WD 98/ 23560

PCT/ EP97/ 06401 PROCESS FOR ALKYLATI NG HYDROCARBONS 5  The present

i nvention relates to a process for al kylating hydrocarbons, nore

parti cul akdcyods/enseo process for al kylating aliphatic hydrocar RCEEPI7/06400e _

presence of a catal yst conprising a hydrogenating function and a solid acid

constituent. The termal kylation within the framework of the present

i nvention refers to the reaction 10 of a saturated hydrocarbon, in

general a branched saturated hydrocarbon, with an olefin to give highly

branched saturated hydrocarbons with a higher nol ecular weight. In

particular, this reaction is of interest because it nakes it possible to

obtain, through the al kyl #ROOESS FORALKAAUNCHABROIGHRBONSNt ai ni ng 2-6

carbon atons, an al kyl ate which has a high octane nunber and which boils in

t he gasoline range. Unlike gasoline 15 obtained by cracking heavier

petrol eumg fregd i MHeSertUVeASory aeliied @A QProcedsd fat alkglating | Bydrecdrbores, more

gasol ine obtained by alkylation is essenti ?I |y, free of contam nants such as
Regticn

sul phur and rRati@gdeiy @ eiecess o alkWatng AliRRAticnBYdiRTasPens iR She preseppgpt a
anti - knock PLARGEL d ris[rﬁsgﬁgcgprgﬁﬁat% RGN 4HY PESIRNR I LB fuent eSSen the

need to add envifonnenta anti-knock conpounds such as | ead.
Al so, unlike gasoline 20 obt ai ned by reform ng naphtha or by cracking

heavi er petraleumfr | , ' ' .
oot o, Pon ! FEHARA Y 58 B LTS B ABlp I8 g faction
al kyl ati do r esfca i saturatedalcyditecarbah,y e dendtial jar braeched satucbeanbydiogbrb@hk witat aron

25 equi pnent, use i s f ljquid acid catalysts sych.,as sul phuric aci.d
and hydr ogen ‘?'?’ﬁbf‘? 8'8?% g?é‘cbgg%ffﬂa@gt%%ﬁﬁ%bq? Vé'#l 3RS %Cuéarv‘\ﬁ’edéht'
range of probheiticdtr, tHig1sdan6R is GLinpdTEEt Secatiel itanskesyitipagtste td vistaind ehraugh
hi ghly corrosive, so that the equi pnent used has to nmeet high (‘#‘Jal ity

requi r ement s.thej alkyWatione op jsobuiare with kﬁrbl?fe‘;ﬂnc‘iﬂr}tﬂg'i”9e2'ﬁa?3é?‘?rgla? 7 dmalkylate

resul ting fuelhibs nali=afsh o0tahe Buribe® ah8WHieH Balisak ik Hasdlin® rdtRye30nlike! g¥RNRS
fromthe al kylate. Al so, because of the phase separations which have to be

carried d8t, atteingd ok swacking diRaivier apeiiolana ffﬁﬁ@r@xﬁ%ie\ﬁeyaw =S, .°t' had
Ie?ri ?![ \é\’gys t hgatHo§Ehér}f@1tesfa‘ﬁ_éf GastiRE LBRGRSH BY alkyRBol Ha8RehI raardr dsntdhlidanks
such as sulphur and nitrogen and so has clean burning characteristics. Its high anti-

knock properties, represented by the high octane number, lessen the need to édd

environmentally harmfui anti-knock compounds such as lead. Also, unlike gasoline

20 obtained by reforming naphtha or by cracking heavier petroleum fractions, alkylate

contains few if any aromates or olefins, which, environmentally speaking, is a further

advantage.

The alkylation reaction is acid-catalysed. At present, in commercial alkylation
25 equipment use is made of liquid acid catalysts such as sulphuric acid and hydrogen
fluoride. The use of such catalysts is attended with a wide range of problems. For
instance, sulphuric acid and hydrogen fluoride are highly corrosive, so that the
equipment used has to meet high quality requirements. Since the presence of highly
corrosive materials in the resulting fuel is objectionable, the remaining acid has to be
30 removed from the alkylate. Also, because of the phase separations which have to be
carried out, the process is complicated and thus expensive. Besides, there is always

the risk that toxic substances such as hydrogen fluoride will be emitted.



To prevent these problens, the use of solid acid catal ysts such as
zeolite-containing catalysts in al kylation reactions has | ong been the
subj ect of research. A significant problemwhen using these catalysts in

al kyl ati ofyg 68/4386 r very rapid deactivation, which is attri lp¢iraspobBsdohe _
formati on of poly-al kyl ates which are converted into coke. 5 A nunber of -
nmet hods for regenerating solid acid catal ysts have been devel oped, but none
of these nmethods is at the sanme tine both effective and sinple enough to
permt the use of solid acid catalysts on a cormercial scale. Thus it is
known to regenerate a deactivated zeoli te-%lont aining catal yst at high
tenperature, e.g., from200 to 400[err]C, ™ th hydrogen in the gas phase.

This 10 regeneration nmethod is capable of restoring the catalyst's
activity to §aBreyenlythgas prekiems, hewsrer! seldearid rrtalysiyayry a8 Zeslitersentainings
enpl oyed, ”L%téi?ﬁ&ti@%!]kzla%ﬂﬂ régﬁﬁﬂémknaaﬁ@ent ﬁebﬁlb'g‘é’c%ﬁé’sé r&WAQ%niﬂcgnt
reactor, the reactor s to be heated up”to tenperature, hydrogen dgas has
to be passedrobiemughen using thasgrcatalysis imelkylation irstherarenorapichdeaaivatione ediichd
down again a T rafl t po| f st opped,
and 15 the Iér‘ égﬂ?ucgggﬁc{a@e? Icb)'lngéehorn ec*?i%f)ﬁjg%RY/\IAX&e% Vf'ﬂéé‘g%%gc&%gt%@q ife g%r?frer ci al
process Bn whnaimbehef amttaddgsior hepeneeating satideroid astalysisnhdviei seermadev@tiopade bit

time it deactivates is not attractive for uyse o co rci.al scale. .
Al ter nat i velRPne 66 Ress melss iatdhe sane e ol Ehacve 24 sirpie /agoHgh e
with an ol efthé\ps@omli@mcﬁ&@a@g%@n@a eomhiireibngtatat al yst is regenerated by
bei ng washed wi th isobutane 2 i n the absence of olefin, optionally with

heating. |n e Bvignknayn dpeeganepiasta sleastivard seplitgironipiniokeeptalvyt i high
regener at ed t@%p@%ré.ﬂge.%f‘ R ROESERNA0SE, %gﬂ%drdgfen' f RNE 4 wabde | Arpishi S
publication that polyalkylate formati on can be prevented by Tecurrent

washi ng1ef tregenssationyaetheidtia dapsblgt efriestoring she satalyss tastiyjinte its prigieirievel.

Cal vat _ o . . ; . .
that by t bt SRR IRIAL i RaeFEREh TRk Bade SfidclR, bk Idchrk Bhi 6 hiBuEo™
deact i vat i orhagaro be removedfech thegeador,ttbe tdadionivas torbeyheatbd sipriedgenmperaturen
thod is th t tisfact f | al tion. .US 3 815 004
doscri bes. a NP GEBLSPOI-PIan BETI78 POHEDChAbOist BRPRIAER: LF [ harde be
react ed w t kroaledaldw agaa:bIaﬁeoremhémmanpmmy;oﬂMr@lmsmm iod st@pped,adngst
nd,a zeoli

ot vi 11 or hihestangnte Hasoass wiibare ERaelo. ApoOHaREEDPEHese 1B IIch e | s
regener at ed chjaiaehag t& b8 r@gdreeatall irhtts AinHbl everphinteyidieganate’ iahkemeattivet he
absence of aqlefin. Experinents have shown that
for use on a commercial scale.
Alternatively, US 3,549,557 describes a process for alkylating isobutane with an olefin
in which the z.eoiite-containing catalyst is regenerated by being washed with isobutane
20  in the absence of olefin, optionalty with heating. In the event of the catalyst becoming
seriously coked, it is regenerated by heating in the presence of oxygen. It is put
forward in this publication that polyalkylate formation can be prevented by recurrent
washing of the catalyst with isobutane. This is said to give' a longer catalyst cycle.
However, the experiments described in this publication show that by this method the
25  total reaction time prior to catalyst deactivation can be increased from 10 to 14 hours
only. This regeneration method is thus not satisfactory for commercial operation.
US 3,815,004 describes a process for alkylating hydrocarbons in which an olefin is
reacted with an alkylatable organic compound in the presence of a catalyst containing
a Group VIlI hydrogenation metal and a zeolite. When the activity of the catalyst has
30 decreased to an unacceptable level, it is regenerated by being contacted with a

solution of hydrogen in alkane in the absence of olefin. Experiments have shown that



3 regenerating the catalyst in this fashion when the activity of the
cat al yst. has decreased to an unacceptable level, that is after ol efin has
been found in the product |eaving the reactor, a process is obtained which
can be usedvbos2isehew cycl es only before unacceptabl e resul t speraEropiadned.
Mor eover, the reaction yield was found to be low In 5 t he exanpl es .
yields of 133-136 wt.% are obtai ned, calculated on olefin. The present

i nvention provides a process for al kylating hydrocarbons which nmakes it
possi ble to produce an al kyl ate of good quality in a conmercially

I nteresting manner over a |long period of ti in high yield. 10 In the
process according to the invention an al kyl atabl e organi ¢ conpound is
reacted with an al kyl ati on agent to _faorm an al kyl ate i? t he presence of a
catal yst conpia98nRs lagmr:%}a@ﬁtdmtwé faghien woRnAhG agthalyof theseatalyebhas deqiested
Wi th the catajysi yRebdipistidieRst BehtiidbREMbIEHS Mak)beef Buf®HERR RbIGR uémgg fhe
being contacted wth a feed containing a 15 saturated hydrocarbon an
hydr ogen, sai ®actagesepemadess i9etbtginedrwhich can bgt usedofor a taye aytlesheniychefore

cycle of the I i Ly el f VSt ' e
e from ¢ ne G depble (RS aREE fpflorkl in b il PuBE Ao B (ogfin
when 20% & t the sxdakngied yields af) ¢33-136 eltA6 iave obtairtdue calonlatmat sratlefim at t he
entrance of the catal yst- containing reactor section, |eaves the

catal yst-containing reactor section wthout being 20 converted, not
counting i sonmgrd peddedt iriehtidrplotRiedDd peddeds fdhalkglating BlididdarRhe afssh makes it
according to the_invention resides in the fact that the catalyst is

regener at ed bRIssikle tporedyce amglkelais phapedaually id & eommergiallyptaresting. mapner

was found thag,dhy Ién{;%éHéé 8f firfle fh MERGRIS capabl e of producing a high yield
of hi gh-c%uality al kyTate over 25 T“a’very long period of tinme, while the
regeneratlifon is easy to carry out. Because the catalyst is regenerated with
a feed contaipi c :C
runvi vt ual by oM R Folind e RO R AN brod e pBERERT AR
phase to the yilts apledisdatincagent to foemsan atkipiate imth@Opresemnst ofaal cataiyst toroprisiog &

neea to hear MRS, = Solkt 3hRoecrBIRB M Eine GBS RS SSojobiel”

intermittently to a regeneration step by being contacted with a feed containing a

15  saturated hydrocarbon and hydrogen, said regeneration being carried out at 50% 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 20% of
the alkylation agent, relative to the concentration at the entrance of the catalyst-
containing reactor section, leaves the catalyst-containing reactor section without being

20  converted, not counting isomerisation within the molecule.

The crux of the process according to the invention resides in the fact that the catalyst
is regenerated before there is any substantial decrease of its activity. It was found that
this results in a process capable of producing a high yield of high-quality alkylate over

25 avery long period of time, while the regeneration is easy to carry out.

Because the catalyst is regenerated with a feed containing a saturated hydrocarbon
and hydrogen, the process can be run virtually continuously without the need to
change over from the liquid phase to the gas phase and vice versa, this in
30 contradistinction to a regeneration with hydrogen gas at elevated temperature.

