WO 2005/ 058777 1 PCTI EP2004/ 014475 | MPROVEMENTS | N OR RELATI NG TO CATALYSED
REACTI ONS The present invention relates to inprovenents in or relating to
acid catal ysed petrochem cal reactions, in particular to the

ol igonerisation of olefins and 5 alkylatlon with olefins. The condensation
reacti on ofVQMHPBITn or a mixture of blefins over an aP&Tﬂzpé‘?ft"%"??t to form
hi gher nol ecul ar wei ght products is a wdely used comercial process. This
type of condensation reaction is referred to herein as an oligonerisation 10
reaction, and the products are | ow nol ecul ar wei ght oligomers which are
formed by the condensation of up to 12, typically 2, 3 or 4, but up to 5,

6, 7, or eveMRwﬁMmmeﬂvaMGemtﬂm bsmggeq«m ggein, the term
"oligonerisation’ Is used to refer to a process e formation of

ol i gomers and/or polymers. Low nolecul ar wei ght oleflns (such as et hyl ene,
pr opene, - but epnes. ten hexenes)
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bl endi ng %to@&ﬂﬁﬁ gﬁﬁﬁg?%rtlng material for the production of chem cal

i nternedi ates and end-products. Such chem cal internedi ates and end 20
products include al cohols, detergents and esters such as plasticiser esters
and synthet| beP%@ﬁ%ﬁ?ﬂ@aﬂwefﬂb@eﬁnWr%mweapkﬁnq%%é%v%@amwta plurality
of tubular o (e lvIN oric acid
and sul furi C{Oa%)?‘?l a eE I%O?%g ﬁ%\%%gpg&é;gti %dgégnerlggtlg%@% The acid
cat al ysed al Khisdyponf obndgnsation w@cmmptﬁéqmﬂn‘o hmwmm&rmlsohﬂomnsﬂt@m ns is a
wel | - kno r 0 i i S xanpl e,
ethylben?@negggﬁg ﬁg¥§h§ﬁ>eﬁgﬁé@ﬁ ‘§8ﬁ%§£§§ﬁgh ro ugﬁg&mefI%wglkylatlons
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utilised to catallyse this Brocess q
molecular weight olefins (such as eth ene, propene, 2-methylpropene, 1-butene

15  and 2-butenes, pentenes and hexenes) can be converted by oligomerisation over a
solid phosphoric acid catalyst, an acidic ion-exchange resin, or a zeolite catalyst,
to a product which is comprised of oligomers and which is of value as a high-
octane gasoline blending stock and as a starting matenial for the production of
chemical intermediates and end-products. Such chemical intermediates and end-

20  products include alcohols, detergents and esters such as plasticiser esters 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,

25  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 Cs to Ciz olefins, respectively. Sulphuric
acid, HF, phosphoric acid, aluminium chloride, and optionally supported boron

30  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-



such materials include anorphous and crystalline alumnosilicates, clays,
ion WD 2005/058777 2 PCT/ EP2004/ 014475 exchange resins, m xed oxi des and
supported acids such as solid phosphoric acid catalysts. It is known that
many of these acid catalysts require the presence of a certain anount of
wat er in or ¥&2595%7bvi de optimal catalyst activity. 5 BSIVERRp#&IROri c acid
catal ysts are typically prepared by conbining a phosphoric acid with a
support and drying the resulting material. A commonly used catalyst is
prepared by m xi ng ki esel guhr with phosphoric acid, extruding the resulting
paste, and calcining the extruded material. The activity of a solid
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i ncl ude orthg-phosphorjic acid. (H3PO),.  pyro-phosphoric acid (HAP207),
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the surfage of .the,crystals. The activity of a solid phosphoric acid
cafal yst?gnda?i?l? *f%g?ﬁ?‘EESF%%e%‘ergati on in a hydrocarbon conversion
process, such as an oligonerisation or an al kylation process, wll be a
function of the degree of catalyst hydratiqn. In an olefin oligonerisation
process, a pPgﬁehcrrs% %MO§§1$&?§%¥%IYM898%&%@’ e o e willieatpe used to
convert over o@en@fdiffdrgronl ichdthet 1h tReif &L FTekndeBsdticAh The bRRAIGasABr Wei ght 30

ol i gonmers. However, if the catalyst contains too little water, it tends to
have a generally supported on silica and consist of silicone phosphate crystals coated

15 with various phosphoric acids. These acids include ortho-phosphoric acid
(H;POy), pyro-phosphoric acid (HsP,07), triphosphoric acid (H3;P30y), and
polyphosphoric acids, and the precise composition of a given sample of
phosphoric acid will be a function of the P,Os and water content of the sample.
As the water content of the acid decreases the degree of condensation of the acid

20  increases. Each of the various phosphoric acids has a unique acid strength and
accordingly the catalytic activity of a given sample of solid phosphoric acid

| catalyst will depend on the P,0s/H,O ratio of the phosphoric acid which is

deposited on the surface of the crystals.

25  The activity of a solid phospheric 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

30 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



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 WD 2005/ 058777 3 PCT/ EP2004/ 014475 its tendency toward rapid
deactivation throu%h coke formation. On the other hand, excessive hydration
of a solid BAGWNS 7T acid catal yst caB cause a change PGRERMI/O0HYST a
structure, leading to | ower density and swelling. This change may cause the
catal yst to soften and physically agglonerate and, as a consequence, can 5
create high pressure drops in fixed bed reactors. Accordingly, there is an
optimum | evel of hydration for a solid phosphoric acid catalyst. During use

as a catal ysty G ORrod S ol horic acid
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bei ng cont actoﬁgmwntlg,elJ)fhﬁra%ugg-&%h@kﬁdé hAMaYEIcaiassNydr ocar bon feedstock is
used with a properly hydrated catalys ltj catalyst will typically |ose

wat er during use, and will develop a | ess than opti mal degree of hydration.

Accordi ngly t { @ﬁﬂ@ﬁ g..to maintain

an optinmal |eéeve g5$§catE@igﬁﬂﬁ}ﬁgg?géﬁ?uEggﬁgéggggﬁaﬁsScon entional to

i nj ect addi t iacidaatalyat 'erll devbtmpt%gfeeexﬂﬂwdmﬂmn whish udly ﬁufctmmef &btﬂmnk of water

on t he pgrfornance of d éauglc C|9 cata b{ % sts for the
al kyl ati df ofzﬁﬁﬁyﬁﬁ% %l% SHER g 5rﬁﬂ%§ g Hg OF propene is

set forth i nffacteeby &W\ﬁdtérl cfdn&nbyf ﬁa\f@ﬂstoect which is\pgihg ecd:t@a&dadvms tis A

General , 97, 177-1 (1993 an altern tive ncor orating

wat er into acg'gb’ﬂsms“[ %’?W RSP Pt "Wl thy °§%‘$¥SH phoric acid

catal yst, it TheSapgdus pre¥6es dfrv@ﬁ&s(ﬁ@r b GoBd @hdspBe®) hcid catalyst varies w1th

ternperature and it is important to keep the water content of the feedstock in

15  equilibrium with that of the catalyst it is being contacted with. If a substantially
anhydrous hydrocarbon feedstock is used with a properly hydrated catalyst, the
catalyst will typicaily lose water during use, and will develop a less than optimal
degree of hydration. Accordingly when the water content of a feedstock is
inadequate to maintain an optimal level of catalyst hydration, it has been

20 conventional to inject additional water into the feedstock. A study of the effect of
water on the performance of solid phosphoric acid catalysts as catalysts for the

E 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).

25
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-propancl, to the feedstock, to maintain the
catalyst at a satisfactory level of hydration. For example, US Patent No.

30 4,334,118 discloses that in the polymerisation of C;-Cy; 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 smount of an alkanol in the



anount of an al cohol, such as 2-propanol, to the feedstock, to maintain the
catalyst at a satisfactory |level of hydration. For exanple, US Patent No. 30
4,334,118 discloses that in the polynerisation of C3-Cl2 ol efins over a
solid phosphoric acid catalyst which has a siliceous support, the catal yst
activity caﬁoﬁ@“’ 0587ht ai ned at a desirdble |evel by i ncPUHERMI#Thor anpunt
of an al kanol in the WO 2005/ 058777 4 .PCT/ EP2004/ 014475 ol efin feedstock.
It is stated that the al cohol undergoes dehydration upon contact wth the
catalyst, and that the resulting water then acts to maintain the catal yst
hydration. 5 As well as using solid phosphoric acid catalysts, it is known

to use aci di qlaRKebdsfick CRUALNBE $hat He AMBOOIIISROEY dehplialthn GpondoBfabns. PCT
publication WD 93/16020 discloses the use of 'such zeolites, and al so that

the sel ecti vivtith tacatatyst, aodh thet éheoliﬁsulblﬁg whisr 81en gstrelp imaintgin the salebst can be

i nproved by the. gddition of snmall ambunts of water to the oligonerisation
reaction. 10 ere a zeolite catalyst is used it nay be any zeolite that is
active in alkene oligonerisation reactions. For exanple, there may be used

a catal yst. se| ect fro ou in f zelltes

oty 5ty s TP wsagld Phogth SO Ui i Kno o e it ey 0 . o)
or zeolites Qhtalysg M’Ehébﬁgtﬁﬁesﬁs@n&ﬁofbn&inéforcrmﬁnéﬁohkmzmomz 1) or
zeolites of the MFI _structure t (for '\4%@ zeol ites of
the MEL st r udissloses hpaseqfsnchuzes ﬁ%ﬁeandraiszémt ﬂl@lﬁe Q?FW%?J‘} SOFFerENe Mrw
structure tyReHef 4 oﬁﬁﬁéﬁ]@hsmck&s%%égﬂ ro Add@fon okl kiABude 6 Structure
type (for exanple, EU 1) zeolite or any nenber of the

ferrierite stwmtfﬁﬂﬁoha‘ml?f&san@méq{loéxanpl es of suitabl e catalysts are 20
offretitqy, HZSM4, HZSM 18 or zeolite Beta. Reference is nmade to
"Synthesis of High-Silica Alum nosilicate Zeolites' by P. A Jacobs and J.
A. Martens (%h&rb astretiteamtalyst invese8 3t imaythvearyercolits thEt wdictze im alBeme ace

Science and SabShU Tl e is? 5 GRIPRL oMICoY L IFBLE LSRRG oo, o e
synt hesi sed Jidnhthstgraghcionsistingodf z&olites of the TON structure type (for example, H-
ZSM-22,, H-ISI-1, H-Theta-1, H-Nu-10, KZ-2), or zeolites of the MTT structure
15  type (for example H-ZSM-23, KZ-1) or zeolites of the MFI structure type (for
example, H-ZSM-5) or zeolites of the MEL structure type (for example, H-ZSM-
11) or zeolites of the MTW structure type (for example, H-ZSM-12), or zeolites
with the EUQ structure type (for example, EU-1), or zeolite H-ZSM-57, or any
member of the ferrierite structure family. Other examples of suitable catalysts are
20  offretites, H-ZSM-4, H-ZSM-18 or zeolite Beta. Reference is made to ‘Synthesis
of High-Silica Aluminosilicate Zeolites’ by P. A. Jacobs and J. A. Martens
! (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.

