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| MPROVEMENTSI N OR RELATI NG TO CATALYSEDREACTI ONS The
present invention relates to inprovenents in or

I eac PCOMP2004/1014475
particular to the oligonerisation of olefins and

al kylation with ol efins. The condensation reaction of
an olefin or a mxture of olefins over an acid

catal yst to form hi gher nol ecul ar wei ght products is a
wi dely used commercial process. This type of
SMRRAYENMBA FSEY OF RELATEYG @ €A BARSISH ) REA GRIONS
ol i gonerisation reaction, and the products are | ow

nol ecul ar wei ght ol i goners which are forned by the

The ctfresmt ilmre:nﬁf)n wglates td AmptorRheatd $h 8y rdadig fo a&ldt catdlysed
to even 8 olefin nDIecuIes with each
BF%%?hemé\%al u%eéetl%f én rpartigpdar ¢ the Pligpsmasispiaen jafnelefigs and

lgl {fogva}lgfgl fl@ a process for the formation of
ol rgoners an or pol ymers. Low nol ecul ar wei ght

ol efins (such as ethyl ene, propene, 2-nethyl propene,

but e nd 2-but enes, ., pent enes and hexenes) can
ﬁ&ﬁ&%}ﬂ eélagf rsm%gaﬁg Blefinan gyt of gletis Bﬁﬁf%}‘f gatalyst
a5 ksint ﬁigﬂlﬂy fHolecBlr éﬂt GrofittLRc 3A@sy e Ebmﬁ’i'érc@al process.

zeolite catalyst, to product which 1s conprised
(ﬂusqwer@ condenstation re@tloﬁ iy arleﬁeeredstoahdrelghascalam@gomensatlon

l | ne ?e gﬂdd&?tsm oLk an?qcﬁ.faé %}%r g}g Elch are ffc?r{ned
B?dhep E&ﬁﬂéﬁkﬁmn ehieitgataliynt.e3 6] Bitesp &8l 6, 7, or even 8

endpr oducts i nclude al cohol s, éetergents and esters
sledm melogplgs tid) @a@h oikererAs nead kerainh ghel terhuibligeagrisstion” is

Q%lu{ el%‘f’ér' t8nah%11cn)% 's%\l he fgﬁﬁfuog (?f?gl%%gne?s an'lj/r xagol eps : %ow

reactors Zl rconi

nm&mﬂwrwagmcbldﬁm(ﬁusw bf ethylenaCprbpane Zihﬁﬂlykpiﬁp‘d‘he 1-butene
ca al ysts for oligonerisation, The acid catal ysed,
97‘%@% RepteRpH A Rexensr) camba sPRYerEd youseRicHisttion over a

%lr?éng @ac‘!i’ﬁlcﬁfaﬁﬂp"é{ﬂ%ﬁﬁ& ﬁdrpé’)fc\?ﬁﬁ%éjﬁ's@bél- £ %eQte catalyst,

|nporta exanpl e enzene,
tm mpmedum ovldelt e gpemyirisad lof | odigemarseanst wdiwdnexsi dfyvalireeas a high-

!% |agté% bq ?rgﬁ’lﬁgen 28 Fnlg él\rllmg tag §? tptgﬁh%nlglatggllaﬁ ?oegljlge %?gdu%tltog of
Bﬁ@ﬁﬂ@ﬁpﬁﬂt&nﬁﬁia%s aﬁh léHHJgkéHﬁc%m Qichdenetd QB RALd ¥nd end-

supported boron fluoride are conventional catalysts
praduetsi wcludaotleabnls, [dsteagraist marh esistsl surhags olastigisarhesters and

synthetic lubricants. The reactions typically take place in a plurality of tubular or
chamber reactors. Sulfated zirconia, liquid phosphoric acid and sulfuric acid are

also known catalysts for oligomerisation.

The acid catalysed alkylation of aromatic and phenolic compounds with olefins is
a well-known reaction which is also of commercial importance. For example,
ethylbenzene, cumene and detergent alkylate are produced by the alkylations of
benzene with ethylene, propene and Cg to C;s olefins, respectively. Sulphuric
acid, HF, phosphoric acid, aluminium chloride, and optionally supported boron
fluoride are conventional catalysts for this reaction. In addition, solid acids which
have comparable acid strength can also be utilised to catalyse this process, and

such materials include amorphous and crystalline aluminosilicates, clays, ion-
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wanorspigns and crystal line abum nosilicates,

have conparable acid strength can also be utilised to
catal yse this process, and such materials include
CPayAP2004/014475
i onexchange resins, m xed oxi des and supported aci ds
such as solid phosphoric acid catalysts. It is known
that many of these acid catalysts require the presence
of a certain anount of water in order to provide

opti mal catalyst activity. Solid phosphoric, acid ..
eahalgesesing moixed pixites lapd pepnested @cldy seeinds salidgphesphoric acid

hgsphori. i d with . i na.
CdiRe: figS bt SR iR Bl o presence of a
R BRAAASIF R aXdr i okde &pravilde opiiinal @halgghotiviey.aci d,

extruding the resulting paste, and cal cining the
extruded material. The activity of a solid phosphoric

I atal yst .i.S t ] hori
PR Rt h Rl oo BR by SOy o phosphoric
Q@f@ Qﬁ‘ihlt £6u rﬁdfhg c&yiva\lh@qhé resBhiogphaterial. o icdmommdy Bted aafalyst
a fam of acids, ich exist in equilibriunw.th .
SepRpuEhdy mAdng eelEuky Whthe%mﬁplaﬁrwe?mii:ne’ifﬁﬁ?ﬁ%}-?g’ieé‘é“mg
o) i eLely APy L i9RPSF #lsbNd Réfi€sbid
8%“%%P?ggﬁgﬁgfggﬁépg?&%%g%ﬁﬁiggﬁgﬁggggphafe c? stal s %
eqallyedis welatedviarthe umophicsydrtbe cberaisaleomiisétion elcihg phosphoric
i nclude ort ho-,PeBospHori c acid (H3PO4), pyro-phosphoric
aeif viygmisgepgsitet on SAEPRBYL ¢ aci d (H3P3OLO), and
pol yphosphoric acids, and the precise conposition of a

gi ven sanpl e of phosphoric acid will be a function of
PhespB265 aciddonsiste of e Garnidyof afids, Mdicheekstdn eqwliprwm ygfpeach

content .. he aci d decrease e
BiruEHLearont S T h R P ek SRR Rln. o catlysts are
‘é@ﬁéréﬂ%ﬁ s@;%}fb?ﬁh%ﬂ Gilieg iade doasistrotiBiliqowee phosphater @pgtls coated
and accordingly the catalytic activity._ of gi.ve ) 4
séitiplveriotis PbpsEhoplosBAGY | %h%séi eidn 1inelyds qxﬁﬁorphﬂ’é@mf act
P20b ratio.of h | O ac [ S and
s a5 RO, R PR PP A BRI
Pblyphs§hiotic phaaghend cthacpdcisat almysisitamd odl s ogives saapde of
of deactivatign in a hydrﬁf r o& conversiont rog@issnale
phespharic saidowilberar agiiangf Be Fals apfyrales G ‘%FS FgSampe.
W d e Reud c,fo?{{]a‘fﬁ; bP ﬂ'feQ{ci& B&rSR8 88 RErde@fabi@dnsation of the acid
hydration. [n an olefrin oligomerisation process

, a
pRepaes.y Bayidof tiedlvaiivs ohpbmwplscrcids hesi alugigue agid: steeagth and

0 i i . .
fbaggql;aggg}( %%egg%\é 0 rgcxig{tgg |/%rogfix(ﬁté1]hg%1?1|)lgféfn§oﬁdnpfi‘osphonc acid
catalyst will depend on the P,0s/H,O ratio of the phosphoric acid which is

deposited on the surface of the crystals.

The activity of a solid phosphoric acid catalyst and also its rate of deactivation in
a hydrocarbon conversion process, such as an oligomerisation or an alkylation
process, will be a function of the degree of catalyst hydration. In an olefin
oligomerisation process, a properly hydrated solid phosphoric acid catalyst can be
used to convert over 95% of the olefins in a feedstock to higher molecular weight
oligomers. However, if the catalyst contains too little water, it tends to have a
very high acidity, which can lead to rapid deactivation as a consequence of

coking. Further hydration of the catalyst serves to reduce its acidity and reduces
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ol igoners. However, if the catalyst contains too
little water, it tends to have a very high acidity,

wohoashsgan | ead to rapid deactivati on as a CoOnBEGYEEHDE/014475

of coking. Further hydration of the catalyst serves to
reduce its acidity and reducesits tendency toward
rapi d deactivation through coke formation. On the

ot her hand, excessive hydration of a solid phosphoric
acid catalyst can cause a change in the cryst

sitsrimdanlp}e towelddral?gi deadtivaion deaugh yokm @@W@Pm n@n the ather
AR5 ot SRR ioh 1 L iRl B IR LE Blchinge

RA @ﬁ‘esét&ﬁaﬁﬁﬁ&ﬁlré Nehding do Mecerrdzasityonsl sv@ﬁihng diTigg ghange may
there is an optinmum | evel of hydration for a solid

pﬁwﬁh@ catelyétdp goBen andhysically ?&gjomé@t%%n a8 &CQPSFgpencsy can

dro v sol h

P S POEY b ) A 808 Sopudod DA COPARRDTBNES 1 o
Io‘}atlﬁnﬁxuMéll ofhydfatibadoisd mﬂid phosgiosic tacwrcataiysts eact i on
condi tions. For exanple the |evel of hydration is

affect ed by the water content of the feedstock which

mﬁglﬁg a5 Qi g;gs?@or Jaﬁﬁ)n%h%ryl% pR6tds @lsstcmﬂ pHtsphoric

ature and pressure at which the cataly is
Lt&ﬁﬂcatﬂlyﬁ widipdevelopredegreeoObydraticar whichris a oetian of feedstock

phosphoric acid cat al vari.es WI th

BB e oSt RaUTlobE IR b ST T e ton

fﬁ%@éﬁ the R RGU dnkd of %weehbt@&@mh it beingadontacsdd with the
being contacted with. If a substantially anhydrous

maﬂﬂym: amtb @ﬁsoflaed@t met%urs@@d RKF%SHreaatpr'ﬁh rth? CH bﬁsfatselased

ﬁxib@ﬁtlﬁé aﬂMCi[ ad |11ﬁ{30rt3ﬁﬁ0t©rlcbeﬁ ghy \)\M‘lernccbmmtmﬁ tre feedstock in
ent of a feedstock is |nagequate t o maint

opmiliaiuny i8] e olche AR5t HyHPSEE SANAPEd AL plisiBeantially

on
fm’éle@%g %E}allgcérﬁgggﬁe%&ocﬁqg' ft’% bW o%%@%rel? "l{osﬁratt@cﬁ catalyst, the
peitlpt Rt agpiodllys isé evapdramphg ube aadlvdllamvalopsa lsssmthan optimal

catal ysts for. th | k f.b

R G LT A e A

%ﬁ&}%lr%é’ gf tn'laﬁhﬁlrp%n ﬁ_{l’@fﬁhl ?éveﬁ'of &@ﬂk/éteﬂ Gatiad,y & Bashbeen
7, 177-1196 (199 an a?,ternatwe to

i comvemonat tong] eaxmchhtwrml Wawr ﬁlﬁedl;tﬁ @G@SWQkatA istrdy et dlep effect of
ﬁ‘ggtteggtg gﬁjebg%r orma&fj% gt aol?cgglicgsgﬁéﬁ(g %gﬁlcgta?ﬁ'fsagy ScIatalﬂlstts for the

alkylation of benzene with propene and for the oligomerisation of propene is set

.-‘

forth in a review article by Cavani et al, Applied Catalysis A: General, 97, pp.
177-1196 (1993).

As an alternative to incorporating water into a feedstock that is being contacted
with a solid phosphoric acid catalyst, it has also been proposed to add a small
amount of an alcohol, such as 2-propanol, to the feedstock, to maintain the
catalyst at a satisfactory level of hydration. For example, US Patent No.
4.334,118 discloses that in the polymerisation of C3-Ci2 olefins over a solid
phosphoric acid catalyst which has a siliceous support, the catalyst activity can be

maintained at a desirable level by including a minor amount of an alkanol in the
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anmount of an al cohol, such as 2-rropanol, to the
feedstock, to naintain the catalyst at a satisfactory
woOevwslosgif77 hydrati on. For exanpl e, US Patent NOPCT/EP2004/014475

4,334,118 discloses that in the polynerisation of

C3-C12 ol efins over a solid phosphoric acid catalyst

whi ch has a siliceous support, the catalyst activity

can be nmintained at a desirable | evel by including a

m nor anount of an al kanol in theol efin feedstock. It

beﬁ@t faedstpokh df 1st Siated fhab Hi alenhod HEergodeteif2H0B HPER GRntact
{act I

NP P ol B b RCREPHR, e Rlting foude Wb oD OFRMh e capalys

Weltatigs. usi ng solid phosphoric acid catalysts, it is

known to use acidic zeolite catalysts for the

ol i goneri sati on of ol efins. PCT publication WO

?ﬁé’\;z@l?ﬁg) ugh ﬁf@?o @H@n@ 88d QhtaBHEN A8 RhbwA o uddcidicSRolite
e se ectivity and t e conversion of the

@hﬂag&tﬁeforsﬂneoashgmmsmm af definsopRéViedublication i 93/66020

mal || anmount s . of ter | i Hsat

Aisslserotte nar vt zalfesc end: e s e SREELY Apd R capyersion
Y LA ohleBistiftPprobsss 36h b¥ Smprovad b iR éﬂditﬁﬁl@shﬁaﬂt dn@dunts of
reactions. For exanple, there may be used a catal yst
seltedd dab fligomerisatigyrsagiononsi sting of zeolites of the
TON structure type (for exanple, HZSM 22, HISI-1 5
H Theta-1, H Nu-10, KZ-2), or zeolites of the MIT

%é&%tél&&)lity RetalylsPis 3eaN®|RayHbe Ay 2B0litéZthb) 1soact1ve in alkene
zeolites of the MFI structure type (for ex

thsmesyatwn reagions e iast SHERPINEELCTS A% DE EC fp%a‘f"(ﬂf/ﬁr selected

R e T

sty FRISIVIR el-(Theta- 1 >adul- ), K2),) or mohnasojf the MTT structure
H ZSM 57, or. any nenher_ of the ferrieri t]ggﬁtructur

it (1 cenmle BYaNies K15 01 Fapiies bha Yl Stappre Bpe (for
%fX%I[ﬂ?)é tIFESM"Sn)gﬁJ\Qe%hte'? of I MEBI0SricaRt | |t%'];% (% &ample, H-ZSM-

nce 1s nthesis of Hi lica
Allyror roslites ofithe M&YW |stre@'ureb1wpé’(f0A exalapbbél -GhMI-12), ar zeolites

I\/aftens ubI| as_ vol une .3 t he S8

iWiksihe § (orsrarns 3§bn1)f St “&° lt%v g\?‘vﬁ)s 7 ﬁISany
%ﬁ&hﬂ&%ﬁh@ﬂa@néﬁt@ Bﬁﬁéthl%sfaﬂﬁlyt @h@‘f XbePRRIf Qhkdble catalysts are
zeolites. Additionally, the catalyst can be a zeolite

sffictites, BLSMi4 HoaSMa pr resiitoBeld. (Rafprenges magle to Synthesis
:ﬁ%ﬁ%&? ;J% ?ﬂutlc?s%lica%ee %eofﬂ%s’l‘by npr ﬂ‘? r!l'a&c?o% ard 'J p'A.eﬁ/Iartens

(published as volume 33 in the series ‘Studies in Surface Science and Catalysis’)

for a review of the synthesis and properties of the aforementioned zeolites.