Because there is no need to heat and cool the reactor, the process requires less



4 energy. In addition, as the catalyst does not contain any volatile or

| oosely bound constituents, as in the case of liquid acids on a solid
carrier, the process according to the invention is attended with fewer
envi ronmentgl, ﬂ %36 ds than other processes. 5  Furthernore, pbigppf/66aess
according to ? e Invention is a flexible one. If, owing to circunstances, -
t he catal yst deactivates to an unacceptable extent during the process, it
can be regenerated in the conventional manner by contacting it at high
tenperature with hydrogen in the gas phase to recover its origina

activity. The catalyst can then be used agajn in a process according to the
I nvention with intermttent regeneratlon 10 enploylng a feed which

t t ted hyd b d. h
Cegener ot on_ pastays et 55 SR aarust Aosges confaid et AR bRISsBl: bound
in the range ofnchiRnR%kH dcadbRiicbanslohis E&ch”éi’@érefﬁe] Socdke RichRig

| ong term process on commercial scale one can, carry out such a high
t enper at ur e r thgenegrdion ihatignded vgthefeyesenv'W%thaéﬂ@smmotaa& RIPERSSES.

hydr ocar bon and hydrogen, preferably after 15 every 100. Pilot plant
experiments have shown that it is possible to effect a |on termProcess
when the dat aFysherireors,uthieepioeess aceortinghtot thepiavantioreisr adeudiearhenifapwing to

every 200-400 regeneratigns {e .
Dependi ng on PFFéﬂ'éé}%‘i Spﬁ'ﬁc@@y aqaﬁﬁ‘fag g%gpég'mgréfécnp é)ﬁ e@%ﬁé{&[}rﬁ%@gocess
in practice bgcBh®Heefegeheratitein th@ Godmtiphalaaasnexdyocahitaing o atthmgh tevrqmrature
gi ves a product of nearly constant con%ir ositjon w

processes accWhr@inygroggn ﬂ%g‘erﬂqso‘?ha&?tto FEIts ﬂBg'eak%ﬁ?V‘E% qﬁﬁsca MSt car'then be

regenerated up %d Rhineh Ql okBs P 1aeadrhitgOt the a@ntibs vﬁﬁ piteralit®dnt regéndratiord
in the product leaving the reactor, the yield of C5+ aI kyl at e decre%ﬁeeingh

mar kedl y HY t eemiployitiat ﬁrfée@wh'%contﬁﬁﬁl%sﬁ%at&ﬁﬂ‘dﬁ( oG %a@%|W€@9@+

by- product in r [ neadttirsasi treferab

possible to n%elr ?%r%%ernﬁﬁ%gﬁ @EE%&BGAt%IrtgHbe%tﬁFé glf éélié\aﬁéfoct anghﬁurret])ef "

whi | e the anothetraofe @947&-@60‘5‘3 me@tmetetr@tdy 2004967 TR 2 I0REIeTMHORRSS S 5

according to the |nv nt| y ki

hence reduced %@8}?6?}? gel 'Jées\‘/;\ngrlv}jég %gr%(?ll'jl é@n gdﬁwgmﬁgrath%’%eﬁgﬁéﬂahb!n AR
every 50 regenerations with saturated hydrocarbon and hydrogen, preferably after

15  every 100. Pilot plant experiments have shown that it is possible to effect a long term
process when the catalyst is subjected to a high temperature regeneration after every
200400 regenerétions with saturated hydrocarbon and hydrogen. Depending on the
exact process variables on commercial scale this value may in practice be higher or
lower.

20
The process according to the invention gives a preduct of nearly constant composition
with a high yield. In processes according to the prior art, where the catalyst was not
regenerated until after olefin breakthrough, that is after olefin is found in the product
leaving the reactor, the yield of C5+ alkylate decreases markedly after breakthrough,

25  while the amount of undesired C9+ by-product increases. By regenerating prior to
olefin breakthrough it is possible to maintain a high C5+ alkylate yield with a high
octane number, while the amount of C9+ can be restricted. In consequence, when the
process according to the invention is employed, little product of low quality and hence
reduced economic value will be produced.

30



5 The catal yst used in the process according to the invention conprises a
hydr ogenation function and a solid acid constituent. Exanples of suitable
hydr ogenati ng functions are constituents of the transition netals, such as
netal s of &vowg23s6d1 of the Periodic Table, or m xtures ther RET/EPTHG¢P1

t hese, 5 nobl e netals of G oup V111 of the Periodic Table are preferred.
Pl ati num palladium and m xtures thereof are especially preferred. The
anount of hydrogenating function will be dependent on its nature. Wen the
hydrogenating function is a noble nmetal of Goup V111 of the Periodic

Tabl e, the catalyst generally will contain isn the range of 0 0l to 2 wt.%
of the netal, preferably 0.1-1 w.% calculated as netal. Exanpl es of

solid acid co ol g B0 AR HrpLES SUhydtio 2'55‘?%""%%@@%%%% Waohation
sol ijd aCic ds suygfictian sd a sﬁirdedcimGrettltLeut phat ﬁd o>0<|| des such as sul phat ed

oxi des o 2|rcon|u or ated mi

ol yodenum |t Exgeis okl RyaRasnahhg Bindos & rsiieRaite Srodin Siaelr,

preferred sol 's@cﬁ%‘s%é@f&séﬂ GieRPIVAI & Enel Periodi€ Tablee8r mibiGleddhér@ot!~ P&ﬁ&ig theee
and zeolite beta, sul phated oxides, and chlorinated al um nium oxid

M xtures of sdloble metals @ RYOHR Mhof thePesidis TRb'R R aye‘arreeu?lsﬂn@maﬁqﬁqwm
il founganhhﬂ[xtarte {flerBEPLRY ESSbolely ordiBrrEd! Pha' Sndlfit BE hiiBderdtinkeinction

process accor e Il nventi o nprise a matri x materi
the art of catvdl josucmpenﬁemtmrgmeawre yWoesgpdios erldrpgematmlge‘unﬁmwpca acble metal of

I X 1 I I f.
T2 2 GBS P, BSGREA ohHEf kaf bEhgl 3%
conponent, e. go 2 v&t.%afitite metali. preiesébly ognt wt%)lealduiatéreaan'ceealt he rrat rix

"dil utes” he ctive c 0 ectst t th sel ivity.o t he
cat al yst ﬁg‘éﬁwl‘?ﬁ 8 gg?@ﬁ?ﬁda??r{??{%é‘ éﬁzﬁﬂgﬁs éugi?elaét \}nge? n@F[“dH)&t FrY-
material, 25 zeBliteh a8 LW Bk lRes, iz80olitd BREN MEMEZD, laﬂﬁwmhes&&balmtltld)ﬁlﬂlaﬁirds
However, for the present case it has surprisingly appeared that th

i ncor por at i on S§€h @W'F?)@‘%ﬁﬁoﬁﬁ#ﬁ’haﬁeﬁ‘t gxiged sugh a?§/§P'F’$‘6Fﬁﬁjo§F'FP6n°fl gisgRaiyrg,
an increase i aBrCf"n Qﬁtp?ia?emmé@rox(dgg\af z;r&ﬂﬂur‘nnﬁ‘foﬁ%‘é@nhrﬂ RRystehfl bRC4nd

an increase int sel ect|V|tyfor conpounds with a
ch!ormated aluminium oxides. The presently preferred sohd acid constituents are
15  zeolites, including Y-zeolites and zeolite beta, sulphated oxides, and chlorinated

aluminium oxides. Mixtures of solid acid constituents can also be employed.

Surprisingly it has been found that it is preferred for the catalyst to be used in the
process according to the invention to comprise a matrix material.

20 In the art of catalysis, it is generally expected that the incorporation of matrix into a
catalyst particle will decrease the activity of the catalyst in comparison with a catalyst
particle which contains only the active component, e.g., a solid acid constituent. This is
because the matrix "dilutes" the active component. One expects that the selectivity of
the catalyst will remain substantially the same when a relatively inert matrix material,

25  such as alumina, is incorporated into the catalyst particle.

However, for the present case it has surprisingly appeared that the incorporation of a
matrix component into the catalyst composition leads to an increase in Research
Octane Number (RON). The increase in RON reflects an increase in the selectivity for
compounds with a high RON.

30  Accordingly, the catalyst to be used in the process according to the invention

preferably comprises a hydrogenating function on a carrier which comprises 2-88 wt.%



30 Accordingly, the catalyst to be used in the process according to the
I nvention preferably conprises a hydrogenating function on a carrier. which
conprises 2-98 wt. % 6 of solid acid constituent and 98-2 w. % of a

mat ri x ”at\%giyé}zsssﬁal culated on the carrier. Preferably, the ger&rein6401
conprises 10-90wm.% of matrix material, and 90-10wt.% of solid acid
constituent. More preferably, the carrier conprises 20-80wt.% of matrix
material and the bal ance solid acid constituent. Especially preferred is
the catalyst 5 wherein in the carrier conprises 20-50 wt.% of matrix
material and the bal ance solid acid constiéuent. In the present
specification the termmatrix materi al enconpasses all conponents which are
present in the catal yst except for the solid acid constituent and the
hydr ogenat i o®f wdeﬁm%@?ﬂﬁg ang88rdhwb% off a suatiix mratenal Falquiatedan thescarier

al um na, 10 f’re?énjab@a’thé: @ Rr AL MALRPwt 9 bE Matrik/Bhdtbrfal TBhE "I Gwt.% of
conprising alumna“are generally preferred. A matrix nmaterial which

consi sts esssuiidi aditdd ycoptitaeotniMerei pretasally dthee gamies tcoprrsises 28wt ¥hiok npasiint

intime. It has alsoa found ng. L Qs prd Sip; L nCr
in the parti E‘Iager‘?} f@dgsg%lancte hseOI@ag%??/:g Qtf)tg#rﬁti (ﬁsgep'gg%g r%f%ﬁé%%qﬁ%%]%g%g&?n
sel ectivigy aheéreft mbinki dayrief cdriveiseat20-5Gwt. Yoobmatrbethaterial had [the bakhice solid

according to the invention. Wen dealing with diffusion-limted reactions,
i ncl udi ng t hBSdCRYFUYSBn reaction with a highly acidic catalyst in the

l'iquid phasey, {HaepRRESOBp&difidatietl thé tehe rdtkx thaeabRkysdrhpadsel glebehpbhents
expect that the e?f ective volune activity of a catalyst will decrease when

the 20  parwhighearsi peessnt imdheataiplyst exerpteREclde IR Reids BATSIHH T NPHY i
is as follo %drér(%g%tibh%ét%@orﬂf)or?erﬁ.ﬁtﬁéﬁfﬁlks RArduitabie Tgﬁiﬁerﬁét%ﬁals'ér?%lbhinta?ke

| onger for t tants to reach all active sites of the catalys

parti cl €0 Thsiicanicldysdend eristarashthesanfi Matrix mhtarials eemarisieg alumina aeg generajly
expected tha th ! . | ' ﬁﬁé;, YY) e
| onger for t @%rﬁegdﬁ\c agé%tﬁ'ﬁggnragévgfc rhgén%? thﬁogélst{/ég%tg Eyebﬂg{ua yst% %%r{rsﬁgé%éjerﬁ&k
| eadi ng t 0. apreRbred atribisgaind ih timek of side reactions, and therefore a
decrease in selectivity. Because the secondary products forned by these
side reactions will also take longer to | eave the catal yst, the risk that

t hese product savidido beert founes ard agaih Guestisingly, Ihat are iressase. in @bk particle size of
15  the catalyst particle leads to an increase in selectivity and stability of the catalyst to be
used in the process according to the invention.
When dealing with diffusion-limited reactions, including the alkylation reaction with a
highly acidic catalyst in the liquid phase, the person skilled in the art of catalysis will
generally expect that the effective volume activity of a catalyst will decrease when the
20 particle size of the catalyst increases. The reasoning behind this is as follows. When
the size of a catalyst particle increases, it will take longer for the reactants to reach all
active sites of the catalyst particle. This will decrease the activity of the catalyst.
Further, it is expected that when the size of a catalyst particle increases, it will take
longer for the product of the reaction to leave the catalyst particle, leading to an
25 increased risk of side reactions, and therefore a decrease in selectivity. Because the
secondary products formed by these side reactions will also take longer to leave the
catalyst, the risk that these products will be converted into coke also increases. Coke
formation decreases the stability of the catalyst.
In the art of alkylation, these considerations have caused people working in this field to

30 develop slurry-type processes in which relatively small catalyst particles are applied.



formati on decreases the stability of the catalyst. In the art of _
al kyl ation, these considerations have caused people working in this field
to 30 devel op slurry-type processes in which relatively snmall catal yst
particles WogdBd ed. 7 However, for the present process PAI/H¥®$/06401 _
surprisingly been found that if the particle size of the catalyst particles™
Is increased frome.g., a value of about 0.5 nmto a value above 0.75 mm
the quality of the C8-al kylate produced is inproved, as is evidenced by an
i ncreased RON. Further, it appears that the anmount of C9+ al kyl ate forned
with 5 time decreases. Since C9+ alkylate 4s produced al ong reaction

pat hways which may also lead to coke, a decrease in the formati on of C9+

al kylate is an indication for an increase in the @tabi lity of the catalyst.

