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process for al kylating a hydrocarbon feed 5 which
conprises contacting the hydrocarbon feed to be

al kylated with an al kylation agent in the presence of
a catalyst conprising a solid acid and a :

hydr ogenati on netal. Wthin the framework of the
present inventi-on, the tern1a%§%1ation refers to the

10ALKXEATHANGP REICES R W SING 1Re CATMio(tl CRMERISEINGM SOLID ACID
ar BMEx AdTOPROGEONATYAN MizdAbcar bon, with an al kyl ati on

agent, such as an olefin. Wthout limting the scope

of .the invention, we will further illustrate the

i n@@%tﬁ%ﬁe@y'“é{?%ﬂ%é‘?'ﬁ&% e %ﬁ%ﬁﬁ%ﬁf?bﬁh%y?atm ariydsgearbon feed
hy a iaad am,{a'l) u .
hy\gp%g'a%@%zl,se%\nn%dﬁﬂgﬁﬁ 0 g?‘f n to&g?rgghhfeg%tﬁfso bk?eanaélf'}g%ted with an
sagliylatienl agemt doahbopresescaviof ra aatslygiecomplisinglarsolid acid and a

wel ght . drocarhons contain no atons other than
hy@’%ﬁagﬁ"}'—%‘w @5& on. This reaction is of interest
because it makes it possible to obtain, through the
al\l;\ﬁl ation of isobutane with an olefin containing 2-6
ca

ibin theofremeavprisiatyhepeesamiintenion, theteym aliylation refers to the
- ' s i | | unl.i k
DCPERSlofr el Brbied Rt o YEaat Bl S satraec

f r ipdrocavd ony ehithaan valkylgtiorg agentiducAngs ainmerBiRe Wighout limiting the
resi due,_ gasoline obtained by al kylation is _ )
es¥APE of ihe invertionrwe yHll fxtharrtiusteate fha dnventionr by digcussing the

ni a I j .ch i ftics.

" 2RQREn 2N e SRR B OOl  Prarided  saturated
hi lopydrocarapas, withban ,oldafémixergi\tdwbigh’?e@ramcrmdgsaturated };]ydrocarbons
envi.ron tally, harnful ,anti-knock conpounds 25 suc :
Sovth HHORS el Weidh, HYAT G gas G obe A other than
byhyftbgemang dadfbi.ha or by cracking heavier petrol eum

fractions, alkylate contains fewif any aronmatics or
ol Elfisrreactian ihof ielest heeatwse itymakes ki pagsible ta dhiainhérough the

A RPLEEE of ISttt af U Faniing 2% WSieh SIS b 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
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 fo 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-catalyzed. 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,
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probl ens. For instance, sulfuric acid and hydrogen

fluoride are highly corrosive, W 2005/075387

PCT/ EP2005/ 000929 2 so that the equi pnent used has to

nmeet high quality requirenents. Since the presence of

highly corrosive materials in the resulting fuel is

obj ecti onabl e, the renmaining id has to be renoved
fromthe al kyl ate. Al so, because of the

seﬁ@aﬂ"@{tl b cominneenthased hasde reaet high %@llty trﬂ@U'EﬁrIi@@'@s Since the

rggﬂéﬁéﬁbﬁﬂw{kﬂrré% n?atgﬁé’l N5 itHE reﬁﬁﬁ‘l‘&gﬂ ‘ﬁ?el i bBfdetibiiable, the

X1 C SU St ances

hyrém@ﬁng Bclgomagie bé rémbeed fronht the all@ylatszv@nscﬂebefe:bupﬁeﬁthe phase
inthis field is the use of solid acid catal ysts,

assep@@ﬂqnﬁéuwshth%. Ry sRHiSps P, t %pgme@gse@omphcatedh and thus
ﬁ§ 78, tél%ldé%e tﬂ%‘e&‘ i€ HhyS the lr%kcﬂ‘ﬁt bQi‘cng%ll?stances such as
ze | sucC nobl e

as’a zeolite, a Gou
rTE!‘tya!Irog@ fluorpeawillmenemittquhl | adi um as hydrogenati on
nmetal, and optionally a matrix material, such as
alumna, in the al kylation of hydrocarbons. In

qu(‘trLeWér d&eldpmanhtkinl #id 9BIcPTs ﬁ’féJG@é'df $BIRr 86T RRAB/sts, such as

in the alkylation of 15 saturated dr ocar bons
hmobtyemntamm e:atalststshéNEht%/meé} isdlogpsstlg . useernfea catalyst

catalvsts for the al f satura h rbons

- BB 4, tplgesiidn 2 Vretae, § B L8 Vi pRpi REHPEY piatinum
S Wripdliatngh Yad ﬁYcﬂ@géhéﬁoﬁ Restals an@fopiodally@ byBhtrix material, such as
conprising a so acid and a hydr ogenati on net al

arﬁlUWﬂasl*ﬂ thedalkylatiem of hydiecarhensi. 5 - 6 wt % of water

- neasured as the loss on ignition (LO) at 600C and

based on the total weight of the catal yst conposition

- IhFé@ﬁtt&tit@ md;iﬂtmhticﬂﬁtdfvmbynaii&dhgdﬂaicgm“ ahk‘gﬁeataﬂ(ylation of
qual it ared with a co | e but drier catal