Additionally, the catalyst can be a zeolite synthesised without addition of a
template, for example, faujasites, zeolite L, mordenites, erioites and chabazites,
the structures of which are contained in the ‘Atlas of Zeolite Structure Types’ by
C. Baerlocher, W. M. Meier and D. H. Olson (published by Elsevier on behalf of
the Structure Commission of the International Zeolite Association, 5th Revised
Edition, 2001). Zeolite catalysts having crystal structures that are essentially the
same as the crystal structures of the above-mentioned zeolite catalysts, but

differing slightly therefrom in chemical composition, may also be used. Examples
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the structures of which are contained in the 'Atlas of
Zeolite Structure Types' by C. Baerlocher, W M Mier

wanwsbss, A son (published by El sevier on behaCt/E®2004/014475

the Structure Conm ssion of the International Zeolite
Associ ation, 5th Revised Edition, 2001). Zeolite
catal ysts having crystal structures that are
essentially the sane as the crystal structures of the
above-nentioned zeolite catal ysts, but differing

sinplyde I%¢0¥1‘I¢e<?9é¢1}’3$$nobwlnﬂdebn’ eemovd mfos inuinber ofeajuraingen ions

S agm! c d eolltectal ts |ne b
Plg?r%ivg)? o’?g a nﬁr? & rq! 01#; g\) N rﬁ?ﬁt?ﬂqegnéegxlf I%atagrls% 2dolite
sdaedystn gbtafned thyetha hadigionwitdi Bses: dedkhit gfcﬁ* Qatxain)bﬁet Boron, iron
and ze l|te catalysts obtal ned by the addition of

o GPERIMe| e FXERlE.0 Ve ttRERERABOR oor, daFiom efbange, or by
QQ&L Hfﬁlonfdﬁﬁ %ﬁ@@ggﬁtes mkdIPregnation or cation

exc nge I'ncorporation during the zeolite

synt hesi s. Mxtures of two or nore zeolites e.g. a
ture £WSM 22 and ZSM 57 or ZSM 22 and ZSM 5 can
’ﬁ%’@ °g AP Elifes e agnixiye 93 gM-2¢and ZSM-57 or ZSM-

alt granadnve Eéh béJlEé@H at Hﬁc}h%kgdc ﬁ“‘]ﬁ’ 6996 ”SgngfOxgaélfeﬁlatwelaf upon

crystal, a layer of another zeolite can
atbe difadeozselit of @ph 0868298 BYer henathel zmhtwmv@dmited as

ize up to 5 mmsuch as within the
ra %Cé%se flxﬁ)gjr%ogé%@ro 5mm for exanple from0.05 to
2.0mm and typically fromO0.1 to |l mm An

as-synt hesi zed zeolite is advantageously converted to
i Khe zeolite mwmlentmhaemtdllmlmum tat § gat svehtas vethgn teyrange

RO T DS e ExePie o D0clos? By RUCHIIGRY e 0.1 to

Cl oA %das%ﬁfekﬁecfze@ﬁ[e ke, d&%?tta{geotur @aéo%gertescyﬁb tsagcuﬁ) ¥orm for

eam ng SO poSsi

telxem@td by acitatredtiveht, i eng. Viby EIC1S ok ibyoammddival Wsa @kd}h‘@nge and
haye beepyre pl agced in whole or in part by other

SHBsrgHEly picined bsiery, useor dicappcess BE lméepilhaeed Thy calcined
IR&ERAL R{Qy%qfogﬂi R8s %'ﬂ@ﬁ UShy 85 AleUT iy g#@ﬂ@glﬁle to use, as is

especi al | boron, ‘gali um~” chrom-um an
Napwniin Iﬂse m)ratlaatenaign sun¢h sibpdreaehdumitiantiace bemﬂmplmbed in

| | t it d the t
U4 o % L e FREERG. “Siicbh i A8 pratEales b repHeed by
2Rahili8mMNind/Yr PABspheRRO ki@ AluBliniuASHBROEHEM 1Y BY bsﬁ”@:l‘ﬁlm

in the powder form or used as an extrudate wit
sppmeignnerd Bondévlateride lcen’ralrmlgja@qh replacement lattice elements are

also generally termed zeolites, and the term is used in this broader sense in this
specification. The zeolite might be supported or unsupported, for example in the
powder form, or used as an extrudate with an appropiate binder. Where a binder
is employed, the binder is conveniently a metal oxide, such as alumina or silica
and is present in an amount such that the oligomerisation catalyst contains for

example from 1 to 99wt% of the zeolite, more preferably from 50 to 70wt%.

It is also known from, for example, United States Patents 4334118 and 5744679
that by using in an alkene oligomerisation process an alkene-containing feedstock
with a water content of from 0.05 to 0.25 mol %, and preferably of at least 0.06
mol %, based on the hydrocarbon content of the feedstock, the yields of the
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Is enployed, the binder is conveniently a netal oxide,
such as alumna or silica and is present in an anount

weuals/oss@ar t he ol i goneri sati o catal yst cont ai RETEBR004/014475

exanple from1l to 99wt % of the zeolite, nore

preferably from50 to 70m% It is also known from

for exanple, United States Patents 4334118 and 5744679
that by using in an al kene ol igonerisation process an

al kene-contai ning feedstock with a water content of
fdegirad0 highet ondle@Bamwmileight alkeheprahebabihgreasedatantiethst catalyst

Dretufotoectyalar oot BevbE THEGRERTR T Bith 30lia Phetfrc acid
\WBiaBRbd Bl G SsaaN altezdoliey QBSREd oREmEHSatioal al yst

becones deactivated nore slowy. This is known for
both solid phosphoric acid catal ysed oligonerisation

d zeolite ga sed i [ 4 ' [.S
B Ak S o OB RBtat il B ongent of
\Weris GharCO.05 endl %f theasaert dbabend ndy bdincLénsddtey Mabéty of means.
content may be increased by a variety of neans. For

&n frreple; e feedstpok senr be pesssd through @ themnsipkic gvater saturator.
gt . _ .
e it S e SR it P2k B AERURM, pends upon
deprenperanmerofthefccdsiped; adntred ofthet Watef e@dait@ah thendyet affdcted
f the water content can then af fected
iympamﬂnéff‘ecm ob fhedempriative ﬂgglﬂa{esﬁ? ot J? water content of
hHESHelAck i it [ERRDRBImAN %! Baseli RRARE BGHrobsrbon content
Sgifegrﬁgﬁlsg}@ﬁeié%gf tol%g rmlm% based on thg OLaIbon contern
tof theofeeddbork. cont ent of the feedstock. The present
i nvention may be used with particul ar advantage in the
ol i gonerisation of C3-C6-al kenes. If, as may be
desi mRebent NRVBAEINEMEPNbAI (éag Wiﬁ?d%ﬂﬁﬁlaﬁoﬂd@nﬁge asn the
di I uent a hydrocarbon other than a -G 2-al kene, for, .
oligmpedsationselt Gr-Gr-atkenssdr e ap pay, be Wasiresk [ilg alkene-containing
d rbon .i 0. | nc 0t h 0 n
JERHRRR 3aib, 5 paiffal BohtGauhdh bfer HEBDF R hatiope. or
CRAmPR, a sAtensdhdbyarbeér, hdt behen hgdekadohieto phoashided i the
acid or zeolite catalyst it_is known that water may be
dudensatbonspnigntor aRirpeses pf qacuAMPIRISRT WRlPT Sprient.
i nprove selectivity, and to noderate conversion and

spread it out over a larger part of the catal yst bed.
Adcgniimgly seith the use af eitlarphbyphiocialacid onmeoliteecatatmstyit is known

AR Voot 2o e o gt e BT B ARy BAlsS Shprove

selectivity, and to moderate conversion and spread it out over a larger part of the

catalyst bed. Oligomerisation reactions typically run over many weeks or months
before a catalyst change is required and it is desirable to optimise the selectivity
and conversion of the reaction throughout the run. United States Patent 6,111,159
indicates the difficulties that can occur during the initiation of a reaction run and
presents a somewhat complicated and expensive solution employing a non-
reactive water free hydrocarbon diluent over an extended initial period. The
implication in the use of such technology is that the reactor spends several days on
line with low catalyst activity and low olefin conversion before optimum reaction

conditions are achieved.
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and conversion of the reaction throughout the run.
United States Patent 6,111,159 indicates the

wdi2bdsiossi7ti es that can occur during the initiarComrofo4alddrs

reaction run and presents a somewhat conplicated and
expensi ve sol ution enploying a nonreactive water free
hydr ocarbon diluent over an extended initial period.

The inmplication in the use of such technology is that
the reactor spends several days on line with | ow

Gmdvatriad thydodcasbiony carverdiawpodcesses enplongi thesebafidice catalysts

opt.i m reaction conditiQqns are achi eved. | ndustri al

YRS aFBb RO SRVRSRS i“&ﬁﬁﬁﬁbgi%gs%scaiﬂqﬁ?o 1Hg° fekguired or 2
A6 FhiSsiRh@ by BleSreh bt Galebded. UM hdhstiRVRbedssaBK Feeds for the
before a catalyst change 1s required or a

derctoissat @ainerglly bbtainedriean refining agigatiesdsuchrasiangireaty degived

rocesses the feeds.for the reactiqgns are generall .
SR FRasts PEAFPBCTRHG. BOTITE povediin 2edR R Baggonation
dekinvAfle bF QRICAIRING h&tiviesSik §ACH EHaBEHdr Swill Wi ¥eltiatiBs in the
have been subj ect ed to fractionation. The nature of

sowhositen af thg fers: i Inj addisioniismey bp desitad torrbpegadhp natyge of the

ard ations | he c 0SJ. 1. Lt i
Y0 0P ol B ITERTHP By 8, G2 St AR b var
dedordigg ator €aC compbsifion Tore tieatfeddy st Fuatemvbiey thadrebttions are
reaction conditions vary accqording to the_ conposition
sxotherane @ndy thepsige ¢fhergrthernhdse depspippromsthe caspptiPhpEthe

the size of the exotherm al so depends upon the

conposition of the feed. The present invention is
concerned with the optim sation of the reaction

ndi ti ons, by adjustments of the_ anount.of. water :
heswiseer ni ‘%{éﬂq &8, CHATTRE tithaier PP’_Q\W Higteeldue ggesfion
2endilals BIeaGhdtResksBF B Sty of WhRr pREMS theffegd t hat
is to be“used 1 n the hydrocarbon conversion reactions
will contain inpurities such as pol ar conpounds. These

Lmpurities wuld be detringntal to the hyd [

IB Rt R etesiee S B ResshiBed BEe R0 4B Bfhery foea
tigat iR beLadetiiffhe BydrbedibomedraReorareaeials widisddntdin impurities
ol efin oligonerisation the feeds are frequentl

sudl] @6t paler gomipoyndsal kBRgsheimsiics ovpeldohe %ﬂ%ﬁe@tal to the
TR S0 LA B RS YRLPE o,

\Wlyi foh iristans@huwattewasti. t In wiafie roligbmetieationnthe feddarage tequently

which the water wash is . .
subject to a first alkaline wash to remove acidic polar species followed by a

weakly acidic water wash. The last water wash typically produces a feed stream
which is saturated with water at the temperature at which the water wash is
performed and, accordingly, can be used to provide the water of hydration

required in the reaction.

The activity of the catalyst in relation to the particular feed that is being processed
is controlled by the amount of water present. The requirement for the presence of
water varies according to the nature of the catalyst. For example, when using a
solid phosphoric acid catalyst water is required for catalyst activation; whereas

when using a zeolite catalyst water may be required to temper catalyst activity.
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wacbiswisgy7of the catal yst

performed and, accordingly, can be used to provide the
wat er of hydration required in the reaction. The
in gelation to the pacTEeui0an14475
feed that is being processed is controlled by the
amount of water present. The requirenent for the
presence of water varies according to the nature of
the catal yst. For exanple, when using a solid
phosphoric acid catalyst water is required for
cldal the presendevaft watar anh gheeamownienf watengresentdslimpertant in all
ggtak¥§t gﬁter may be required to tenper catalyst

F5° €9@> €St he presence of water and the anount of
wat er present is inportant in all these circunstances.
I.n hydrocarbon conversion reactors there is generally
dnt Bygieeaaben SOpYwsipR crepiptsu fitoritis tgeaciallyce dempetsgure profile

[ of | ' n : f egd

ARl CiepteG HETURADE B T iR bl BB e
aptlithe patklgact W lewedbivi 0ad Mgy paficalss optinteh tdacougbidtions
a reactor run if the water content of the feed is

dBdt PrryaIed dhiopehut o Testos an rif the Wk atsb iftthe feed is

q}conﬁlwc?%ﬁﬁég)gggﬁ@d R to ¥ g&hhgﬁti(ﬂ{ Shd8%q2 Process

in W er activity and conversion may be
realised earlier in the reactor run and/or in which

the activity and conversi on can be i_ntained durin .
i FEHYERES PoYtn arores s Teat gedvifhagdgenversion
GRAP P! tehRdedotartifie id QRE trbQWorl BB and}6f Qh AvhRht Bet Qﬁw%]ty and

présent invention there is provided a process for the
conversioh ean bt nodintined dumning theawt despithifituatiops asker changes

cont i nuousl.y passing a feed conprising an olefin and
%B?féercmogﬁ’é’ﬂozﬂbeerﬁg%mcfg?‘gl yst under conversion
conditions to forma conversion product, the water

content of the feed being automatically controlled )
eecordingty the pagseaiav grfion Bereip drevadysos pracess fof theeonversion
f 1 ernativel: I L OV :
S S5O, LGRS SR NGB g P s
wiéfahabwatet gesugonbed ad ushiyspasiet cgnrdies donditipins ®i fofgm a

an olefin and ter through be f catal yst  under
CORVRIPEN GHOMIShdne MHES QoBickb Phihe fgsi Veing; Bioppticaty controlled

L€ WReGH afi ARLIGAL Oﬁ{hetCBﬁlgt)ﬁﬁgn BetRg.&f eater during the

initial® phase of the proCess than at the |atter phase
of the process. In preferred

Alternatively the present invention provides a process for the conversion of
olefins in a reactor which comprises continuously passing a feed comprising an
olefin and water through a bed of catalyst under conversion conditions to form a
conversion product, the water content of the feed being greater during the initial
phase of the process than at the latter phase of the process. In preferred
embodiments, this process is practised with one or more process features as
expressed elsewhere herein; for example, such process may be practised with
automatic control of the water content of the feed according to an analysis of the

composition of the feed, as mentioned herein above.