Accordingly, tHeweyaralojdhe pigsgat Rrogess i ham sUTRSEEYCeea B Kt ff dhe particle’size
i nvention 10 of%'éfc,ea{té\?étYpé?ﬁéeé‘ isoﬁ‘{c}élé“s'e@tf?dlrﬁgé@.f a%aih@%?tabfgutw.snmn to a value

Preferably, the particle size Is a eas .5 mMm nore preferably at | east

2.5 nm The upsmvel 0.7$ tmof thenquabty of lecC8-alkylate prasiuged {s impraved, asgs eridenesd
preferably at 10 ev e e t r :
speci fication, b‘f ﬂ'gr'ﬂc ?arﬁ%gaé@(‘brg&@%rzgaafabgﬁgftr%e@@éas%%g%g\?%r%? gor%}edrw%
the solid parttirné debreasas.abineé Coasaylhte iseproteced along meaction| dathlvayesr whinh My
The catal yst can be prepared rocesses co n.to.the industry..Thes

w1 S Compt s se. AayEaiiiNeg & drbrsR e T URE A R aRUPRE 4 FidiBUR 4
a matrix materjhgleasé th mnersrﬁama¥bfmeafatan§a! | owed by calcination of the
particles. The hydrogenating function may, e.g., be incorporated into the

catal yst conposition by inpregnating the carrier 20 particles with a

sol ution of a d&é’é@r&iﬂglg?tthé’rba@?@ t HEPQRENTin THRE pRsdekY Cadtrdifg 3! e AREntidie
alkylate yield in a particular” process wll depend on the nature and the
properti ed0of prieterally dlagsa padigte sike ®©f @t leass Gfp cwss Peafer@blyl s pariile size is at

i ndi cat ed aboy, t [ C r Y t S . O pLOc :
condi 11 ons 1 s et At HSreCHEEab a1 e 28 AL HEC ol HEDPESRER 2o
al kyl at i on. ageprefdrably lies aphemm, whene, preferaliyrpht 0 swm evenmaerkerefatabinated mm.t he

oo e esBA oraf e 1 o e B Ak Rl P
the solid part of the catalyst, as will be clear to the skilled person.
15
The 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 particles, followed by calcination of the particles. The hydrogenating function
may, e.g., be incorporated into the catalyst compasition by impregnating the carrier

20 particles with a solution of a hydrogenation metal component.

The active cycle value and the alkylate yield in a particular process will depend on the
nature and the properties of the catalyst, but also on the process conditions. As
indicated above, the active cycle for a given catalyst and given process conditions is
25 defined as the time from the start of the feeding of the alkylation agent to the moment
when, in comparison with the entrance of the catalyst-containing reactor section, 20%
of the alkylation agent leaves the catalyst-containing reactor section without being
converted, not counting isomerisation within the molecule. The C5+ alkylate yield is
defined as the weight amount of C5+ alkylate produced divided by the overall weight of

30 olefin consumed. This number is often expressed as a percentage.



converted, not counting isonerisation within the nol ecule. The C5+ al kyl ate
yield is defined as the wei ght anount of C5+ al kyl ate produced divided by
the overall weight of 30 ol efin consuned. This nunber is often expressed
as a percqrd 8fseo S The process according to the inventi orpdI3EP97/06401 N
particularly suited to be used for al kylating isoal kanes having 4-10 carbon
atons, such as isobutane, isopentane or isohexane or mxtures thereof, with
ol efi ns havi ng 2-10 carbon atons, preferably 2-6 carbon atons, nore
preferably 3-5 carbon atons. The al kyl ation of isobutane with butene or a
m xture 5 of butenes constitutes an attractive enbodi nent of the process
according to the invention. As will be evident to the skilled person, the
process according to the invention can be applied in any suitable form
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t enper at ure NMeRt.r ange of -40 to 250[err]C, preferably in the range of 50
to 150[err]C, nore preferably in the range of 75 to 95[err]C, and a
pressure of from1 to 100 bar, preferably of from10 to 40 bar, nore

pref erably ofsfwilbhe Esideot B0thbaakille@iinersar, dhe peadess @ccarding taltkg Iirzazteamvecan be

comound t o LIkl g0 AeDl. fofn NEWKRIAh,GEEE deh SEedeac il RELanablang o

hi gher than nore pre era LT 0% are
consi derieéd pﬂﬁdebece@rddessmnmm ﬂsaardcbed (pmases bemngefarﬂedyTgerpeoeﬂslsyngy ekd
an increase in _.octane t abi The, u for this r
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P; ﬁf erred. Thge faﬁggubatp?oc!e\é\&@/br&i.cé&anaérkdanatnbﬁg sa6ie Hat @8 N b portich bfithkhe
9e C)f150 Oalkylatxon agent and the alkylatable compound will be in the liquid phase or the
supercritical phase. In general, the process according to the invention is practiced at a .
temperature in the range of -40 to 250°C, preferably in the range of 50 to 150°C, more
preferably in the range of 75 to 95°C, and a pressure of from 1 to 100 bar, preferably
of from 10 to 40 bar, more preferably of from 15 to 30 bar. The molar ratio of
20  alkylatable compound to alkylation agent in the total feed in the reactor preferably is
higher than 5:1, more preferably higher than 50:1. Higher molar ratios are considered
preferred for performance reasons, because they generally yield an increase in octane
number and stability. The upper limit for this ratio is determined by the type of process
applied, and by the process economics. It is not critical, and may be as high as 5000:1.
25 Generally, figures of, e.g., 1000:1 or lower are preferred. At this moment a molar ratio
of alkylatable compound to alkylation agent of 150-750:1 is considered most preferred.
The feed rate (WHSV) of the alkylation agent generaily is in the range of 0.01 to 5,
preferably in the range of 0.05 to 0.5, more preferably in the range of 0.1 to 0.3 grams
of alkylation agent per gram of catalyst per hour. The WHSV of the alkylatable
30 saturated hydrocarbon preferably is in the range of 0.1 to 500 h.



preferably in the range of 0.05 to 0.5, nore preferably in the range of 0.1
to 0.3 grans of alkylation agent per gram of catalyst per hour. The WHSV of
t he al kyl at abl e 30 saturated hydrocarbon preferably is in the range of
0.1 to 500wb[eersdi60 9 As will be evident, the essential cowrgenemtssdo be
present in the reaction nmediumduring the alkylation reaction are the

al kyl at abl e organi ¢ conpound and the al kyl ation agent. O course, the
reaction nediumwi |l also contain the reaction products formed. The
reaction may be carried out in the substantial absence of other conponents
in the 5 reaction nedium However, the regction medi um may contai n ot her
conponents, generally in mnor anounts, ong as they do not
detrinentally affect the al kylation reaction. articular, the reaction
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| east 85% Because of the hydrogen's regenerative action, i1t'is generally
preferred®t o #kyiatiersagentuNgverthelessotrace @maithotipydregen Aa® e Acsepied, and may

hydr ocar bon this will reduce the regeneration tinme. As
to the natur ?oon? ﬁﬁéé)lslgibﬁﬁéf&?% hydr ocar bon used in the regeneration

process, the follow ng |s noted In principle, use may be nmade of any
| i near, bran

which are |i aﬂ"ed °8£a'¥% '? HSQ%QF;SEEE& #’)lfjlrb%iﬂ%dgg d'ﬁ% 2‘?\’9& Pﬁ%‘gﬂée)légh&ga?g%ﬂeéﬁ a
t enper at ur e agEiunated Rydrecarbon.aThe! Alixtpreast hyizogert and satuedted thgdrocarbon generally
15 takes the form of a solution of hydrogen in the hydrocarbon. Preferably, the soiution
contains at least 10% of the saturation concentration of hydrogen, said saturation
concentration being defined as the maximum quantity of hydrogen which can be .
dissolved in the saturated hydrocarbon at regeneration temperature and pressure.
More preferably, the solution will contain at least 50% of the saturation concentration,
20  more preferably still at least 85%. Because of the hydrogen's regenerative action, it is
generally preferred to have as saturated a soiution of hydrogen in saturated
hydrocarbon as possible, since this will reduce the regeneration time.
As to the nature of the saturated hydrocarbon used in the regeneration process, the
following is noted. In principle, use may be made of any linear, branched or cyclic
25 saturated hydrocarbon, or mixtures thereof which are liquid or in the supercritical
condition at regeneration temperature and pressure. In actual practice, it is preferred
as a rule to employ the alkylatable compound as saturated hydrocarbon in the
regeneration, since in that case there is no need to add an extra constituent to the
system. A further advantage in that case is that the effluent from the regeneration step

30 can be added to the regular aikylate stream.



as a rule to enploy the al kyl atabl e conpound as saturated hydrocarbon in
the regeneration, since in that case there is no need to add an extra
constituent to the system A further advantage in that case is that the

ef fluent fyewghloer egeneration step 30 can be added to theorapetassol -
al kyl ate stream 10 In general, the regeneration step is carried out at™~
a tenperature in the range of -40 to 250[err]C, a pressure of from1l to 100
bar, and a WHSV of the saturated hydrocarbon in the range of 0.1 to 500
h[err]. Wen the saturated hydrocarbon used in the regeneration is the

al kyl at abl e conmpound, it is preferred to hqée t he regeneration conditions
differ as 5 little as possible fromthe re€action conditions. This

facilitates the performance of the reaction. In that case it is preferred
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than 10% EveRagiame Ipthatcaapitys prefared fsdharegeneration tpmesiie to giffgr from the
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during the 1 regeneration are essential’ly the same as the tenperature,
t he pressur e, maredthame 20%S\étibfmoreeprefarablut lxd nhty arase ghaw il Odurfondha ikegeneration

tion. This facili '
coonon ¢ manrareS s & gte” halrie PRciBhERER by hinBlethEn S0 mtydbiRicrabl 530
the regenér atnanmere thahi2gherstitl enqrermeferabiy by potswoe tharntbiot &, rie petticolar for
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readily controll abl e change fromone step.to the other. The duration of the
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15 regeneration are essentially the same as the temperature, the pressure, and the
WHSV of the saturated hydrocarbon during the reaction. This facilitates the
performance of the process as a whole in an economic manner. In some cases,
however, it may be attractive to carry out the regeneration at a higher temperature or
pressure than the reaction step. Alternatively, the regeneration may be carried out
20 under supercritical conditions. However, carrying out the regeneration step and the
reaction step under different conditions will always entail a less readily controllable
change from one step to the other.
The duration of the regeneration step is dependent on a number of conditions,
including the nature of the catalyst, the duration of the reaction step, the reaction
25 conditions, the regeneration conditions, and the amount of hydrogen which is present
during the regeneration step. In general, it holds good that the shorter the reaction step
is, the shorter the regeneration step may be. A higher regeneration frequency will also
result in a more effective regeneration. Furthermore, the regeneration step may be
shortened as the regeneration solution of hydrogen in saturated hydrocarbon contains
30 more hydrogen. Generally speaking, the length of the regeneration step is in the range
of 0.1 to 10 times the length of the reaction step, preferably in the range of 0.5 to 2