2§aflr'f@ Qdah& KpERrogAS wrawﬁ) s ke date Qtﬁgmmn Step Hence,

al doyk 9L s OBr RO GRS faticrCBPELRFSted - RydroSartbis W8 Gife a hydrogenation

metal.

It has now been surprisingly found that the use of a catalyst comprising a solid
acid and a hydrogenation metal and which additionally contains 1.5 - 6 wt% of
water — measured as the loss on ignition (LOI) at 600°C and based on the total
weight of the catalyst composition — results in a higher activity and a higher

alkylate quality compared with a comparable but drier catalyst.

The catalyst .

The catalyst, when used in the alkylation process, comprises 1.5 - 6 wt% water.
Preferably, the water content of the catalyst is 1.8 - 4 wt%, more preferably 2 - 3
wi%.

The water content of the catalyst is its water content during use in the alkylation
process and is measured by determining the weight loss upon heating the
catalyst for two hours at 600°C (LOlgqo).
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al kylation 30 process and is neasured by deterni ning
the wei ght | oss upon heating the catalyst for two
hours at 600C (LOL60o0). WD 2005/ 075387

PCT/ EP2005/ 000929 3 The catal yst to be used in the
process according to the inventjion further conprises
a hydrogenation netal . EXaane§ of suitable

hydr ogenation netals are constituents of the
transition netals, such as netals of Goup VIII of the

BRGNS BopE Sl i T PSR cAERing R e BPGpton further
peehpiised.a Ryatdgenationahétalli Examples ofi stitablshydveenktion metals

are especially preferred. The amount of hydrogenati on
n@f%comﬁtmuea@pegaﬂ%ﬁans@lon faeial® . susheas taetals of Group VIII of the

Pﬁ‘e%rrﬁg%%llggaﬁ{ggﬁi&drﬁ]%é@m %ﬁ?ﬁgl’thé’ge o%}éor’rﬁltélls #*'Group VIl

eri o e catalys enerall’y w
c ofitlaé Parindid®ablenge plefOréd. Platidumt faladiunt, dritemixtures thereof

bausasahoighpispied: T gtk of fdkedsnaen matab wil d8bend on it
C"f‘]taﬁ!d‘lé.SWﬁé‘r'i ttl‘i@rhé/@&fqé’da‘ﬁ%ﬁ rﬂeﬁé?'iéda %’ofé netdned efo@® VIl of the
eo tes SucC a

solid acids are s zeolite beta,
MBrizdic Mide3the catalyshgereralty xdlcontaén imitherangel aftte@] to 2 wt.%

B T B 2L 3R eSS BB s o th toa
swyidightest tex cagpysiuch as sul fated oxides of zirconium
titanium or tin, m xed oxides of zirconium

nol ybdenum tungsten, phosphorus, etc., and

o RS BT LR R el X lES S ShIiF gl 48 zeolites
belah 2% Zaslité bheta, NAM22e MAENMESE, mordamitenX-2dolite¥dand Y-zeolites,

zeolites and USY-zeolites. Mxtures of solid acids can .
alncudiag dinyieslies ARd ¥rwerties, ppafzepliigsalis] agidgsugh as silica-

 AATFBOSURR R ULh LR B S iboni fpmium, or
24niR@d 2dxifés aofygzircomanm, smolybdenum, tungsten, phosphorus, etc., and
chlorinated aluminium oxides or clays. Preferred solid acids are zeolites,
including mordenite, zeolite beta, X-zeolites and Y-zeolites, including H-Y-
zeolites and USY-zeolites. Mixtures of solid acids can also be employed. An
even more preferred solid acid is Y-zeolite with a unit cell size of 24.34 - 24.72
angstroms, while Y-zeolite with a unit cell size of 24.42-24.56 angstroms is

preferred most.

The catalyst may additionally comprise a matrix material. Examples of suitable
matrix materials are alumina, silica, titania, zirconia, clays, and mixtures thereof.
Matrix materials comprising alumina are generally preferred.