The invention therefore includes processes for the oligomerisation of olefins or

the alkylation of aromatic compounds with olefins wherein a hydrated olefin feed
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enbodi nents, this process is practised with one or
nore process features as expressed el sewhere herein;

woanos@sgnTpl e, such process mayg be practi sed W POT/EP2004/014475

automatic control of the water content of the feed
according to an analysis of the conposition of the

feed, as nentioned herein above. The invention

therefore includes processes for the oligonerisation

of olefins or the al kylation of aromatic conpounds

Wh cRnigustskyspaskest tirough Ayhedaefedliginedrisatioe odiadkylation catalyst

| pou assed.thr.ough a.bed of aligonerisatjo

G Rt RS BE M RN Sap PG ofhsr oy Sfleg 3hleR of the
dbddyisabiopiaticedtéritilied avdirdidk o tHreconiditiondFiie  fee@tnd/or is
the feed is automatically controlled according to the
E5eRbes fluning, ther initipd ghasey of thg @rogess @havaste thedlatten ghaseeof the
ig?g)cte'hgl phase of the process than at the latter phase

the process. The catalysts are generally acidic and
the use of the techniques of this invention allows the

QI%tei mum acidity of the catalyst to be naintained
t

Fatptystharerseasply agidie gt tiggie of the,techriguesset thisninvention
; _ oli . . | -~ v

Oy PR BB IR 6 S TEA' hb Fibtor
ead ahysighoitathei actse dun.an@hevipréfeged erlaomeribdionuch alls/lation
to pr.ovide a desired.tenperature profile throughout,
eRaBgls fop mplupivy Foenhupes phorarirlone Tt isrmsed
tahe vaRiRh¥&lly 6 RREH L0 Fod@eld de%irG@Eé_’i‘lllﬁéﬁturegﬁ}oﬁﬁ' throughout
case, the tenperature of the conversion, e.d.
&ha rpeeter.i sati on or al kylation, nmay be, for exanple, in
the range 1100C to 3100C. According to another aspect,
the catal yst conprises a solid phosphoric acid. In
AUcErBBS B, ol ipd B BicrinkERiod the REtaBRNYEASIRE a ZBolke catalyst.

ol i gonerisation or alkylation, may be, for exanple in
w1 geige thedourereBraobiie. conversisnes enelignmaisatiorcor alkylation,

[ ;] B0t i diti .
P3G ABNDAL o VG 912 | rept mum condi L one Lo

I'ons "and/ or changes in
the conposition of the-feed by nonitoring the

conposition of the feed, and adjusting its water
A A

CEHPERS R RIPEG hReafalYst compriatesd splid phgrglaric acid. In

I . o . .
CHE A4 0 o o O3S BB R bt o
oztydiey ir exemplean dyeranga2005C taB3ODYUE. run

The present automatic process control invention allows optimum conditions to be
sustained despite fluctuations and/or changes in the composition of the feed by
monitoring the composition of the feed, and adjusting its water content according
to the fluctuations or changes identified. In this way it is possible to match a
preset target of the free acidity level of the catalyst at average reactor and/or run
conditions. In a process in which the olefin feed is subjected to a water wash, it is
preferred to adjust the water content by altering the temperature of the water wash

to a temperature at which saturation of the feed provides the desired water level.

The difference between "reactor" or "run" conditions depends on the control

capabilities. If hydration (i.e. feed water content) control of an individual reactor
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conditions. In a process in which the olefin feed is
subjected to a water wash, it is preferred to adjust

woOheoswas@ar content by alteripg the tenperaturePof/EP®4/014475

wat er wash to a tenperature at which saturation of the
feed provides the desired water |evel. The difference
bet ween "reactor” or "run" conditions depends on the
control capabilities. If hydration (i.e. feed water
content) control of an individual reactoris possible,
ishpossibie, tlod candirod) édrgets weeragreroaetar conditomroind ahivstaitigough the

adjusts.thro .he ruyn.,.lf on ne hydration cantrol

FE. Tt b BEtalioH adfBn if broSiel AP S e oo S

AUhRESAmoBEY Bl Y ar € diffterdit kfape Lot rust agasrgef isfoNaverdR run
arget is for average run conditions. A preferred

t
eoisbdonsend weferted emhodiment of dbe dreapton'scanditipars tpregetrisevbeore

one saturation.step i - WM s

A7 BRI ABEF PPl RN FHEVREE b Blrbittes into the
ifeddk tb et i vidhglr readtor, a6jadfiist fiex ité (partialad i(evdrage) operating
(average) operating conditions. The invention is
peRditienf arly concerned with the production of C5 to

C20 olefins boiling in the range of 30 to 310C,
preferably 30 to 300C, nore preferably 30 to 250C

fhhe rmtipy i€ partisnldfle rcohedresiewith dhe pradugtiem ef 0z ed 1,0 okefins

or _their mxtures, th et hy] ene nmay be present. a o
heilingpin theaapgecd 3° to ﬁi@v&f@% g te%ﬂ&&pﬁéﬁe PP y30

E‘@a%@ | ?K;E%npfpr(‘i ereChdP¥Y BteRt kit adlighd | b&istRRs or their
nge (0C) Products ASTM D1078 Initial” Boiling Point

BriytuRsi, ttouph rtlehes 188y bleyessey B5wFR He paicukr 88 @ivention is
Cctenes, 114,126 nenes, 1 143 nes 155 160
R EREotith 5 ProdiRBRn B e TR LT STaRS . 3 75 525

Distillation Range (°C)
Products ASTM D1078

Initial Boiling Point Dry Point
Pentenes 30
Hexenes 35 72
Heptenes 88 97
Octenes 114 126
Nonenes 135 143
Decenes 155 160
Undecenes 167 178
Propylene Tetramers 175 225
Or Dodecenes
Tridecenes 204 213

In addition to enabling the yields of higher molecular weight alkenes to be
increased, the process of the invention enables the oligomerisation reaction to be
carried out at relatively low temperatures. Where solid phosphoric acid is used as

catalyst, the contacting of the feedstock with the solid phosphoric acid catalyst is
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woOQodbs®sgmer eased,

O Dodecenes Tridecenes 204 213 In addition to

enabl ing the yields of higher nolecular weight al kenes
the processjjof the inventionrenaipbms/o14475
the oligonerisation reaction to be carried out at
relatively |l ow tenperatures. Wiere solid phosphoric

acid is used as catalyst, the contacting of the
feedstock with the solid phosphoric acid catal yst

i spreferably carried out at a tenperature not

eprefemthlyn garfi6d @8t apdviampagtwe sbYy exededimgZG03G. aAdvantageously,
phospharic agid catalyst, the contacting is carri.ed

GEReEh he o APREGG SR PO 60 SR, Fe PRTIRY) gt ot a
188P&ratuPe 3£ G 1¥0eR USsMIpRigasIYI186°Cabalanst. tWeen using a

contacting is preferably carried out at a tenperature
iagoliteecatadyrjdha goo@cting 351 pelrable damicd pelupida tieraperetyee in the

proc -Qf gP resent invention enables a reactor

éﬁ%&%@ﬁn@tg ?Efphosphoric acid as an ol igonerisation

catal yst to operate at high catalyst activity and

ol efin conversion innediate“¥ when the reactor attains
e

tWe kpyei fauad othr dhee drecss off thenpieseat dreeniing grrablesys geactor
it . SR f . | Vi
g g Phosghl aid AR IR BEs AT Bherdll el pieh

tdaealy @stdvity hmb eldfinocorneasivheisnmediatplyt When thenreactgr aftains the

ol i goneri sation reactions enploying a zeolije catalyst
HPtFE | eRgomeTiSAHOR niFEIReTabHe| &ads PRoSSE ¢ gmﬂétthrgn & “shortly

Y rt (]
Sh&leRfedr) ﬁgggigtgﬁ\%[ ?ﬁly?&l th 128 LA twehaPP 88 tb Bl tﬁgt thBBrocess

f
reactor esh or freshly regenerate
otthe pedsentiinvadioe apfiblas pegootieabimics dfbligemeratibavenctions

ey ST e 5o R BRI Mcton o
N RN tHEaaP Il trctdtirt P BPEABORBHRY rehbidf lokdbll Mt frbsh or

. the conposition of the feed. W have found that in

clegshbyi niegenszaied eatslystnpl engé afya edgenrapbls shialyshhBedre iatso found

i.d,.or zeoqli .cat al,yst, .t;h | ys: iV} .
B SR o b SOy 0 R Fo B o
heaiaaiicd\d@shiteSinyEhangss and/oe fluttiatidis o tief domposkidndd thienged.
the initial period of a reaction than in |ater stages
once stable reaction conditions have been achi eved.

TS ISR SOV RIEORITIA, S0 i o
feoliteosatalydt hbe i datdl ysalactitisys endfactdity areirtod shighn initially, and that
benefits can be achieved using more water in the olefin feed during the initial
period of a reaction than in later stages once stable reaction conditions have been
achieved. For example when employing a phosphoric acid catalyst, long life may
be achieved if the water content in the feed over the initial phase of the run is in
the region of 450 to 800 wt ppm. We have found that this high activity and
conversion is lost if a water content at this level is maintained after the initial
period, whereas the high activity and conversion may be sustained if the water
content is reduced to within the range of 250 to 400 wt ppm once the maximum
activity and conversion has been achieved. It is believed that this hydration
profile over time contributes to a smoother temperature profile, particularly in

tubular reactors, and in avoiding temperature excursions in certain parts of the

catalyst beds that could cause excessive coking and hence catalyst deactivation.
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the region of 450 to 800 wt ppm W have found that
this high activity and conversion is lost if a water

woanisgag77at this |level is mailgt ai ned after thePCniEPR2@Y/014475

peri od, whereas the high activity and conversi on may

be sustained if the water content is reduced to within
the range of 250 to 400 wt ppm once the maxi num
activity and conversion has been achieved. It is
bel i eved that this hydration profile over tine
Peaftrablyuhe $nitial ghaserod theerunt (empiryaigithe pghef iwager content) lasts

particularly in tubuylar reac s, and in avoiding
f@ﬁiﬁ’éPﬁ’@@Péﬁeﬁ’é’{ﬁ'%‘i‘egﬂ%lV Hpé‘éﬁghf’wspart s of the

catal yst beds that coul d cause excessive coking and
hence catal yst deactivation.Preferably the initial
Plrasmeingly, twieere the fresept tyienigont iseappliethtr olgfin otigematisation, the

| asts for u 0,48 hours, re preferab up to 24
poPe, ke iy praies doithitis? eBishe Y e ot of e
38R 18 vt tmapheld rAlghBRIMEtdasAbA Al inf HEeDloESRIMise the catalyst
i nventlon further provides techni ques whereby the

vetidty adnthe wlefof canversiare dinvepstheligeareaigeitprt ProsergeH (e glefin

R ol e AL A Tt e e

QhthESRSEW IR At @ apiieaempesturt Bepldyeliin thewasting) and the water
oligonerisation is subjected to a water wash, At _thi

soniget maE Yeceentipllpd patiemetigally da mﬁtlﬁ"%ﬁeewrf(daby:tht% selected
t aved i . i
ggg‘geéﬁgaﬁélg c%ﬁ}ﬁh%}ﬂ?. Ao 0&1%5@&[{9%@9 fnb eaﬁll\?shﬁént of the

e controlled automatic y tot I evel
ekt doattnbyf theefeaklieed alterahé romyreratswt dnaploypminiali the eraser whash
conveni ent techni que for the %_%gshnent of. the water

St5Rt et BFTCAIRe LY Hib teriRSTathrea el &jRliehtg content at
?%&ﬂ%ﬁ dwh@reﬁg]ﬁl tﬂ@tt%}a%}@ﬁﬁ‘e & RBucNtheNG4tea8shtém d Returation

enperature w resu I'n a higher water content at
stliheabiven  If Wvewatas lavel isteo tlewpmort wetsr imayrhedingested; ingo the
ter content_.at saturation wll.be | r. If the . .
b iR vare pg Sl Bagtomometied &7 Prel¥baa mhl By injected
didebtly BRo fiRefe@lto ahMnéiRdRRiaPieas®Y €6 athitRAthHeadesirad &ival. eThis
in parallel, water may be injected dlrectly into the
Re

feentol & Awydiatiah vénghles theawtsisin e Goomcataic tfhe diargeselp feed
| evel ...Thi s, contr.gl i y ' e

SBiBaabe SO Ry Kl MBS H" ReQUR Tl nd
rafelicts ih Ersopbitioas of fratiesmiterisle ¢stcheas oddfes) amtof diluents
variations _in the proportions of reactive materials

((glﬁéﬁaﬁsuséﬂ)efi ns) and of diluents (if any are used).

In a preferred embodiment one or more coalescers are provided downstream of the
water washing of the feed. These coalescers remove fine water droplets which
can lead to excess of water on the catalyst, which degrades the catalyst.
Coalescers are devices that are employed to facilitate the separation of two liquid
phases. A problem with separating two liquid phases can be that the density
difference, which drives the separation, is often rather small. In this situation the
smaller droplets travel slowly through the continuous phase (according to Stokes'
Law) and in an empty vessel, they have to travel all the way to the bottom (or the
top) before they start agglomerating to form larger droplets and ultimately a

separate continuous phase. In a coalescer, horizontal (or substantially horizontal)
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In a preferred enbodi nent one or nore coal escers are
provi ded downstream of the water washing of the feed.

wohesosgoal escers renove finggwater droplets WRCTEP2@W014475

| ead to excess of water on the catal yst, which

degrades the catal yst. Coal escers are devices that are
enpl oyed to facilitate the separation of two liquid
phases. A problemw th separating two |iquid phases

can be that the density difference, which drives the
bafflas atei poyided wothiretheressedin smil ko rddnce Hiesdistanaeathe dnoplets
the smaller, droplets travel slowy._.throu t.he .

b P e ShSBate Be sr iy O Sleeve Hilyolkig-ficia. A
Ef%r}/edV&ﬁﬁ@Eer ddadh ]fﬁhie@ a dRehwidl b nuhideVRY phfalfelBaftles

ottom (or the top ore they start agglonerating to

fnsidey Whrcheare ao@mnéztlsﬂr shghtly cheede| Small dlwécrtamll only need to

GRR R DR i B ERBLET FBGe oS RGU Ba o loree

afbglet@age&oaudacmgdﬁth E&hﬁﬁﬁéiﬁ &vﬁlaﬁtuéhamme@vel fethe end of the
dropl ets nust travel and thus nmake the se aratlon

hisile aed feoem Fagee wHbmple writh-theif ifastes speedao shepetfqra gr top of the
G%ngleﬁﬁ%re ;?#&&u%ﬁﬁé 2418 g % Kot hid' af ?Weglr ffough the

ar al es |nS| are orizonta

Slhﬂlfg mbkxle Tht bewsdit oslmhlg addoafps&dr9n hd presunk Ynvegtioh {stthat the
travel to the baff| e that |sa%lust bel ow or above it,

fHErRed, WalFT Gpmientted the P%ﬂaalecr iptherdigopierisgiandsastpgywill be
i‘édht%c??[ﬁ‘ notdiah % CRntdde %p" Be clB§e‘T“’tS|tR$ gﬁthﬂ%oﬁnﬂn%t of
rom t

e an ere w nove w t eir faster
wptmd The lattee clrobe estlmartedl bp cefculatien \,sesthe Itotmlfmncamt lo€ water in