25  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

30  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



tenpl ate, for exanple, faujasites, zeolite L, nordenites, erioites and
chabazites, the structures of which are contained in the "Atlas of Zeolite
Structure Types' by C. Baerlocher, W M Mier and D. H d son (published
by El sevier _on behalf of the Structure_Conm ssion of tP /kﬁﬁ)&ro'i'f’a% onal

Zeol i te AssWOMYOSH " 5th Revised 30 Edifion, 2001). Zeolf Ve Catalysts having
crystal structures that are essentially the sane as the crystal structures
of the above-nentioned zeolite catalysts, but differing slightly therefrom
in chem cal conposition, may also be used. Exanples WO 2005/ 058777 5
PCT1EP20041014475 include zeolite catal ysts obtained by renoval of a nunber

of al um ni um ingnide ZEb61t8)calystdYobidigdnb genidval bha @ibee offfinioiad icheol i t e
catal ysts; and zeolite catalysts obtained by the, addi ib’l on of different

el enents (for Tesadp Yy slsreeme o dhe abovs-gentionghyzeolite catalysiypPrd zgplite

| pregnat i on QR ICaE bORmEX 6 MrRAditRh oFViiffeRert RERHRR! @r XAmP HoReh, bR zeolite
synthesis. Mxtufes of two or nore zeolites e.g. a mxture of ZSM 22 and

ZSM 57 or zShand zaliven)z gkt Sexamnleh ebyu degiregmativing oF oebidn | erclmgg, r6b838B1. O

alternatively, . . Lte of each crystal, a |ayer of another
zeolite caﬁ bE“%@%%é‘P‘%g‘g‘@;‘ﬁé%ﬁﬁ%@‘%ﬁd in EP 0808298B1. The zeolite
conveniently has a crystallite size up to 5 msuch as wthin the range of
fromO0.05 to for .exanple fr 0.05 t0,2.0 t v cal 0.1to
A as- synbHbIe oS e s aehiust ST oS R A ReiRs b 28 o m
for 15 exanpl g2 hyd 2SMCS EdneatusRIds distloged i0EPHLCY46,538Bh ORIy aneXchange,
and subsequeg]':el cal ci{]ed bef ore ?ﬁse in the procecgs of Jinyentiqn. The

cal cined mat Beishrfaceaeplifsof sacdy cryyialea faygr okapophen 2eqlife eanbageRgsitediasi s al so

pozsi bl e §{® ugReclosd ih 8P oI n the art, a material in which silicon and
al um ni um have been replaced in whole or in part by other elements. Silicon

may, for exanple, be replaced by 20 germani um and/ or phosphorus; and

al um ni um nor i . j & i i @raﬂ\éﬁt erials
cont ai ni ng sugﬁé‘\?éé]%&a%ék%hrﬂétmrgatg{?%Stgﬁgén%%gt? tgﬁreﬁmg soﬁgg%éa 'y "t er med
zeol i tes, andof fiemteeimo Jum|Sedexampiehfrem Br(Sad .0 se rmmd typicdllyifom 8ddci fi cati on.

The zeolite rﬁl nhlt &ewgs%&(ggi;e%dzegﬁte lflsngéjvpagtgééo%a& c]:n(l)\Ir’ertgé ?o tsl gciti Pon%t]teor
15 example by acid treatment, e.g. by HCl, or by ammonium ion exchange, and
subsequently calcined before use in the process of invention. The calcined
materials may be post- treated, such as by steaming. It is also possible to use, as is
known in the art, a material in which silicon and aluminium have been replaced in
whole or in part by other elements. Silicon may, for example, be replaced by
20  germanium and/or phosphorus; and aluminium more especially by boron, galinm,
chromium and iron. Materials containing such 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
25 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 99wi% of the zeolite, more preferably from 50 to 70wt%.

It is also known from, for example, United States Patents 4334118 and 5744679
30  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



powder form or used as an extrudate with an appropi ate binder. \Were a

bi nder 25 is enployed, the binder is conveniently a netal oxide, such as
alumna or silica and is present in an anount such that the oligonerisation
catal yst contains for exanple from1l to 99wt % of the zeqlite, nore
preferably PYOHIEHSTE 7omt % 1t is al sobknown from for PEREROLOIHTS t ed
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ol i goneri sation process an al kene-containing feedstock wth a water content
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PCT/ EP2004/ 014481 tiiet lodiial N tigOhREl: Hand Wikesdlds CRRSeEAkuliir| e eased,
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increased by a variety of means. For exanple, the feedstock can be passed
through a jhegnostatic ter,saturator. . Sinc e, anount . of water. required
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with particular advantage in the 15 oli %OTTEI’I sation of C6- al kenes. |If,
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15 oligomerisation of C3-Cg-alkenes. If, as may be desired, the alkene-containing

feedstock contains as diluent a hydrocarbon other than a C,-Cjj-alkene, for
example, a saturated hydrocarbon, that other hydrocarbon is to be included in the

hydrocarbon content for the purposes of caleulation of the water content.

20  Accordingly with the use of either phosphoric acid or zeolite catalyst it is known
that water may be added to enhance catalyst life and possibly also improve

| 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

25  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

30  line with low catalyst activity and low olefin conversion before optimum reaction

conditions are achieved.



before a catalyst change is required and it is desirable to optim se the
selectivity 25 and conversion of the reaction throughout the run. United
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nmost i ndust r i adcordingc tos $es cempdsition phdke desder iHyatieprossi bastegstionheare ef i nery
feed that,is . if t 0 r.Si 1.0 il
contain | Wpur Piofiiic 88 fre e 8 e MEBAERLRER EQRBOT U TORBBSELPORRY e
detrinental tfeed.he hydrocarbon conversion reaction and are frequently
renoved prior to the reaction, 20 by for instance a water wash. In olefin

ol igonerisation the feeds are frequently subject to a first al kaline wash
to renove aci The ppsb@r ivpstivness fcohdemaddwhly the optimisation of the reaction

conditions by adjustments of the amount of water present in the feed.
15
In most industrial processes such as that described previously, the refinery feed
that is to be used in the hydrocarbon conversion reactions will contain impurities
such as polar compounds. These impurities would be detrimental to the
hydrocarbon conversion reaction and are frequently removed prior to the reaction,
20 by for instance a water wash. In clefin oligomerisation the feeds are frequently
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

25  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
30  solid phosphoric acid catalyst water is required for catalyst activation; whereas

when using a zeolite catalyst water may be required to temper catalyst activity.



weakly acidic water wash. The | ast water wash typically produces a feed
stream which is saturated with water at the tenperature at which the water
wash is perforned and, accordingly, can be used to provide the water of
hydration 25 required in the reaction. The activity of the catalyst in

rel ati on t oMMOBWBT T cul ar feed that is8being processed PCTEPPBHPIYF| ed by

t he anbunt of water present. The requirenent for the presence of water

vari es according to the nature of the catalyst. For exanple, when using a 30
sol id phosphoric acid catalyst water is required for catal yst activation;
whereas when using a zeolite catalyst water nmay be required to tenper

catal yst acti yigyine PRs2RAADRE whdnd ThbERIWAQ 4R is Thsrtid & anesence of
wat er and the anount of water present is inportant in all” these

ci r cunst ancesthepacitep@ptancebon conversion reactors there is generally a
tenperature profile 5 throughout the reactor, the optimmprofile dependi ng
upon the nature of the feed and the catalyst. W have now found that
particul ar opli imydrocabat eonveosiati réaotess tiesy ibeesarsiiiaiantechpetatwwelginafiic a react or

run if the_water content of the f.eed is_.. continuously controlled according
to the con%osillr?“&ﬁmgftgﬁ?@& reibﬂ.‘)p W‘J@Féiﬁ%‘wpmgi‘ﬂl?%ﬁ}ei ﬁmfb?%tb? gﬂgg a process
in which hi ghad ®elchtiysty W haGORWe fiind That FaMticligr stathis echo®R cbidgtionkN t he
reactor run and/qQr in which the activity and conversi on can be naintai ned

during the rufaydspivsiained (Eppghonbadessinr/yn 1€ henyalsr comentid e ksdsiSti on of

the reaction E&ﬁﬁum}sﬁrc%ﬁﬁeﬂé&idagor‘dﬁg&é‘&e!a&’ﬁﬁ@smc)nidi‘{}féf‘fkéd?” there is provided a
process for the convérsion of olefins in a reactor which conprises

continuously passing a feed conprising an olefin and water through a bed of

catal yst de QN 1.0 ) A i , the
wator” cont ont 7F DGR B aRckL AT ok e hEBRLR LRRUELS), L BOONSR. | 6 an
anal ysi s of taycenpoelisad enliaf int the feegor nBO ald/ore imasthichethg tdtigitprapdent
i nvention provides.a prqecess for.the conversion fi i p._a reactor
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in the composition of the reaction feed.

15  According to the present invention there is provided 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 automatically controlled
according to an analysis of the composition of the feed.

20
Alternatively the present invention provides a process for the conversion of

i 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

25 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.

30
The invention therefore includes processes for the oligomerisation of olefins or

the alkylation of aromatic compounds with olefins wherein a hydrated olefin feed



olefin and water through a bed of catal yst under conversion conditions to
forma conversion product, the water content of the feed being greater
during the initial 25 phase of the process than at the | atter phase of the
process. In preferred enbodinents, this process is practised with one or
nore procesWOr0H05%78% as expressed el sewhere herein; fBYTVERRAMINHTS such
process may be practised with automatic control of the water content of the
feed according to an analysis of the conposition of the feed, as nentioned
herei n above. 30 The invention therefore includes processes for the

ol igonerisation of olefins or the alkylation of aromatic conpounds with

ol efi ns wher g, N Al Lt : . Y/ : /014475

i s continuous ;b opassgﬂ?bﬁ%ggéﬁ% ga%égﬁgfo\@%g%%%?ggﬂzo%@g%ﬁy a?i on

cat al yst  undexdenbligporesisitoatar afkytation [ckyditirisowhereincthe ivetes conthdrafithe t he wat er

content of th feed | tonati cal | y..control | ed corgj he
conposition o eq Ké pggaﬁc%ﬁgpﬁ&ol}eg%c%&rfggg gor ﬁlaﬁ?lpﬂ%ﬁ?%leo%éﬂ% a?m%ﬁésée of the
process than geatéheuringt therinjshbpkease fof tthe prdzear ihae 25 thel hetec phast \Wftthe ar e
generally acidic and the use of the techniques of this invention allows the
opti mum ad di®°HF the catalyst to be maintained through the reactor and

t hroughout the reactor run. The preferred oligonerisation or alkylation 10

conditions to be enployed will depend upon the particular catalyst that is
used, and wiThe @@Aﬁtwpﬁ%ﬂw@hﬂ@m theproof the techgisaps eldhisdpysafian ur e

profil e thr ougiQiiine bBEmiGIERRY of MCQRAIR% bY 1R ARP B Sueflind Reclopventi on
the catal yst conprises a zeolite catalyst. I'n this case, the tenperature
of the converaidothroughout thé irgastrer fugat The poeferddk pligameisationnery abkglatibmr exanpl e,
inther e 110C t o 0C. Accor di t o anogher . as cat al yst
comprises a s%"lﬂlg‘gl"a%"s pen?)IPP 18&3.12@31 &%’ﬁn&)fl I?ﬁnstthg gé%{“ﬁﬁ%@@%ﬁ?tal ﬁlgeél)’/ of the
conver si on, eargl willl gegenity bsaich @an toproside \al debirgintempa@tuneagrofite, thfooghamxanpl e i n
the range 200C to 300C. The present automatic process control invention

al | ows opti mMFEBRETti ons to be

According to one aspect of the invention the catalyst comprises a zeolite catalyst.
15  In this case, the temperature of the conversion, e.g. oligomerisation or alkylation,

may be, for example, in the range 110°C to 310°C.

According to another aspect, the catalyst comprises a solid phosphoric acid. In
this case, the temperature of the conversion, e.g. oligomerisation or alkylation,

20  may be, for example in the range 200°C to 300°C.

{ 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

25  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.

30
The difference between "reactor" or "run” conditions depends on the control

capabilities. If hydration (i.e. feed water content) control of an individual reactor



sust ai ned despite fluctuations and/or changes in the conposition of the feed
by nonitoring the conposition of the feed, and adjusting its water content
according 25 to the fluctuations or changes identified. In this way it is
possible to match a reset target of the free acidity |evel of the catalyst
at average ﬁ@%&@%@ﬁﬁﬁﬁlor run conditid@s. In a process RGIERRERI4 e ol ef i n
feed is subjected to a water wash, it is preferred to adjust the water
content by altering the tenperature of the water wash to a tenperature at
whi ch saturation of the feed provides the desired water level. 30 The

di fference between "reactor” or "run" conditions depends on the control
capabilities.;l ra@k | I -ent

i ndi vi dual relgg{ots)r gbﬁgg%%%ge%&%o e%c%%g%ﬂécﬁ?%ﬂﬁ%ﬁ%@ﬁ%%gg%%ﬁe t he
control targews. dfenlygpue hydmtior candmblistpiremidedafior a aatjge of seactoromgiarallee  run. | f
only one hydrgati | [ OVl f.or n I in parallel,
whi ch al nost %h‘ésgfq%rg%?;{egfrm é’lhg 3f)éfﬁhglr%gtn t‘%gf giél[eug’o t%%eﬁ,lsefbﬁé‘?‘{rg egrgf' is for
average run cwwditions.ods prefered eirbodiatnieofihdi"reacbr'ofontiitiens' tagge isowhereondi ti ons
target is ere 5 one saturation step.is.conplemented w.th. water injection
Capabi |1 1156 PR PHEAGOT Pk s cPBPIIEHET Oy FBRL I RBRE (aP UPULE for 1§ o
particul ar (aggdLaedachAAfti¢duiOreadiSN e hdie Sor Ib?miamwgav@ﬁgé)am@ﬁ_ﬁhgcul arly
concerned with the production of C5 to C20 olefins 10 borling in the range
of 30 to 310Cconditimer ably 30 to 300C, nore preferably 30 to 250C, from
propyl ene and/ or butene and/or anyl ene feedstocks or their m xtures, though
ethyl ene may be present as well. In particular the invention is concerned
wi th the prodilibe myantish is particolatly wpnegmed efithrbe pRiductidn eft Cote Caredréing C)
Products ASTMLEROT R 0l @be 301l SRBCTRLAY 30-B9b60-c, RER'AGEApE ot enes 35

72 ' Hept enes

to 250°C, from propylene and/or butene and/or amylene feedstocks or their
mixtures, though ethylene may be present as well. In particular the invention is

concerned with the production of the following olefins.