25 conditions, the regeneration conditions, and the anpbunt of hydrogen
which is present during the regeneration step. In general, it holds good
that the shorter the reaction step is, the shorter the regeneration step
may be. A wogsesssbegeneration frequency will also result in RCEEPE7/06401 _
effective regeneration. Furthernore, the regeneration step may be shqrtened
as the regeneration solution of hydrogen in saturated hydrocarbon contains
30 nore hydrogen. Generally speaking, the I ength of the regeneration step
is in the range of 0.1 to 10 tines the length of the reaction step,
preferably in the range of 0.5 to 2 11 thes the length of the reaction
step. The anobunt of H2 consunmed per regeneration step is dependent, int.
al., on the duration of the regeneration step and.the H2 concentration in

the saturated H%)eF Biealangth of ihegiaactien stepy The ameit.4) Hrsconsugedoper ggaeration
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sat ur at ed hydrﬁéi’r%focﬁtge@éstg%{}(%Sﬁm)?p%rogé of al kyl ati on agent and hydrogen. As
wth the 16 regeneration step it is possible, in principle, to enploy any
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which a m xture of an al kylatable conpound and an al kyl ati'on agent is .
suppl i ed, 100 trrgenergtiorestan bis posgible; m pincime. doramplay @ngflingas dirameheddor cyclic
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range of -40 tsince this avoids adding an extra constituent to the system. The washing step is
16 performed to facilitate the change from the reaction step, in which a mixture of an
alkylatable compound and an alkylation agent is supplied, to the regeneration step, in
which a mixture of a saturated hydrocarbon, preferably the alkylatable compound, and .
hydrogen is supplied. The introduction of a washing step prevents the olefinic
alkylation agent from coming into contact with the hydrogen, a contact which would
20 generally lead to a reaction between the olefin and the hydrogen to form alkane.
As a rule, the washing step is carried out at a temperature in the range of -40 to
250°C, a pressure of from 1 to 100 bar, and a WHSV of the saturated hydrocarbon in
the range of 0.1 to 500 h™'. When the saturated hydrocarbon used during the washing
step is the alkylatable compound, it is preferred to have the least possible difference
25 between the washing conditions and the reaction conditions. This facilitates the
performance of the process.
in that case it is preferred for the washing temperature to differ from the reaction
temperature, expressed in °C, by not more than 50%, more preferably by not more
than 20%, still more preferably by not more than 10%, for the washing pressure to
30 differ from the reaction pressure by not more than 50%, more preferably by not more

than 20%, still more preferably by not more than 10%, and, in particular for fixed bed



250[err]C, a pressure of from1l to 100 bar, and a WHSV of the saturated
hydr ocarbon in the range of 0.1 to 500 h[err]. Wen the saturated _
hydr ocarbon used during the washing step is the al kyl atable conpound, it is

preferred wpbayaes he | east possible difference 25 bet ween pichecpanaéiong
condi tions and the reaction conditions. This facilitates the performance of -
the process. In that case it is preferred for the washing tenperature to
differ fromthe reaction tenperature, expressed in [err]C, by not nore than
50% nore preferably by not nore than 20% still nore preferably by not
nore than 10% for the washing pressure to%o differ fromthe reaction
pressure by not nore than 50% nore preferalily by not nore than 20% still
nore preferably by not nore than 10% and, in particular for fixed bed
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the regeneration is 10 carried out. Alternatively, it is possible to have
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condi tions which prevail ring e regeneration step, or vice v
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step preferabl%/ iSAIg 01 ’5@%111 times as Ionqua§ the duration of the
regeneration $t&p: EBYHRPTOR®SE HIECSTSFYUS  of the process are considered
appropri ate. The satiowesf the washing step is chosen such that olefin and hydrogen remain
15  essentially separated from each other. As a rule, the duration of the washing step is at
the most as long as the duration of the regeneration step. The duration of the washing

step preferably is 0.01 to 1 times as long as the duration of the regeneration step.

Some words on the startup of the process are considered appropriate. It has been
20 found that it may be advantageous to start up the process at a temperature which is
lower than the temperature at which the process will be carried out. The advantage of
this procedure is that the catalyst is slightly deactivated by being used at low

temperatures during startup. This may resulit in less undesired side reactions.

25 The regeneration is performed on 90% or less of the active cycle of the catalyst,
preferably on 60% or less, more preferably on 35% or less, more preferably still on
20% or less, most preferably on 10% or less. In general, preference is given to
frequent catalyst regeneration, since this benefits the quality of the product formed and
makes it possible to reduce the regeneration time. As the regeneration procedure is
30 easily included in the process, regeneration on a regular basis is feasible. The

optimum regeneration frequency in a specific case will depend on the nature of the



20 found that it may be advantageous to start up the process at a
tenperature which is lower than the tenperature at which the process wll
be carried out. The advantage of this procedure is that the catalyst is
slightly dwardsizsséeed by being used at |ow tenperatures durinBCEERPAGI01 This
may result in | ess undesired side reactions. 25 The regeneration is
performed on 90% or |less of the active cycle of the catalyst, preferably on
60% or | ess, nore preferably on 35% or less, nore preferably still on 20%
or less, nost preferably on 10% or less. In general, preference is given to
frequent catal yst regeneration, since this qg,nefi ts the quality of the
product formed and makes it possible to reduce the regeneration tine. As
t he regeneration Procedure is 30 easily included in the process
regeneration offtalysbgofatheperoress sondiiens,Ped oAk eapli hendetedened A the skilled
frequency in a gpgnific case will depend on the nature of the 13

catal yst and tﬁe process conditions and can easily be determ ned by the
skilled person. As the catalyst is regenerated nore frequently, the
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Dependi ng on t\h@lghveﬁthéfconsumed olefin, preferably of 204% or higher.

15 The quality of the alkylate product obtained in the process according to the invention
can be measured by the RON of the product. 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 a higher anti-knock rating is of advantage when it

20 comes to the working of the engine. The product obtained in the process according to
the invention preferably has a RON of 80 or higher, more preferably of 82 or higher,
most preferably 94 or higher. The RON is obtained by determining, e.g., via gas
chromatography, the percentage by volume of the various hydrocarbons in the
product. The percentages by volume are then multiplied by the RON contribution and

25 summed up. The RON contribution of the different constituents of a hydrocarbon feed

are listed in the table below.



gasol i ne engi ne, generally speaking a higher anti-knock rating is of
advant age when it 20 cones to the working of the engine. The product
obtained in the process according to the invention preferably has a RON of

90 or hi gRek os/sRRke Preferably of 92 or higher, nost preferabpyr/Blosaor
hi gher. The RON is obtained by determning, e.g., via gas chromatography, --

t he percentage by volune of the various hydrocarbons in the product. The
percentages by volunme are then nultiplied by the RON contribution and 25

summed up. The RON contribution of the different constituents of a
hydrocarbon feed are listed in the table bg] ow

RON i sopent ane

93 n-

nt ane

14 Conpound

61.8 2, 2-di net hyl but ane 91.8 2, 3-di net hyl but ane
104.3 2-met hyl pentane 73.4 3-net hyl pentane
74.5 n- hexane 2482 —f—drretdyi—pentane
83.1 trinmethyl butane Qompound L2 12 prethad A ,\azc
42. 4 2,3-di nethyl pent pi§geentane Q1 1 3 pethyl Woxane
52 2,2,4-trinethyl penfBp&ntane 100 n-heptane” 618 0
2, 5-di met hyl hexane 2,2-dimethyl batgng 2 4- di net hyl HEx&ne 65. 2
2,2,3-trinethyl pentang23-dimethyl b@ané 2, 3, 4-t {i net hy#P48ent ane 102. 7
2,3,3-trinethyl pentang2-methyl pentdie. 1 73.4

3-methyl pentane 74.5

n-hexane 248

2,4-dimethy| pentane 83.1

trimethyl butane 112.1

2-methyl hexane 42 4

2,3-dimethyl pentane 91.1

3-methyl hexane 52

2,2,4-trimethyl pentane 100

n-heptane 0

2,5-dimethyl hexane 55.5

2,4-dimethyl hexane 65.2

2,2,3-trimethyl pentane 109.6

2,3 4-trimethyl pentane 102.7

2,3,3-trimethyl pentane 106.1

2,3-dimethyl hexane 71.3

2-methyl heptane 21.7

3,4-dimethy! hexane 76.3

3-methyl heptane 30

2,2,5-trimethyl hexane 91

total CS+ 80

A related relevant parameter for product quality is the ratio of the amount of formed

trimethy! pentanes (TMP) to the amount of formed dimethyl hexanes (DMH). Trimethyl
5 pentanes have a RON of about 100-110. Dimethyl hexanes have a RON of about 60-
70. Consequently, to obtain an alkylate with a high octane number, the highest

possible TMP/DMH ratio is desired. The process according to the invention makes it

possible to obtain a product having a TMP/DMH ratio of at least 2, preferably at least

3, more prefe;rably at least 4.



2, 3-di net hyl hexane 71.3 2-nmet hyl heptane 21. 7
3, 4-di met hyl hexane 76. 3 3-net hyl heptane 30
2,2,5- trlnethyl hexane 91 total C9+ 90 A
related rg) rarameter for product quality is the ratio gdrgfdegigpunt

of forned trlnet%yl pentanes (TMP) to the anmount of formed di nethyl hexanes-:

(DVH). Trinethyl 5 pent anes have a RON of about 100-1 10. D nethyl ~
hexanes have a RON of about 60- 70. Consequently, to obtain an al kyl ate

wi th a high octane nunber, the highest possible TMP/ DVH ratio is desired.
The process according to the invention nmakes it possible to obtain a

product having a TMP/DVH rati o of at | east 12, preferably at |least 3, nore
preferably at |east 4. 15 Conparative Exanple 1 This conparative exanple-
illustrates the effect of various regeneration nethods 5 applied after

ol efin break 'hrought. T evall ate the al kylation reactions use was made of a
fi xed- bed re@gm&m&. is type of reactor is known to the skilled
person. Its working principle is that a |arge portion of the effluent of

the fixed-bed reactor is fed back to the reactor inlet. Here the 10
ef fl uent str&hih Femparmivicexamrla Hiudratendhaneffadippl yarigys regenesatisuinigihods

exanpl es @abo ol %k vreRahJughf f1 uent was fed back to the reactor.
About 10?%555%@1%%% rtgmt u |n streamto determ ne the product

properties. A reactor having a d| anet er of 2 cmwas filled with a 1:1

vol unme/ vol u f S [

fraction) an O'Eé)ét% H‘% &)ﬁ tilb?‘l rCelagé %&r@d%h%fa((: e;bl @eqﬁ %rﬁgés{@a' Jhis

USY-zeol it e gpesol rehctari id kst td tt&nbkuaewl déréi:nwtlts%ofknr'@ ptinciplen i@sthat a large

hydr ogenati ng function. At t rea e at

6t ' di anBPRPR R SR HiRGLE e aerBatrarcitn s T PeRE LS e faHY OB R a0

m nut es {0L00efuEROEFdam e ¥bmbingE il theeactant supply. In the following examples about
80% of the reactor effluent was fed back to the reactor. About 10% was separated

from the main stream to determine the product properties.