T LR T SRR D 55 o o

Hﬁﬁhﬁ&? %nttdl‘ by RnR6BE The bﬁuﬁﬁbh @an}be%athf@&nmecomoumg the
entrai ned watér content of the organic feed to the

anpuaradrvaler ingrstedeiatn te fggd pn his W@dt@c@d Oéugdmhresﬁé@ntm@ctor

e R A e M R A

8pldie of atdffe@ADPRdsedl plicrlr thirdughhe hdhr 62 BollE suor & a
reliably predlcted/calculated Thi s enabl es a_better
Packing Phieriablerwise-mesh-sergen dhati isgmade of maéﬂnab rfo which the

&n?g‘g@%&{ lﬁats(a)f?]%g a{ﬁe@y éfr)]{&i:e t%&g}q ?ﬁ’é'?ﬂgﬁ d?épl()f@ttﬁgn tend to
adliego ihee ithis adakityn wettablie anhateAnb hink momﬂmel itoeform dbigger droplets,
coal escer may be one ere the fluid containing snal

Hh G % Shegyroleosher FORERE el and THNIPERIeGHERe ZORRRRUS
ﬁ&k@%ﬁ&¥a§5@&ﬁm§%ﬁﬁ as a packlng or
crinkle-wre-mesh-screen that is nade of a material to

whi ch t he

In a further embodiment, an on line analyser is provided to measure the amount of

frmd

water present in the olefin feed as it is fed to the reactor. Water injection and/or
water wash temperature changes or drying systems may then be activated,
preferably automatically, according to the analysis to make any adjustments to
water content that may be required to optimise the oligomerisation reaction. The
analysis may be monitored using one or more on line analysers which take a small
slip stream which is analysed by gas chromatography or Panametrics™ analysis

technology.
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dropl et phase has a high affinity or wettability. The
smal |l droplets then tend to adhere to this easily

worb@sasse7mat eri al and coagul@te to form bi ggePCT/EP2004/014475

droplets, which are then rel eased fromthe materi al

and readily separate into a continuous phase that can

be drawn off. In a further enbodi nent, an on line

anal yser is provided to neasure the amount of water
present in the olefin feed as it is fed to the

ridgcyssrof apaene Hing apalyser 4o delsemioe thcemporiion vé Hsehiregagbon

g?@‘ goe%B q{onq rttﬂ.e &t .Svyeﬁ%re%sﬂ@t%g,tr Eﬁﬁ/@&? oaaﬁaei@j&icthvglg )?é i tge tfged's

erabl'y automatically, acc

riadieidanl ladirositoantdniponwis, e rtysiodllyenthe t RatividByl Rfinic and
YE‘QL%i red to optimse the ol i_gom&:ri sation_reaction. The
HRAt{aics componsats o i cempasifioy 18 bewravadale s fhenbasis for

Q‘:QR::uYaﬁﬁg Sﬂ%é"‘ti/iafe? sgﬁbﬁit oP R f'e%(f Lk Pn® bt BB BNPL G Sf the water
0 y of

anal ysed by gas chr tograp
Reashjatd ineg bensed & yeomaticatiyndjwyheb@pustrebyan @propriate

| i ne. anal r to][%etermnet e conposition of the
ﬁ@%ﬂfﬁ@Hr boM PRIt G 3t AR 189C hteeds Mbdn tep, water
RnBYindRSt, 3t Rpeakdehabihid Jheliﬁeeﬁﬁ'%ﬁis' el ?{llggé'@l]tdpr the coalescers,

hydr ocar bon conponents, typically the 1ndividu

30 edlitive anradcyraieafstéspmentodfitho nentestratidii f wotepas thtel fead its the
t hen avgai.l abl ge. as the basis.for calculatin he ter
350 1 11 or et Bt PR 4RE STOHEAbBHSGraFHeD gfr Slowly
thhe Waioticesds NdeveRPinFBY Bifls,USS brieO wAMIOHREL G8! tMibrate them
adj ust the tenperature by an appr&Prl ate algorithm

1

veaHarks a | (edibeationefethgse analysers sudilie e ped itepublesethe, begause
: ain . , )
AR SO TEN offrd BB SHRELE g Bl e ana o

atdrawThie capshilist ® astRESYBAIdiAfthé bRotmeRhtcAlisesived in the
\&gtgrgin the feed to the reactor. This is of interest

ot he Wit Wish sfepatidhsrelre of regeat heuplitt F cxpigieya tight
e o Aot By Sl e QR i e " R BB Sr by
amattymerfaddiiodaf Watey ot a aodbinatiolbElsathpgr Hyehrginge
anal ytical standards with |ow or zero water content
are difficult to prepare and to store. The capability

1R y8CsbtRérahmth & &AbSHmERE (HRRHANsiObf ‘L‘P{@trgict&if 2P LaIé? dnéifides

the product of the water wash step is therefore o
greaguringe thef Penceniratinteef prygenated glompopdntatatber hentwakr, like

%irctogglrs, béfhérg,n.%?rggr cgneylcgcpr}tard%ngi rc‘:o%n'ﬂgur\ﬂ?st %ﬁchmaséhkgttoggse and
aldehydes, acids, and the like. Under reactor conditions, these compounds are
prone to generating water, which participates in the hydration of the catalyst.
Between 40% and 60% of ethers present tend to decompose to generate water,
whereas the conversion of most of the alcohols is essentially complete, methanol
being the exception. Methanol dehydrates via methylation, which is a much
slower reaction, so methanol conversion is significanily lower than its C2 and
higher homologues. The additional information on the concentration of the
oxygenates in the feed other than water, enables adjustment of the amount of
water required for optimal hydration, and hence adjustment of the temperature of

the water wash step and/or the amount of water injected and/or the amount of

drying.
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i njection of additional water, or a conbination of
both, or by drying. hi yet another further enbodi nent,

woOhersangid7ysi s of the reactor fged al so i ncl udeBCT/EP2004/014475

nmeasuri ng the concentration of oxygenated conponents
ot her than water, |ike alcohols, ethers, or carbonyl
cont ai ni ng conpounds such as ketones and al dehydes,
acids, and the like. Under reactor conditions, these
conmpounds are prone to generating water, which
participates in the hydration of the catal yst. Between

AR S S5 B SRR o B 55 TR s hen e

adamj?@ li$ uhaged 66t el bactOLARityBE ﬂfénﬁJenp 8ttt ﬁ‘:@overed
exception. Methanaol dehydrates via nethylation, "whic

i dosgstindhe gaastosoutlets veiafied anslyficeHyn &t p@@nuler whcnu emloymg

I t
oﬁﬁﬁ&g?@{byﬁa Cll(? Ig%ena B gr% %n%ﬁg&g%({]njggﬁﬁ} a?(il eh%’ent
ma;ajm at the retibtbﬂﬁ@tfee od saiishatially de saateeds, the aaialte S’tevel of fresh
st ne of tEe anpunt of water required for optinal
W&THI offI thenaeifiin @ thej wepirepalyst d@Wéteﬁ eﬁ’r&@ﬁﬁfmﬁ efigm the

therehRl %Véﬂgﬁ%r Qtuﬂqur Eﬁ)&l@fgﬁ upt ?rﬁrer Y&abgﬁ gintain the

i'nj ected an e anD
dmtgetjﬁneramddﬁry lehd fomuhmtsulfsaqum rtnlm &hd fﬂffe ﬁdﬂ@ty EEWeI of the

| | oad t t th
SRR st RECind Y Say e it Bamchesaelysh Freebly
NRRE wRkerD %llo%&ed' §3{ Y1%t1$ﬁ eg; ﬁnﬁtleYetrfeﬁatlhlaty theI fled 9515 tgl{ & free

when enp io ying so phosphoric acid he cata
mhosﬁwpnceme} mxﬂeuthaf the Hepsla catalystyansi the hetal:}fse ait the amthsjmlet

or._ out substa e sa
Sy BB RES LY ol | Ela Bt offtersBlyh el 15 <5 0doncany
S@ﬁﬁﬁmﬁﬁi ﬂieyzi:idlgedﬂ ik @8taBisO M the GaddtdryoutleP Bt B& an indicator of
preferred | evel, the hydration target is adj usted in

Sheiasedtte agiet the Walsreoient inike elsfigdeedi ree acidity | evel
for the subsequent runs. The free acidity level of the
catal yst may be neasured by extracting the free acid

fIn arfutthe etnaiioalhmsﬁt of pheeifneer&imln%the/l réibt&‘ﬁ?h@}l’ be f)ﬂiafldmm(it}bﬁwans
trati.o pre erred.that _the ree acidit |
filaéénﬂh‘s P?ter tocheeprrssised tflashndt pages il t@smtfgrﬁontent in

IR rédeorCalcabys %hea&esiljaﬁle rgegt o 'Thf%ufdne L1I& Shb Yol et %E \Whter

the range 16 to 22% nore preferably In the range

tccniznp/&lndaﬂynmamstimp@nwheretdmeummahlg/ baofld tupeof svater weduld, in
otcher SHeling %Itlgers Peléurg tthecr%actgfra toa'ge Idgc%lrr?rgltsglronec{ It also allows to
correct promptly, before excessive damage is done to the catalyst, for a fresh
catalyst that was delivered and loaded in overhydrated condition, or when
operational upsets have caused the catalyst to become overhydrated. The use of
this further embodiment is more applicable to systems that employ tubular
reactors than to those that employ chamber reactors. Tubular reactor systems are
typically equipped with a vacuum system to evacuate the reactor tubes, and this
vacuum can be activated to assist the flashing from the catalyst of water and also
hydrocarbons. We have found that this treatment on a solid phosphoric acid
catalyst is able to recover some of the activity lost and also is able to reduce some

of the pressure drop that may have built up during the earlier part of the run.
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the need to adjust the water content in the olefin
feed. In a further enbodi nent of the invention, the

woeenstoss77may be provi ded wit hhgreans that enabl eCTiE®2004/014475

reactor to be depressurised to flash off water if the
water content in the reactor exceeds the desirable

l evel. This can allow the control of water content

under circunstances where an undesirable build up of

wat er- woul d, in other circunstances, require the

rlaapemyr olefinheactinpopreicesses sach ab toligbmerisdtionywsnteacted olefin is

correct onpt | v, fore excessive d e, i s done to
TRV bRl and SR T GE STy oA Ao R apRignt of
ane oﬂéiﬁhdﬁd?réle fONEERY BE 3hQftos@NEhd b@Rste®@ to ¥pRitise the reaction
operational upsets have caused the catal yst to becone

SPRApaY at’diprnativelyusichofecydi¢ 4s mixedhwithetib ditishefaed bsfore the
(o t th I t ubul
RN R RO S Y

Tubul ar reactor systens are typically equipped with a
vaguum system t o evacuate the reactor tubes, and this

VEEsstinG camirdeofdbe wpreontent aktiedeed hes beeashind tq faprove the

t . y 0 . > .
5 DRI B PRERIENE BhSEs Y BRT R Podge acia
catalysysstind so abieet the nmdesiwblesenehedinst thet asd by igrydiced twhen
and alsg is able fo reduce some of the pressure drop

(4718 3% Rerlie GRtplptsupVBere iZRRfite 1fatebats are sgrhitis prefaryrd that
r . . S . . 3
Rl Bl ot A GRS PR o883 T Slisopjerisation
reantions. died ehampleadlzra mdyebavasal a cotalwshiselaotdd dkom ehatgeoup
cont.ent t ol efi cle feed_.can be [

SRR Sraais e ROMESRADTe LR Penh e ong 22, rst
Al TETR&RI1Y BI-Nu SIS R Z-2Y; Y€ L&olitss S e It bhudth thpERIT example
feed before the water wash step, and hydrati on control

it5-Z8M-23+ Bd-Drprraselites ob theaMFE strectme tgpé €lor ievemplontir 65M-5)

r t he.f e has und t
Pzt B B WRE Sknll nblEr SEAmER HFST | G lhebBies of he
MMOBesiaesure nyeafor e atpld, 8-PRVE PDP61 Leoitdsavidadha B Structure
and o reduce the undesirabl e exotherns that can be
pYRsodeeeramle BSrngongsalitc Hoa3Vir e o ¥ inyember offfhe ferrierite

' I ' ' -nat ¢yt
S oSl 2 OBt Bb I utedole BB B el 18 12, 1
A9E118 of izgoler Bstt i dRefereact iionmadd-ao Syathekie, of MEgle-Silica

b d at t | ect ed th
BtereeiligegrecbBor bY B Aofactfe Sk AdMiaeirane bed oy olume
83 HRhE seribsZ/Shdids ilShiPhce Science and Catalysis’) for a review of the

synthetics and properties of the aforementioned zeolites.

