cal cination I'Cc n extrud
off ditrs analgsis| Buchpare anadwed ofi |shbmanequa@mpphnédjm dine oéactor as to

ORI ST AP APATBLOtau it My, Witk susism fad stabilized,
d}?ﬁﬁ SR of Blse-Blldhe \%s bhged 3 & e;g“r?% gecfis-étﬁfdtaﬂe-WHSV of

1200C for 2 hours the I npregnate ates were
odal (calnalatéd)on Zebbiterweight i thea:tataiyﬁfsampie).f'h' headverall rate of flow of
. C er at ur es | gi nati,o "in Taple 1. .
iR oy e, SYRET Jd¥ Feihtalnéd &t ARSHORG00, o The wplgit ratio of
isbbiidinet BNEIS2ab WteAe R Iha reHEtop (It WaéVéBd“ut F5dWaiHe gfessure in the
about 2 hrs at 2300C). The resulting Pt-content of the

reggtar ameewyedde 20 .M. wt % These catalyst particles were
E%l;‘rg g@%ﬂf@# 4 hBSlséfer%ailﬁ&?,rtﬂé %%tél?stt&?tiélgg I\Ape% I?ggenerated by being

washed with isobutane for 5 minutes, followed by 50 minutes of regeneration
through being contacted with a solution of 1 mole% of H. in isobutane, and then
being washed with isobutane for another 5 minutes (total washing and
regeneration time 1 hour). After this washing step, alkylation was started again.
The temperature during the washing steps, the regeneration step, and the reaction
step was the same.

After processing as above for 24 hours at the same temperature, a pseudo-steady
state was reached. Then, the temperature was decreased and the process was
conducted as above for another 24 hours. Hence, 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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A fixed-bed recycle reactor as described in WO
98/ 23560 having a dianmeter of 2 cmwas filled with a

wd 2008/0vsah 2l HESPS une ni xture of 38.6 grans of CBCEEPBDS/055740
extrudates (wetted in anbientqy@ir to a Loss On
Ignition (6000C) of about 4.5 w% and car borundum
particles (60 nmesh). At the centre of the reactor tube
a thernmocouple of 6 mMmin dianeter was arranged. The
reactor was flushed with nitrogen for 30 m nutes

eslimatedrtp ben84tinstend &f\RA.che\&d+t alkylate yieid ISedﬁfmaatthe weight

afgPe P ST b RrodidoE ghldnibyl B8 e HEBrGE alePh FBhsume.

Nl /hour). The reactor tenperature was then raised

t02750C at a rate of 1C mn and the catal yst was
The Rrftesy oft the7 salcinatippectempgratires emdhe gymance of the catalyst

r d to the reaction tenperature.
pz%:‘ﬁ%% '%‘rdcglé;ar;[&@?nrggﬁﬁ/\gs stopped with the attaining of
the reaction tenperature | sobutane was supplied to the
reactor at a rate of about 4,000 grans/hour. About 95
Tablggly, of the isobutane was fed back to the reactor.
aftiNatiod 12! Teal " ANRehetion T RO
|sobutane was sup Ted to the reactor as to
ensure a congt@nt quantit{fCof |i quASINncome (39kt €98.5% conv.

T¢is-2-butene s added to? as to gi ve® 96.7
ocCis-2-buteneg@dSV of 0. 1944@al cul ated ogpzeolite 97.7
wei ght in the catal yst sanple). The overall rate of
3flow of Iiquid®bin the sys#&dn vvas mai nt abhed at about97.3
4,000 g/ h. The weight rati i sobut an
4cis-2-butene at the react6$0| nl et was aggut 750. The972
spressure in tgpp reactor agpgnted to 2 lgpar. Each tigep
after 1 hour of reaction, the catal yst particles were
6regenerated BP0being vvashé@ovvlth i sobut 8e for 5  96.6

thrpugh bei ng contacted with a solution of 1 nole% of
TaBlei 1 tleamptshivvs gt tHeeperformance 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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bei ng washed with i sobutane for another 5 m nutes
(total washing and regeneration tine 1 hour). After
wo M%/Omsﬂpﬁﬁ:o ep, al kylation was started agaP@r/Efives/055740
tenperature during the washi ng steps, the regeneration
step, and the reaction step was the sane. After
processi ng as above for 24 hours at the sane
tenperature, a pseudo-steady state was reached. Then,
the tenperature was decreased and the process was
Belbnaampias wereanalysesr farnwssitiial nitregan. sThediigegen igentent of the

AR A b0 AR R TR e HBlash b of he catayst o
Exgmbpler 3 waee< 8Bappahar act eri zed by the reaction

tenperature and the research octane nunber (RON) at
99.5% ol efin conversion per reactor pass. The RON was

G @ 0,

TS 2RSSR SoRA RO i of S5 75, RON at 00.5%
carersiohaf B312.of total C9+ (excl.