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

15
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



Cctanes 114 126 Nonenes 135 143 Decenes 155 160 Undecenes 167 178

Propyl ene Tetraners 175 225 O Dodecenes Tridecenes 204 213 15 In addition
to enabling the yields of higher nolecular weight al kenes to be increased,

t he process of the invention enables the oligonerisation reaction to be
carried out V¥ 20080%8F17vel y | ow t enper at urtes. Where sol i d BSAGPpHGP14475aci d i s
used as catalyst, the contacting of the feedstock with the solid phosphoric
acid catalyst is WD 2005/058777 11 PCT/ EP2004/ 014475 preferably carried out
at a tenperature not exceedi ng 260C. Advant ageously, when using a
phosphoric acid catalyst, the contacting is carried out at a tenperature of
from180 to 25 ef erabl v, 180C to 240Q0C. enusi zeol.jte catal yst the
contacti ng isp;?)er%er e1 g%ﬁnfgcogﬁ ??%%W%g? ngtt}écr?ﬁ%’%igtzﬁgne@i rﬁ& Wil uS'(ri]éinge 180C
to 310C. W hahen fusinigdat plakplidiie aoid casdysnf the heonpicseris daniegnbutoat anabl es a
reactor enploying soli h hor | ¢ aci i risgLion catalyst to
operate at hi é%npegﬁﬂrﬁlﬁ%ghgg&v@t%ﬁ%a&@r ?I&S’Vagﬁﬁ\*fg%?’& %ﬁ’é&?ﬁgél y when
the reactor atbditdeathips thé coORbitieNs PréfSab®' dafidldl G a&%nﬁﬁlg%th&@hﬁﬂ{é pressure
condi tions, or shortICy thereafter, 'such as after only 24 to 48 hours. W
have al so PourtreeA8°GitadiPlocess of the present invention enables a

snoot her running of oligonerisation reactions enploying a zeolite catal yst.

In particular the invention |leads to a reduction of excessive exotherns at
the start of OJpehare dnmdf thehther pmoesorof] thadweseni invehtiers lenables18d kzabwhl vy

regenerated catalyst, | ase of a regenerable.catalyst,. ave. al so found
Chat the. pr es P TEsobd gitBfaf wdt it SRR GPR LpNS o pPeal ARt §
conver si on t o chelystnativity ame dlefie Sphicssi@animmétatelg sviendhe teatlon @ttaiag thiens in t he

It f the f L .-
Cor?pos t 01'6 ° opttimgm %ﬁgomensatmn temperature and pressure conditions, or shortly

thereafter, such as after only 24 to 48 hours. We have also found that the process
of the present invention enables a smoother running of oligomerisation reactions
employing a zeolite catalyst. In particular the invention leads to a reduction of
excessive exotherms at the start of operation of the reactor loaded with fresh or
15 freshly regenerated catalyst, in case of a regenerable catalyst. We have also found
that the present invention enables high catalyst activity and olefin conversion to be

maintained despite any changes and/or fluctuations in the composition of the feed.

‘We have found that in certain reactions employing either solid phosphoric acid or

20  zeolite catalyst the catalyst activity and acidity are too high 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

25  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

30 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.



We have found that in certain reactions enploying either solid phosphoric
acid or 20 zeolite catalyst the catalyst activity and acidity are too high
initially, and that benefits can be achieved using nore water in the olefin
feed during the initial period of a reaction than in |ater stages once
stabl e reactWO#HO¥B¥H7t i ons have been 4aechi eved. For examSTEPI&RI4EHD| oyi ng a
phosphoric acid catalyst, long life may be achieved if the water content in
the feed over the initial phase of the runis in 25 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 wher eas

the high actiyi G ers) o b ntent is
reduced to V\/il%{"ﬁfe}{nabﬁﬂ@ml‘%ﬁaephﬁe %@ﬁ %B@?qﬁnagpﬂg%%h &%’e na%t) sty activity
and conver si ofor ip s 48dnrsaabieprefdrablyiup t6 20@bireved that this hydratlon 30
profile over time contributes to a snoother tenperature profile,
particularly in tubular reactors, and in avoiding tenperature excursions in
certain part sagdordiR@y, ﬁ?&@fhﬁ%es%qﬁvénﬂ@ﬂ 1@ pliel ©HlER: &g@ﬁﬁﬁsa\r@n%& ng and
hence catal yst deactivation. "WO 2005/ 058777 12 PCT/ EP200 4/ 014475 Preferably
the initial prrassat gienting fugfher(repyidesyteppiquee Wheghe thawreler comterfithe| asts  for
up to 48 hour r egl{bqs;, t he
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may be manage rea t|o run.in ord 0 cat al yst
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the feed y be saturated wat er, (at erat in the
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| evel requi r eglideyhetibfios &opditiess. @Jb&ﬂ@ﬁéﬁt&é&ﬂnﬂﬁze%ﬂdieta er gFofy eni ent
technique for the adjustnent of the water content_ of t feed, is to alter

the tenper at uFaickeRMEY 8hthe deadnts taafter thiieapperatire smplayed H’cﬁhééi%aée‘ sk he

tenperature wigd rziﬁxsﬂllc;eaéenmathg't ?éraﬁ&?et KA1 60k SAta Righer SR 8t at Wher eas i f
the tenperature is reduced the wa content at saturation 15 will be | ower.

I f the water $agyeiion wheises ifahe tonpermturaderedpgeg the watsr centent at setgrafipe

15  will be lower. If the water level is too low, more water may be injected into the

feed or, in case of several reactors operated in parallel, water may be injected
directly into the feed to an individual reactor to achieve the desired level. This
control in hydration enables the system to compensate for changes in feed
composition, changes in reactor temperature, changes in recycle rates and
20  variations in the proportions of reactive materials (such as olefins) 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
25 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 séparating two liguid 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'
30 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)



feed or, in case of several reactors operated in parallel, water may be
injected directly into the feed to an individual reactor to achieve the
desired level. This control in hydration enables the systemto conpensate
for changes in feed conposition, changes in reactor tenperature, changes in
recycl e rat B9 8087 variations in thelproportions of rBaFEPPL/Heri al s
(such as olefins) and of diluents (if any are used). In a preferred

enbodi ment one or nore coal escers are provi ded downstream of the water
washi ng of the feed. These coal escers renove fine water droplets which 25
can lead to excess of water on the catal yst, which degrades the catalyst.

Coal escers arn LC : . faecili ; ion of two
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feed to the qhd @eERN AR HeORMOFLALRB WelitteBRalculaUCeThiandatieneeveithe wat er
content will be closer to the saturation anount of water. The |atter can be

esti mat ed by hydradior senteph by sentrqlling e spturatipn RMpSTatyE paY/oF gpntrolling the

- 15 amount of water injected into the feed on its way to the oligomerisation reactor.
Another embodiment of a coalescer may be one where the fluid containing small
droplets of a different phase is pushed through a high porosity solid such as a
packing or crinkle-wire-mesh-screen that is made of a material to which the
droplet phase has a high affinity or wettability. The small droplets then tend to

20 adhere to this easily wettable material and coagulate to form bigger droplets,
which are then released from the material and readily separate into a continuous

* phase that can be drawn off.

In a further embodiment, an on line analyser is provided to measure the amount of
25  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 automaticaily, 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
30  slip stream which is analysed by gas chromatography or Panametrics™ analysis

technology.



the stream can be nore reliably predicted/cal culated. This enables a better
hydrati on control by controlling the saturation tenperature and/ or
controlling the 15 amobunt of water injected into the feed on its way to the
ol i gonerisation reactor. Another enbodi nent of a coal escer may be one where
the fluid coA2ISHEE smal | dropl ets ofl4a different phaBEERWIIHEY t hr ough
a high porosity solid such as a packing or crinkle-wire-nmesh-screen that is
made of a material to which the droplet phase has a high affinity or
wettability. The small droplets then tend to 20 adhere to this easily
wettable material and coagul ate to form bigger droplets, which are then
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because on line water analysers are known for slowy . .
store. The capability to accurately predict the amount of Water dissolved in the

15 product of the water wash step is therefore of great benefit for exerting a tight
hydration control, either by temperature control in the water wash stage or by

injection of additional water, or a combination of both, or by drying,

In yet another further embodiment, the analysis of the reactor feed also includes
20 measuring the concenfration of oxygenated components other than water, like
alcohols, ethers, or carbonyl containing compounds such as ketones 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,
25  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 significantly 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
3¢  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.



and unnoti ceably devel oping a bias, so one would need to calibrate them
regularly. Calibration of these analysers is difficult and troubl esone,
because analytical standards with | ow or zero water content are difficult
to prepare and to store. The capability to accurately predict the anmount of
wat er di ssow@edosHss’The 15 product of tHS water wash st ePCTEPYMEIMYEIY o of
great benefit for exerting a tight hydration control, either by tenperature
control in the water wash stage or by injection of additional water, or a
conbi nati on of both, or by drying. In yet another further enbodi nent, the
anal ysis of the reactor feed also includes 20 neasuring the concentration
of oxygenat ed conponents other than water, |ike alcohols, ethers, or

car bonyl contai ni ng conpounds such as ketones and al dehydes, acids, and the
| i ke. Under rbagdtar ﬁmhﬂdiembmﬁmpmtdjfeﬁe imnﬁmuraﬂsheaml obﬂmmtwhayeﬂner ating

wat er, which rtici e on, pf Bet ween 40% and
60% of et hers%‘?l%%é?ﬁ“a]%%& ’?QS“E‘FC@ ‘B's taﬁlcgté’rP ‘fg’e\%g?%?wtf%cw eas the

conver si on of cigRst toQhe fda@opb RN erifigd 2RBEBAlAl IhpaARERL Ghen efiPloliagol  bei ng
the exceptjion. Methanol dehydrates via methylation, which is a much slower

reaction, 3o pldHRheEhoES m’&’@l thy catalysti 4 pretemiod (et (thparidibhehtiesgenty and
hi gher honl Ogéiﬁﬁst at g r@ﬂﬂ:lrto'uﬁﬁ%e stk R} i1 @mﬁ@ag 1€ 2ERRG %f@ﬁ&ﬂ of the

oxygenates in the feed other than water, "enabl es adj ust nent t he amount of
30 wat er requeatdpst ol gt acudity h&@hﬂameohcatalmt trvintes sigpifisanthynfromf the he

and)or t he. anBsited 0 e ARG SReBI0 Bl bd b SRRCA nStm BB BT Ve,
furt Iher : enbodtalngmfreefactdhg level dmt the nubsaguetih eunsn ditef fréd ecidityn lewkleof thhe
catal ys

ed f.romthe eacto he. aci ft at al yst
Fedovar ed 1l ol BB Tay HeBraeEt by Fine e il o fhe caliiof PERAGS T,
par]'E|CUI Sr \r/]marritheméh rPYolldeved l)?roﬁt%‘]dﬂloﬂhqs&h[ﬁbfe&e@mdﬂ%ﬁ%ﬁ&cmﬂi Giley Siee llt lsb
preferred that, the acidity of the spent . ca t t reactor_outlet be
subst anti al | yP]B%Bh%r?é‘dla%‘mf%Q °§&‘?“d§?5§} cptalyg a“gft ¥t ab'i‘?é?%‘?@f ouliet t he
acidity of thgretp@Rtitha R sle 1@%'n@%aﬁoﬁlpgmrﬁmgmhbmgeqm P®s. RLeferred
| evel , the hydration target 1s adj usted in order to better maintain the

variation in the acidity of the catalyst at the reactor outlet can be an indicator of

15 the need to adjust the water content in the olefin feed.