Additionally, the catalyst can be a zeolite synthesised without addition of a
template, for example, faujasites, zeolite L, mordenites, erioites and chabazites,
the structures of which are contained in the ‘Atlas of Zeolite Structure Types’ by
W. M. Meier and D. H. Olson (published by Butterworths on behalf of the
Structure Commission of the International Zeolite Association). Zeolite catalysts
having crystal structures that are essentially the same as the crystal structures of
the above-mentioned zeolite catalysts but differ slightly therefrom in chemical

composition may also be used, for example, zeolite catalysts obtained by removal
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wohodsesvFI structure type (figr exanpl e,

1, HTheta-1, HNu-10 KZ-2), or zeolites of the MIT
structure type (of exanple H ZSM 23, KZ-1) or zeolites
H ZSMPEY/EDR004/014475
zeolites of the MEL structure type (for exanple,
HZSM11) or zeolites of the MIWstructure type (for
exanple, HZSM 12), or zeolites with the EUO structure
type (for exanple, EU-1), or zeolite HZSM 57, or any
menber of the ferrierite structure famly. Oher

e»f anphreberodf sluirﬁm’bineiomatfajny,sasbya steaniifg ef,i the above-mentioned

| f d
HSOMSGRehas: 9 BONH i PRiginag hpﬁaﬂgglplﬁf ok dfferent hemmegs, for
%éaxfﬁgl : hg‘]ﬁ&ﬁgémﬁﬂﬂ ot ceﬁton'\@{chﬁﬁg%ag %g in%&%@raﬁ&nv@drﬂ{ﬁethe

series "Studies in S ci ence and
Qaolite pyinthesis (for exampde berangifort hed gglhtingt i cs and
properties of the aforenmentioned zeolites.
Additionally, the catalyst can be a zeolite

SpHat R ies alybts R Uhodididh tzb@l'i‘te ca‘ataatysttse L usddom the form of
exanple, faujasites, zeolite L, nordenites, erioites

aowdetsdinghidieg powhers wnmimgr\élsolbf o pAtt off Englosrysial®d The

eolie Saielibts el inef BTk i rRL Y Spr ot rampte

heflakf exafudalee obtspheresr which MEysbé @Btaﬁfedtﬁ},ecomblmng the zeolite
I nternational Zeol i te Association). Zeolite catalysts

veith #gindermeteriak thah s wbatgntizlly ingit anderdbn condifigns eraployed in

JRCPlfAnd Sl BricBhs, SHIG MO G ne iy o BeECoRl RAfifle, in
caln&nn’ nsadf frommp s '99?/cdry weight basedla ths edxnbfnrad vmxnbgnmlf the zeolite
nunber

aﬂr}ﬁeeﬁcat a St < O % ',nTaSgneﬂt ]éerggnnr%\éf useaﬁjély suitable fmattenal
cat al y“?tw tSﬂ%eﬂle?a? BLides dr b, yS%ltCﬁ as ﬁ{onéﬁ&lﬂl&ﬁte bentonite and

S obtained by addition of fferent el enents,
flaoliexkypl the chys mpomjhfabmmg] caicmcdator omdifichargeicaiy pyor to

| ncg%ﬁgﬁ%gelﬁ%%p qfnns%gﬁlg 1%:( Iﬁﬁﬁ eri nt hﬁjé%lsﬂ %Qarlumina silica-

GEyAay SiliSa-HaghOH, fsiiRd- tﬁ&@i isfliRa SRR Y ShrSoTR ¥nd 6ilid& Skhghbsia-
t he form of powders (i ncl udi ng powders consi sting

HSPRIg. or in part of si ngle crystals). The zeolite
catal ysts nmay instead be incorporated in shaped
aggl onerates, for exanple, tablets, extrudates or

dphefeher Mpbatoinhy ibentbi deneth pryvidedhi proogs tihreoligomerising
zeolite with a hinder material that is substantially
i - § COIRBIIZRE SORIREHRS & fptoyadkang-copigming feedstock with

Ul BALBE '}fZSM’ 282 %%ﬁ% EerstTJbeoFE A ddifed Koty BhtatPRnfing the
present, Tor exanp

crystalline structure of ZSM 22, the crystals having a length to diameter ratio of
not less than 3 and a length of not greater than 30 um, preferably not greater than

10 um and, more especially, not great than 1 pm.

In an especially preferred process according to the invention, a C,-Cjy-alkene-
containing feedstock, more especially a feedstock containing C;-Cg-alkenes, is
contacted with H-ZSM-22 or a modified zeolite catalyst having essentially the
crystalline structure of ZSM-22, and the water content is controlled according to
the present invention between about 0.05 to 0.25 molar %. We have found that

this enables good yields of dimeric, trimeric and tetrameric products to be
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amounts of from1l to 99% by wei ght, based on the
conbi ned wei ght of the zeolite and binder material. As

woineessTat eri al there may begused any suitabl @CT/EP2004/014475

material, for exanple, silica, netal oxides, or clays,
such as nontnorillonite, bentonite and kaolin clays,

the clays optionally being cal cined or nodified
chemically prior to use. Further exanples of suitable
matri x materials include silica-alum na,

gibtainaber yHuither, s pbod acatElgste attdyitysiik i ObsckVedr iad, relatively low
silica-al upm na-ziyconia and siljca-nmagnesi azjrconi a.

PRSP 5 &1 CAEpBIS, 2gPmpaRatyr 9B A->P hdyrically Kl iods§°C.
AVEI ASESHUAP rthgd &1950 rzafany%k JrRe e c%a@tkﬁféaegelaﬁvﬁg} sﬁ%ﬁﬁj as

contacting a C2-Q 2-al Kene-cont ai ni ng stoc
coyparedsvidf ol&gmvisaﬁompwaesrsbs wherstlad Seddtock invelitivetyldry.
zeolite catal yst having the crystalline structure of
ZSM 22, the crystals having a length to dianeter ratio

OfheN@kerle§ ¥i$at trﬂitf!}nbé3 oﬁg&néﬁﬂeﬁw fhe ?ro&@ées Hraas $hvenian itQude

mm preferably not greater 0O mm and, nore
eeémémeaprqpenm dnddimsar or hmclle(hﬁﬁ Chﬁalkmesswhmhahhy be mono-,

b BOSnBREEET: wRfheh Y dRet Pl PN AR tpuagurated
foea stk are OlREA briférged-3-AH irillidaedtie SbovieS he @Rl @C kRS aleh&s are
H ZSM 22 or a nodified zeolite catal yst havi ng

dsefereblyal(ayCa Hkenesy s tldtel pigsesst isupeiticelagy @smztgeow for the
PRl Sl olok Spb ML L SR (0oL figrgaion

\ﬁ_f ahsingle fadkmd, othef niixtuses exfaikonss godk yHngd 68 oﬂf:hfferent carbon

dineric, nerlc a tetrameric products t
BBt i 2 WPF‘??é(rlrf]gﬁ%‘@é be sk s tor sxamie vﬂh@ low molecular

exanpl e,
SR SRl R ar bt nd U RN Aot ot BledE SRR

Vé al so found that the catalyst becones deacti vat ed
ared with oli

t t
P cbeller i ahel et RaBl Buic Sridh IR 9. aepapheri
Prdsgiesiok BimpIBYat Pesthied 58S 16U6hrlpY0"t g, processes of

the invention include ethyl ene, propene, and |inear or
branched C4-C 2-al kenes, which may be nono-, di- or

ynsatur at ed
MBI S, AP Bl MRS LR aprss putin
far fefed rred bf séﬁd phekpbatie dcﬂbﬂt&yst hove¥eice tb fb@ta@&s@ @ReEhemical
are prefera al kenes. The process

ﬁalﬂ‘fqr%lil sf Pgwéwa?hoagfé%fb@% rTheﬁﬁthiogmmtg the etalyst to be
n@roﬁglqt QUEI? Rptin 167 ReadtSRY P md Igﬁemﬁc hydrocarbon

msr |
convers1on process. The process of this invention enables a rapid adjustment of

olefin feed hydration, and thus the catalyst hydration, to the level required for

optimum catalyst activity.

Supported catalysts which are prepared by combining a phosphoric acid with a
solid support are referred to here as solid phosphoric acid catalyst, and any such
catalyst can be used in the practice of this invention. A solid phosphoric acid
catalyst is normally prepared by mixing a phosphoric acid, such as ortho-
phosphoric acid, pyrophosphoric acid or triphosphoric acid with a siliceous solid

carrier to form a wet paste. This paste can be calcined and then crushed to yield
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of a single alkene, or of mxtures of al kenes of the
sane or of different carbon nunbers. The al kene may if

wdesisrssgi7be dil uted, for example, with a | ow mBCEEBR@A/014475

wei ght saturated hydrocarbon, and is preferably

nono- unsaturated. The reaction is preferably carried

out at pressures higher than atnospheric pressure, for

exanpl e, at pressures up to 100bar (107 Pa). Were

phosphoric acid catal ysts are used the present

| qatedyst ipariictasmpr ﬂ@qzasmnani tregexiruided @d poletisedl psiok ital calcining to
horic aci.d cat |nos vice.to. catal yse the

h
] o&?&@ 2Ot RIS &ﬁta S o‘i?r‘f‘%re}fs{y&% ly 1, gaturally

| JR¢ @iz O PofdRk ”&111§a tcfb%téiﬁ’ih?' Mx%{erf(ap ﬁ@hréso'lgés\éléahpuﬁgk;hn or
to an optinum |l evel ivity for the speci

@@tpm@m@ ey e neheiapew e yaridheadstidemss sudbf ast tirgral talc,
ust ment. ,of o] ef i

e abl es _a rapi

ER AR a8 BinBot B Pk hin bt he 24 b e carier
|t6\/iﬁl:redis%%ﬁ kt2€hgltip fan@ HardileR3. C Athal dbiﬁblﬁ‘éﬂngbit the carrier and the
Supported catal ysts which are prepared by conbining a

m@éﬁwﬁ@m@a&m cgimprises 2boybl 3-30 50 3p of thematalysgiveith the rewainder
Er% g tpig%‘ﬁh%gg tﬁ%"f“d) h?].ro'w%v%cfhg ‘i]% P %]f‘los?ﬁglgg ¥1dsﬁ'lsgg in the

e used’inTt Pactice

Ima{tﬁ]fztdtlﬁﬁ of Ahs @hitallysploas vaor ﬁ@ma@bcﬁilt @atoaBy sit ¥Sof the catalyst.
rmal |y prepared b m Xin phospharijc acid, such_as
Oﬁ’(l re}ced 5@,’4 st b‘.yqfvgaﬁtgg ﬁﬁmeéma]éy @ngrsuch materials are

tévbf?zib@é Blaﬁf U@Paﬁtﬁcfé{_%é Rarfle §lAL P%H% §P§P% 15101% e[:é yt ﬁ‘giﬁr the

forma wet paste. This paste can be calci ne
araueh &t Tgpy Bel dodiBal,yos tiropaftid-Chesije ar SChas uhaﬂ-&4-Saﬁes and

e eII tis ri rtocallnln to i
b‘re%%i thgseah P qﬁi@? a&%ﬁtﬁi e cyindrigat extaydatesshaving
ithe FolRWERS pbpertiadt )Pl héﬁnﬂﬁp B&%ﬁiefég oP8I72URmSirld l@ﬁ’gth/dlameter
cont ai ni ng material "such ki esel guhr, kaolin,

ditie efisspsstivelyabott. 1.A and ﬁ&r; (%)rmmragfe bl demssy in the range of

T e R R TP T p—

tdaRuliddr 4P, df NOT BABE wti%; shd €A ﬁhoﬁﬂ@bl hafat PESSphori® &cid
conbi natjon of the carrier and the additives normal | y

@@ﬁﬁ@m salsulatsd s PoOs bR 50840t wile dae &l %ﬁen% catplystreare also
t
unt ofe th‘lﬁos ph%ilr?(f?r(?@glg ﬁ’gﬁglgée aﬁgé ?H nu‘S gegtd&ng o and
tlb’tfgthsactfalbysﬁ 10z af ov a0 ynrhy orraab d)ul:k (&nﬁﬂeﬁﬁl tht rafgefof0182-0.95,
I | abl
al ey ]g}c%%l z{cgh g@w%ﬁlgg%}w gntzfaZot%lf aculi Séor?t\ér?t ofa6b2 (():) 63.6
wt%. The preparation and properties of commercial solid phosphoric acid catalyst

are set forth in U.S. Patent Nos. 2,120,702; 3,050,472; 3,050,473 and 3,132,108
and also in British patent No. 863,539.

The distribution of phosphoric acids in a solid phosphoric acid catalyst can be
evaluated experimentally by titration of the ‘free P,Os’ content of the catalyst,
which consists of the acids that are easily leached from the catalyst when it is
immersed in water. These easily leached acids are phosphoric acids which have a
low degree of condensation, such as otho-phosphoric acid and pyrophosphoric
acid. The phosphoric acids which have a higher degree of condensation dissolve

very slowly when the catalyst is immersed in water, and accordingly are not
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avai |l abl e from UOP under the name SPA-I and SPA-2,
nore recently under the names HO Type B-I and B-2, or

wonrosoSs7Chemi e or SCI as theyd>84-Series and CAT/EBI004/014475

These HO Type B-1 and B-2 catal ysts are cylindrica

extrudates having the follow ng properties: (1) a

nom nal dianmeter of 5.72 nmmand | ength/dianeter ratio

of respectively about 1.7 and 2.7; (2) an average bul k

density in the range of respectively 0.91-0.94 and

OmS%Ufﬁdgzly toftagroB; of () acad{ metbe plpesphextract. aChetefoon tietmount of
Ic ted.as

of .17 t 9% .and_(4 . L
B8 R seh o pn Srdisefign P4 e bk SE S pidaberie agids in o
P@a@yé@fw}ﬁal Ra4 ﬁleﬁ'ttot:ﬁ P :;eccﬁ;fl:é;ffr Y9k it61 ﬁﬂ&%bbﬁ% %mgrc%ntent

al so cyllndrlca? extrudates offered in vari ous gra
vianhbe defieamined byofitrgi@ afieraslt thengihhavd babwekird@ed b¥ing a

Obr gg n% vera etlbul densities in the range of
T9E G ?F bR%horic acid content of 16-20 wt %
and a total aC|d content of 62.0-63.6 wt% The

pr eparation and properties of comercial solid
p §|dﬁYﬁﬂit1€na‘é?indb% ased y@,tthgrpéa@@@ qfommsh cprveytignal Paydraearbon

ooyt e a1 o R0 e B B

afolig iphegiboric @cﬁlOctadzﬂyStn Suchk pkdcdsseh PRDIRTY it aBE hék limited to, the
tal yst can tbe eval uat ed experinentally by titration

AligopierisytioneoTeins whiterllogriamet wamgtigs withygledms. Specific
gég({ﬂ%?féssbf%mﬁ lﬁ?oc%géeg SndiB@ tl%rcﬁlr%%ﬁfe'nlsy‘ucln_rﬁtg e %n& r(%”&l%ﬁﬁs to

yst when'it Is inmerse
I lé:nla;risedhlab potsusafud ap gmﬂlhe; rkiecosamd dtsdmﬁilatdslblea&mg atdcm/y and the

d h as. ot.ho- ph d
P S HOR b oF DISTRmS BRSE JhSr i A0p QbsrpishLfredstock
rIBV the%rbdhﬂﬂﬁ@ﬁ o Qﬁpﬁ%fﬁﬁc%@ﬁ@ﬁﬁs Qltcblﬂﬂs dil \Aghé’seaﬁ@écgds They

slow y when the catalyst is inmersed
afelﬁb@rdmﬁ@ldy the eremsratioms of ethyibenzéner byt labnyladnfont dlebaedls with

extract Theyrefore the
DO, 3 EReel b Blthene i PR nEspas By siibion of
Menpdves ph Qmmknandﬁ Eﬂ)pané; ahrdl YBd phpEiidIA D 2al@ybefzene or
total P20 content. e total Ehosphorlc acid content -

heviphenglstaralidalipmsd henzengiar phengl math Go-4C20mdefinsi ds

have been extracted using a strong base such as

caustic soda. This invention can be used in the

dnabé¢ praeticd ofithy inomtint wherahsihy drsolid phosphosio \eid tasmlyst, the

R ERS ol il pheniorc Al s gy be ikl mmeracd 2 2 Shst-up
fluid which is typically comprised of a less reactive or inert hydrocarbon liquid,
such liquid preferably being circulated over the reactor to provide heat to the
catalyst bed. Conditions of temperature and pressure, which are desired for use in
the chemical conversion that is to be carried out over the catalyst, are then
established in the fixed bed of solid phosphoric acid catalyst. A minimum
temperature may also be required before start-up, to minimize or eliminate certain
side reactions that could occur with reactive feed on insufficiently heated catalyst.
A flow of the hydrated feedstock is then introduced over the catalyst bed under the
conversion conditions that were previously established when the catalyst was

immersed in the start-up fluid.
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solid phosphoric acid catal yst. Such processes include
but are not limted to, the oligonerisation of olefins

wanabstosgr7al Kyl ation of aromatjics with ol ef i ns. pPEpEP2FMH/014475

exanpl es of such processes include the oligonerisation

of C3 and C4 olefins to liquids which are useful as
gasol i ne, kerosene or distillate bl ending stocks; and
the preparation of a C6-Cl5 olefmc mxture which is
useful as a chem cal feedstock for the production of

i Bowpeveaf fHenuse sdlavemttsp Ahidoisohat, esadrdihy deatieuldrlyadn dabular

They further inc e the preparation of ethylbenzen
brya%t?tsyiw G Hroéﬁ‘lebg‘ﬁz“é‘ﬁéblﬁmﬁ’ Etwpert@ catpystssch Fidothg heat
O arSRTBAGIAR YnQhe RuAI bﬁ@ RF ARVicR&BE %‘é‘ st% Sk @&bpdBeLivith.