Preferably, the catalyst comprises 2-98 wt% of the solid acid and 98-2 wt% of
the matrix material, based on the total weight of the solid acid and the matrix
material present in the catalyst. More preferably, the catalyst comprises 10-90
wt% of the solid acid and 90-10 wt% of the matrix material, based on the tfotal
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zirconia, clays, and m xtures thereof. Matrix

materials conprising alum na are generally preferred.
Preferably, the catalyst conprises 2-98 w % of the

solid acid and 98-2 wt% of the matrix material, based

on the total weight of the solid acid and the matrix

30 material present in the cat§1yst More preferably,

the catal yst conprises 10-90 wt % of the solid acid and
ogveightwiinef salideacidanddhaanalrixanatesigd eantainachin thet eatalyst. Even

SO Bertaray el criafvet, Satloast, BT APk ity geterial ana

C dlafnest sofky edtid micst pprefarablyl it, c@ﬂnpne@é a10LaD wt% of the matrix
conprises 10-80 Wt % of matrix material

s@natarlakam bﬁt?ﬂ%@@d@%@ﬂ%ﬂ b t@@lswqughhef fhesafid acid and

I olid acid, based on
the ﬁPe[T *ﬁat@ﬁ"%l ?AP%E%S@\% c??&lgstz and 5 the mat ri x
mat eri al cont ai ned |n the catal yst. The catal yst
pref erabl S hal oge onent. Preferably,
P HBeciatalSmetosaph: CURIBa 2 NS TAPOTEPBE uher i n t he
rati o between (i) 10 the volune in catal yst pores

vvith a dianeter of 40 - 8,000 nm(in the follow ng
" irfuefevphly etie) catakys{ d:cbmptim sqtalyist particteasgivherain theeratio between (i)

R ShinS R ableq b B8 kol By Mpdftne folowing
Vﬂh@%ﬁb‘re@l) arﬂdeCﬂfthé)s;?éblﬁﬁ !’e@\gthﬁﬁt%éfyé@péﬁ@@shs% the range
e is fine he rati o between

a cataly @q’i@{lt' C
t 98 0.0%6- § Kg'enmp eoewvhardin the epialyet has adaial poee yolume of at
rt of this catalyst particle. The
deaesig%djpﬁ@h of the geonetric volunme and the
gaheespediic lerdih eof a%d@lmpémde"l% gefirsah agkinel £diol Petween the
the art .and can be carried out, e. as described in

DEeonwALG yolupe ar?&cﬂ@p@?@ﬂ@tﬂmﬁwf%e Réthe solid eart of ahis catalyst
PRBRiNQ! HIE deferfft&idR BefheVdébmetric volume and the geometric surface

is known to the person skilled in the art and can be carried out, e.g., as
described in DE 2354558.

The macropore volume as well as the total pore volume is determined via
mercury intrusion on the basis of the Washburn equation covering pores with a
diameter of 3.6-8,000 nm.

Preferably, the ratio between the volume in macropores and the specific length
is above 0.20 ml/(g*mm), more preferably above 0.30 ml/(g*mm), and even
more preferably above 0.40 ml/(g*mm), as well as preferably below 0.80
ml/(g*mm).

It is further preferred that the catalyst has a total pore volume of at least 0.23
ml/g and most preferably of at least 0.25 ml/g.

The catalyst particles comprised in the catalyst preferably have a specific length
of at least 0.10 mm, more preferably of at least 0.16 mm, and most preferably of
at least 0.20 mm. The upper limit of the specific length preferably lies at 2.0 mm,

more preferably at 1.0 mm, and most preferably at 0.6 mm.
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macropores and the specific length is above 0.20

m/(g*m), nore preferably above 0.30 m/(g*nm, and

even nore preferably above 0.40 m/(g*m), as well as
preferably below 0.80 25 m/(g*mm). It is further

preferred that the catalyst has a total pore vol une of

at least 0.23 m/g and nost pﬁeferably of at | east

0.25 m/g. The catalyst particles conprised in the

c dhel yalumpr isf meatsipprémpeciarabheds et leangﬁ)g% migg, rgest preferably at

aﬁec?si&rég?% Q@ne?ﬁ@ Rﬁeﬁe{gﬁlio@eﬁ%% fggf%gb g#%opr}?ﬁergﬂk oaglow 0.25

Ilnmgt_ of the specific length preferably lies at 2.0
mm ~nore preferably at 1.0 mm and nost preferably at
0.6 nm WD 2005/ 075387 PCT/ EP2005/ 000929 5 The vol une

. .
TAFERLREE S S P ey . Rl sonre,
chiﬁhdéré gring® sand sghrenetht yorbadyonmetrRSpolylobgs, 5orTimetance tri- and
particles o the cat al yst can have ny diffe

sl%léégl obsfe| fde ﬁ@a@bhé gsca a&xﬂt. RAICES’ havgs, Bryerage particle
ngﬁétrer fO t + Fﬁ rabf 6 IASE88CH & I'"dm and most
an el‘a

quadr u yst particle .
h@vea‘eaerblw‘oé raagmqiat t) |m||ne Thei wppﬁrdlmlbbf the brarsgeOpAtiniy diameter

mor e pr r abl at | east Q. 8 d t
oPeriePaY Jeset 40 e merprser2eNoR, S0P e e pisterably a
avel agR, particle di arreter 10 preferably lies at 10.0

mm nore preferably at 5.0 nmm even nore preferably at
3 O mm Preparation of the catalyst The catal yst used