A reactor having a diameter of 2 cm was filled with a 1:1 volume/volume mixture of 18
15  grams of catalyst (0.4-0.6 mm sieve fraction) and carborundum particles (60 mesh).
The catalyst comprised a USY-zeolite as solid acid constituent and 0.5 wt.% of
platinum as hydrogenating function. 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 (100 Ni/hour). Next, the system
20 was tested for leakages at elevated pressure, after which the pressure was raised to
21 bar and the nitrogen replaced by hydrogen (100 Nlthour). The reactor temperature
was then raised to 200°C at a rate of 1°C/min. After 1 hour at 200°C the temperature
was raised to 540°C at a rate of 1°C/min. After 1 hour at 540°C the reactor
temperature was lowered to 90°C, which was the reaction temperature.
25
The hydrogen stream was stopped with the attaining of the reaction temperature.
Isobutane was supplied to the reactor at a rate of about 880 gram/hour. 80% of the
isobutane was fed back to the reactor. 10% was drained off for analysis. Such an
amount of isobutane was supplied to the reactor to ensure a constant quantity of liquid
30 in the system. When the system had stabilised, such an amount of cis-2-butene was
added to it as to give a cis-2-butene-WHSV of 0.13 h™'. The overall rate of flow of liquid



20 was tested for |eakages at el evated pressure, after which the pressure
was raised to 21 bar and the nitrogen replaced by hydrogen (100 N /hour).
The reactor tenperature was then raised to 200[err]C at a rate of '
err]C mMywookhisyy 1 hour at 200[err] C the tenperature was rECHEPD7I08401
540[err]C at a rate of 1[err]C/mn. After 1 hour at 540[err]C the reactor
tenperature was lowered to 90[err]C, which was the reaction tenperature. 25
The hydrogen stream was stopped with the attaining of the reaction
tenperature. |sobutane was supplied to the reactor at a rate of about 880
granf hour. 90% of the isobutane was fed baglg to the reactor. 10% was

drai ned off for analysis. Such an anobunt of 1 sobutane was supplied to the

reactor to ensure a constant quantity of Ljigujd_30 in the ste Vhen 1 he
system had sti8dh¢Syggm yﬁﬁﬁ“%&tamﬁtab&f"t E%@gli' B'Bﬁéﬂgam%)ﬁsgbu{%\eitp @<to
gi ve a ci s- 2-Qibré Ga¥taBYuPisd)1 Ithd peksdre id B ¥&tbAhMmoliited tob1 bhpw of 1iquid
16 in the systemwas nai ntai ned at about 880 g/h. The nolar ratio of

i sobutane to cis-2- butene was about 364:1. The pressure in the reactor
anounted to 2 T e v, ]

por or m ng-t nEpASve; SIEEHINECRRNG A dbltiniiBh Byiring b HrES itk tre
20% of thé buiferesaglippiditenswati dtdeasd 20f6 ohibe putethectupplidekwas found imptiegiroduct.
was used to term ne the active cle of. th t al | 0 €. Lt was .
establ i shed MYBAnILAPRIRNE JasoiseeE i ddfmpndie BENE $F' abmEi st lfpityama
the noment whanapiRHeafhdw enwdhkiimat paased gsstiveert eHeatkiavicot thet blefis GuepRt drad tHan
at the entrance of the cat alf;/tst-cont ai ni nax fr_ﬁa(;tor section, |eft

k he
cat al yst - contBPeRtwhea 203t ollbe ikylatiep age e tBéW%@@GHV@?"c%ﬁt}‘ﬁﬁf’tra”ce

counting i sorgringatdiasi-dsitslRinghreabll @eblich, 14t MeTESRNREcatHRING MRAERr WeERon
carried out to investigate the regeneration nethod s effect on the active
cycl e of 1Phe withautpeing ganvarted,(10$ saunting isemensalien ngidertbg amieaiead after 20%
ol ef i n breakt hrough or nore. 15 Exp. Regeneration conditions

act. cycle (h) nmedium T ([err]C P (bar) t (h) O
fresh cat al ysA number of experiments were carried out to investigate jtbe regeneration method's

effect on the active cycle of the catalyst. In all cases the catalyst was regenerated after

20% olefin breakthrough or more.

15

Exp. | Regeneration conditions act. cycle (h)
medium T (°C) P (bar) | t(h)
fresh catalyst 10
H. (71 Ni/h) gas phase 250 21 1 10

1a H, (71 Ni/h) gas phase 250 21 1 10

1b H, (71 NI/h) gas phase 250 21 1 10

2 H, (1 mole%) in 90 21 66 6.5
isobutane

3 H, (1 mole%) in 115 30 18 4
isobutane

Experiments 1, 1a, and 1b in the above table show that a catalyst which has been
deactivated to the extent of there having been 20% or higher olefin breakthrough can
be restored to its original activity by regeneration with hydrogen gas at a temperature
20 of 250°C. This regeneration method enables multi-cycle use of the catalyst. However,
each time this regeneration method is to be applied, the alkylate and C9+ have to be-
washed out of the system, the isoalkane has to be removed from the reactor, the
reactor has to be heated up to temperature, hydrogen gas has to be passed through it

at high temperature, the reactor has to be cooled down again after the regeneration,



1 Herr] (71 NI/h) gas phase 250 21 1 10 1la H2

(71 NI/ h) gas phase 250 21 1 10 1b H2 (71 NI/ h)
gas phase 250 21 1 10 2 H2 (1 nole% in

90 2WO0 98/235606 6.5 i sobutane 3 H2 ( nol e% i IPCI/EP97/06401
115 30 18 4 isobutane Experinents 1, la, and 1b in the

above table show that a catal yst which has been deactivated to the extent
of there having been 20% or hi gher ol efin breakthrough can be restored to
its original activity by regeneration with hydrogen gas at a tenperature 20
of 250[err]C This regeneration nethod enabkes nmulti-cycle use of the

catal yst. However, each time this regeneration nmethod is to be applied, the

al kyl ate and C9+ have to be washed o t of thg sr\‘/ tem the |soal kane has to
be T enoved fr 18 SHRPY BACHNSHOTRM 3% 48 e, PIORRESt 3G e seacter has d be refilied with

temperature, RYAIGABNSEEPa ResericPaiidh REHBAG LNARHENS for e b 8 RokPABLILLIE:

the reactor has to be cool down again after the regeneration,
supply of hydimgmﬁmtﬁam%ﬁmﬂﬁd reganeratian me&\@ﬂovasmplpwd;émeeciatawdms

e L A e

commerci al sca n experi men regeneratton
enpl oyed. JheAttavaghysie wmmdaﬂnmsddcteﬂwasascslohgiasw give ﬂsydodgeax;bentatlon that

i sobutane for the s i fied perio Al t.hou er|o .ne
sel ect od was. Diphes st resebcaoPihall kel plack, e P ek e Brdhost e achve
catal yst regeagélat¢f0fhé1@dtau>&kermdoldaeﬁasea WbStan@ind whaat cdrhparben@ttﬁ Ak frésh
active cycle of the catal yst had decreased substantially when conpared with

the fresh cat &hiabtst and thee cetalvat yegepeigtart Mithe AYHCEeN B dFFYEn Hius5bees rmid

Thus, these mrééianre?&t%'ﬁerﬁé‘ﬁwbegda%beﬁ%lg%xﬂf%%&@%&la?ysmﬁé"CyC| e catal yst
use. 10 Exanpl e 1 This exanple illustrates the process according to the

i nventionl015 The process of Conparative exanple 1 was repeated using 27
grams of cataky gltn;|en1a

This example illustrates the process according to the invention.

15  The process of Comparative example 1 was repeated using 27 grams of catalyst in a
1:1 volume ratio with 60 mesh carborundum particles, a total feed to the reactor of
about 1320 gram/hour, a WHSV of the olefin of about 0.19 h™, and a ratio of olefin to _
isobutane of about 250:1. First, the active cycle of the catalyst was determined by
running the system until 20% of the olefin left the catalyst bed unconverted. Under

20 these conditions the active cycle turned out to be 7 hours.

Next, the catalyst was regenerated with hydrogen at a temperature of 250°C, as
described above, returning the activity of the catalyst to its original level. The system
was then started up again under the same conditions, except that each time after 1
hour of reaction, i.e., at 14% of the active cycle, the catalyst was regenerated by being

25 washed with isobutane for 10 minutes, followed by 100 minutes of regeneration
through being contacted with a solution of 1 mole% of H, in isobutane, and then being
washed with isobutane for another 10 minutes (total washing and régeneration time 2
hours). The process conditions during the washing steps and the regeneration step
were the same as the process conditions during the reaction step.

30



1:1 volunme ratio with 60 nmesh carborundum particles, a total feed to the
reactor of about 1320 gramf hour, a WHSV of the olefin of about 0.19 h[err],
and a ratio of olefin to isobutane of about 250:1. First, the active cycle
of the cakghwghsdsgs determ ned by running the systemuntil ZQ%msfo70661
olefin left the catal yst bed unconverted. Under 20 these conditions the -~
active cycle turned out to be 7 hours. Next, the catal yst was regenerated
wi th hydrogen at a tenperature of 250[err]C, as described above, returning
the activity of the catalyst to its original |evel. The systemwas then
started up again under the same conditions,,except that each tine after 1
hour of reaction, i.e., at 14% of the activ% cycle, the catal yst was

regenerated by bei 25 washed with isobutane for 10 m nutes, followed by'

100 minutes o her @ @f By Meight I9f 68 tRlnéata Prediined dies @raim: of Gatalystuyasousest ag a
nol e% of H2 | t r
10 m nutes (t o g/albtsfﬁcatgﬁgtgr gg@ﬁ'ﬁ?@i@ﬁ@‘w@éﬁ%oﬁr@gw pHe r{uﬁibgg 29 taE%
condi tions du(nomgx inHbe \ﬁﬁkikﬁmgatag@p'ﬁweaMagmts caigyiated asi folioves. d@ltiﬁynﬂg tthe CSame

as the proces ondi.ti,ons during the re The uant ity
by vt oht or IR Yoo PReriiiad, B . T e HpS VBt & the Sertlgvet M st
nmeasure of t hakpateayiyiat eﬁpréewédt ihegﬂ’a@:ﬂﬁﬁﬁmﬁ emyla&t tped rmuqtpfdru?rym Shicatalyst.
nunber is also known in e field as cat g e is calculated as
fol lows. Ml tMBItipliRng ihﬁecé%@"éx'%ﬂ Ye'd ?M "“@ Bt @ §E’ 8 PRUStionBitatethe

space vel oci tagride thipeRbREidh BlVAaiyktiBsl hethod, it n?dykb!é Agisybieltd Lﬂénhssa%@ph en
grans of C5+ al Kyl ate per "hour per "‘gram of catal yst. Miltiplying thi

al kyl ate yi el@byplkylaée digith selcgtatedh iy saVéfagﬂﬂQ)ﬁl?c‘{ql‘éﬁﬁ ghigined; iee ﬂ@%@égealkyiate
Dependi ng on [fe a?ogljléqs ne rggtﬁil;gﬂ/%afrb&u% atgvd t@ tﬁé)céﬁ t he average

C5+ al kyl ate ‘yreld ver agi ng t e va obt al n d for the Co5+
al kyl at e1Qi el d at various m)rrents in the production cycl e, to calculate the

been_pr oduced i gRHEEReh A0 eB? ¥ ofdipd br b Al pat belh Hb i Geogr
any sign of quaifnloﬁdata?;zdttAWtbagﬁnneMSyémmtdndm@woquahy sign af dlefin drebktiencagmed

hi gh. and the product quality and yield remained high.

15 The average product obtained in the course of this experiment had the following

properties:
C5+ alkylate yield 229 wt.%
RON octane number 81.2
TMP/DMH 2.9
wt.% C9+ alkylate, calc. on C5+ 11.4
alkylate (incl. 2,2,5-trimethyl
hexane)
wt.% C8, calc. on C5+ alkylate 58.2
wt.% C5-C7, calc. on C5+ alkylate 30.4
Reid vapour pressure 0.35 bar
density 0.693 g/mi

In comparable experiments run for a longer period of time a catage of more than 70

20 grams of C5+ alkylate per gram of catalyst was obtained.