benzene or cumene W th propene, and the preparation o
aleybd:Ib negniben heahdayddpobye poddding ahkatéd nesimm f arbeniz teetubes

I Tl s e Rl

t,nsysémdt;@émfotﬁ@téaemehosphoru c acid catalyst may be
initially imrersed in a start-up fluid which is

typi caIIy corrprlsed of a | ess reactive or |nert

i 8B et aPtpfises E Biegp PRy SaMient, B, B appropriate

cahdiny oF vaget. Condiibii@nsropbriio@sRE RS HatrRMindIHeS féd &lepend
which are desired for use in the chem cal conversion

tupen thenatretnf thawlefia and the dligemeriprtionoadijions. Fhereppligns are
c 0?1?{)'] ?ﬂ)‘ﬁ% m Cn'éllr}r(t‘ijm %&ﬁﬂlgﬁ?? ucﬁiéleﬁntggdcgl %29 er elg%i (?fg% %eavy
bcﬂéﬁme bgth@ecirbup jis g@emlryl usea.eFor e;exlmpn whte tleefeed tonsistdel C;

reatlo that could th reactive feed on
i Mg thet gaal B@a’tse?fl’ Li’é’ﬁ gpic a6 IWWHS?Eef rt%spﬁ%tbémét?n a

ftﬁﬁﬁﬁf {%:‘égtof B ﬁsjaﬁ)y‘tﬁam}{qu &N o ﬁxg h) 033088 Im ;})rgferably

der the conver’sion con It1ons that were previou
e@ﬁ “btoi ¥l nwtstapretfd:reblor&tSaﬂoyS@% s svéightenfsdefinsy withethe balance

t f tart f d
hsihe, auBmettine oy gl aleipid Bekubar Ehisat Sukh erp (Gr-C

p[reﬁﬁérsl akdTBnicadfihd. | Wheh @niieing I@h&ﬁBerC@h@tbx‘;éSbvek}ﬁgfey kR use

t he heat transfer nmediumon the shell side of th

risedst with lowes olsfiapstecagthse suphsise e éol 44 preferzhly %iaép gay’o by
t.hen b e [ e

PR SRE T amy R Rl PR REL WRED W BE Wb Fom
t e opelyet rRkers Ite awfmdcontm aly Beerducalyiflieedsd bp da@eﬁlng of

into the reactor
unreacted paraffins or low olefinic streams found elsewhere or recovered from the

reactor effluent. If butene is to be oligomerised we prefer to use a feed containing
from 50 % to 70 % olefins.

The preferred olefin strength in the feed is determined by the extent to which
carbon deposits on the catalyst are formed which in turn depends upon the
exotherm of the oligomerisation reaction. There is also a minimum olefin content
required in the feed to prevent the reaction from ceasing. This minimum is
dependent on the space velocity, the temperature, and the nature of the catalyst in

the reactor.



The start-up feed conprises an olefin, optionally a
di luent, and the appropriate anount of water. The
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depend upon the nature of the olefin and the

ol i gonerisation conditions. The reactions are strongly
exotherm c and accordingly a diluent such as a

paraffnic or a heavy ol efinic hydrocarbon is generally
used. For exanple when the feed consists of C3 ol efins
afile tthed clatdalfgrs solid rﬂmbpmbriph@@fi heatalgstaisi brought po etherdesired

G et SO BUTR SUrsO R MRS B kopRHl G Jhen
591tr<{Q1udEﬁSt ARTREALMY ¥taAd, tRe 5&%@& Wehidits Dnifdehhbent of a

h the bal ance being a paraffnic or a heavy olefinic
hlyxdrm gt avhickens compusedasl at Bastoang ftaniet pelected from the

raf fm ¢ st
PPl oS s here CRPr R oo R T BTGl EBEHE Wby pmtain
afror® 1001 28arbi efofisaioyighk ﬁetl&nBﬁc&di@ﬁlsU@b@derecﬁH@ﬁl hydratlng
feeds may be readi Ié avai | abl e as that which may

otgeat.nether powpet efibe Poriatiog aeeet proser) &1 Erei fPeéolﬁt @W—rolled
d
taRnd 5ol R L SEUAILA0 R0 HO SRR tovet o

Laﬁﬂ]yﬁﬂ@draftioﬁm 'EHeedefsﬁat tafcentdtidnesfthydidtinguigenteini the faedstock

e.oligonerised we prefer to uyse a feed contai n|

{ WilhsEndaaon e aytion; HewerRE s conesgton Pay ﬁﬁﬂra t be in the
f 3 t

SHRER Sl Mk 02T 650 150193 ke gt Rt 010

i o ghouh 0d@pmnb %o annrbmoshpreéaraiﬂyefrqm caboutrﬁaZS to about 0. 30 mol %

PP ncbh et ST e DA ALt S BOuOh g hydrating

r 5@% b @ d WM ERRGMOEEt WHILS iSaphBd Bf ipSovd&RE Ad @ftoudn of water
the space velocity, the tenperature, and the nature of

twhlc&aatsaluytsﬁquah tphie rasa@und rof Twater irs@irefiele M@intaip| @ garticular

CORTRRET b it FFAT B Bl L EIbe Ot OB

the olefinic feed then |ntroduced As preV|oust

stated, the feedstock contains a mnor anpunt of

hDesferrady deaimaracapis dnelide weldh ﬁ?@@eardfal%?&wbea&étte@ﬁ@ alcohols.
e r 0

bbb O B e el B Bdcohots

f dmamfpot@uﬂ& cmtbammit dmssohﬂhﬂmgﬂrhamta‘whalcatabwt tb slekbwater

consi der ed dr
ds decomposruon pro U.CtSaEV c% include olefins that are produced by the acid

catalysed elimination of water from the alcohol. The secondary and tertiary
alcohols are usually preferred over primary alcohols because they tend to
decompose more readily upon contact with the solid phosphoric acid catalyst.
Alcohols which contain from 3 to 5 carbon atoms are desirable hydrating agents
and such materials include 2-propanol, 2-butanol, 2-methyl-2-propanol, 2-
pentanol, 3-pentanol, 3-methyl-2-butanol and 2-methyl-2-butanol. 2-propanol is a
particularly satisfactory hydrating agent. When an alcohol is used as the
hydrating agent or as a component of the hydrating agent, and the hydrocarbon
conversion involves the use of one or more olefins as reactants, it may be
desirable to use an alcohol which has the same number of carbon atoms as the

olefin. The olefin produced by the dehydration of the alcohol can then participate
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agent. The anmount of the hydrating agent present in
the feed is controlled according to the present

wonvesrsson to be effective tosprovide the desi PeW/EP20el014475

of catalyst hydration. The desired concentration of
hydrating agent in the feedstock will depend upon the
reacti on. However the concentration will desirably be

in the range from about 0.05 to about 0.80 nol % and
nore preferably from about 0.10 to about 0.50 nol %

aiRda restanprieftae &tyldyodarlﬂmn adnvetsidh. ptocess atub bty-Fodtamwtill be

% based_on_the fe eal | after. the i tial

JiRimisgd, tEfér 2 {ifg P dBatsedg?sa e‘?@f%@eag% fpr the

Q? MheASR o?%né ovEAR %B i& Iﬁ%spﬂfoﬁ%' é@ld‘ Q:at%[ys@"é?ﬂlnf)ropene
ter |c Just equal to the anpunt of

rprodiiceé dytdecomporidomofithp 2rprbparichwilh pd oligpmerizad aﬂm@Wlﬂl the

acid | ev cat al yst throughout the catal yst

r@ﬂ?enﬁﬂ%%"gg‘lﬁa‘?ﬁj‘dr ating agents include water,

secondary al cohols and tertiary al cohols. Although the

invention is not to be so limted, it is believed that
tAkhaigbovesérsis d dighty satisfaston har@tmlag agcmt,t ihisrglatigelyjigsoluble in

deeen Beprdfon BafRidieh Srificis Bl A isperagrg and

Rireskufee d ARYordi1 @Gk Gs ﬁ%&@én&ls'etﬂ)t Qiohmrﬁaitl t@nm&ﬁrpmaitce Eufﬁc1ent
fromthe al cohol. The secondary and terti ar%{ al co

aW@tewwahﬂIowbmefqeéﬁO@v@rpreﬁilﬂm éﬁsafﬁé sl of erdalyst diation.
t
e O

C418 Toﬁdlﬂarily(qmta sbhlb]i: inayioal }gﬂn)“mr‘t&nefeeﬂm:ickab IAecordingly these
hydr ating agents and sych materials i

2leehola At Very- G SHent 103 -4sg a1y dsat mgo%%a%a # highly preferred
PERLRIR llant ot thE va%ﬁt%n 1n%0%§ ﬁbélusg oph'h%%k‘arﬁﬂﬂ feedstock wherein
2- rrethy 2- but ano 2-propanol is a particularly

Sthbllsfﬂmd:lng ragetiyidreaipngedigé atm1XWre of avater mh@ﬂ lepst apgerdcohol

1 h tip ent or as. onen

e e oo Rt 1 s B Aoty plfhatc ookl
'\R}Mféth%%td-iﬂi‘ Grdts @ &f 19NQroh ARAE, OSﬁéH Asfeadstdckalt eotiveniently
it my be desirable to use an al cohol which has the

seooparedi ity eaddiig ener romore Yaehals ta the hyidegaaphonepanpengpis pf the
p%??ﬁlfloc?(d ? cgrelta%e&%%f %ﬁ‘lh e?{%n ‘ﬂ{]k dﬁ&lﬁﬂ% Iwa%} riS M&ﬁﬁiment to

C|p €as a reac rocar on conver si on
pﬁ@@ﬂ%%h@ﬂtfénb& 1d31reD6|1u£aJteﬂy9Mhbfﬂraﬁen m ni m sed. For
exanple, if 2-propanol is used as a hydrating agent

for the oligonerisation of propene over a solid

PROSRI M6t A& Stobkt Yehihils inPEioR" @Rused in connection with the

chemical conversion of any hydrocarbon feedstock which is carried out over a

fixed bed of solid phosphoric acid catalyst. Such chemical conversions include,
but are not limited to olefin oligomerisation reactions and the alkylation of
aromatic compounds with olefinic alkylating agents. Suitable olefins for use in
such a process include, but are not limited to cyclic olefins, substituted cyclic
olefins, and olefins of Formula I, wherein R is a hydrocarbyl group and each R; is
independently selected from the group consisting of hydrogen and hydrocarbon
groups. Preferably R; is an alkyl group and each R, is independently selected
from the group consisting of hydrogen and alkyl groups.
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produced by deconposition of the 2-propanol wll be
ol i gonerised along with the propene in the feedstock.

wahoismagiii7wat er is a highly satisfactory hydr aPCIP2004/014475

agent, it is relatively insoluble in typica

hydr ocar bon feedstocks under anbient conditions of
tenperature and pressure. Accordingly, it is
frequently not convenient to incorporate sufficient
wat er in a hydrocarbon feedstock to produce a desired
| Bormhulafl cat al yst hydrati on. However nonohydric

al i phatic al cohols which contain from2 to 12 carbon
atons are ordinarily quite soluble in typical

hydr ocar bongrf eedst ocks. Acpgordingly these al cohols are
very conveni snt for use hydrating agents. A highly
preferred enbodi nent o?/?ﬁe i nvention involves the use
of a hydrocarbo ock wherein the hydrating agent
is conprised of g—nrx? re of water and at |east one

al cohol which s selec?éthron1the group consisting of
nmonohydri c allphatlc al cohrol s which contain from2 to
12 carbon aReons. Such a feRadstock is conveniently
prepared by addi ng one or nore alcohols to the

hydr ocar bon conponents of the feedstock which contain
vigik i lesofisuifablead yrlit lokfiasatd sulsstitwed eyclicsolbﬁmﬂnbludb entt are
to prOV|de the desired IeveI of cat al drati

s T iAo HP BT B SR EYEISPeie T SHCIOHRE BRigbles of
' étﬁﬁ’l%%? ﬂsch'fél‘é\édttSyPe bPPofi8a1 ﬁﬁiud‘%oﬁﬁ%&éh&ﬁuﬁﬁe@tﬁ}’pmpeﬂe 2-

rocar ock which is carried out over a
fmthgﬂme;mbnef Islokteme, pihbmph@r Bﬂneihylell-batew,y§tmetﬁulchbutene 2-

h t ted
Py S e T Bl AR onbuTrBRRES ol RHE gPegyene,
ag ey ﬁaﬁa&un@smmm BE@thd)i <‘4 aie&wllatpeﬁg:na,g elthsxene, 2-
Suitabl e olefins for use in such gr ocess i ncl ude

bhﬁtxeafr,@nd@t-hftxiemt Suitable lpfing wilbflesinahly, contaye frpmﬁ kg2 carbon

cyclic. o | I

' %toglsh%erfe gr‘gﬁp%a%tnﬁleg%ﬁf%zw 6a04ﬁr8epen ent iﬂ% highly
Sﬁﬂe%ﬁeﬁ%lf:ﬁmmvﬂh CogbidUflora A& 8 tdartenodtomyd rmgﬁlﬂnﬁnﬂty also be
hydr ocarbon groups.. Preferably R is an al kyl group
aﬁ@“@&dﬁnPQ“W@”PﬁGEQéﬁ@@ﬁ%ﬁy sel ected fromthe group
consi sting of hydrogen and al kyl groups.Fornmula | R i

R2

The materials obtained from the process of the present invention for the

oligomerisation of olefins will generally be a mixture of desired olefin oligomers,
unreacted olefins, diluent (if any is used), water and other impurities. The
materials are therefore separated, generally by fractional distillation primarily into
the olefin oligomers, the unreacted olefins and, if present, the diluent. The
unreacted olefins and diluents may be recycled to the oligomerisation reactor.
The olefin oligomers may then be purified as required for use in subsequent
reactions. For example the oligomers may contain trace amounts of sulphur
which may damage a hydroformylation catalyst. Accordingly, if the olefins are to
be used as a feed for hydroformylation, the feed may need to be desulphurised.
Similarly the olefin oligomers may contain trace amounts of chlorine which may
also be detrimental to hydroformylation catalysts and may need to be removed. If

the hydroformylation catalyst is not damaged by sulphur or chlorine, the catalyst
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R2 R2 Exanpl es of suitable cyclic ol efins and
substituted cyclic olefins include, but are not

woOi2mistosgi7t o cycl opent ene, 1-rmgf hyl cycl opent enePamaP2004/014475

cycl ohexene. Exanples of suitable olefins of the type

of Formula | include, but are not |limted to, propene,

2- met hyl propene, 1-butene, 2-butene,

2-met hyl -I - but ene, 3-nethyl -1-butene, 2-

met hyl - 2- but ene, 2, 3-di net hyl - 2- but ene,

2ndghé ysubsleqbemt érydrogmnqjmnt sereto grodeed theeglcohol derivatives may be
ent ene,