VTR % G ERE et er content of an exi sting

Caﬁh@' ¥atalys®niydds imeha pieddsd astatdmgdica the invention is prepared by
adjusting the water content of an existing catalyst comprising a solid acid and a
hydrogenation metal.
The existing catalyst can be prepared by processes common to the industry.
These will comprise, say, shaping the solid acid constituent after mixing it with a
matrix material, to form carrier patrticles, followed by calcination of the particles.
The hydrogenating function may, e.g., be incorporated into the catalyst
composition by impregnating the carrier particles with a solution of a
hydrogenation metal component.
After impregnation the catalyst is preferably calcined.

The catalyst is reduced at a temperature preferably in the range 200 to 500°C,
more preferably 250 to 350°C, in a reducing gas such as hydrogen. This
reduction can be performed before adjustment of the water content, after
addition of water to the catalyst and/or by using reduction as a way to adjust the
water content (see below). Preferably, the reduction is performed before
adjustment of the water content. More preferably, the reduction is performed

after drying the catalyst in a dry, non-reducing gas (N2, He, air, etc.).
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after mxing it with a matrix material, to form
carrier particles, followed by calcination of the
particles. 20 The hydrogenating function may, e.g., be
incorporated into the catal yst conposition by

i mpregnating the carrier particles with a solution of
a hydrogenation netal conponenrt. After inpregnation
the catalyst is preferably calcined. 25 The catal yst
is reduced at a tenperature preferably in the range

2 to 500C r .

Rl el u Fyfhatshn e Absfaty, Ididte mefhods. Such
p%étﬁb&@@@@i@hpnm bslbuweas methddwe! vitaad 3.ont ent
after addition of water to the catal yst and/or by

using reduction as a way to adjust the water content

bj\ﬁ%pgﬁ 18%81\)2%%%%%! I'LehEOT %’F"écéétg sf tﬁy %%Fgﬁﬁe[ﬂe catalyst to

ust ment ter con
prefter bdloye its hseriadhe tallopation preckss,nied beécbrEemorda(ytinggthe catalyst

et Thanny SocaieTsisH pes MEp RO GEnga8": o i Sahdie pohieved by
%Sghgo@ucﬁﬁaﬁE Qbﬁ%é’c@ﬂc@ﬂaﬁﬁh#‘%ﬂ%@sﬁﬁeﬁéﬁ[ Ie0Y'S air — at e.g.,

are exe bel ow as
mestnhioidat donditjoresn Endoodimeiatshafltthls maﬂmd\nesluplm:r easi ng

the LO of t
wit ePxassteg 8 reucert Saalét RERERE ] 8 A Bl Kfeqchea
bef Oéﬁp&o‘i&ﬂ‘%éﬁﬁin'?@dd&é@ éé%h@hVﬁ)twaﬁ@rhhtllék@Lm! @b@@él’tlﬁwﬁeswed level

f eed e al kylation agent. This can be achi eved

expoisi negche@ foﬁmues}bv reduetiamaeiihecasialysth thryehy ﬁ@§[5-’r?§|lflg the LOI
anbi ent conditions.

Errbog:l %5"83 I?Yﬁﬁs met hod i ncl ude: 10 - exposi ng a

r Eduéﬁ}.ﬁ’osﬁ@é al nealicé® cuedipt towiater Lhel atesOl @@ohé]the siesnred level is
reached, - exposing an unreduced caﬁ al yst to wat
unti reamegdollawgdebw freatmant céihe edlatyst F%ﬂ'@}%l’cﬁ*féﬂ“e"t or a reducing

fol ' rﬁﬁétréetﬂggﬂf&bc%aélhﬁ th@L &1 ¥S the 48&F&PKvel, and

decr asi
- reducing the catalyst in a hydrogen and water-containing atmosphere.

The reduction and exposure to water can be conducted in situ or ex situ. With in
situ reduction and exposure to water, the catalyst is reduced and contacted with
a water-containing atmosphere while being present in the reactor used for the
alkylation process. This reduction and exposure to water is done before starting
the alkylation process, i.e. before contacting the catalyst with the hydrocarbon
feed and the alkylation agent.

Ex situ reduction and exposure to water requires transportation of the catalyst
with the desired LO! to the reactor in which alkylation will take place.

In another embodiment, the catalyst can be contacted with water ex situ, while

the subsequent reduction to reach the desired LOI is conducted in situ.