2,2,5-trinmethyl hexane) wasestimated to be 84 instead

of 90. The Co5+ al kylate yield is defined as the wei ght
Tﬁé"_eaﬁé|ysqfof<§<’an%|b>é ShSwed YOUPR LotvErEH t;at352t°tn‘é‘aﬁ>ef NN !at 99.5%
wei ght” of ol efin consuned. The effect of the
carndecsinntof 9f.8.enper at ures on the performance of the

catal yst particles is indicated in Table 1. Table 1

Exanple T calcination 1 T calcination 2 Reaction T at

RON at (0C) (0C) 99.5%conv. (0C) 99.5%conv. 1 450

450 6 1 96.7 2 475 450 52 97.7 3 500 450 57 97.3 4 540

450 58 97.2



5 500 600 60 97.0 6 600 450 64 96.6 Table 1 clearly
shows that the performance of the al kyl ati on cat al yst
wae anchesapPPF0®d by varying the cal cination PCT/EP2005/055740

tenperature both before and af4 er inpregnation.
Application of calcination tenperatures in the clainmed
range results in inproved al kyl ati on catal ysts.
Exanpl es 7-8 A catal yst was prepared as in Exanpl es
1-6 using 4750C for T calcination 1. After

Egnation a sanple of this catalyst was calcined at
a catal yst tenperature of 350 OC (Exanple 7). A second
sanpl e of this catal yst was cal cined at a catal yst

11 Prpessy doretd proparabion Bxfaaptatallst Retibh sisnpliesblevdor alkylating a
anal ysed for residual nitrogen., The nitrogen content

othydrrcachernfaps sgid progass EOMPRBIRIADS SRR Ofrhe ni tr ogen

C t . al A ' .
o2 Fonbfind AL Aol w3 BinfePid oim a CaRRf brelGifsor;

am) caldinalg e Satalystveresusor ct & tatalysthiengeratuystindhe range of
Eg%gp/éﬁc%,ﬁ:vshomed 99. 5% conversion at 52 0C and RON at

9gVy9 ersion of 97.5.CLAIMS 1. Process for the

pr p. . I .

DI e fauY 1T EAMUatishrdchrss wifib asdllon of a Group Vil
t meble metal gompoundy saidrsalgtiarofuritiea comppising NHe'Sons;t Bnd

o) o fpiciing ool Buprighaled AV PRl ERInE 5P o) at o
r aefystirerdhpBratdfe AGhe range of 400 to 500°C.

2. A process according to claim 1 wherein the temperature applied in step a) is in
the range of 450-550°C.

3. A process according to claim 2 wherein the temperature in step a) is in the
range of 460-500°C.

4. A process according to any of the preceding claims wherein the temperature
in step d) is in the range of 450-500°C.

5. A process according to any one of the preceding claims wherein the solid acid
is a zeolite selected from the group consisting of mordenite, zeolite beta, X-
zeolites, and Y-zeolites.

6. A process according to any one of the preceding claims wherein the binder is

alumina.



c) inpregnating the calcined catalyst precursor with a
solution Qf a Goup VIII noble netal conpound, said

wa odoanisane’PBEOfer conprising NH4 + ions: and dCT/EP2005/055740
cal cining the inpregnated catgj yst precursor obtained
in step c) at a catalyst tenperature in the range of
400 to 5000C. 2. A process according to claiml
wherein the tenperature applied in step a) is in the
range of 450-550C. 3. A process according to claim?2

7 wher ehtalysi@biaingeiedyithe nracesseyf any ene phthermrecedipg clgims.
460- 500 OC. 4. A process according to any of the
precedi ng clainms wherein the tenperature in step d) is

81 n tse ohirecathlydb6f M7 for the ﬂmaﬁéﬁ oﬁhﬁ@b@bl‘tﬁ)rfso
any one of the preceding clains erein the solid acid
is a zeolite selected fromthe group consisting of

g.Tor dgait Scc&%mrd e Redifh gzﬁmb?éiﬁs'th@nﬂ)(a?b@éfﬂdn%esare6saturated
A process according to any one of the preceding clalns
wher leydrotddbobsnder is al umina. 7. Catal yst obtainable
by the process of any one of the preceding clains. 8.
Use of the catalyst of claim7 for the al kylation of
hydr ocarbons. 9. Use according to claim8 wherein the
hydr ocar bons are saturated hydrocarbons.