In a further embodiment of the invention, the reactor may be provided with means

that enable the reactor to be depressurised to flash off water if the water content in

the reactor exceeds the desirable level. This can allow the control of water

20  content under circumstances where an undesirable build up of water would, in
other circumstances, require the reactor to be decommissioned. 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

25  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
vacuwin 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

30  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.



target free acidity level for the subsequent runs. The free acidity |evel of
the 10 catal yst may be neasured by extracting the free acid fromthe

catal yst, preferably wth water, followed by titration. It is preferred
that the free acidity (i.e. free phosphoric acid content) of the fresh

cat al yst anwOt20e5/05817al yst at the reactas outlet are boP®RI/EPAHH44™he range
16 to 22% nore preferably in the range 18 to 20% Any variation in the
acidity of the catalyst at the reactor outlet can be an indicator of 15 the
need to adjust the water content in the olefin feed. In a further enbodi nent
of the invention, the reactor may be provided with nmeans that enable the

reactor to be,depr i oflah f . 4‘ e ent in the
react or exceel(?sﬁ"tglw‘eg%gélrg%cgf)ﬁ 0ec\‘/ae hlgélvgﬁ a“JIHIs olﬁtk%@é%ﬁ 8%&101? wat er 20
cont ent under recyclaloshareacer mﬁaldteee egmmhda&ier adnltent latid bflygapate)fcomaitet‘ woul d, in

ot her circuns a e UII’ reactor, t onmm, SSi o It al so
allows to co "teﬁs“pFBBYFg IEOIBBQFQSM ‘ﬁgﬁ%a Htlém% rf"i?t‘f”ﬁe

catal yst, forcgndftioagh Alfeﬁ{aﬁ{réd? tsu&ﬂ‘?efcydl\@i?s ﬁl@dea\aﬂﬁﬁmeaﬁl&hl feariBstolethe

over hydrated condition, or when operational upsets have caused the catal yst

to become DveWAgHVashstep, anchydetion ol isietfected on the combmedistraam: i s nore
applicable to systens that enploy tubular reactors than to those that

enpl oy chanber reactors. Tubular reactor systens are typically equipped
with a vacuunEﬁ"ytgitvemntmle\ﬁMata tdntent efithe dredthabdsen fomud tohingproweatbeium can be

h fl i ng. f
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30 catal yst i satslipdte ahd to eadwelthesmimsmblet betteahs tat y,axh bstpradudedidioni s able to

reduce so of. the sure dr op..} hat ve bui up during.the earlier
bart Cof LHG ¢ nE HEsibatROmEE | WP eranb shAYEs Mrasec s ReheR it
reaction procesgseslite %u@lysﬁﬁlaylbbgﬁwaﬂa@attﬂh@m AV ERCIREheOd bnBridation I ecycl ed
to the reactor and here agaih the water content and oxygenate content of

the ol efin retpeons: d&n cEaRPIBethRis N0 PR Ysedr catalysistelegtiet T m the89uP ¢ he
reaction conehnfsiseﬁgsafz%bhﬁg aﬁihbw@ws@uﬁﬂe f}%@)(ﬁyk @mﬁpwﬂm@mi e fresh

feed before the wat er wash step ration control is effected on the
conbi ned st r ehrft- TE?‘FE!@H’N%JQOKZT?@»IOréﬁoltt'?ﬁe)f\ﬁkﬁMrTTc%‘Fﬁ}P@FﬂtW (of ggampled has been

found to igpr VeI, K7-1) or zeolites of the MFT structure type (for example, H-ZSM-5)
or zeolites of the MEL structure type (for example, H-ZSM-11) or zeolites of the
MTW structure type (for example, H-ZSM-12), or zeolites with the EUO structure
type (for example, EU-1), or zeolite H-ZSM-57, or any member of the ferrierite
structure family. Other examples of suitable catalysts are offretites, H-ZSM-4, H-
20 ZSM-18 or zeolite Beta. Reference is made to ‘Synthesis of High-Silica
Aluminosilicate Zeolites’ by P. A. Jacobs and J. A. Martens (published as volutne
33 in the series ‘Studies in Surface Science and Catalysis’) for a review of the

synthetics and properties of the aforementioned zeolites.

25  Additionally, the catalyst can be a zeolite synthesised without addition of a
template, for example, fanjasites, 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

30  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



life, conversion and selectivity of processes enploying solid phosphoric
acid catalysts and to reduce the undesirable exotherns that can be produced
when 10 using acidic zeolite catal ysts. Wiere zeolite catalysts are used it
is preferred that the zeolite catalyst nay be any catalyst that is active
in al kene owogorsess7sati on reactions. fer exanpl e, thereCTEBRMBOIUSRD a

catal yst selected fromthe group <consisting of zeolites of the TON
structure type (for exanple, HZSM 22, HISI- 1, H Theta-1, H Nu-10, KzZ-2),
or zeolites of the MIT structure type (of exanple 15 H ZSM 23, KzZ-1) or
zeolites of the MFI structure type (for exarrple H-ZSMS) or zeolites of

the MEL structure type (for, exanple, HZSM 11 lites of the MIW
structure tyﬁ%?‘ﬁ?beéﬁﬁr?ﬂl’é'm‘wmﬁi’ﬂ or gy & 1P$8 t&i’laho‘teﬂée‘@%dstructure

type (for exajphe catﬁtj'st@,)or z@éht@ @Qﬁlﬁt?oﬂ'f‘mm%t&h R AMrLBRBemeS, thhe

ferrierite structuré famly. O her exanplés of suitable catalysts are
of fretites, mesmﬂmymmgzgmnm ostionepxchange Bethy, inceperatine alurisg thele t o

" Synt hesi s of Igz ﬁ‘l #}I ﬁg‘ l.Lca tes' by P. A Jacobs and J.
A. Martens (puEfIll she Sgsg?o\llro u B%%h ]}0% %gﬁ]ﬂs "Studies in Surface

Science arsd Catalysis') for a review of the synt hetics and properties of

t he aforerren oned ddi ti.onal | t he cat al yst n be.a zeolite
synt hesi sed 11 h@ﬁlﬂé %ﬁlhfsfo?lr B’Pdé &I T’ﬁ?%%mf ﬂayeﬁea g?rg’sf){ es,
zeolite L, nojoskaeist(@RludBig poiwides: o@ﬂﬂstﬁa@amnytoem part bﬁmﬁglé ule;t-.turspsmf whi ch are

contained in the "At]as of Zeolite Structure Type by W._ M Mjer and D. -
H. O son ( pulfcphits&atalysts mayinsicad be preomparatrdiin shap a&ﬂ%@“e@ﬁ’é‘é‘tﬁﬁ'@]@omﬂ ssi on

of the Interngginalndae! bt HHARS 0\%1@1& 'rﬂ%@)be dRghdd By e@hBihihgiRe 3Q1RAVI Ng

crystal structures that are essenti al l'y"the same as the crystal structures

of ' the alovewiembinderatateialithatds sstantially dnastiundar e epnditionglemployedhér ef rom i n
h | t

bt al ned by ronoiad st 538 70 B RlmCRAR: BresGB b pAnBR B DS,

al um nium i ormnduntsrqf from bgo e hyrmaighipbased he thehrondined mteighh efithe zendits t e

catalysts.  afi3del SafRLR! oL F0aOALORhBY pall LiAN0T. Il BheRY ©f erent s,

for exanple egna T 6h BXc e or |ncorpora ion durlng
the zeolite ﬁyeptahtpska silicd, anetghoxidek,eor loyg Buch a‘sOﬂOImndnkjtahtleJ temgonite and

15  kaolin clays, the clays optionally being calcined or modified chemically prior to

use. Further examples of suitable matrix materials include silica-alumina, silica-
berylia, silica-magnesia, silica-thoria, silica-alumina-zirconia and silica-magunesia-

zirconia.

20 In a further aspect of the invention there is provided a process for oligomerising
C2-Cyz-alkenes comprising contacting a C,-Cyz-alkene-containing feedstock with
crystals of H-ZSM-22 or with crystals of a modified zeolite catalyst having the
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

25 10 um and, more especially, not great than 1 pm.

In an especially preferred process according to the invention, a C;-Ciz-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
30 crystailine 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



5 The zeolite catalysts or nodified zeolite catalysts may be used in the
formof powders (including powlers consisting wholly or in part of single
crystals). The zeolite catalysts nay instead be incorporated in shaped

aggl onerates, for exanple, tablets, extrudates or sphere

obt ai ned byWORAWYHSHE the zeolite 10 wilth a bi nder mat ePFHFP’(“H“A‘t“Pé
substantially inert under the conditions enployed in the oligonerisation
process. The zeolite catal yst may be present, for exanple, in anounts of
from1l to 99% by wei ght, based on the conbi ned weight of the zeolite and

bi nder material. As binder material there may be used any suitable mat eri al ,

for exanple, e n te,
bentonite andaiténg@ol i M a)éboﬂ %ataloc‘{fta t%X%t |152h6§??9§dber$ngeq%g ‘% or

modi fi ed cheniegpletayurey fod exdniple, ms&emﬂétutﬂrmfffﬁmamWﬂ?pmﬁH}Slﬁw,abIZéﬂmt rix
materi al s i ncl.yde si lum na, .siljca- berylia, si]icg- esi a,
silica-thoria%% a]rsPc%“%‘f tnthe, e4talysti becames siie%/qut‘f%e‘i’m"ﬁi@s%&nq‘g‘f’ Yedlia. 20 In
a further aspgghpaddd witeoliddRIbAtIA pkdtBEsBs Wherd iR \fbddSdclRisREIRERBPdryOr

ol i goneri si ng - Cl2- al kenes conprising contacting a

C2- C32- al k&ne- cont ai ni ng feedstock with crystals of HZSM 22 or with
crystals of arApeidicsthat GO/ YeoRERNEA by RY pRiEckBOof oYl dAlibd Rk uCt Ur e of

ZSM 22, the crystals having a g er ratito of not less than 3
and a Iength ethylans, pgmem,@ndﬂlhem @ branchgt €4 Eneibiepeny othigr may &e mdean 25 10 gm

and, nore esp cr aII e ap 1 I ferred
process accor i ng PP %gur?t%\[ie?# ‘6% dl'u"(g,‘%métes an?l?@ﬁicfa% ﬁ%atymggt& éedst ock,
nor e especi al bympouhde diet leskprefnicd) nAmgndiEhteﬁﬁa‘rmkrk,emver she (ameﬁesctred with
H-ZSMZZ di.fie e cC st havi n ssentially the 3

crystalli ﬁ‘i sﬂg&é e&o‘? ‘%W%Z “tcﬁ%'\; Wa??é’g "ﬁ%}'ﬁ‘[ é‘ﬁYa“imﬁé%‘ﬁn?‘tro‘g‘Fed
according to oﬁé’tﬁnﬂ@ﬁﬁﬁfﬁfptdﬁéﬁ@hﬁ@mtﬁﬁb\éﬁ@ﬁlaﬁl%%e@fo@%dﬂlé&ﬂ%ﬁszﬂfi@har % W
have found that this _enables good yields of dinmeric, tritneric and

tetrameric pr8bacmgle ke wofpEEresel/alenes obtsp sems A dlitires cad9pai ned.

Further, goodngabdd.YBile Méht Hal ¥t deSirQDRAGINRE, B exXBipdd, Wil AolANbieduiFPer at ur es,
for exarrple at _tenperatures of from 150, typically 180, to 255C
weight saturated hydrocarbon, and is preferably mono-unsaturated

15
The reaction is preferably camried out at pressures higher than atmospheric

pressure, for example, at pressures up to 100 bar (107 Pa).