Method 2 involves decreasing the LOI of an existing catalyst to the desired level
by reducing an unreduced catalyst with an LOI above the desired level before

its use in the alkylation process, i.e. before contacting the catalyst with the



to the desired |l evel, - exposing a reduced catalyst to
water until an LO above the desired level is 15
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either an inert or a reducing atnosphere, thereby
decreasing the LO to the desired | evel, and -

reduci ng the catalyst in a hydrogen and

wat er - cont ai ni ng at nosphere. The reduction and

exposure to water can be conducted in situ or ex situ.

Wth in situ reduction and exﬁosure to water, the

catal yst is reduced and contacted with 20 a
wayerocadrmmifaet gard nibhepadytatiani Bgepki Agaiy ethisntreductidne can be

- BRTb e S oS et BPRT 3R Bop et sty e inside the
stfkyldtiod rekb@ral kyl ation process, i.e. before

contacting the catalyst with the hydrocarbon feed and
the al kyl ati on agent. Ex situ reduction and exposure

t . i r : . . .
bR RS el TRIPRIARB, SlrbP YRLR ion ABcoss i
alckitdlyasti having | &n tla®E dlawethd niesinedl hevelempddiandity, water to the
catal yst can be contacted with water ex situ, while
tﬁ&y@i@@eqwntdm@audqme@ﬁ%wré@cﬁnﬁtﬁacaegvr &dding water to the
c n u, LRAVGLNE easi P

[ BptlsEior Tietd: | bye FePfierthy thy ° Sl 28, Wify-containing
bwatmesipitaracaraiiouby exposidgdae akygsnenatac catal\ishito abwaer-containing
tI%gBde@%red | evel before its use in the alkylation
pPYBESRNEIL. o pefore contacting the catalyst with the

WD 2005/ 075387 PCT/ EP2005/ 000929 7 hydrocarbon feed

and the al kyl ati on agent. Again, this reduction can be

péy fcombinkbtion of ttwo ior enotrutcdi the ahevarlkgthadisois also possible. In

- BaelcEfar. B aPsahiedo At e TR Be ol \Elie Fosirsapefore the
Stafiyidtion proeess iy Ahited (RIAEeSS of ) #hd edad|usstit after or during
having an LO bel ow the desired | evel and addi ng water

t segenerabion of tei eaialysl acepidingdo prefbed $ing, for
i nstance by adding water to the hydrocarbon feed, by
regenerating the catalyst in a water-containing

The alkylation process

Preferably, the hydrocarbon to be alkylated in the alkylation process is a
branched saturated hydrocarbon such as an isoalkane having 4-10 carbon
atoms. Examples are isobutane, isopentane, ischexane 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 fluidized 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.



at nosphere and/ or by exposing the regenerated catal yst
to a water-containing 10 atnosphere. A conbination of

woOwwsosasor e of the above nethods is al so possPoOr&EP2008/000929

10

15

20

25

particular, it is possible to adjust the LO of the
catalyst to the desired before the alkylation process
is started (nethod | or 2) and re-adjust it after or
during 15 regeneration of the catalyst according to
nmet hod 3. The al kyl ati on process Preferably, the

hydr ocarbon to be al kyl at ed i n8t he al kyl ati on process
is a branched saturated hydrocarbon such as an

i soal kane having 4-10 carbon 20 atons. Exanples are

oﬁﬁegﬁgﬂ?%s O@glt(ﬁbeqngg%gp%?%emgg %’éé}ggﬁ glﬁﬂﬂfg{ grﬁé ‘process in

ageddr tbﬁﬁél%h@b'tbfe ILS)IEUT thé ehtdlysthethe @edird@ IéWl bDiis Water can be
atons, nore preferably 2-6 carbon atons, still

nor
pirdrasiugsnydiging ther allsyatie heactiondViap stg. pkher by@@pwbﬂn feed or the

C008; BGPRen Bty RIEFBA0) 1 BRARE KR Ry REFSY woing -
b uizgeesontaming |dtrrbepheiedei’uMngotltd1&)miolnbl €child®riegenetdtion steps
al kyl ati on eﬁrocess can take an swtlabl e for

|ﬁ’@r5%h” %WdloieBYbéantﬁPW&s &s caigiygt, yithr wa séy a separate
ﬂﬁ méﬁgtéoﬁ)gdraﬁ&?g%?s The process can be carri ed
ds an

In a nu d/or reactors, 30 each with
s Sirailat prasddiutésosanfbeabpplied tomchypate ilie datlysldfter it LOl has

such a ¢ t he rocess of the.inventi can be .
cAPFTeseluCr e APCIIL ol paHTIRg - Ficrlbylalig reaction and/or
2@@%_{ §&7) PCT/ EP2005/ 000929 8 As nentioned above

hod wat er nmay be added during the process in
or der to |ncrease the LAO of the catalyst to the

desi. Thi { L
¢ RUEBlG, pERRS e, S KMOWRG o BB Belith  referably, an
f e@diont peodeskead GkcrRik! Rt WO @BQ’BSGOAHSI ejppiety €fhe process
the catal yst can be hydrated by using a

wepBditions eapiethin henyspael rrogass At swamasizedrarthe fallowing Table:
regeneratlon steps