ZTAet o) B0 cBBouion Sh fiencé BT AMd chiquing afeRupfsrably
Seidorbd Qn@ét%fréﬂ%fabw td véis;%wamms C@Mbﬁ‘ncfré QAR 31 Jifzomers

carbon atons, preferred olefins will contain from3 to
cthemediues aie dreqnenthydnhites of phigcaets 96 diffes¢rit wgrhmnlnumber For

con om3 to 4.carhon ns. Iene al 9
bt ondortalioh o R e G, e B TR Pt
thﬁhﬁﬁt@ré 6O 05 6 €C; P ot ?%érsozfndt hes AieERNEan hee el RPaattid by
the oligonerisation of olefins wll generally be a
nﬁraatl@nél @ﬁtﬂé%mnrf@dohsqu@fthﬁ ofiperrer slisumererixthgs desired for a
%, f#ent (if any is used), water and ot her
inpurl [ he materials are therefore separated,
generally by fractional distillation primarily into

the ol efin goner.s, the unyeacted oleflns and, if .
pHiss @%eSStqféLlallmﬁélﬁw mycalsh P Headcl GPBFSOS Wiy the allytation
d(‘;t{ &?%(ﬁn/&r{ﬁ% % pélﬁﬁy%ktﬁdant BlFR% ot k?ﬂfﬁﬂg rdgeRl 'sﬁﬁable aromatic

react or. in oligoners nay be purified as
resgupouads irwludesal prgasishwepoends o fom G 20 Rxarboaxzatmpls @vhich

the ol Iﬂ%ﬁ?"r% Sﬁfﬁgg}g ¢ &&%@EB’H@ E&ﬁ%%’@‘éﬁ%f’ gf&% By presence of

A&Pﬂﬁ&ib ReaWst sifchtade s@h&%has?haﬁe akid daﬁlysis edu@Smateti@Rdnclude
for hydrofornyl ation need to be

ey chy@mpoméﬁ angrsustitpled @rcématw onpgyends whighgarry one or
F L R AR S

tl@db@aﬂﬁmwﬂdch l:éntilh Efrdiky dneflorcmtloatatsns @Iﬁtpai‘t)tﬁﬂlari saitatdé. In
damaged by sulghur or chlorine, the catal ystin the

stldeiean ety aF SrbBsiFaHs st Be vrdisHbsTtiRe Fappiplsiof such
ARE e At iq\éﬁf]de% %nﬁﬁaﬁflﬁsﬂnﬁx ﬁ%ﬁ?‘é r%&gfgfﬁuﬁgﬁ 6 %] %0 carbon

hence su ur a orine are pre y renoved

naisins pwhaérerabhans uéepentientlyl saledted ffeum tthe rgroupe chstlng of

ﬁeﬂnohﬁg%mt enmsel ve mefreuetl m Xt ur es
NgEr PRy APl FHOURS s r HEW YR HyEieTe &F matic compoun: S are

hydrocarbons which contain from 6 to 10 carbon atoms and are of Formula II

where each R is independently selected from the group consisting of hydrogen and

alkyl of from 1 to 3 carbon atoms. Benzene and toluene are particularly preferred.

Formula I1

H
R R
R R
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exanpl e oligonerisation of a m xture of propyl ene,
but ene and anylene can result in a mxture of Cto C

wohkigoser’s and this mxture can then be separ aPeWEBRY004/014475

fractional distillation to obtain the oligomer or

ol i gonmer m xtures desired for a particul ar purpose.

The process of this invention may al so be used in
connection with the al kylation of an aronatic conpound
with an olefmc alkylating agent, suitable aromatic
chrepmaticdeorhpriinds dfoniuse asgaliiyietion iybsirides &t the gracgice oof this

20 carbon _ato whi.ch cont ain. akqmatic L.onalit

TR Ge by RO e i iRl Oy O AE o froteum
aRfingry GteantopdoringSiniS Usdwe Sormets) ké fBrnpdie el doheriaaticth units are
catal yst. Such materials include both aromatic_.

cosve prfsSOHFRES 9 Ike promatly corennde Fenpeumrle, higkireformate

carr ; o A .
CA % BPE A TR RoFHARHa] U apCh Ay o AT AR Tomtcot
vl abdut 8itval P buidwilh comaihOatwat O Voh P66 baiizznp.a For prdcassing

suitable. In addition nm xtures. o uch naterials can
prdfigishey. £ftea %laﬁggl}eatpémtmwt@sftes S Sifchreriated: ‘ilh%fl to recycles

ittgﬁ%gﬂgg%ggﬁg‘%&twig%@éﬂgggsml all which contain from®6

ere each R is independently
sel ected fromthe group consisting of hydrogen and

d i )
i e Do, e RSB AT o O s (IRORH % Be t5ed in
CHRORiA QAR BB LoRT&siBh JT08 Mikfird bf WhesR] €RClefthsi ® gasoline

i ndependent|ly sel ected fromthe group consi sti ng of |
hiyldndige stogk by alligginegsationodn sughvarBembedimeni thmfpedstock will be

Benzene ,a f ol uen r t I gt
R W e AR PR S BI YeIhR, 8 e e

Sé&ﬁéiﬁi@g&’éeds[bckhﬁ PpAGIkAQatidh Uit for iconesttion o odgomers in the
obtai ned from any desired source. However, in a

peaspbneubrilieg i ey WilbaeRIRRIESE Mg WS | Obh oRiePSy niytane, 1-

ref ng. 1 [ i ' r L ent :
EFRIED R, AL B LU o EpAATOPER! yherin e
| ﬁgfih coafcnrtafide icmnthb eangefiomarbdua3 § ypiabait Goavarial Etbflene
this type will have a total arqQmafic content o out :
35, gfhang Byay ajjo b BEsHEH Psibsutcaly Poripy Gk, oRgever it
Rt BE %%ﬁ?ﬁht@@ 112k tHed18MEYont @il ebdifodt AR Yoy P Mhdisty of other
aronmat | eeds are preferred due to recycles

compositions which include but are not limited to, other olefins or olefin mixtures,

other diluents and the presence of a minor amount of aromatic compounds. In

addition olefin concentrations can be used which are outside this range.

In a further embodiment the present invention is used for the oligomerisation of
olefins such as ethylene, propylene, butenes and amylenes to produce Cs to Ci3
olefins which can be used as feeds for hydroformylation reactions for the
production of aldehydes and alcohols. The aldehydes may then be oxidised to
produce acids or hydrogenated to produce alcohols. The alcohols may then be
used in the production of synthetic esters such as plasticiser esters or synthetic
lubricants or in the production of surfactants. The olefins may be
hydroformylated using low pressure rhodium catalysed hydroformylation

technology or high pressure hydroformylation technology which is typically
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typically being used in the process. In a highly
preferred enbodi nent, the process of this invention

woamswes1used i n connection widh the conver si onPOT/ER2004/014475

m xture of C3 and C4 olefins to gasoline bl ending

stock by oligonerisation. In such an enbodi nent, the
feedstock will be conprised of at |east about 25 % by

vol une of olefins. A typical ol efincontaining

feedstock to a polynerisation unit for conversion to
odabgbreetadysed, hitahodivml is adsobesiefli Adherpragsat Wiventigbiparardenlarly

oreBi i e BingPERECO s AR e e bHORBARGL i the manner

Wiatshdd t it elef ichpdaipenUsat paent S applicktién r F0PHS0BOD Mfiled
about 35 to about 60 vol % Ethyl ene and et hane ma

al &Beermbysr 89&h(applict s trefayence a3 103 Bil 37/RMRN03 b (ke 8)). Where
5 2084 . TR .
eyt Pcus nEORE SRRALE e Hlrcated i mpy goqely e

capRplithednsy W @bthod aleseibeduify @urecoperdihg M gdtehidapplication
other olefins or ol efin mxtures,_ other diluents and

o5 dencdilest a I norPwRBRE of 2UBomat #RPlEBMFoundsference
! bk} ] i b d which
%@@{?é{@gzqyﬁgﬁmcentratl ons can be use iC

are ou is range. In a further enbodi ment the
present invention is used for the oligonerisation of

ol efins such as ethyl . I , b d
clynettiss Bl rderisel eeestimte B PRRce o IS BReon e be used
a8 dRREGidnOkith Y @heErthal LfecA8EAL WRRE doRfpri&E€low molecular

production of al dehydes and al cohols. The al dehydes
margighh ereniptic axinposeds inccoprtivaipa with @& awd Cuyelebakivaproduce a

to praduce, al cohols. The al.cohal s .may t he i .
oo 5% e Fpsatiie, Suifioe oy ies, 48 w3k 3FE Llbotine
e%ﬁdﬁﬁ% @fockY Mol 8% dntplé,URE hfdRitfo 6f olefind RearpimaiitlCémhpsund can
surfactants. The ol efins may be hydrofornyl ated usin

| sninpthe sangedionm gbiwi rhte abatysde andhpipierally Fam abaiy 1 to about 30.
| . hi f ar- '
tﬁlc 3 ﬁ%ﬂ%ﬁll@h&ﬁsﬁ{tﬁé $& l%?gi%%%:ﬁ \Qélgﬂi! Qangﬁc cmgg&mnds such

t'echnol og ypicalTy alt Catalysed,
r fodendene, Swhich aarel siedesirhble @ gawiihe icoupohéds because of toxicity

particul arly useful in the producfi.on of feedstqcks ..
WFATSHICERION R 63T Sr?ﬁﬂvsﬁt@ﬂ to Hethaohiifmarternale Pt ¢, highly
OHL; L t ey el 81 b8
QUSRS {SoRACE0 PR 90 ORI 4 L
260384 IBhRVRAOB- @RidnelAB)d) cyrirer eespéndivalyden yafewalkylation with

produced by this nmethod are hydrogenated, this may
r BREPES be

In those cases where the feedstock contains both olefins and aromatic compounds,
alkylation of the aromatic compounds by the olefin or olefins in the feedstock may
compete with olefin oligomerisation. As a result, both olefin oligomers and
alkylated aromatic compounds will be obtained as products and the ratio of these
products will be a function of the mol ratio of olefins to aromatic compounds in
the feedstock. For example, when the mol ratio of olefins to aromatic compounds
is about 1to 4, 1to 5, oreven 1 to 8, or 1 to 10 or above the formation of products
from alkylation of the aromatic compounds may predominate over the formation
of olefin polymerisation products. However when the mol ratio of olefins to

aromatic compounds is about 1 or above, the formation of olefin polymers will
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acconpl i shed by the nethod described in our copending
US patent application 60/530804 filed 18 Decenber 2003

woapplosgant ' s ref erence 2003B3is38/ PMR003- 120/ HARET/EPZ004/014475

anot her highly preferred enbodi nent the process of

this invention can be used in connection with the
conversion of a feedstock which conprises | ow

nol ecul ar wei ght aronmatic conmpounds in combi nation

with C3 and C4 olefins to produce a product which is

i typicRBY gaesioninae. boqulh@kw@Bﬂm r@?&ﬁg@ Ay hqscmecﬁte%gl the liquid

SRR R0, Be SO B3O Blbu ek e FARATPEsso IEpIMRlly bbb Redbten

o ar ei1n rom

aling sdlid phadphotic 20id azftdlyptr efW‘h@b hl}kyfatlﬁmﬁlﬂo ld:thylertep and the
about 30. I.n such an enbodi ment_volatile | ow npl ecu
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BFRHE AL o8 AARRIGNDSNEPTOARAL 210880 ACA0kS 0] Ghd ith

con erati can | ess vo
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e nGaE wheedtn o J0r uberitid e TySHRE Eflene, te
bﬂ‘el‘er@defdn{beﬁﬁtlhﬁé’ NRé Shel dl saPE YloaRSGPAI ORRbIvEnE PRRBUARS the

w ||l be obtained as products and the ratio of these
ppistuxedgemperituprs age fL LOTER oM. tIrdoHbrasesstagedinjection of the

Ol S PR Gh RS RORAD U b geist ook For

o aromatic
conpounds is about 1 to 4, 1to 5, or even 1lto 8, or
to 10 or, above the formation of products from

aﬂ&/ hydrpensd %TCW@YSM%qSé OE@%U%}:P%?TG&T&%W@M ina
gg%d bde v}ﬁl@ L ER 1619 Gmf’%e ﬁlqkf(f)lﬂl & MRhiRAbE Q'%utﬂﬁ&ldﬂéﬁétér In a

wever olefins to aromatic
ctmbplau rrel:mtors t]afboatalyit o caﬂttamed ih hee nfudtipladiiyoof ofbes|velfich are

IIt i cal l edo nat Such a
i B Pt R8s o B FatRe Fhoss ibeslilyieafly have an
t iﬁeerﬂﬁmetalm%m WHAH G l&sea%@p P51 EmpP gh%tﬁe)‘ Ridfdibe¥ can

preferred when using solid phosphoric acid catal yst.
Vidleq bal uspdl.atA rigbwlatt heagtonyib dresjuentiyd prefierable to a chamber reactor

because it permits a closer control of the reaction temperature and can be easily
constructed for high pressure operation. Ordinarily a plurality of reactors will be
used. For example an olefin oligomerisation unit employing tubular reactors can
have as many as eight or more reactors. The temperature in tubular reactors is
typically controlled by steam generation around the reactor tubes. Multiple tube

bundles may have their shell side linked up to the same single steam drum.