15 The average product obtained in the course of this experinent had the
followi ng properties: C5+ alkylate yield ) 229 wt . % RON oct ane
nunmber 91.2 TMP/ DIVH 2.9 w. % Co+
al kyl at e, w®ab 8823860 C5+ 11. 4 alkylate (incl. 2,2,5-trinmet hyPCEERATI@SHOM . %
C8, calc. on C5+ al kylate 58.2 wt. % C5-C7, calc. on Co+ alkylate . 30.4"
Rei d vapour pressure 0. 35 bar density :
0.693 g/m |In conparable experinments run for a | onger period of tinme a
catage of nore than 70 20 grans of C5+ al kyl ate per gram of catal yst was
obt ai ned. 19 Conparative Exanple 2 This4gxanple illustrates that
intermttent washing with i sobutane does not lead to a 5 st abl e process,
in contradistinction to the process according to the invention, where
intermttent regeneration with i sobutane and H2 is applied. The process of
Exanpl e 1 wasCompagitied BExadele 2 he sane condition, the only difference being
that each tinme after 1 hour of reaction, i.e., at 14%of the active cycle,
the 10 catal yst was washed for two hours with isobutane, instead of being

regenerated byhi§eixaghpi@flieeates tthati inRPMItRNE WaBhing Onith Rebetanef @ddson@dedy td @0
m nut es of regeneration through being contacted with a solution of 1 nole%

of H2 in Bsobyiebirenrossts. tihepntRAisipclion ke thawpiasess aeATENE tPothedRvanien. where
mnutes (O JhiBailr toduidrdiBA WIRIIEME RN adPHZisIRlsd. . 18 After 11 cycles

ol ef i n breakthrough was observed. In contrast; as described in
Exanple 1, the catal yst was regenerated with i sobutane and H2 under

conpar abl e The process of Example 1 was repeated under the same condition, the only difference

being that each time after 1 hour of reaction, i.e., at 14% of the active cycle, the
10 catalyst was washed for two hours with isobutane, instead of being regenerated by
being washed with isobutane for 10 minutes, followed by 100 minutes of regeneration
through being contacted with a solution of 1 mole% of H, in isobutane, and then being

washed with isobutane for another 10 minutes (total washing and regeneration time 2

hours).
. 158
After 11 cycles olefin breakthrough was observed. in contrast, when, as described in
Example 1, the catalyst was regenerated with isobutane and H, under comparable
conditions, the system did not show a sign of olefin breakthrough even after 40 cycles
and could be operated for much longer.
20

Example 2

This example further illustrates the process according to the invention.

25 The process of Example 1 was repeated, except that this time the catalyst was
regenerated every three hours of its operation, at 42% of the active cycle, by being first
washed with isobutane for 10 minutes, then regenerated for 340 minutes by being
contacted with a solution of 1 mole% of H, in isobutane, and subsequently washed
with isobutane for another 10 minutes (total washing and regeneration time 6 hours).

30 The process conditions during the washing steps and the regeneration step were the

same as those prevailing during the reaction step. By operating in this fashion it was



conditions, the systemdid not show a sign of ol efin breakthrough even
after 40 cycles and could be operated for nuch |longer. 20 Exanple 2 This
exanple further illustrates the process according to the invention. 25

The proceswm¥s/Bi6npl e 1 was repeated, except that this tinme PCTERSADE0Y St
was regenerated every three hours of its operation, at 42% of the active
cycle, by being first washed with i sobutane for 10 m nutes, then
regenerated for 340 m nutes by being contacted with a solution of 1 nole%
of H2 in isobutane, and subsequently washed wi th isobutane for another 10

m nutes (total washing and regeneration tim® 6 hours). 30 The process
condi tions during the washing steps and the regeneration step were the sane

h L . . ti . : .
" e s Phg Bisldig S uehBte b WabEBRicdls, AREP 16 hoBRTR o YT phldbBd had
ol efi n br eakt ¢wonogd. Mhe averager pddudhHedasebstardialy dtkisameaguiopertiss asttheldrgdudhe

i er 160 houyaenae R ERRTOG T g et AN SNk, Badiours R pFbdand BRI

further illustrates the process according to the invention. The process of
Exanple 1 was_repeated, except that this tinme the catal yst was 10
regeneratéd e@&ﬂ}ﬂ&& hours of its operation, at 85% of the active cycle,
by being first washed with i sobutane for 10 m nutes, then regenerated for
700 m nutes by being contacted with a solution of 1 nole%of H2 in

i sobut ane, anthisesamgiedhtthsr illusitates hetonosessagcanding tortheiiryenden.10 ni nut es
(total washing and regeneration tine 12 hours). The process conditions
during the washing steps and the regeneration step were the 15 sanme as

t hose prevai | Theg presasagoft Bramplect | was seppeateBy ergamt athah ¢his rtirbdnitee f aatdiysinwis

proved inpossible t chi eve a stable process, er. .60 hours breakt hrough
D eourr et T80n: eSn e EvhY S Rkt 8L oBERTRE 5 St 0 P Suerd, BRI
required regensstitid wih tissBRitarenfarl 10 eniduek e thenhegeatiated forpT Gl trtutes byl b&ing O
regeneratlon t1ne S

of producti orF%YRFtE itlll?:cé;sg'lugf”l‘zxﬂzgg%ﬁ%%i‘g:}'d’aﬁfjisg’ﬁﬁr‘%lﬂg'da’%jtsug\éetqmeggf whdhed
with isobutane for another 10 minutes (total washing and regeneration time 12 hours).
The process conditions during the washing steps and the regeneration step were the
15 same as those prevailing during the reaction step. By operating in this fashion it proved
impossible to achieve a stable process. After 60 hours breakthrough occurred. This
experiment indicates that the production time affects the required regeneration time. In
all examples the ratio of production time to regeneration time was 1:2. In Examples 1
and 2, carried out with one hour of production and two hours of regeneration and three
20  hours of production and six hours of regeneration, respectively, said ratio made it
possible to run a stable process. In the present example, which had six hours of
production and 12 hours of regeneration, the production time:regeneration time ratio of

1:2 no longer resulted in a stable process.
By contrast, a stable process was obtained where in the case of six hours of
25 production the production time:regeneration time ratio was raised to 1:3, with the
catalyst being regenerated after every six hours of its operation, at 85% of the active
cycle, by being first washed with isobutane for 10 minutes, then regenerated for 1060
minutes by being contacted with a solution of 1 mole% of H, in isobutane, and.
subsequently washed with isobutane for another 10 minutes (total washing and

30 regeneration time 18 hours).



20 hours of production and six hours of regeneration, respectively, said
ratio made it possible to run a stable process. In the present exanple,

whi ch had six hours of production and 12 hours of regeneration, the
product i onwbiggm3se@generation tinme ratio of 1:2 no | onger resectaPov/osdal
stabl e process. By contrast, a stable process was obtained where in the
case of six hours of 25 production the production tine:regeneration tine
ratio was raised to 1:3, with the catal yst being regenerated after every
six hours of its operation, at 85%of the active cycle, by being first
washed with isobutane for 10 m nutes, thenog4egenerated for 1060 m nutes by
being contacted with a solution of 1 nole% of H2 in isobutane, and
subsequent |y hed with isobytane.for another. 1Q. mnutes_(total washing.
ond 50 " ey etlEen SRS SO i draiorier PGSR dra Ml AR et i

shorter regen@geﬁéﬁ&d eHBielV AdcobdlhdiyCR iWhRBfeiraa thal ele/ ehtalySt bEURBERE LR as-
earlier. Accordingly, it is preferred that the catal yst be regenerated as

frequent |y asTreauestipas possibleExanpl e 4 This exanple illustrates the

i nfluence of the presence of a matrix material and the catal yst particle
size. 10 In this experinment, use was made of a m crofl ow reactor, which
was fill el asEfamhblewds: An anobunt of catal yst corresponding with 5 grans of
zeolite calcined at 400[err]C was put in a neasuring cylinder of 50 mM wth
an internal dianmeter of 2.5 cm Carborundum particles with a particle size
of 16 nmesh weTHis andambid dlustratetahe influsrieeodf tBe preserdecot atbyixt matdial BAd the
carborundum particles are carefully mxed. Areactor with an internal 15

di ameter of 1955t RAGIGIPSEE- with a thernowel | with an external dianmeter of
3mmin the center of the reactor, was filled for the bottom 17 cmwth

carborundum particles with a dianeter of 16 nesh, which were covered with a
thin | aydP ofindhigexpedmentryen wasreadg of 3 picrefiow rrastafs whigh dvasdiisd agdellaws:

e R Wl
car bor undum dnc messknog aytrides tof tiflemi st 2 intane! dematsrsef 2oyem. Wasoasevdured
particles with a particle size of 16 mesh were added to a total volume of 30 ml. The
catalyst and the carborundum particles are carefully mixed. A reactor with an internal
15  diameter of 15 mm, equipped with a thermowell with an external diameter of 3mm in
the center of the reactor, was filled for the bottom 17 cm with carborundum particles
with a diameter of 16 mesh, which were covered with a thin layer of glasswool. Then,
the mixture of catalyst and carborundum particles was applied, followed by filling the
large spaces in the catalyst bed with fine carborundum (100 mesh) by application of
20 the fine carborundum and tapping against the reactor. The catalyst layer was covered
with a thin fayer of glasswool, and topped off with 16 mesh carborundum particles.
After closing the reactor and purging with nitrogen, the reactor was brought under a H,
flow of 1NI/min, and heated to 90°C under atmospheric pressure. The reactor
temperature was then raised to 200°C in about 45 minutes. After 1 hour at 200°C the
25 temperature was raised to 400°C at a rate of 2 °C/min. After half an hour at 400°C the
reactor temperature was allowed to fall during the night to 90°C, which was the
reaction temperature. Then, the pressure was set at 21 bar, and a flow of iscbutane,
followed by a flow of a mixturé of 2% of cis-2-butene in isobutane were started. The
catalysts were tested at a temperature of 90°C, a pressure of 21 bar, an olefin weight
30  space velocity of 0.4 h-1, caiculated on total zeolite, and a ratio of isobutane to cis-2-

butene of 50:1.



with a thin | ayer of glasswool, and topped off with 16 nmesh carborundum
particles. After closing the reactor and purgi-ng with nitrogen, the reactor
was brought under a H2 flow of INI/mn, and heated to 90[ err] C under '
at mospher i @dg?sséy € The reactor tenperature was then raisegci@psfiiduey 1] C
I n about 45 mnutes. After 1 hour at 200[err]C the 25 tenperature was -
raised to 400[err]C at a rate of 2[err]C/ mn. After half an hour at ~
400[err] C the reactor tenperature was allowed to fall during the night to
90[err] C, which was the reaction tenperature. Then, the pressure was set at
21 bar, and a flow of isobutane, followed g% a flow of a mxture of 2% of
Ci s-2-butene in isobutane were started. Th€ catal ysts were tested at a

tenperature of 90[err]C, a pressure of 21 bar, an olefin weight 30 space
vel ocity of Olhe imtermigientcieuareration was aet 3rRliEdtiB, thesr) microERackT dests s BBEAUSRe

to cis-2- bugne of ikl used f&%a&r&télgéggsrgﬁég‘]ﬁbﬁl)egpéaﬁffﬁ&dd?ﬁu}q@%é?% IEd

applied in these mcroreactor tests : ey are mal nl'y used
cat al yst scr emni fojjowed| sadhr timkt by oeggneration ofethe gatakyistewvtbwasem Irwvimeeaaih

time by rege e} f

21 bar” Thi's 4006 ¢ Hoer BE A EbeRbbi B BaR8T s kb AR Btttk

5 t he sane th@kamgdatagstampld=-r om conpar at i ve runs It has appear ed t hat
this test gives results which show the sa sther S, obt ai ned
in the cyclge Rramc syrPEatye iring I‘?Z"‘?ﬁ ﬁB?eaéﬁ‘gﬁB 8'V8§tr8?®€5t F"\ﬁérsgmi“’etab?ed
in this unit,saphd GEnd &s HRNESUIR dbtaivdd ZrEt‘thy@le'r@@éi@tduéﬁdtlhtﬂé)othetoeﬁn’ﬂﬂles% of

platinum and if present, gama-alumina as the matrix conponent. The 5
catalysts varied in their matrix content and particle size. The follow ng
tabl e gives tﬁ}ﬁi LeghRt wrhédlystkd qpmgssﬁlt' QHich aﬂ@oh{é‘ﬁw taeQQYré%Hﬂet Faaem fthﬂed
therew t h. tal yst ‘paraneters performance data wt .