Temperature | Pressure Molar ratio of hydrocarbon to
range [°C] range [bar] | alkylation agent

Preferred -40 — 250 1-100 5:1—5,000:1

More 20 -150 5-40 50:1 -1,000:1

preferred

Most 65— 95 15-30 150:1 - 750:1

preferred

Optionally, in the above process the catalyst 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,
and in particular to page 4, lines 12-19. This text passage is incorporated herein
by reference. The high-temperature regeneration can be applied periodically

during the alkylation process.



descri bed bel ow, or by contacting the catalyst with
water in a separate internediate hydration step.
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catal yst after its LO has 10 decreased during

processing (i.e. during the al kylation reaction and/or
regeneration). Suitable process conditions are known

to the skilled person. Preferably, an alkylation

process as disclosed in WO 98/23560 is applied. The

process 15 conditions applied®in the present process

are summarized in the followi ng Table: Tenperature
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content of the catal yst has decreased to bel ow the
deegenadatieny siep bhbeingteanjastedayitrha feedh partainiag gunidigearbon and

hydrogen, 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
the catalyst is defined as the time from the start of the feeding of the alkylation
agent to the moment when, in comparison with the alkylation agent added to the
catalyst-containing reactor section, 20% of the alkylation agent leaves the
catalyst-containing reactor section without being converted, not counting

isomerization 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 favourable the anti-knock rating of the gasoline
will be. Depending on the type of gasoline engine, generally speaking é 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 detérmining, e.g. via gas chromatography, the
percentages by volume of the various hydrocarbons in the product. The
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adding water to the hydrocarbon feed or the feed of
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water in a separate intermnmedi ate hydration step
Preferably, in addition to the high-tenperature
regeneration treatnent a mlder regeneration is
applied during the al kyl ati on process, such as
described in WO 98/23560, in @rtlcular page 9, line
13 through page 13, line 2. This text 10 passage is
i ncorporated herein by reference. More in particu
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The product obtained in the process according to the
invention preferably has a RON of 90 or higher, nore
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FIGURES

Figure 1 illustrates the RON at 99.5% conversion and the reaction temperature
required for obtaining 99.5% conversion as a function of catalyst’s LOlggg during
reaction.

Figure 2 displays the RON and the conversion as a function of the reaction
temperature for catalysts with an LOlggo of about 2 wt%, prepared in different

ways.
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hi gher are isopentane, 2,2- dinethyl butane,

2,3-di nmethyl butane, trinmethyl butane, 2, 3-dinethyl
pentane, 5 2,2,4-trinethyl pentane, 2,2,3-trinethyl
pentane, 2,3,4-trinethyl pentane, 2,3,3- trinethyl
pentane, and 2,2,5-trinmethyl hexane. A related

rel evant paraneter for product auality is the ratio of
the anmpunt of forned trinmethyl pentanes (TMP) to the
arfotWPES or med di met hyl hexanes 10 (DVH). Tri et hyl
pent anes have a RON of about 100-110. D nethyl hexanes
have a RON of about 60-70. Consequently, to obtain an
alwagﬁempfbo@dhregh oct ane nunber, the highest
possible TMP/DVH ratio is desired. The process

adt Bxed-hgdiecyaie reaﬁi@rnaes easerbessn| W Qﬁ()ehqi\dng,@tcﬁameter of 2
pro“? eréa%tflngav\'lvgtﬁ ? ai{\/\?@%/\fﬁmg ?f xté{)ei o?afé grams of catalyst

mor e era
153x4rudAtes/\(dnl diiyebasimvire. lifie tdcmai“_nwmhtecorkaitgdvfort ﬂn@ wiater content)

Gt catomBgT eRbsEs (90 RSN hoaeshie q teFeasior tube a
"""th@N"ﬁoéd1 le BE6 rAfn INOBMi&ARAS ?ﬂa?@%ﬁ%&%&f gﬁ\rs eﬂUfhed with

obtain the same conversion | eve
i Initbegerafars3G minurken! (21 NISobivh dNext,ethei systemdvasitested for leakages

A TBEUTR e S AR et gor et o
I eedde repidedd B Wd?ogénsfﬂﬁbdﬁhétﬁ}? TdNredwlof fé@nperature was then

converS| on as a ¥unct| on of the reaction t enper at ure
f gpisedtial 47°C @i ahrate of APEGvINCand o tcatalystowaprreduced at 275°C.

| 'Af%rfzf ﬁétﬁg,tthev\@é@tor temperature was lowered to the reaction temperature.