In a chamber reactor, two or more catalyst beds are incorporated into a single
vessel with a diameter in the range, but not exclusively, 1.5 m to 2.5 m. The
temperature rise across each bed, due to the reaction, is cooled before the next bed
with an external and cooler quench stream. This quench stream is generally

predominantly saturated hydrocarbon material and often is the product LPG
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ethylene may be fed in a concentrated or diluted from
even down to 5%in the ethylene feed gas, conditions

woayoshmssabout 3000C and 40- 652¢par, and with et RgTER2O0UO14475

aromatic ratios of 0.1 to 1. Wth other catalysts, and
typi cally when pol yal kyl benzenes are desired,
condi tions may be 15-20 bar and tenperatures of
420-4300C. When al kylating with propyl ene, typical
condltlons may be 200- 25Q0C and 15-35 bar. Using

filledein theﬂr@y lfrapn@wtlﬁayower drymstraameéitiighreaptots inythe process,

he |
TSP LI TS I8 LA > AR e
acf}emﬂee Iﬁea]:&ﬁ(iﬁlutsed E&Cﬁk@t lrcmu@bd/ bR Ghe eREHESRIC, 0léMME conversion

preferred tenperatures are 1100C to_ 1600C. In both
cligagiions ag fregeqniiodied ihynusing eHeworegetivityr Bedroeashormas a recycle

ﬁgrgﬁ-lefeﬁﬁgro EfueReld flactof TOSRLK ra‘ﬁfi)?o? nLr huen-gﬁeoetween multiple

rocar bon conversion process 0 nvention is
peatdlpst dbds/withinrthe cbaotok. |n a fixed bed. The reaction
can be perforned in a chanber or a tubular reactor. In
a tubular reactor, the catalyst is contained in a

NStk Pé Eletéfre%s tcHR %fSoni' LRyQEL 1o HIe" RHQILH D@ diluti

circulating cooling nedium T ese tu%es W | Fﬂfe ypi Ca??)(/)rto
hlavélf)aﬂlel proéuat alated | Borahstencef irf 2 propateas tfedbreantot CC@ kﬂmd)r Ci12

1 al t ho ot her, di amet er an al so be used.
e B o RS [oBlrdiny o 6 el 6 B BivisiB o the
rRagbPlo RREAYSBel fro@ft NHldts dduShRal BPiddatt ﬁf‘eahﬁeof carbon
reaction terlgaroature and can be easily constructed

r

higbess edwn Beer alaven sudy @ £4r§ loy (él%lhmakmrgs, ofn also be

r be u [ ex
RBGARL e b, Tt BociRby NG PBiP o Fekteliled. tgofheir Aol
hextiactien. TPl fead teethg Réactds ﬁﬁ&%ldb%cdimf.éd willdSuch recycle streams.

tenperature in tubular reactors is typically
controll ed by steam generati on around the reactor

t ]&ﬁbc 5 BraM:ﬂzé bﬂhﬁ g&%@%ﬁsﬁ@%‘@ﬁéﬁie@a&ﬂg&%@ g s%hﬁ %ﬁh%{’}}éig? Bcid,
r tha <fd:e<dstpclt vsocontactaglrveitic ﬂteesloyd tphbsrdierianeidi oratzd)ysp ar atm:b erature,

AT T e s
IS of ﬁfél"reg@fgnts dH8hd RhBcK ERfle @Rired %)r&ﬂl@csedDQﬁlfagf}ﬁ the

the next bed with an external and cool ef quench
stongagiing Tﬁneer@fumwwhll beripancéss ofshentasdir, mrédrabi}nanempss of

SRHE bR RRAIRY BRLELbe1as20 B eshlod B ey v
devisd lo8amt Of tdrhferhiORs iR the | fAngd) Fradh OBBES 50° to about 350°C,
preferably from about 100° to about 350°C and more preferably from about 125°
to about 250°C, it will be appreciated of course, that the optimum temperature will
be a function of the specific reactants employed and their concentration in the
feedstock. For example for the oligomerisation of propene and/or C; olefins the
reaction temperature will usually be in the range from about 150° to about 250°C,
though higher temperatures up to 300°C may also be used. We prefer that the
feed be preheated at least to a temperature in the range 150° to 160°C before

introduction into the reactor.
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or vapour condensate froma flash drumlocated in a
simlar position. Wiere a chanber reactor is used the

woeats/opsoduced by the exot her3d c ol efi n conver BCOMP2004/014475

reacti ons can be controlled by using a | ow reactivity
hydrocarbon as a recycle fromreactor effluent to
reactor feedstock and/or as a quench between nultiple
catal yst beds within the reactor. Qther recycle
streans can al so be rec%.cl,ed to the reactor to effect
diy the pPsties ofi the rengessyofithis ipyeptioe thesfeadsiockmean berpontapted with
[ : 2 ' .
e SR PR BB, B8 LA o o el P, BFEIL prosgpyes in
bibe rangy dtond abant tihte abewc200rbaroarenidsitablé md ppedmat iis tiat@nge
distribution. Bypr ct streans_of, carbon nunbers . i
o abpH f%@%gégg, ARS8 referTeds - S0 pXaney Mhep achyigical solid

CHosPHoRR R ERAYSE séeg%f fd %Bﬁvérgigil of gg{ AHE Lh DBy C%_Eleeﬁns to

possi bl e even recyc to thelr i nction.
f gagolintecblenving stack, shspresspraivild ubimllgibeub gk rahgd fremcdbout 20 to

r le str . In th racti of the process of
tﬁﬁ%8WH§E%F$§EE@Wﬁ%B??ﬁbBé%QBqéﬁmﬁﬁosphoric acid, the
feedstock is contacted with the solid phosphoric acid
catal yst at a tenperature, pressure and period of tine

viB¢achvaiion eff 4 selid phospborie geidtcatalyst dnving disorsedb catalyse either
l.east ;a port.ion of the reactants.in the feedstock t .
(i ToupRiatin? Rieln® gr e ARy Rrion ot Famahc rasgipounds with
taepel & s Willehed® béla @XGRT thé faxhatibn 9OB{gh boiling polymers
preferably in excess of 1000C, and nore &r‘sefer ably in

easyrogducts; JEarse bypsodustn Gatrmgingn the gatabishand unisigo further

. oy .
S S U ORI e
JhG0ficacadesneven haveftls apyposrdnceo mf @bkerlikd 2mtérinl akleke materials

2500C, it wil] be appreciated of course, that the .
dBt S ﬁﬂéfryatt BBl | AR Rlug oSt B GHtalpHie thgsehyy £rysing

I 5@ e . i r:.C : H t
O e ol T aavlF R gy out the
rogses ef nslinvent@n of & pirassure véhicte sctuificientetopeaiatain e liquid or

AN |1y be.in.th f t 1 bout .
SuUEr TR QU R GRUPCEERB R SeaPEehap b SBDBL nayS Lui or
hepsshteal ViItyRo@kIn Phade AL KegPdhdLoniRDARREh athal BRSthigh
to a tenperature in the range 150 to 1600C before

imelegdercvpight polversing tasare reshadhoff itee gatalystiand thérebhprolong
RLO ?ﬁﬁlﬁgﬁfif\}e\% ﬁ}&h'ﬂ%‘é&é‘&l&@ 5 }n%?e ]éﬁ“gc‘%ﬁfte 9% l%en%g\rzlmg Geat away from

contac
the active sites on the catalyst, thereby suppressing the formation of higher

molecular weight polymers or tar.

The operation of the present invention in relation to the oligomerisation of olefins
1s illustrated by the accompanying Figure 1, in which (1) denotes an alkaline wash
drum or tower to which olefin feed (11) is fed as is fresh caustic (12). Spent
caustic (13) is removed from the alkaline wash operation. The product of the
alkaline wash is then typically brought to the desired temperature and sent to a
water wash (which may be mildly acidic) at (2), where water (14) is introduced.
The olefin stream containing water then passes to a settling drum (3) where water

(15) separates out. Part of this water may be recycled to the water wash (2). The



the solid phosphoric acid catalyst at any suitable
pressure. However pressures in the range from about 1
wOQomwsgint77 200 bars are desiradl e and a pressur BCTHRPR(08/014475

range from about 20 to about 100 bars is preferred.

For exanple when a typical solid phosphoric acid

catal yst is used for the conversion of propene and/ or

Cﬂ oIefins to gasoline bl endi ng stock, the pressure
usually be in the range fron1about 20 to 100, but

p?léﬁ@ slagAny thendiasasdo @ walesest hotihergzlsgathg finer droplets of water
vat i [ [

Py ok Bhro 8L 3hq e e RIAIP LY A5 BRI ENSeFTr) s grovided

ofo determinesthe Ifed:dmbnqidsyioatamd Rewf a angomtetbladxer:ﬂﬂp@umﬂ@n level as

wi th o] efi ten believed to he a result of the
AR GREIGRbI B HERRS Ay 1SOGRAS Adhp At s perfommed at

mseA@eér REQAWAL T BRodiei a&emo ﬂanﬁeéra{ 3 @y%her olefin
undergo further conversion to hi nol ecu fit
p@iigomnr sis sdpacited esebbttenh qna@uctsar(w)aladd i the smtetﬂeasemoved

eve ce of coke- erial . These
e P (A TESE S b S b e Bk S D)
pores in the catal yst, thereby causing catal yst
deactivation. Accordingly it is frequently desirable
to carry out the process of this invention at a
pressure which is sufficient to maintain a liquid or
supercritical phase of hydrocarbon in contact with the
catalyst. This liquid or supercritical hydrocarbon
phase can keep the conditions such that the high
nol ecul ar wei ght polymers or tar are washed off the
catal yst and thereby prolong the catalyst Iife. Such
phase also is nore effective in renoving heat away
fromthe active sites on the catal yst, thereby
suppressing the formation of higher nol ecul ar wei ght
pol ymers or tar. The operation of the present
invention in relation to the oligonerisation of
olefins is illustrated by the acconpanying Figure 1,
in which (1) denotes an al kaline wash drumor tower to
which olefin feed (11) is fed as is fresh caustic
(12). Spent caustic (13) is renoved fromthe al kaline
wash operation. The product of the al kaline wash is
then typically brought to the desired tenperature and
sent to a water wash (which may be mldly acidic) at
(2), where water (14) is introduced.
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The ol efin stream containing water then passes to a
settling drum (3) where water (15) separates out. Part

wohodssg77wat er may be recycl® to the water waBOT(ER)004/014475

Theol efin stream then passes to a coal escer (4) where
also the finer droplets of water (16) are renoved and
then to the reactor (5). An on line analyser (7) is
provided to determ ne the feed conposition and send a
signal to alter the hydration | evel as required,

gﬂ%ﬁbbly by altering the tenperature of the water
wash perforned at (2). After reaction, the product
passes to stabiliser tower (6) where ol efin oligoner
IS sepapricess &g {hetdodNErsjpnootl oiaﬁné ]iﬁ) a asabtérhwhich comprises
vol atil es renoved overhead as, %ese volatlleél1 bed
may be CQIUPHSIY passing ¢ fosd cauIPE ayd Rl thgoyeh g be
p r OC eg§ cz{t 5'511 Wfief QO RESoP Q?Ifgltuﬁlsect)'fﬁﬁn laNcoAvERRARbduct, the

I Ses conti nuous passing a feed conprising

an oI e/fatan canténwaf dre fehd banlg altdzraahqaﬂymntarw@t agpotibing to an
conversion conditions .to conversi on product,
the waRalysigg ?@ﬁPH@PmPﬁ%O;@QEu%eing automatically
controlled according to an analysis of the conposition
of thent @RsbesPaccdiBnPioA] SRS 1 A€ GBI tE wialerd$ itfdddicddninto the
which the water is introduced into the feed by neans
of a Weeddry mears.of 3 walttevashocess according to claim 2
in which one or nore coal escers are provided

ownstr eam of g

o any e BRadr et ABRL2 f BleR PeoGE R CpRL el are
the f gaslid&l duvemeinodiieywatentad. | ed i n dependence on
the results of the analysis by one or nore of (a)

I ntroduci ng wat e nto the fe the

nd (AP pRgpepticceuii i orereiieat T e hirE Tt Btk 868tent of
adj usty ng.dhhg déu SH@fY rcsn@&lédhﬁl BeHeRlcritaSth the. reflles of the
process according to any of the preceding clains

wher eianalgsis dry-driere ramaqus(@)r 1rntr9dp¢1@gm@éqg inte t@gtf@qdn{lﬁéirymg
the C SI t n(cg 2 cfageg gvéllfaega | twé[tgr (’Vgﬁl E %e]lélle adjusting the

r eact o any

preCGQ&ﬂﬁaﬁh@éHﬁhbmdMNwwmjhe anaIyS|s of the r eact or
feed al so i ncludes a neasure of the concentrati on of

5. The process according to any of the preceding claims wherein an on-line
analyser is provided to determine the composition of the feed as it is fed to

the reactor.

6. The process according to any of the preceding claims in which the analysis
of the reactor feed also includes a measure of the concentration of

oxygenated components.

7. The process according to any of the preceding claims wherein the water
content of the feed is controlled to be greater during the initial phase of the

process than the latter phase of the process.

8. The process according to any of the preceding claims in which the

conversion products are separated from unreacted olefins and diluent (if

any).
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oxygenat ed conponents. 7. The process according to any
of the preceding clains wherein the water content of

woOheosiosgd7i s controll ed to bg3agreater during tRET/EP2004/014475

initial phase of the process than the |atter phase of
the process. 8. The process according to any of the
preceding clainms in which the conversion products are
separated fromunreacted ol efins and diluent (if

any).9. The process according to claim8 in which the
nr eaclibedprotess iageording/ torclain delint which theynreaeted radefins| adl/or
to the.reactor.,10. Th rgcess..according to any of

t he p?%@“@ﬁH%mg?gFﬁgﬁ?ed&ﬁﬁgﬂfﬁﬁgnconversion i's
performed in a tubular reactor. 11. The process

docor dihegptoeesdnyccofdifg ab n@nyl of ah® proceding leldife in which the
conversion is perfornmed in_a chanber reactor. 12. The

pr oceSENYEEIGR & PRyTorged Hya BbBIEEFASEICl ai m i n whi ch t he
conversion is oligonerisation. 13. The process

cor d L ad ' Versi JU
S Cor g TR R 1 BLIE OBV 3400 B fhhin
3Q0C tperfatrd@Tn dehanibherepetoress according to claim 12

or 13 which conprises the oligonerisation of a mxture

g% C3.and 4 olefi§§. 15. The Rrocess aq&grgig€ to . .
ai m ¥ BPOCES AGHTURS (O APY PLESIPRS B Tolrdieh 48 Faepton 18
et hyl eligonRfigohene, butenes and/or anylenes to

produce C6 to C15 olefins. 16. The process according

to any of clainms 12 to 15 in which the conversion
dPoduckhs aresessuapqrdipef tor cladm 13 whersy e tcoprersion opduct

17. T kng: 1 ' [ i
conver SR aLiy S SPGB Skl JVCEIIAE, o

according to any of clains 1 to 11 in which the
ddnverBicoprocssal dogbmingnto claim 12 or 13 which comprises the

oligomerisation of a mixture of C3 and C4 olefins.

15. The process according to claim 12 or 13 which comprises the
oligomerisation of ethylene, propylene, butenes and/or amylenes to

produce C6 to C15 olefins.

16.  The process according to any of claims 12 to 15 in which the conversion

products are purified for use in subsequent reactions.

17.  The process according to claim 16 in which the conversion products are

desulphurised.

18.  The process according to any of claims 1 to 11 in which the conversion is

alkylation.

19.  The process according to any of the preceding claims in which the catalyst

comprises a zeolite catalyst.

20.  The process according to claim 19 wherein the temperature of the

conversion is from 110°C to 310°C.



19. The process according to any of the preceding
clains in which the catal yst conprises a zeolite
woavmlogst7z 20. The process agﬁording to cl ai m ROT/EP2004/014475

wherei n the tenperature of e conversion is from

1100C to 3100C. 21. The process according to any of

clains 1 to 18 in which the catal yst conprises a solid
phosphoric acid. 22. The process according to claim 21
wherein the tenperature of the conversion is from

3P00CTHe p’f‘Qc%Qaccording to any of claims 1 to 18 in which the catalyst

comprises a solid phosphoric acid.

22.  The process according to claim 21 wherein the temperature of the

conversion is from 200°C to 300°C.