RON TO/ 0.5wt % of platingmn, angif presertegamoealymina as the matr'ylcemaomnt The 5

00 20 2.5 cataF yaried pLfgimf)consnl cha pagple Hee. The, ffSuihictglle gL B,

2.7 17. tested B5talyst copositions, and the test results obtained therewith.
catalyst parameters performance data .
wt.% prt. C5+ RON TMP/ wt.% wt. % wt. %
Al,O4 size yield wt DMH Co+ c8 C5-C7
(mm) %
A 0 0.4-0.6 || 226.90 | 90.22 2.5 13.4 56.4 30.2
B 20 0.4-0.6 || 223.14 | 90.79 2.7 17.1 55.2 27.7
C 20 1.5 1 223.34 | 91.95 3.3 11.7 62.5 257
D 35 1.5 223.49 | 91.81 3.3 12.4 61.3 26.3
E 50 1.5 223.41 | 91.75 3.2 12.4 61.2 26.5

15 From this data it appears that increasing the alumina content of catalyst A from 0 to
20 wt.%, resulting in Catalyst B, results in a RON increase of 0.57 and an increase in
TMP/DMH of 0.2, albeit accompanied by a decrease in C5+ yield and C8 selectivity.
The addition of a matrix material thus results in a C8-alkylate of better properties.
Increasing the particle size of catalyst B from 0.4-0.6 mm to 1.5 mm extrudates,

20 resulting in catalyst C, results in the same C5+ yield, but an increase in RON of 1.16
and an increase in TMP/DMH ratio of 0.6. The selectivity for C8 increases with as
much as 7.3%. '
A further increase of the alumina content of the extrudates from 20 wt.% to 35 wt.%
(catalyst D) and 50 wt.% (catalyst E), does not influence the performance substantially.

25



C 20 1.5 223.34 91.95 3.3 11.7 62.5 25.7 D
35 1.5 223.49 91.81 3.3 12. 4 61. 3 26.3 E 50 °
1.5 223.41 91.75 3.2 12. 4 61. 2 26.5 15 Fromthis data
I t appear syphghidepcr easi ng the alum na content of catal yst ApfiaFododsds 20
Ww.% resulting in Catalyst B, results in a RON increase of 0.57 and an
increase in TMP/DVH of 0.2, albeit acconpani ed by a decrease in C5+ yield
and C8 selectivity. The addition of a matrix nmaterial thus results in a
C8-al kyl ate of better properties. Increasing the particle size of catalyst
BfromO0.4-0.6 mmto 1.5 mm extrudates, 20 resulting in catalyst C,
results in the sanme C5+ yield, but an incréase in RON of 1.16 and an
increase in TMP/DVH ratio of 0.6. The selectivity for C8 increases with as

nmuch as 7. 3%EX@mRIeSher increase of the alumina content of the extrudates
from20 w.%to 35 w.% (catalyst D) and 50 wt. % (catal yst E), does not
I nfl uence the performance substantially. 25 23 Exanple 5 This exanpl e

shows the ef {Bus axantpire shens tthereftsct mitthexadditian ichlmatnd materishsediincrease in
DRkt o PR SBodB TR W ol Mol B BAR 2 LuR0Rf 1

deacti vati on. carried ou
The amount of catal yst was sel ected such for each experinment that the

reactor contajned 27.grans of zealite. I n each.case h t al yst s m xed
T eh 80 ook HES Pt Rat b RaLo s 08 BRR 1f ElAls T THe Gt T ey ety
each case, t hﬁaé?_@éléd:t)éatsuw&r(‘éﬂcﬁie!?@drhﬁh@ﬁt thatl tHeefb 2R er @b Rt iR AP gransd of zeolite.
400[ err] C. The ci s-2-but ene- WHSV was 0. 19 %{"r@]ﬁh cal cul ated on zeolite.

The overal | rlBe@cBreape.Jie GRIANS, Wag mbred A Ao PREIIestIN htalme
1320 g/ h. Thgﬁg@b@w@; dRalpft. IrsORUH GG, 1R Grllyt- M £418n¥@ and hilced Bicte udbe

pressure in reactor anbunted to 21 bar. The 15 reaction tenperature
was 90[ eflP] C.at#38°G.ol | owi ng catal ysts were tested in this system

The cis-2-butene-WHSV was 0.19 h™", calculated on zeolite. The overall rate of flow of
liquid in the system was maintained at about 1320 g/h. The molar ratio of isobutane to
cis-2-butene was about 250:1. The pressure in the reactor amounted to 21 bar. The

15  reaction temperature was 90°C.

The following catalysts were tested in this system

particle size hydrogenation | % zeolite % matrix
function
Catalyst A 0.4-0.6 mm 0.5 wt.% Pt 100% Y-zeolite | -
Catalyst C 1.5 mm 0.5 wt.% Pt 80 % Y-zeolite | 20 % alumina
Catalyst D 1.5 mm 0.5 wt.% Pt 65 % Y-zeolite | 35 % alumina
Catalyst F 3mm 0.5 wt.% Pt 80 % Y-zeolite | 20 % alumina

20 The active cycle of Catalyst A was determined by performing the process under the
aforesaid conditions until at least 20% of the butene supplied was found in the product,
i.e., at an olefin breakthrough of 20% or higher. Next, interpolation was used to
determine the active cycle of the catalyst. Under the conditions stipulated above, the
active cycle of Catalyst A turned out to be 7 hours. The active cycles of Catalysts C, D,
25 and F, were determined in the same manner. It appeared that the life cycles of these

catalysts are substantiaily the same as the life cycle of Catalyst A.



particle size hydrogenation % zeolite % matrix function Catalyst A
0.4-0.6 mm 0.5 wt.% Pt 100% Y-zeolite - Catalyst C 1.5 mm

0.5 wm. %Pt 80 % Y-zeolite 20 % alumna Catalyst D 1.5 nm

0.5 W . % Piyp og/88360 Y-zeolite 35 % alum na Catal yst F 3PAIEP97/06401

0.5 wt. % Pt 80 % Y-zeolite 20 %alumna 20 The active cycle of -

Cat al yst A was determi ned by perforning the process under the aforesaid
conditions until at |east 20% of the butene supplied was found in the
product, i.e., at an ol efin breakthrough of 20% or higher. Next,

I nterpol ati on was used to determ ne the actjye cycle of the catal yst. Under
the conditions stipul ated above the active cycle of Catalyst A turned out
to be 7 hours. The active c es of

Cat ts C,
det er ni ned i n Aftgs tBadengtach "fF’tCY&ﬁ?anéE gés ﬁﬁ'te”'t“W@dl a'fee‘:%9l¥?te‘§a%f’e%{\§§%ted
catal ysts are ﬁﬂbﬁ}&&% driht! a\’teH’b%ra”tél’@?of%obdj%t bipfsstee bfe2 Pharfat alpkhdd 6¢ 1 hours

After the | engt elife cxc e had been determ ned, the catal yst was
regener at ed wireturmind theyaetiviiy ot G@ﬁﬁéfsét%t%mdﬁmaé@ﬁ){eéﬁﬂe@ﬁie”hwﬁﬁ mtéft@ﬁ up1
bar for a perig %xﬂ(:and]errﬁ%lgamé @Bﬁ’cg]{'ér{%ge AT Ym%faffer?q r%%h%# Yeletibi® ilet Sat
original I|evel stem was then Starte up agal n under the sane

condi ti ons5 exe@pof tHeaéct:eachcle i thre cafalyst whs hregenepdted ey diaingnwashea, witlatsobutane

14% of the act,ive. cycle e cat al S ner washe

i sobut ane for fﬁo%’n”ﬁ ytes, ftop%’qug\?%ag@wm@ﬁ r%? %ﬁ 83?%?9 tﬁé@ﬁ@PS&?o%ontt%cg%%%hn
bei ng cont act efdsgutidh af $Qh¢lé%0d$f 19 inlisoplitabe oénd-l&aehrbensgabmbaaewntan@bﬁdm for
bei ng washed with i sobutane for anotB 10 m nut es O((ﬂj? V\ﬁ%jh and
regeneration ARe HJpigytes Ttatal, washiag and dpesnanat F ShEPrLEEDs
and the regeneiakitsAs shismy W\ﬁaéﬂ"@ SRPE ame th@?eéé?\eratﬁfnoﬁ8§ &eﬁ@ﬂiﬁ Eérﬁ@fas the
during the reaction step.  The follow ng table gives the properties of the
aver age pﬂ@du@@cmt@ﬂﬁ'ﬁgn%@lﬂﬂﬂﬂdhﬁtﬁ%aqﬂeﬁ§fqps| ng the various catal ysts.

Catalyst A Catalyst C Catalyst D Catal yst F particle dianeter
0.4-0.6 mm 1.5 mm 1.5 mm 3 mmcarrier matrix content = 0%
20% % following table Zves the properties of the average products obtained during the
runs using the various catalysts.
Catalyst A Catalyst C Catalyst D - Catalyst F
particle diameter 0.4-0.6 mm 1.5 mm 1.5 mm 3mm
carrier matrix content 0% 20% 35% 20%
Catage 19.5 20.2 19.4 19.9
C5+ alkylate yield 227 wt.% 222 wt.% 222 wt.% 222 wt.%
RON 91.9 93.9 93.8 94 .1
TMP/DMH 3.2 4.4 4.3 4.5
wt.% C9+ alkylate 12 8.9 11.0 7.8
wt.% C8 58.2 67.5 65.4 69.0
wt.% C5-C7 29.8 23.6 23.6 23.1
Reid vapour pressure 0.36 bar 0.30 bar 0.30 bar 0.29 bar
density 0.696 g/ml 0.7006 g/ml | 0.701 g/mi 0.700 g/mi
15

In the table, and in the rest of the specification, the weight percentages of C8+
alkylate, C8, and C5-C7 are calculated on the C5+ alkylate produced. The catage is
calculated as a the number of grams of C5+ alkylate produced per gram of zeolite
during the run. The values for the Reid vapour pressure and the density are

20  determined from GC-analysis data.



Cat age 19.5 20. 2 19.4 19.9 C5+

al kylate yield 227 W . % 222 W . % 222 Wt . % 222 wt . % RON
91.9 193.9 93.8 94.1 TwP/ DWH 3.2
4.4 WO 98/33560 4.5 wt.% C9+ al kyl ate 12 PCT/EP93/06401
11.0 7.8 wt. % C8 58. 2 67.5 65. 4 .
69.0 w. % C5-C7 29. 8 23. 6 23. 6 23.1
Rei d vapour pressure 0. 36 bar 0. 30 bar 0. 30 bar 0. 29 bar
density 0.696 g/m 0.7006 g/m 0.701 g/m 0.700 g/m

15 In the table, and in the rest of the spegification, the weight

percent ages of C9+ al kylate, C8, and C5-C7 are cal cul ated on the C5+
al kyl ate prod
al kyl ate prod

Rei d vapour ppgsigl @amBr bhe.sdaRsidsitairea %eoducdeﬁtararrmgﬁdr Rownh@ﬁ Ahrtisirse
25 Fromthe above table it can be seen that the use
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%, the quali product remains substantially the sane.
10 Exanpl e 6 RIAASCES H%HT @%GWLGWHE? SPA¥-stability of the catalyst is
i mproved when the particle size 15 of the catal yst particles increases.

Two catal ysts,

si ze of

15

20

25

30

one with a particle size of 1.5 nmand one with a particle

Example &

This example shows that the stability of the catalyst is improved when the particle size

of the catalyst particles increases.

Two catalysts, one with a particle size of 1.5 mm and one with a particle size of 3 mm
were tested under the conditions of Example 1. The catalyst with a diameter of 1.5 mm
contained 35 wt.% of alumina, while the catalyst with a diameter of 3 mm contained
20 wt.% of alumina. Based on Examples 4 and 5, the presence of additional matrix
material to the catalyst particle is not expected to significantly influence the catalytic
properties. |t is noted that the amount of zeolite in the reactor was the same for both
types of catalyst. Therefore, these two experiments are considered comparable.