The hydrogen stream was stopped with the attaining of the reaction
temperature. Isobutane was supplied to the reactor at a rate of about 4,000
grams/hour. About 95 - 98% of the isobutane was fed back to the reactor. About
2 - 5% was drained off for analysis. Such an amount of isobutane was supplied
to the reactor as 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 of 0.19 (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-2-butene at the reactor inlet was
about 750. The pressure in the reactor amounted to 21 bar.

Each time after 1 hour of reaction, the catalyst was regenerated 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.
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was filled with a 1:1 vol une/vol une m xture of 38.6

grans of catalyst extrudates (on dry basis, i.e. the

actual weight corrected for the water content) and

car borundum particles (60 nmesh). At the centre of the
reactor tube a thernocouple of 6 mmin dianeter

was' arranged. The reactor was 2 ushed wi th ni trogen

for 30 mnutes (21 NI/hour). Next, the system was
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of 1C/mn and the catal yst was reduced at 275C. After
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reacti on tenperature. 15 The hydrogen stream was

stopped with the attaining of the reaction
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sanpl e) he overall rate of flowof liquid in th
system was naeintained at about 4,000 g/h. The wei ght

L0 of DU R<ChBaZo i 7 Ut 836 Gsts weiont oss
amﬁenhedtlm@fcﬁlwbarouriét ogtC.time after 1 hour of

reaction, the catal yst was regenerated by being
washed with isobutane for 5 mnutes, followed by 50

m f regeneration through being contacted wth
e

of I nole%of H2 in isobutane, and then
A calcined catalyst comprising 70 wi% USY-zeolite, 0.34 wt% platinum, and 30

wt% alumina was contacted with ambient air for different time periods in order
to increase the L.Olgyo to various levels ranging from 1.7 to 10.1 wit%.

The resulting catalysts were reduced at 275°C according to the general test
procedure.

The reduced catalysts were tested in the alkylation of isobutane according to
the general test procedure, using reaction temperatures up to 70°C.

After the tests, the reactor was unloaded under an inert atmosphere and the
LOlgoo of the catalyst was measured, thereby correcting the weight loss for the
amount of coke on the catalyst. A Leco® analyzer was used to measure the
coke content. This apparatus burns the coke and measures the amount of CO»

formed. The so-corrected LOlgg of the catalysts ranged from 1.7 to 5.0.
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The tenperature during the washing steps, the
regeneration step, and the reaction step was the
same. WD 2005/ 075387 PCT/ EP2005/ 000929 12 After
processi ng as above for 24 hours at the sane
tenperature, a pseudo- steady %ate was reached. Then,
the tenperature was decreased i d the process mas
conducted as above for another 24 hours. Hence
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(RON). The RON was determ ned as described on pages
13 and 14 of WD 9823560, the onl y excepti on bei ng t hat
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t he wei ght anount + al kyl gte duced di vi ded
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Eoetg e1.5 wital Exmﬁdrrmlsarqmen’tc@ﬁﬁheSL%oHONaﬁ gprevented by the

USY-zeolite % Iatlnu and 30 w % al um na
wié’ IEBPRIG AU (fa?fﬁwﬁrf%f)gnqat%ly ‘for different tine
periods in order to increase the LOL600 to various

| evel s rangi fgg from1.7 to 10.1 wt% 20 The resulting
cdihel RON akd.9%doerveraion228d Hec seastiog tempa@ture required for

S SBFRng STk ARl Bre DRTLGRIT 118 LR LFA Figure 1.
For the dry catalyst (LOlggo<1.5 Wt%), the RON at 99.5% conversion was 95.5;

the temperature required for obtaining 89.5% conversion was 80°C.

Figure 1 clearly shows that the higher the water content of the catalyst, the
higher the RON (i.e. the higher the selectivity) and the lower the temperature
required for obtaining 99.5% conversion (i.e. the higher the activity).

Further, this figure also shows that there is an optimum in performance at an
LOI between about 1.8 and 4 wt%.

Example 2
A calcined catalyst comprising 70 wt% USY-zeolite, 0.34 wt% platinum, and 30

wi% alumina was reduced at 275°C in the manner described in the general test
procedure. Then, the catalyst was unloaded from the reactor under an inert
atmosphere, separated from the carborundum, and exposed to air until about 2
wt% of water was picked up.

The catalyst was again introduced into the reactor, flushed with hydrogen at

80°C (at which temperature essentially no water will be lost from the catalyst),
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L01600 of the catal yst was neasured, thereby

correcting the weight loss for the anount of coke on

the catalyst. A Leco(r) analyzer was used to neasure

the coke content. This apparatus burns the coke and
nmeasures the anount of CO2 { d. The so-corrected

LOL600 of the catal ysts ranged roml1l.7 to 5.0. WO
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Several experiments were conducted, each at a different temperature.