‘Where phosphoric acid catalysts are used the present invention comprises putting
20  a fixed bed of solid phosphoric acid catalyst into service to catalyse the chemical

conversion of a hydrocarbon feedstock. The invention permits the catalyst to be

rapidly brought to an optimum level of activity for the specific hydrocarbon

conversion process. The process of this invention enables a rapid adjustment of

olefin feed hydration, and thus the catalyst hydration, to the level required for
25  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
30 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



We al so found that the catal yst becones deactivated relatively slowy, as
conpared with oligonerisation processes where the feedstock is relatively
dry. 5 The al kenes that may be oligonerised by the processes of the

i nvention include ethylene, propene, and |linear or branched C4-C, 2-al kenes,
whi ch may DEOAYSESST?T di - or pol yunsat ut@ted, although RCIHERRMMEIMtSd and
particul arly polyunsaturated conpounds are |less preferred. As indicated
above, however, the al kenes are 10 preferably C3-C6-al kenes. The process is
particul arly advantageous for the oligonerisation of propene and butenes
and may be used for the oligonmerisation of a single alkene, or of m xtures

of al kenes of gﬁ'& nt o] h kepe may if
desired be dﬁa{"’!ﬁdﬁ oes:’é)§<ar71)(ﬁmf‘3 C%% R4 5\%"@ ° %Pc??ﬁor t-g %h?lms%Purat ed
hydr ocar bon, patdhce Sngre aﬁﬂbmblcﬁtalmhpamnbat Ul'et edrier1is tﬁnealbeaczianﬂﬂly s
preferably carrled out at pressures higher th at rms ressure, for
exanpl e, at PYrESEDF SXTHS P‘@cﬁ(ﬁ? {?ﬁ"fm erpl ) suc %Srél 5@5*13?? atf d

catal ysts ar eimaﬁgbebﬁseea@meseemmérr%ﬂﬁht wamapﬁdcﬁ@&spmﬁ lalehine?) talcf | Xxed bed
of solid phosphoric acid cataly into service to catal yse the chenical

conver si o offuber Wﬂ’c?@ﬂr”@@ﬁomé@%d@ﬂ“m&'oﬂ AR Eadhe @émqt@eﬁﬁé%at alyst to
be rapidly hpqHghise tQ s@@n@ﬂtahm gxel Tl c&ﬁﬁxpéﬂohyoffﬁé chiter SREGAd | ©

hydrocarbon conversion process. € process o is 1nventlion enables a
rapi d adj ust ragditivesf normhldsf mnﬁmmbloykjlﬁaiﬂ wi’e ofithe qatalwt whid tharesdaygler hydr at i on,

to the | evel LUl Bl &% CRMIMDEALALYR L BRIENMIY s SURAGH RS catal ysts

i'ninga p osphortc support are
referred to hﬂmfaamresof thd qakudwp loat varyafeoml abadtel 1580 warkd oamyc samlhst cat al yst

can be used in.th actlc of . .this i. nt on oI|d horic acid 30
Calary st SR Bhmie ane i et e R Bl ot SulGREHRR e %1 t hol
phpsghori c a@vdﬂabl?/ﬁ@ﬁmmbﬁddrfthéiﬁmﬁb ﬁlPA-tlrdnﬁfBPS\ph,Qﬁdg@ ré@:Fﬂy%%dﬂ tEedSI Ihl ceous
sol i carrier to orm a wet aste T aste ¢ e C e an t hen
crushed to yil@ﬂﬁsﬁémﬁé%ﬁv ffp@#t@#%mrm §<3 ¢ €62 deries and

CA-131. These HO Type B-1 and B-2 catalysts are cylindrical extrudates having

the following properties: (1) 2 nominal diameter of 5.72 mm and length/diameter
15  ratio of respectively about 1.7 and 2.7; (2) an average bulk density in the range of
respectively 0.91-0.94 and 0.87-0.91 g/em’; (3) a free phosphoric acid content,
calculated as P;Os, of 17 1o 22 wt %; and (4) a nominal total phosphoric acid
content, calculated as P05 of 62.5-64.5 wt %. The C-84 series catalysts are also
cylindrical extrudates offered in various grades with a diameter of 6.3 mm and
20 lengths of about 10, 17 or 20 mm, average bulk depsities in the range of 0.82-0.95,
a free phosphoric acid content of 16-20 wt% and a total acid content of 62.0-63.6
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.
25
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
30 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



catal yst particles, or the paste can be extruded or pelletised prior to
calcining to produce nore uniformcatalyst particles. The carrier is
typically a naturally occurring porous silica containing material such as
ki esel guhr, kaolin, or diatomaceous earth. A mnor anmount of various

addi ti ves, woedesess?1vi neral talc, 5 ful bgrs earth and i rRST/EF3MOIATS
including iron oxide can be added to the carrier to increase its strength
and hardness. The conbi nation of the carrier and the additives normally
conprises about 15-30 wt % of the catalyst, with the rermai nder being the
phosphori c acid. Fbmever t he amount of phosphoric acid used in the

Caral yst . 10 e BRbepin o iRl e et Pbaed itaeibie Yot Pl ) anc

such mat eri al feed,©5 caMR dxsa@lwaﬁ maféhwoﬂﬁa@x@mm@mﬂmo%né adi@élinPA- 2, nore
recently under the _nanes HO Type B-i and B-2, or from Sild-Cheme or SCl as

the C 84- Seri@lyhwhickhas g BlVWﬁ‘é%’ePZQGDCWE‘é ghe tefabiphesphosigiagidcoptentyr e
cylindrical %rwd@&%&avsgngﬁgﬁa affeP lah %k raeldp&a{:@wneéme&hv@g o nal

di aneter of 5.72 mm and aneter 15 ratio of respecti about 1.7
and 2.7, CQ)fﬂmn&VQp@géibuwmmdemblty in the range of respectively 0.91-0.94
and 0.87-0.91 g/cnB; (3) a free phosphoric acid content, <calculated as
P205, of 17 to 22 wt % and (4) a nom nal total phosphoric acid content,

cal cul at ed asTHR@bventiorb2arbbe4ised Wi tRé pribiiceCoBénys evinentieal dyfiwtabar e al so

cylindrical extrudates off %g in various ade w.th a,diangt r of 6.3 mMm
and 20 | engt HEPEFS G BIRCCSFFvnghy1s WhPve c3lalyst apd s pefigdan 4, ¢ he range

of 0.82-0.95,g0li@ ﬁésgﬁormﬂmmgyﬁ %ﬁblﬂpﬁ@é&&@ﬁﬁcl&ie Bt alnoMiieirRado,ahd ot al aci d
content of 62.0- g % The preparation and propertles of connerC|aI

sdlid phodhhotligemaisagion af glefins andythe allatipp of promsties with plafisst SRerific 2 120, 702;
3,050, 472; 3, Qalpid 3r 30 ﬁoéézesméudeatneloﬁgéﬂeﬂs&&rbfc%@@s%lb&anm, 863, 539.

25 The di strlbutlon of phosphoric acids in a solid phosphoric acid catalyst

can be eval Uiy véigheare MI@F ggsobye. keropege opdistifate hlending gecksp@@theont ent  of
the catal yst, ooyl fQNSLEL $inid ARt Wil H3kel & £ARblivakaachad from the
catal yst whe | n wat er ese easily leached acids are
phosphori c acﬁodgxcmduhnmmsq:arafﬁmc solvents, alcohols, aldehydes and acids. They
15  further include the preparation of ethylbenzene by alkylation of benzene with
ethylene, the synthesis of cumene and/or p-diisopropylbenzene by alkylation of
benzene or cumene with propens, and the preparation of alkylbenzene or

alkylphenols by alkylation of benzene or phenol with C6-C20 olefins.

20  In the practice of the invention when using a solid phosphoric acid catalyst, the
fixed bed of solid phosphoric acid catalyst may be initially immersed in a start-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
catatyst bed. Conditions of temperature and pressure, which are desired for use in

25  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

30  conversion conditions that were previously established when the catalyst was

tmmersed in the start-up fluid.



30 | ow degree of condensation, such as otho-phosphoric acid and
pyrophosphoric acid. The phosphoric acids which have a hi gher degree of
condensati on dissolve very slowy when the catalyst is imersed in water,
and accordingly are not WO 2005/ 058777 20 PCT/ EP2004/ 014475 measured by
titrati on okotbws/osezrds in the aqueous gftract. Ther ef orctro@woUre of free
P2Cb can be used as an indication of the distribution of phosphoric acids in
a catalyst which has a given total P26 content. The total phosphoric acid
content can be determined by titration after all the acids have been
extracted using a 5 strong base such as caustic soda. This invention can be
used in the practice of any conventional hydrocarbon  conversion process
which is car rilewevsutthewse oarp slaftapcfuid )iy sot assentiah Fartiquiagiyaie @bulay i d
phosphoric agj t 31, gﬁﬁ@ i _AC. r iwg.fed to, the
10 ol i gomeri ?ggﬁtﬁﬁg x%}pé?v%\gs:ﬁ]aeﬁ%gt e g?lyflﬁ&a]ﬁlg% 0 )és?cl)ﬁrrgp?%:gﬂewﬁgta ol ef i ns.
Specific exdmpsiesmefivguahthorsbelbside sf thactagtde, thisstepl dag dewlispseed withof C3 and

C4 olefins t | i qui ds .whi.ch, ar sef ul..as gasolin ker os distillate
bl endi ng st 0812?; b ngay e s g?)aéer%aﬁ 8??"5\’“%3%6"—‘%3%“%}“& iaﬁ%“t‘}gﬁﬁ&%% which is
useful as ; cleatindsd the esdBiQekd whet the desifed Galtetdnas ivfeattopehnblf feed C

sol vents, al cohal s, al dehydes and acids. They 15 further include the
preparation oma%IEWF%ﬁE‘E%&’%?’%FWI ation of benzene with ethylene, the
synt hesi s of cunene and/or p-diisopropyl benzene by al kyl ati on of benzene or
cunene with propene, and the preparation of al kylbenzene or al kyl phenol s by
al kyl ati on of TheeyiartHp fesd qommaises 44 plaficorptipnallyl 2 fileant, and the, apmertgtact i ce of
the inventionyhen, bghAg él“il'é?%lhﬁ’%?fﬁ@é&ﬁ%'ﬁtﬁfhﬁt&ﬁk%% zfeédh(‘feé)elfld xed bed of
solid phosphoric acid catalyst na initrallTy Tmmersed in a start-up

fl'ui d whiXh iwonys méire 9f tho risfin eadl thefoligonharisstionemoditiors. dfheirerstionstayeir ocar bon
liquid, such,liqui ref.erabl v bei ci,cul at ed_over rea r to provide
heat to the Séré}fl%yyeg? e ?a&g)n f(frlglgrﬁ]% %fm}feéhﬁ%c?la%su%%a%#hﬁ%roreggl%r%a whi ch are
desired for udefininh@rodaienchgeiceAly wwah Vit ekonple vatn tte feal doasistanf Ced out over

(e catel voL e kch, (SalePll shadyinthe Liad e losehydphocpnoric

to mnimze ofibwhd BhddeH i use) tiat the feed contain from 30 % to 60%, more preferably

15 40 % to 50 %, most preferably 48 to 52% by weight of olefins, with the balance
being a paraffinic or a heavy olefinic hydrocarbon diluent, such as a C3-Cs
refinery paraffinic streamm. When employing chamber reactors, we prefer to use
feeds with lower olefin strengths, such as 20 to 40, preferably 25 to 35 % by
weight. Such feeds may be readily available as that which may be obtained from

20  a catalytic cracker. Iis olefin content may be reduced if needed by recycling of
unreacted paraffins or low olefinic streams found elsewhere or recovered from the
reactor effluent. If butene is to be oligomerised we prefer fo use a feed containing
from 50 % to 70 % olefins.