The following table gives the average product obtained after a certain catage with the
respective catalysts. From this table it appears that for the 1.5 mm extrudate the
quality of the. average product has decreased slightly when the process has been
operated for an increasing catage. This is in particular evident from the increase of
almost 2 wt.% in the average wt.% of C9+ at a catage of 36.5 as compared to the
average weight% of C9+ at a catage of 19.4. In comparison, for the 3 mm extrudate, it
appears that the quality of the average product has not decreased when the process

has been operated at increasing catage. This is evidenced by the fact that the



were tested under the conditions of Exanple 1. The catalyst with a dianeter
of 1.5 mmcontained 35 w.%of alumna, while the catalyst with a dianeter
of 3 mm contai ned 20 20 wt. % of alum na. Based on Exanples 4 and'5, 'the
presence Liional matrix material to the catal yst parti '

expected 10O Si g?ﬁof icantly influence the catalytic properti eg,.ilrﬁ‘fﬂg?/g&r%t ed --
that the amount of zeolite in the reactor was the sane for both types of
catal yst. Therefore, these two experinments are consi dered conparable. The
followi ng table gives the average product obtained after a certain catage
with the 25 respective catalysts. Fromthis table it appears that for the
1.5 mmextrudate the quality of the avera product has decreased slightly
when the process has been operated for an increasing catage. This is in
particul ar eaverage wit%onoft G8+i alc regatagef ofaBfisthas increased witte anive labyet.0d 2%

of CO9+ at a e ' % of +

catage of tocqmBreeBEpTaraRe VRRPNATE O N EeRHEE BP0 0T b R pocindledd,
the quality efatithe anslystoeittpmodiantetérast 8amnndéc s establé ehan iae watyyst switlina
been operated. at in((a:frgegsi ng catage. This is evidenced by the fact that the
26 average WOIARESE PO M3 catage of 34.6 has increased with only 0.1 w.%
as conparsd to the average wei ght% of C9+ at a catage of 19.9. It can thus

be concluded_that the catalyst with a dianeter of 3 nmis nmore stable than
the catalyst{with a dianmeter of] €atalyshD 5 CHetalysdD D | Catgiysh|Fy st | Batalyst F
Catal yst F Catalyst F particle dianeter 1.5 mn_ 1.5/ nm 3
mm 3| particlerdiareetermat ri x ¢Or& mmt B3 % mm 35%mm 208
20% Cat age | carrier matrix contenl 9. 4| 35% 36]85% 190% 26%. 6 Co+
al kylate yiefd (W. % 222 221 222 222
93.8 Gatage oo - 1194 U p385TT PV 119.9 348 >
‘71- g gss allylafe yigld (Wt.%)"| 295 572 Ky o3i e 329 237270
69. 0 0 e 93.8 V71937 EIN 9xt ¥
' TMP/DMH 4.3 4.2 4.5 4.5
wt.% C9+ alkylate 11.0 12.8 7.9 8.0
wt.% C8 65.4 64.0 69.0 69.0
wt.% C5-C7 23.6 23.2 23.1 23.0
Reid vapour pressure 0.30 bar 0.29 bar 0.29 bar 0.29 bar
density (g/ml) 0.701 0.702 0.700 0.700

The stability of the catalysts can also be clearly seen from a comparison between
Figures 1 and 2. Figure 1 gives for the 1.5 mm extrudate the weight percentage of C9+
formed as function of the run time. Figure 2 give the same data for the 3 mm
10 extrudate. From these figures it can be seen that the C9+ formation is much more
constant for the 3 mm extrudate than for the 1.5 mm extrudate, which indicates an

increased stability.



wt . % C5- C7 23. 6 23. 2 23.1 23.0 Rei d
vapour pressure 0. 30 bar 0. 29 bar 0. 29 bar 0.29 bar density
(g/m) -~ 0.701 0. 702 0. 700 0.700 The stability
of the ca@ygﬁgapan al so be clearly seen froma conpari son geaym®anesdoir gur es
1 and 2 igure 1 gives for the 1.5 nmextrudate the weight percentage of -
C9+ forned as function of the run tinme. Figure 2 give the sane data for the
3 mm 10 extrudate. Fromthese figures it can be seen that the C9+
formation is nuch nore constant for the 3 mmextrudate than for the 1.5 mm
extrudate, which indicates an increased stgpility. 27 Cainms 1. A
process for al kyl ati ng hydrocarbons wherein an al kyl atable organic 5
conmpound is reacted with an al kyl ation agent to forman alkylate in the
presence of a catalyst conprising a hydrogenating function and a solid acid
constituent, ~Mith the catalyst being subjected intermttently to a
regeneratlon—srep by being contacted with a feed containing a saturated
hydr ocar bon and hydr ogen, sald regeneratlon being carried out at 90% or

| ess of the activ cl y th.t e e
of the catal b5t bl o bgss vor aliplind’ pheBpdiBRAy Y dherell | Hnt gﬁ‘%@%&%d?'ﬁgﬁ'&
the al kylstion agedinpoand he reag Mmean allaylatmmpagesbltn viotnh arhaligtete ancmeof
t he catal yst-contai ning reacto ction,.20% of the Lon ent. | eaves
the catal yst-cont Qf?ﬁeﬁ’g ‘ga%FS{ayéEGPWHSWﬂt?] ME’W&P%@“%%‘H\?@?? @ngah id 884
counting i sonerisabh&uemsiwita thBecatmyachiifg slbjedted intehmitie?ti@e @@@gyrféran@nt 0

claim1, wherein the al kyI at abl e organi ¢ conpound . i s isobutane and t

al kyl ation agent &tfPpPy Seingceentsctar Méted. feed contajring @c%graé%ﬂcBYQj'PF@'bP% and
claim 2, wherein Epgroghlﬁyéﬁﬁ'r rf%gé%‘h BeindE4rRB& oQf ot or less of the Bt yereOf

but enes. 4. SS accor to any one of the precedin c ai ns,
wher ei n e regenef the oatalyst, cmth t@da@w %l%do/ﬂ”@rcatdk%f lering Hefinast as dhecjmpe

of the catalyst. from the start of the feeding of the alkylation a_gent to the moment when, in
comparison with the entrance of 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.

15
2. A process according to claim 1, wherein the alkylatable organic compound is
isobutane and the alkylation agent comprises C3-C5 alkenes.
3. A process according to claim 2, wherein the alkylation agent is butene or a
20 mixture of butenes.
4, A process according to any one of the preceding claims, wherein the
regeneration is carried out at 60% or less of the active cycle of the catalyst.
25 5. A process according to claim 4, wherein the regeneration is carried out at 20%
or less of the active cycle of the catalyst.
6. A process according to any one of the preceding claims, wherein the catalyst
has a particle size of at least 0.75 mm.
30

A



25 5. A process according to claim4, wherein the regeneration is

carried out at 20% or less of the active cycle of the catalyst. 6. A
process according to any one of the preceding clains, wherein the catalyst
has a par{jgdshaséze of at least 0.75 nm 30 28 7. A PreeR$S7eEeL di ng
to claim6, wherein the catalyst has a particle size of at least 1.5 nm 8- -

A process according to claim7, wherein the catalyst has a particle size of
at 5 |l east 2.5 mMm 9. A process according to any one of the
precedi ng clains, wherein the catal yst conprises a hydrogenation function
on a carrier conprising 2-98 wt. % of matr'Pg material and the bal ance solid
acid constituent. 10 10. A process accofding to claim9, wherein the
catal yst carrier conprises 20- 80 w.% of matrix material and the bal ance
solid acid donst |/{~ @éﬂ?ﬁeSSPPCOfd'w for Jaien §, wherainithgy caiglyst Armalpartiolasizg of athe
cat al yst carrler Teaolg 20- 15 50 wt. % of matrix material and

t he bal ance SO|I aC| constl tuent. 12. A process according to any one of
the preceding clainms 9 through 11, wherein the matrix material conprises

al um na. 20 13 rocess.. accor,di ng t one he precedi ng clai ns
Sherein t he &oi & RSRE Arev el opieh 3. s B0 Safhvsl Bfe BLAHEC Mgyt
process gccor di ngeist 225 ymnene of the preceding clains, wherein the

hydr ogenati on function is a noble nmetal of Goup VIII of the Periodic

Tabl e, 25 which is present in an anount of 0.01-2 wt.% cal cul ated

as netal. 13 A\ PF&e8S SacBbratfgionshyt 8né loftHB pﬂeﬂ:ed\“@%ﬁh@ Irvhére"w ﬂ{eO%Q@&t' on
function is platinum palladium or "a m xture thereof A proceéss

accordi ng to any oNPrises eHydmaanetiemisnection ag a %ﬁ@?@%ﬂﬂ@%%r@ﬁrﬂét"/eéf matrix
hydrocar bon enpl qygd ki ddtRe HaRHRE s8fid Qad'cénétﬁﬁerﬁ! kyl'atabl e organic

conpound.
1
10. A process according to claim 9, wherein the catalyst carrier comprises 20-

80 wt.% of matrix material and the balance solid acid constituent.

1. A process according to claim 10, wherein the catalyst carrier comprises 20-

15 50 wt.% of matrix material and the balance solid acid constituent.

12. A process according to any one of the preceding claims 9 through 11, wherein

the matrix material comprises alumina.

20 13, A process according to any one of the preceding claims, wherein the solid acid

constituent is a Y-zeolite or zeolite beta.

14, A process according to any one of the preceding claims, wherein the
hydrogenation function is a noble metal of Group VIiI of the Periodic Table,

25 which is present in an amount of 0.01-2 wt.%, calculated as metal.

15. A process according to ciaim 14, wherein the hydrogenation function is

platinum, palladium, or a mixture thereof.

30 16. A process according to any one of the preceding claims, wherein the saturated

hydrocarbon employed in the regeneration is the alkylatable organic compound.

NN 00



29 17. A process according to claim 16, wherein the regeneration
tenperature and/ or the regeneration pressure do not differ by nore than 50%
fromthe reaction tenperature, expressed in [err]C, and the reaction
pressure, weodeskd vel y. 5 18. A process according to clai m lacTmbenesior t he
regeneration tenperature and/or the regeneration pressure do not differ by ™
nore than 20% fromthe reaction tenperature, expressed in [err]C, and the.
reaction pressure, respectively. 10 19. A process according to claim18,
wherein the regeneration is carried out at substantially the sane
tenperature and/or pressure as the reactio 20. A process according to any
one of the preceding clains, wherein the I ength of the regeneration step is
0.1 to 10 tines as long as the length of the reaction step. 15 21. A
process according to claim?20, wherein the length of the regeneration step

I's 0.5-2 tinmeg asy '&a&sésactcbﬂudgetw&lauﬁ)f1st her @A Ghé QBgSR& Btior? EemperBfuds pd/or
according to any one of the preceding clains wherein the regeneratlon 20

step is preceded thg ragemeration Psesspravdennet diffet Pyt mare iR 88¥p fieme thee rracien y
in the absence of, lo washi ng
p@g@% R aldiA /-2, A8 tAORMtioh Brds3Lle Yedhddlvdly.

step with a satura on esséntl a y I'n t dr ogen
and al kyl 8ti on agent, or both. 25 23. A process according to any one of

t he preceding, claj ns wherein the cy odi cal | ecte

hi gh tenper a'?\.?r Aé’é‘é‘??é?eﬁclcfﬂ#'% %CH%rﬁtggWe—r nt %rsggn g%%?éraaera& %?ag?@gs
according to cl aitie23guh&ratdrm ptrés@ufzaual Nt differ whjneaé gitart @0% Iriogrh tRD reaction
tenperature regeneration with h gen |g the as phase after ?\\I/e(?)r,y 50

regenerations w tTRMPEFAINE: BYPR Pb@ﬂ HeR, gespsure. respect

10 19. A process according to claim 18, wherein the regeneration is carried out at

substantially the same temperature and/or pressure as the reaction.

20. A process according to any one of the preceding claims, wherein the length of

the regeneration step is 0.1 to 10 times as long as the length of the reaction step.

15
21. A process according to claim 20, wherein the length of the regeneration step is
0.5-2 times as long as the length of the reaction step.
22 A process according to any one of the preceding claims wherein the regeneration
20 step is preceded by a washing step with a saturated hydrocarbon essentially in

the absence of hydrogen and alkylation agent, is followed by a washing step with
a saturated hydrocarbon essentially in the absence of hydrogen and alkylation

agent, or both.

25 23. A process according to any one of the preceding claims wherein the catalyst is
periodically subjected to a high temperature regeneration with hydrogen in the

gas phase.

24. A process according to claim 23 wherein the catalyst is subjected to a high
30 temperature regeneration with hydrogen in the gas phase after every 50

regenerations with saturated hydrocarbon and hydrogen.
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