The RON and the conversion are plotted as a function of the reaction

temperature in Figure 2.

Example 4
A calcined catalyst comprising 70 wi% USY-zeolite, 0.34 wt% platinum, and 30

wi% alumina was contacted with ambient air to obtain an LOlgge of about 4.1
wt%. The catalyst was then reduced and tested according to the general test
procedure. The LOlgyo after reduction and before starting the alkylation reaction
amounted about 2 wt%.

Several experiments were conducted, each at a different temperature.

The RON and the conversion are plotted as a function of the reaction

temperature in Figure 2.



A cal ci ned catal yst conprising 70 wt % USY-zeolite,

0.34 wt % plati num and 30 25 wt % al um na was reduced
wakoBA53s7Tn t he manner described in the gener aPCTEPR005/000929

procedure. Then, the catal yst was unl oaded fromthe

reactor under an inert atnosphere, separated fromthe

carborundum and exposed to air until about 2 w % of

wat er was picked up. The catal yst was again introduced

into the reactor, flushed with hydrogen at 30 80C (at

whi ch tenperature essentially 7 water will be |ost

fromthe catal yst), W) 2005/075387 PCT/ EP2005/ 000929
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e Hatel i e EERBRE B ac RO R BrppIE 2 while  catalyst
t evaIRIdedctordindhe ERGMpAed shevscihavewssioactiaitg apiROBI as
a function of the reaction 5 tenperature in Figure 2.

Exanple 3 A cal cined catal yst conprising 70 wt %
USY-zeolite, 0.34 wt% platinum and 30 w % al um na
was reduced at 275C in the manner described in the
general test 10 procedure. Then, the catal yst was

unl oaded fromthe reactor under an inert atnosphere,
separated fromthe carborundum and exposed to air
until 7.7 wt% of water was picked up. The catal yst
was again introduced into the reactor, and reduced
again at 275C in the manner described in the genera
test procedure. This resulted in a 15 decrease of the
LO to about 2 wt% Next, the al kylation perfornmance
was investigated according to the general test
procedure. Several experinents were conducted, each at
a different tenperature. The RON and the conversion
are plotted as a function of the reaction tenperature
in Figure 2.
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about 4.1 W% The catal yst was then reduced and
tested according to the general test 25 procedure. The
LO1600 after reduction and before starting the

al kyl ation reaction anounted about 2. wt % Sever al
experinments were conducted, each at a different
tenperature. The RON and the cohversion are plotted as
a function of the reaction tenperature in Figure 2.

3 MIM® 05/ 075387 PCT/ EP2005/ 000929 15 From Fi gure 2
it can be seen that the highest conversion and the

hi ghest RON are obtained with a catalyst wetted
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5 a catal yst conprising a solid acid, a hydrogenation

netal, and 1.5 - 6 W% of water, neasured as the |oss
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wherei'n t cat conprises 1.8 -
10 3of wafmrocess according to claim2 wherein the
catal yst conprises 2 - 3 wt % of
3. A process according to claim 2 wherein the catalyst comprises 2 - 3 wt% of

water.

4. A process according to any one of the preceding claims wherein the solid
acid is selected from the group consisting of zeolites, silica-alumina, sulfated
oxides, mixed oxides of zirconium, molybdenum, tungsten, or phosphorus,

chlorinated aluminium oxides or clays, and mixtures thereof.

5. A process according to claim 4 wherein the solid acid is a zeolite selected
from the group consisting of mordenite, zeolite beta, X—zéolites, and Y-

zeolites.

6. A process according to any one of the preceding claims wherein the
hydrogenation metal is a Group VIl noble metal.

7. A process according to any one of the preceding claims wherein the
hydrocarbons are saturated hydrocarbons.

8. A process according to any one of the preceding claims wherein the catalyst
is prepared by adding water to a dry catalyst comprising solid acid and
hydrogenation metal before use in the alkylation process.
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preceding clainms wherein the solid 15 acid is
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silica-alumna, sulfated oxides, m xed oxides of

zi rconium nol ybdenum tungsten, or phosphorus,

chl orinated al um ni um oxi des or clays, and m xtures

thereof. 5. A process according to claim4 wherein the

solid acid is a zeolite selectgg 20 fromthe group

consi sting of nordenite, zeolite beta, X-zeolites, and

Y- zeolites. 6. A process according to any one of the
precedi ng clains wherein the hydrogenation netal is a
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catal yst conprising solid acid and hydrogenation

metal before use in the al kylation process. WO
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1-9 wherein water is added to the catalyst during the

al kyl ati on process by exposing a regenerated catal yst

to a water-containing atnosphere, or by using a

wat er - cont ai ni ng at nosphere during a regeneration

step. 10