25  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

30 thereactor.



side reactions that could occur with reactive feed on insufficiently heated
catalyst. A flow of the hydrated feedstock is then introduced over the
catal yst bed under the 30 conversion conditions that were previously

est abl i shed when the catalyst was immersed in the start-up fluid. WO

2005/ 05877 7wphko#3@5$EP2004/ 014475 However , the use of apsimriveapadrbuid is
not essential. Particularly in tubular reactors, which provide the
capability to heat up the catalyst bed via the heat transfer nmediumon the
shell side of the reactor, this step can be di spensed with. The bed may
then be heated by providing a heated nedi um around the tubes 5 containing
the catal yst, and when the desired tenperature is reached, normal feed nmay

be int roducedﬂ“ﬁtﬁi““"{1 r@dr@&@giﬂ.l’hﬁ@@faﬂm FatabEed bmyght & dhe, dedreds | n,
optionally a ?&lvh'{%i&v ccﬁ’:ﬁﬂiolhé‘%if %@&ﬁ?% pRERHN IndD the Bk fific AL weR! ative

proportions of the materials eed depend 10 upon the nature of the
ol efin and t hintrotliqgdnehs previovsly ctatefi, theofesdstatirecontsinst 4 onimorsameoust pbrgl y

exot herm ¢ an ceordingly. a.diluent .s as ffinic a_hgavy

ol efinic hydr g%%?tggnaqegggé“r?grlﬁIcf’?pﬂgegdo &C‘EOIF asé)% gér)r%#agmv%g%le(ft%{e fr]g) glegleconsi sts

of C3 ol efi ngroapdorisiiting af whtys bthes afd kiodolpldeis pliphatic akchdals whieh pomthiar
(especially en a tubylar reactor is_used) that the feed contajn from30 %
to 60% nore PPEF%icRGFOPE A hogelsmetipnglsevid alsorcapsidarcd apc hyglralng, py wei ght

of ol efins, Wyt NhebBhARME BF tﬁ@iﬁ}ﬂraﬁn@%?é}ftfﬂréﬂeﬁt & tiR heavy cehedliedi C
hydrocarbon diTuent, such as a C3-C5 refinery paraffinic stream Wen
enpl oyi ng chaféserdirgtecthe presenfdnyspigreto hepefipstive tocprgeidetherdasisegeleve)| off i n

strengt hs, Suﬁﬁaiggilﬁgrgfi&.@he ﬁésﬁé%@?hﬁﬁa@iﬁn%?h atil gntviﬁitﬂé‘%dsﬁ!éﬁh f eeds

rnalé/l be readily a e as that may be obtain from a catalytic
cracker. 0s wsfilkf¢pend uprincthe raastionb dlavesterctbel corfcentertidn ovilh desirebly bk iimthe of

unreacted paraffins _or |o ef.m re found else e or t vered from
the  Teact or ot BRmiooprUaT it 8) BRI gl o SRR Rk B38; L e &
f eed cont ai ni rgabdut 050 bl % taad Hidstprefeedbin GomZhothe 2 H e et 630ahelf%n strengt h

in the feed is determ pe he extent.to whic car bon_deposits on the
catal yst are ?’?ﬁe&r‘?& t&%’]?efﬁ' ?‘Xe“ilﬂrarﬂeﬂgﬁelﬂﬁ’é‘?ﬁfﬁ%ﬂpt i 2moun Of%ephydfaung

agent added will be an amount which is capable of providing an amount of water

15  which is just equal to the amount of water required to maintain a particular

hydration or free acid level on the catalyst throughout the catalyst run.

Preferred hydrating agents include water, secondary alcohols and tertiary alcohols.
Although the invention is not to be so limited, it is believed that the alcohols
20 decompose upon contact with the solid phosphoric acid a catalyst to yield water
and decomposition products which 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.
25  Alcohols which contain from 3 to 5 carbon atoms are desirable hydrating agents
and such materials include 2-propanol, 2-bufanol, 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
30 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



exot herm of the oligonerisation reaction. There is also a mninumol efin
content required in the feed to prevent the reaction fromceasing. This
mninmumis dependent on the space velocity, the tenperature, and the nature
of the catalyst in 30 the reactor. WO 2005/058777 22 PCTI EP2004/ 014475 The
fixed bed fWO28&065877phosphoric acid cabgl yst is brought PCOERI/ess r ed
conversion conditions of tenperature and pressure and the olefinic feed then
i ntroduced. As previously stated, the feedstock contains a mnor anpunt of a
hydrating agent which is conprised of at |east one material selected from
the 5 group consisting of water, ethers and nonohydric aliphatic al cohols
which contain from2 to 1ZH§§rbon atons,, t hou nmet hanol . coul d al so

h
consi dered as*a? ReAgtaRt fith ghe PﬁaFl?O?h‘é’né’t?FB’Gﬂtpr 5% Wﬂﬁr%ﬁ“fﬁgw’é]g fit present
in the feed igifkAiRtd OlHop txadpleOtf02 Bibphibl b Gt 65 8MhydrAB N ideN forGnde
effective to provide the desired | evel of catalyst” hydration. The desired
concent r at i oreligomisishtian jof prepsaatovema splid phesgherisc icid Galalyst, age peengneipon t he

reaction. Ho . at | | il : 5 . e from
wbout 0. 05 ¢ dapiseh BF dBBRASREALE R Albpen R MtkoiiEile] G wifABES {00000
0. 50 nol 9% anptopanstn the dééegdrtaddt.y from about 0.25 to about 0.30 nol % based on
the feed. ldeally, after the initial start-up the anmount of the hydrating
agent added will be an anount which is capabl e of providing an anmount of

wat er 15 whi cAlthdugh tsiter @OHIEEh I QaiishR o BYtRhtingfage@] i€ is reRAWELY Gdolublei®i Ntai n a
particular hydration or free acid | evel on the catal yst throughout the

cat al yst run. Ypeal Bydrecarhongfesdstonks Jipder ambigpy conditions & tempe@dieacdd al cohol s

and tertiary gbgahol Rccor:ﬁnél??ﬂgp ﬂc@&nﬁﬁ"ﬁ@f‘%ﬁ@nﬂeﬁ B%c&r?orgﬁ Sffdidaf ted, it
is, believed that the alcohols 20 deconpose upon contact with the solid

phosphor i £0 acwateningdiydrapatbon deegitetkitoummeduce adesived doehebsatalysh hydratintet s whi ch
i ncl ude ol ef : { - tfﬁly g i.on of water
fromthe al co 8‘%’%&-@5@1@@%%@% 8%@??’?‘%’?3“@&0 o?gtgglédrﬁ%pu%%'ﬁ preferred
over prinmary akoolmd8y eceedbld ingypital hgidiocarbetefeedspmks Aosoedingladhdsy upon
contact with th ol.id ph horic.aci tal yst. 25 Al,cphnl s ich contain
from3 to 5 c?a}?(bgﬁs 4t or §$’§’3818‘s“. %055118 gei a%%&&gﬁ%ageggsén# sglgmy pr\é\@ehe@

embodiment of the invention involves the use of a hydrocarbon feedstock wherein

15 the hydrating agent is comprised of a mixture of water and at least one alcohol
which is selected from the group consisting of monohydric aliphatic alcohols
which contain from 2 to 12 carbon atoms. Such a feedstock is conveniently
prepared by adding one or more alcohols to the hydrocarbon compenents of the
feedstock which contain water, and wherein the amount of water is insufficient to

20  provide the desired level of catalyst hydration.

In one aspect the process of this invention can be used 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,

25 but are not himited 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

30  groups. Preferably R, is an alkyl group and each R, is independently selected
from the group consisting of hydrogen and alkyl groups.



and such materials include 2-propanol, 2-butanol, 2-nethyl-2-propanol, 2-
pent anol, 3-pentanol, 3-nethyl-2-butanol and 2-nethyl - 2-but anol . 2-propanol
is a particularly satisfactory hydrating agent. \Wen an al cohol is used as
the hydrating agent or as a conponent of the hydrating agent, and the

hydr ocar bon V80 2W8B%&t’si on i nvol ves the 24e of one or nDRETEPHALIAYS
reactants, it may be desirable to use an alcohol which has the sane nunber
of carbon atons as the olefin. The olefin produced by the dehydration of

t he al cohol can then participate WO 2005/ 058777 23 PCT/ EP2004/ 014475 as a
reactant in the hydrocarbon conversion process and by-products wll be

m ni m sed. For, exa e, if 2-propanol is used as a hydrating agent for the
O|IgOﬂEfI8atIJﬁ’EP opene over a solid phosphoric acid catal yst, any
propene produced by deconposition of the 2-propanol will be oligonerised
along with the 5 propepe in the feedstock. Although water is a highly

sati sfactory hydrating ent, it is reRatively insoluble in typical

hydr ocar bon feedst ocks under anbi enyconditions of tenperature and
pressure. Accordingly, it is fre ntly not convenient to incorporate
sufficient 310 water in a hygfocarhon feedstock to produce a desired |evel of
catal yst hydration. Howev nmonohydri ¢ al i phatic al cohols which contain
from2 to 12 carbon atons/ are ordinatily quite soluble in typica

hydr ocar bon feedst ocks. RAccordingly tiase al cohols are very convenient for
use as hydrating agents. A highly preferred enbodinent of the invention

i nvol ves the use of a hydrocarbon feedstock wherein 15 the hydrating agent
i's conprised dxaplesXf swierblf cyekd abﬁﬁﬂdahbdtﬁasd cytie owﬁmhmludey\lhit(afb is

sellected fromth p consisti nmonohydri c. al i phati c_al cohol whi ch
COI’(lt ain fridm 2o ﬁm%??t?acryff)](?ﬂe’ﬁ‘?“&ng g"e%ﬁlf’ﬁfdﬁp q0g 2pd yelghex g, Fxpmplas ¢

prepared by ackditiweaeﬁnﬁfﬂs@c@geaﬂmﬁllaslﬁcm@hmmo@ﬁﬂmm geparpents of the
f eedst ock whi ch contain water, d wherei n t he anmount water is

i nsuf fi ci ent tiBethyipropensy i ldentene Qd'é’é"?nree@ methy 1 vie%eat%w@wl-waﬁeaﬁn . In one

aspect the praggea-Rbuibddl 9,3l AuRML-2ButeRd) NahysEsutbdR, qcﬁ%ﬂ@ﬁé i DPenfinth t he
cheni cal conversion of any hydrocarbon feedstock which is cartied out over a
2-methyl-1-pentene, 3-methyl-1-pentene, 4-methyl-1-pentene, 1-hexene, 2-

15 hexene, and 3-hexene. Suitabie olefins will desirably contain from 3 to 12 carbon
atoms, preferred olefins will contain from 3 to 6 carbon atoms, and highly
preferred olefins will contain from 3 to 4 carbon atoms. Ethylene may also be

present, in minor or in major amounts.

20 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 uwsed), water and other impurities. The
materials are therefore separated, generaily by fractional distillation primarily into
the olefin oligomers, the unreacted olefins and, if present, the diluent. The

25  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.

30 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



fixed bed of solid phosphoric acid catal yst. Such chem cal conversions
include, 25 but are not limted to olefin oligonerisation reactions and the
al kylation of aromatic conpounds with ol efinic al kylating agents. Suitable
olefins for use in such a process include, but are not limted to cyclic

ol efins, sub&OiRewsossd’cyclic ol efins, ang ol efins of ForBANEP2004/0¥HEY ei N R
is a hydrocarbyl group and each R2 is independently selected fromthe group
consi sting of hydrogen and hydrocarbon 30 groups. Preferably Rl is an al kyl
group and each R2 is independently selected fromthe group consisting of
hydrogen and al kyl groups. WD 2005/058777 24 PCT/ EP2004/ 014475 Formula I R

R /| 5 CR2. Ex | es, of, suitable cycligc ol.efin d. substituted cyclic
ol efins incl udg,%h%ﬁl%ggqugm p§rogspation rﬁei’e% pf?pcuﬁ?g}eoad“éﬁ?f’gﬁ%?vagves may'56¢ Y
1- et hyl cycl onﬁmagwb?nﬁes@y&hfpb@ia@,nm FeREuBSuOhnd Shiotidd ke Slefidply of t he

type of Forrmula | include, but are not linmted to, propene, 2-
met hy| pr opene, FemoBRsh &xst preferable pevery love devpls. | Fusthermpze the olglimpligquesyt ene, 2-

met hyl - 2- but e el - R < = t ,
bt ener - - Hemoryts AR GBIV o g RERE TlToN EREen dechial B0
1- hexene, 3 15xhepkrmdigomadsatonefeanixiursof prapylencobettnewndwinylendean yeadt y cont ai n

from3 to 12 carbon,. at , eferred ol efi.ns .wi || aj I to 6

car bon at ons, %nadm%hérﬁlwﬁptrog?‘éroﬁg‘an%fé’?‘ﬁgumﬂ%eo aﬁ%ﬁ%n ?‘?8#«.”%@%"3& car bon
atons. Et hyl enfeaciiayal alisitlatien topstesie nlie oligonier @0 loligémérnmixhjrey dairedifidrsa 20 The
materials obtained fromthe process of the present invention for the

ol i gomeri sati 1 PRPPYs wi || generally be a mixture of desired ol efin
oligoners, unreacted olefins, diluent (if any is used), water and ot her
inmpurities. The materials are therefore separated, generally by fractional
di stillatibh pFhenipeasy of Risinvengian glagfaisq e ysgbiesognedting Wik thaakygtion ef ns and,

if present, thg g bidgRtic cdhound with an olefinic alkylating agent, suitable aromatic

compounds include all organic compounds of from 6 to 20 carbon atoms which

contain aromatic functionality and can be alkylated by an olefin in the presence of
an acidic catalyst such as a solid phosphoric acid catalyst. Such materials include
15  both aromatic compounds and substituted aromatic compounds which carry one or
more substituents. Aromatic hydrocarbons and hydrocarbyl substituted aromatic
hydrocarbons which contain from 6 to 10 carbon atoms are particular suitable. In
addition mixtures of such materials can be used as a substrate. Examples of such
material include compounds of Formula IT which contain from 6 to 20 carbon
20  atoms where each R is independently selected from the group consisting of
hydrogen and hydrocarbyl groups. However preferred aromatic compounds are
hydrocarbons which contain from 6 to 10 carbon atoms and are of Formula I
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.

25
Formula I
H
R R
R R



25 unreacted olefins and diluents may be recycled to the oligonerisation
reactor. The olefin oligonmers may then be purified as required for use in
subsequent reactions. For exanple the oligonmers nay contain trace anmounts
of sul phur which may damage a hydrof ornyl ati on catal yst. Accordingly, if

t he ol efi ns W@@I054587e used as a feed fas hydrof ornyl at i RET/ER20E/0148250 nmay
need to be desul phurised. 30 Simlarly the olefin oligonmers may contain
trace anmounts of chlorine which nay also be detrinental to hydrofornyl ation
catal ysts and nay need to be renoved. If the hydrofornylation catalyst is
not damaged by sul phur or chlorine, the catalyst WO 2005/ 058777 25

PCT/ EP2004/ 014475 ..in _the s uent e n st e t he
al cohol deriv O{Pgtsm r’?ﬁ?pgléndéd% égﬁsb@&ﬁ{ﬂgg Qu%gﬁ%%su%s © Bﬁ ?{u Sul phur
and chl orine dneenfioweican &bloptaitednfoote diny Miesitedpdotfcer alibyeve) Mer ettobstind evel s.
Furthernore the_olefin oli rrers t hepsel ves_are fag?guentl m Xt ur es of

I

ol i goners of JEFREY SpEmer OpragrS-JeORLERS ipn WiEiEh of a

m xture of propyl@net s&ﬁ&e%ﬂﬁtﬁé‘droﬁﬁﬁ&%&% &ﬁlasr%yleﬁmnﬂw gk ¥foeuof C6 to
Cl13 oligoners and this m xture can then Be separated by fractional

distillatién tc8n&puesdn aedha typiqalBrgierialogf tbnsﬁwméﬂl heve e ietakareragticr watepbr g

particul ar pur h ] ghzgﬁg/ ed in
connection w t%ﬁﬁg %&Oylﬁaﬁ%ﬁﬁﬁéémgﬁ ayr;llgsnlaolt‘{b\é }cngkngoun Wlﬁ% ﬁﬂan olefinic

al kyl ati ng agefificiersyj bﬁm ehednghmtpunty gronpha fitds iarecpraftaredidue do gameles conpounds
of from6 to t2)[ ﬂfbﬁ tﬂhlch contain aromatic functionality and can
be al kyl at ed prlg Y 6815]'}?6 %roﬁ?sésence of an acidic catalyst such as a
solid phosphoric acid catalyst. Such materials include 15 both aromatic

conpounds and sub 1] tute aro ounds which carry on nor e
Substi t uerlds. T T CRPRRED s FHF YD EAFy I SRS 8 Be e Formt | o

hydr ocar bons V%hﬁé%tl@ﬁ) %ﬁi thef do@varbioh Q:fJaOmiS@lErBQﬂ &yt Q{HBCa?l'bﬁ:ﬁﬁﬁltd gé‘ddhﬁé’
suitable. In addition m xtures of such materials can be use

substrate. Exdipding seckdyclicomatienipal I fich ge embedipitin s f@ﬁdStF@? mlllae Il which
contai n from GghfidQy 6Ar, P%hs?(ab&&%%w?r&;&ﬁ%f%ﬁf&s' ndepsRdebicky- sel ect ed

fromthe group consisting o hydrogen and hydrocarbyl groups. However
preferred ar ormmagzmg)fpp@qjmkstoa polymerisation unit for conversion to oligomers in the

15 gasoline boiling range will comprise a mixture of propane, butane, I-
methylpropane, propene, 1-butene, 2-butene and 1-methylpropene, wherein the
olefin concentration is in the range from about 35 to about 60 vol %. Ethylene
and ethane may also be present, albeit typically in minor amounts. However it
will be appreciated that the olefin-containing feedstock can have a variety of other

20  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
25  olefins such as ethylene, propylene, butenes and amylenes to produce Cs to Cy3
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
30  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



hydr ocar bons which contain from6 to 10 carbon atons and are of Fornula I
where each R is independently selected fromthe group consisting of hydrogen
and alkyl of from1l to 3 carbon atons. Benzene and toluene are particularly
preferred. 25 Fornmula Il H :*: R WD 2005/058777 26 PCT/ EP2004/ 014475
Aromati c commemaslesstdr use as al kyl ati opy substrates in teoe/Epr@edises of this
I nvention can be obtained fromany desired source. However, in a petroleum
refinery steanctracking units, powerforners, reforners and isonerisation
units are convenient sources of the aromatic compounds. For exanple, a
light reformate 5 can be used, and a typical material of this type wll have

a total aromatic.conte bout 5 vol. % and w.l.| cntaln about 10 vol %
of benzene. FGPbEB ‘@Eatek%sﬁa’n]ﬂl? g is:315Q usedy tﬁlﬁ Wﬁgmﬁt“é%ﬁ Wﬁ}“? f’omat iC

feeds are prefgsmPeRt He prddfctionGf FeedstocksyWhicka teyhydedfognyiaedlin e nwngr ocess. 10
In a highly preferred, enbodi nent the rocess of this invention can be used

in connecti ofesaribed t e EBhvevRsRding ofUS, Reteutyr applisation HIP3LE0L) @flqdns to
gasol i ne bl eigisigeib a0 Yoplil AR SAL maBiﬁéﬁm@oaamtﬁ'tR?ﬁ the

f eedstock wi || nprise [ east about 25 % by vol ung of oI efins. A
typi cal ol &fi rthe eldchydﬁmPWQUWQeldsth@cmeﬂlodeaI@memaEdt ﬂnmma]mr@adﬁ]arbeconver sion
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propane, but afe’ propane, propene,
1- met hyl pr opers@/5308@r ei dilddhe 18I efDaccmbleﬁentzoaBl on(applidant'st he refeae: fr om

about 35 to a ene and ethane may al so be present, albeit
typically in E@ﬁ%§ﬁﬁﬂﬁgﬁpglzﬁ@&%b it will be appreciated that the

ol ef i n-cont ai ni ng feedstock can have a variety of other 20 conpositions
whi;ch include but are not limted to, other olefins or olefin mxtures,

ot her d.|dQnt@Wtrmww%éwowwﬁpmrﬂfﬂmmamt% be@sfounds. In

in connection with the conversion of a feedstock which comprises low molecular

weight aromatic compounds in combination with C; and C, olefins to produce a
product which is in the gasoline boiling point range and useful as a gasoline
blending stock. For example, the mol ratio of olefins to aromatic compounds can
15  bein the range from about 1 to about 50, and preferably from about 1 to about 30.
In such an embodiment volatile low molecular weight aromatic compounds such
as benzene, which are undesirable as gasoline components because of toxicity
considerations, can be converted to less volatile materials which are highly
desirable gasoline components by alkylation. For example benzene and toluene
20  can be converted to cumene and cymene respectively by monoalkylation with

propene.

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
25  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
isabout 1to 4, 1to 5, oreven 1 to 8, or 1 to 10 or above the formation of products
30 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



addition olefin concentrations can be used which are outside this range. In
a fu ther enbodi nent the present invention is used for the oligonerisation
of 25 olefins such as ethyl ene, propylene, butenes and anyl enes to produce
C6 to Cl3 olefins which can be used as feeds for hydrofornylation reactions
for the profuded/essr7’df al dehydes and alz®hol s. The al deRYTEB200481447Ben be

oxi dised to produce acids or hydrogenated to produce al cohols. The al cohols
may then be wused in the production of synthetic esters such as plasticiser
esters or synthetic 30 lubricants or in the production of surfactants. The
ol efins may be hydrofornylated using | ow pressure rhodi um catal ysed
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gasol i ne boi | 26¢Chaidnts-3abge Bunth nsoditas] alkglatorgmap be dene bl waighnhpwsiyock. For
exanple, the nol ratig of alefins to aromatic.c ounds.can, 15 be in the
Cahon. 17 ot abaice FepgRarBnEg Gomok s 0 b B LEng PRRR CRGBAE TG BEur 0. 1 n
such an emnbodippafetted fhpbiahRes 0 Heh e130P@ItoVEI090! HivoMig GréiglEReUE@s such as

benzene, which are undesirable as gasoline conponents b&cause of toxicity
consi der at i on®referEgd tEpEdHire aiedd 0% te EUSCy dn heth caseetaged aNeCtigRioEear e hi ghl y

desi rabl e gasQldifFeIANRRGMErd forbéiek BlnipRturE8ént@xanpl e benzene and tol uene

15  The hydrocarbon conversion process of this invention is preferably carried outin a
fixed bed. The reaction can be performed in a chamber or a tubular reactor. In a
tubular reactor, the catalyst is contzined in a multiplicity of tubes which are
surrounded by a circulating cooling medium. These tubes will typically have an
internal diameter of from about 5 ¢ to about 15 cm, although other diameters can

20  also be used. A tubular reactor is frequently preferable to a chamber reactor
because it permits a closer control of the reaction temperature and can be easily

' constructed for high pressure operation. Ordinanly 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

25  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
30  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



20 can be converted to cunene and cynene respectively by nonoal kyl ation with
propene. In those cases where the feedstock contains both olefins and
aromati ¢ conmpounds, alkylation of the aromatic conpounds by the olefin or
olefins in the feedstock nmay 25 conpete with olefin oligonerisation. As a
resul t, botWO@Pfp§i7dl i gorers and al kyl28%t ed aronmatic co?ﬂ%%’éﬁ?ﬂ%"’%“l”? be

obtai ned as products and the ratio of these products will be a function of
the nol ratio of olefins to aromatic conpounds in the feedstock. For
exanpl e, when the nol ratio of olefins to aromatic conpounds is about 1 to
4, 1 to 5, or even 1 to 8, or 1 to 10 or above the formation of products 30

fromal kyl ati goed if 6 &% R R G e e

of olefin polynerisation vvever when dlefins to
aromati ¢ conpouvapsui somibr@ate ﬁomra ﬁlﬂ;b\xbumtlbcatddanrmsnndnr pésitizine Wiherpal yner s

will WO 2005/ Q058 77 28 PCTI ERP200 / 14475 al nat e.. Such

al kylation re geaﬁtﬁg/lsb‘ésegé%' g‘?ﬂ grqdﬁcﬁdh@yﬁ qet)ﬁo gg{;‘]o?mlv?fsltoﬂe vapour
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phosphori c aC| d cat a‘\lérys%l Wien al kye‘%é with eth | epe,  and ”l et hyl ene
may be fedS | nTamcsAe et do drsctiF feadsiack apdipr a8 Al bebEB A liPle e &

et hyl ene feedcgagst bednHitih BRTe4¥RY, be about 300C and 40-65 bar, and with
ethylene to aromatic ratios of 0.1 to 1. Wth other catalysts, and typically
when pol yal kyl benzenes are desired, conditions may be 15-20 bar and

tenperatures g m%%gﬁlé%g%gg% 1%) 1!;@’31% c’ltﬂlgto é pea@fopg%'éﬁélg dill%tro%;(ﬁ‘gf%)i on may be

I
condi ti ons may 5 | ng ze ,
done at wei ghmoﬂxfjatueyprnidmcsqiacel?vmmaemde;wpramgerwg'ecl raamot, Q6o C20r Gl t he

l'iguid phas volvi ng et h t he rred el 2lur e t hen 180C
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I n bot h casesreasibagethodify elod prduaf sidtd distribuabn.n H}@mﬂumamelams pfehdoned for
better tenperat u Eroces of this

ntrol. 15 The hydrogcar.bon er.s
invention is éeé? Sy heag, the @hoYsy £US (CﬁTS” &feﬁf‘géﬁ €can be
performed in aecgélaﬂb@rreauceathwbprbaxcnbﬁ,aﬁt ?(Es&lbld’l eden mbubanrto riqgietfan, the

catalyst is contained in a nultiplicity of tubes whjch are

extinction. The feed to the reactors may also be diluted W1th such recycle streams.

15
In the practice of the process of this invention employing a solid phosphoric acid,
the feedstock is contacted with the solid phosphoric acid catalyst at a temperature,
pressure and period of time which are effective to result in conversion of at least a
portion of the reactants in the feedstock to the desired products. Desirably, the

20  contacting temperature will be in excess of about 50°C, preferably in excess of
1060°C, and more preferably in excess of 125°C. The contacting will generally be
carmied out ai a temperature in the range from about 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

25  be a function of the specific reactants employed and their concentration in the
feedstock. For example for the oligomerisation of propene and/or C4 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

30 introduction into the reactor.



surrounded by a circul ating cooling nedium These tubes will typically have
an internal dianeter of fromabout 5 cmto about 15 cm although ot her

di aneters can 20 al so be used. A tubular reactor is frequently preferable to
a chanber reactor because it permts a closer control of the reaction

t enper at ur e WAhWO¥HR'Be easily construci®d for high preSSTHERBHYUMIE on.
Odinarily a plurality of reactors will be wused. For exanple an olefin

ol i gonerisation unit enploying tubular reactors can have as nmany as ei ght
or nore reactors. The tenperature in tubular reactors is 25 typically
controll ed by steam generation around the reactor tubes. Miltiple tube

bundl es may hayelphRtite S8 brodésd 8f thid Tk Gshtibn tHeFeddo@cld iFbeSdoR@biRa Hitgam dr um
In a chanber reactor, two or nore catalyst beds are jncorporated into a
singl e vesselhagolif phospherifeacid cqtalyst nbamyasvgjable presswiot Hewetarpresames inl. 5 mto
2.5 m The 3Q.t K i L,on, 1is
cool ed before(&fehe %%@&@tht?%%gﬁgﬁggﬁg{aegﬁ lec%lg%epﬁr%aﬁﬁgg%ﬂl%gg gam Thi s
guench st reamfios geneE@ld sboupi@tbars iscprefesred aFor eamglemwyhenox tplvahsolidt er i al and
often is the product LP 005/ 058777 29 PCT/ EP2004/ 014475 istilled in
the first ra@[‘?SBﬁ%ﬁ“‘i %ﬁ&%&ﬁ%m ﬁggquléea%%qm%gF Ii’rgg%]tec?Piéf +PlgENs P ocess,  or
vapour condengadoliné blefdiag stbes Mediresdute MR uALILY Be i the Fnga froposbioli Z0to VWhere a
chanber reactaqr is us?g%ﬁ;lg hegt produced by the exotherm c olefin
conversion r &3%{bRbpEL @m aBet A0 theuhSS ¥Fng a | ow reactivity
hydrocarbon as a recycle 5 fromreactor effluent to reactor feedstock and/or
as a quench between multiple catalyst beds within the reactor. O her

recycl e streafsadiyatien eba selid phogphasig acl ¢atadyst dndnits pée of qatadyse ¢ithert i on or to
nodi fy thgppr For sLast _— I , C6, C9
orgC12 1800| g%uﬁ& tlflgéaftiﬁg? r‘g(la:@lﬁoglgtﬁgeda%gl\%ﬁ%frog%rg t (ggprocraug%tcgv?%, can be
recycl ed to t letefingds pfien belienaidiofhe & teeulpoictie formsticnt ef digk beilibg polymersBy pr oduct
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m xtures, can a e Trecyc 0 Teduce el r production, 71 possible even
recycl ed to tkenversiar o hightrimaedubar. welgie pblyadrs; @hichaesemhist lorwy tusyandl so be

diluted wth %cht]mel; (cagsgsc L\?cnst{arvg nés.'ippeeil'rgnce of coke-like material. These materials

15 can coat the catalyst particles and plug pores in the catalyst, thereby causing
catalyst 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

. 20 molecular weight polymers or tar are washed off the catalyst and thereby prolong
the catalyst life. Such phase also is more effective in removing heat away from
the active sites on the catalyst, thereby suppressing the formation of higher

molecular weight polymers or tar,

25  The operation of the present invention in relation to the oligomerisation of olefins
is 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

30 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



In the practice of the process of this invention enploying a solid
phosphoric acid, the feedstock is contacted with the solid phosphoric acid
catal yst at a tenperature, pressure and period of time which are effective
to result in conversion of at least a portion of the reactants in the

f eedst ock twWOXes/a§887red products. DesiFlably, the 20 coREHEPIOMPI#4ERper at ure
w il be in excess of about 50C, preferably in excess of 100C, and nore
preferably in excess of 125C. The contacting will generally be carried out
at a tenperature in the range from about 50 to about 350C, preferably from
about 100 to about 350C and nore preferably fromabout 125 to about 250C
it wll be ap i A r ;25 be a
function of tPllye(ﬁﬁS&&’%?ﬂl%B g%g{%ﬁ%c&ﬁ%ergﬂ%ﬁpéﬂg&'ﬁie ﬁ%%@%ﬁt%ﬂ%n in the
f eedst ock. Fo(l®mpmev¢domdtm@ mlthgmaﬂm @é.t Aarendinepnalyesrd7pin gtoonde@4 ol ef i ns

about 250G, LG ok et bRl 00 BBt RH BBty e

prefer that tk@uuécﬁ@defh@blprlghﬂ&hﬁg tl&ttein@aaturé of ﬁxetveamew&h effotried fte r ange
150 to 160C b 30 introducti into the actor mg 05/ 0 777 30
PCT/ EP2004701 h T¢agtony - the (pre CBfPafSﬁ%"‘brs HBer Grvernion n the
feedst ock can oﬁgoﬁ@nisasépﬁqtedﬂ bd) bokthifs SRbduBsPIOF PhAT Hie %lht’iieé?%:ﬂb%ﬁt at any

sui tabl e pressure. However pressures in the range fromabout 1 to about 200
bars are desi pu®head#n 7 %@a@eamaxb@aﬁwﬁgéecyﬁkém diopieat P18t o about 100
bars is preferred. For exanple when a typical solid 5 phosphoric acid
catalyst is used for the conversion of propene and/or C4 olefins to
gasol i ne bl endi ng stock, the pressure will usually be in the range from
about 20 to 100, but preferably from about 40 to about 85 bars.
Deactivation of a solid phosphoric acid catalyst during its use to catal yse
either 10 the polynerisation of olefins or the alkylation of aromatic
conpounds with olefins, is often believed to be a result of the formation
of high boiling polymers as by-products. These by-products can remai n on

t he catal yst and undergo further conversion to higher nolecul ar wei ght

pol ynmers, which resenble heavy tars and in sone cases even have the

appear ance of coke-like material. These materials




15 can coat the catalyst particles and plug pores in the catalyst, thereby
causing catalyst 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
condi tions such that the high 20 nol ecul ar wei ght polyners or tar are washed
of f the catal yst and thereby prolong the catalyst life. Such phase also is
nore effective in renoving heat away frogp the active sites on the catal yst,
t her eby suppressing the formation of higher nolecular weight polyners or
tar. 25 The operation of the present invention in relation to the
oligonerisation of olefins is illustrated by the acconpanying Figure 1, in
which (1) denpies 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 kal i ne wash operation. The product of the alkaline wash is then typically
brought to the desidkadit BFRSAAMINOE oRBRABE N whioh theXdnvation raatbn (ovbpriss ey be
mldly acidic) at (2), where water 142 is introduced. The olefin tret%m
cont ai ni ng wat exligomerisatiag folefansaorstet @ikyiagion af rqmaticypraphenolit E?mPQ(”Tg% Wi
separates out. Of I r : | € ; n The
W0 2005 056777 e asRa S MBI e btis A RN g?r%g S?Ir'méeﬂ Y2 n 6?3_}1
coal escer (4) whdreatal thooughe Hedmdreatiysphedes cotveiatresond{tpgy tefamy 2emnyedioand
then to the reactor . (5). . An on . lin i L i.ne
the feed corrposlf'rf) ?%Cﬁ’ %%1 SN ma?nls f)gﬁ%p@%&/oﬁﬁfl% élztkinhgca%%\régﬁﬁgeﬁ %Cg%rgﬁitggé%
required, prefesmablsis dfyheadoirgobingn bhitherewpen &edr e of the water wash perforned
at 5 (2). After reaction, the product passes to stabiliser tower (6) where
olefin oligonmer is separated as bottons products (19) and the vol atiles
removed overheslkk pecésk Accordivgste alahal iih eghichathebeatpaistinabduged ety cheefteddy
shown at (18). 32 A NS 1. f?‘ process for the conversion of olefins in
whi ch the convel&BP PR " " conpri ses the ol i gonerisation of ol efins or
the al kylation of aromatic or phenolic conpounds with

3. The process according to claim 2 in which one or more coalescers are provided

downstream of the water wash.

4. The process according to any preceding claim wherein the water content of the feed is
automatically controlled in dependence on the results of the analysis by one or more of
(a) introducing water into the feed, (b) drying the feed and (c), in the case where a

water wash 1s used, adjusting the temperature of the water wash.

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).



olefins in a reactor, which conprises continuously passing a feed conprising
an olefin and water through a bed of catal yst under conversion conditions
to forma conversion product, the water content of the feed being
automatically controlled according to an analysis of the conposition of the
reacti on f e¥0.2008/058Ffe process accordinggto claiml in WIKEP2HEIME er i S
introduced into the feed by neans of a water wash. 3. The process accordi ng
to claim2 in which one or nore coal escers are provided downstream of the
wat er wash. 4. The process according to any preceding claimwherein the
water content of the feed is automatically controlled in dependence on the

results of t@e an?hg%@e%yacggfﬁ?%)tor@% f wﬁﬁ)ﬂh glguge) 4 vva 5&{/ into the

feed, (b) drying iR the: fase wWash is used,
adjustrng t he tengdéneat (f eny)bretrbgcladteethevenstor. 5. The process accordrng to any
of the preceding clainms wherein an on-line analyser is provided to

determne th sition of t feed a .the reactar. 6. The
process accoﬁg ng ) paﬂvs%fac?oﬁ‘gn%rt%caé‘dr ghflgef‘r%ﬁ? %Pﬁ"scﬁnt &aﬁﬁ ysi s of
the reactor feedcahessidniepeitemedineRbuliaesdtor he concentration of oxygenated

conponents. 7. The process according to any of the preceding clains wherein

the water content of the - ed is controlled to reater during the
initial pr?asgtl EPB?CB?%%C%OI HEM° fhe° ﬁ]‘% it 1o 1%6}? }{el"f"é’npffrﬂ'&!‘eéssg 8. The

process accordrngp&qnﬁﬁﬁnpgcm@@mp&gﬁ@drng clarns in which the conversion
products are separated fromunreacted olefins and diluent (if any). WO

2005/ 058777 3 EP2004/ 014475 9. The process 0 c%n to.claim8 in

whi oh the unnZact Ao BREFSSCARES? TUPRtRIE QR Hyhioaiis PELFEPRE {0 t ho

reactor. 10. The pligaR&Ea@&Eording to any of the preceding clainms in which

the conversion is performed in a tubular reactor. 5 11. The process

according to any %f?eclaim; | t 9 in \/\rhl(r:ﬂgr we conversion.is erformed in a
t

chanber react'or. © PFREFSHASEE gaté’cBIPjé‘? erein, e SCRYAHP OredUfh i n whi ch
the converpsi on i s comprises C5 to €20 olefins in the boiling range of 30°C to 310°C.

14.  The process according to 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
15 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.

20 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
25 conversion is from 110°C to 310°C.



ol i gonerisation. 13. The process according to claim12 wherein the
conversion product 10 conprises CSto C20 olefins in the boiling range of
30C to 310C. 14. The process according to claim12 or 13 which conprises the
ol i gonerisation of a mxture of C3 and C4 olefins. 15. The process according
to claim12%2M9HWFH ch conprises the 39l i gomerisati on BETEBPHYH/UMTS
propyl ene, butenes and/or anylenes to 15 produce C6 to C15 ol efins. 16. The
process according to any of clainms 12 to 15 in which the conversion
products are purified for use in subsequent reactions. 17. The process
according to claim16 in which the conversion products are desul phuri sed.
20 18. The process_according to any of clajns 1 tqo 11 in which the
conversi on | 2l al EPF Aressss acording to ﬁyoﬁég@%&dP&%nﬁ‘ vhich fhe sptalyse precedi ng
clainms in which tRgy by&ild pHeHBLit 8G8. @ zeol ite catal yst. 20. The process
according to claim19 wherein the tenperature of the 25 conversion is from
110C to 310C.__ WD 2005/ 058777 34 PCT1EP2004/ 014475 21. The process according
to any of cl 2Rns [The Progess eoiiding tehelaight2d| yderein S ienapssatyesef itkf phosphori c
acid. 22. The pro 0k d] & b1 21 wherein the tenperature of the
RS ey Crodod e

conversion is from



