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I nvention relates to processes for the selective oligoneriszatg ﬁ al kenes
having from3 to 6 carbon atons into certain oligoners. Il2 gl@@pr@ tes to
product &;cpRimigied by these processes. Hi gher al kenes ar @qTitisoifraghat e
products in the manufacture of hydrocarbon solvents, higher alcohols,

al dehydes and acids. They are typicall rodu | i gonmeri zati on of
feedstreans containi M@N&@@&M%ﬁéﬁ@&gﬁwﬁom; by contacting the
feedstreamw th an oligonerization catalyst. Solid phosphoric acid (SPA)
has been wi dely used for this purpose. However, SPA produces significant

~amount s of Undeﬁhé%ﬁv@h@fb‘fﬁﬁelﬂté@t@b@@céésesCfBBQHE fgedtpgenerated and has to
be di sposed of en its activity is” no |onger satisfactory. Various

zeol i tes hgNgomeeizapicrpos atkeseshaalrigfroanid/to bacegPan atorokiigooreri zati on
catal ysts. For exanple, US 4,517,399 reports an _olefin oljgonerization
process i ncewtiirh ohigpmeerst ot Rlsvrtlates kR PsPAUrksoPtaipsdsew thGess a zsm 5
zeolite catalyst. Conditions typically reported are tenperatures of 177C to
343C, presBIRESSGP- 100 to 5000 psig (about 0.7 MPa to 34.5 MPa) and wei ght

hourly space Vgﬂis%} %gﬁerﬁ%}/é iQferfrddibe FPodaLBNIA tMeirAAhufAGtire US
5,571, 768, US 5,812, 270, US 5, 552, 357, US'5, 625,104 and US 5, 610, 112

i ndi cat e t pehydeocdrissi sohierasehiglmemalcoholsMiBehydesfarul heidseol it es
having a constraint index fram1l to 12, nanely, ZSh/L 11, ZSM 12, ZSM 22,
ZSM 23, zSWhes arzsvpacally smpducaddyzangemarizadion Phicedstye@®si zati on under

t he sane condjt.ions. MO 93/ 1. 1,$,C lken | ri,zati on process
using an aFRBHENREAKSRRS H%'Sﬁ?g)t‘g 1%%%?09021%?%1%5% %Pgé%&gﬁg téo 0.25
mol ar % baggd oredihew A AR R ERALBAT cAaljdte Sotielphosishorithasid

wat er - contal ni ng feedstock is contacted with a zeolite catalyst | 2 2 OCT
2004 WO 01(SR4pHaPGRdrsoidehsased dbethisdpirpmszeblawesroSihe TON (H ZSM 22,

Sl Dol Lignttd nolGidlor Mded R Req Foblrcrl i (H25M5),
cannot be regenerated and has to be disposed of when its activity is
no longer satisfactory.

Various zeolites have been proposed as an alternative to SPA
as oligomerization catalysts. For example, US 4,517,399 reports an
olefin oligomerization process in which a feedstock containing
olefins is passed over a ZSM-5 zeolite catalyst. Conditions typically
reported are temperatures of 177°C to 343°C, pressures of 100 to
5000 psig {about 0.7 MPa to 34.5 MPa) and weight hourly space
velocities [WHSV) of 0.1 to 10 weight/weight.hour. US 5,571,768,
USs 5,612,270, US 5,552,357, US 5,625,104 and US 5,610,112
indicate the use of selectivated forms of ZSM-5 and of other zeolites
having a constraint index from 1 to 12, namely, ZSM-11, ZSM-12,
ZSM-22, ZSM-23, ZSM-35, ZSM-48, ZSM-50 and ZSM-57 in olefin
oligomerization under the same conditions.

WO 93716020 discloses an alkene oligomerization process
using an alkene feedstock having a water content of from 0.05 to
0.25 molar%, based on the hydrocarbon content of the feedstock.

This water-containing feedstock is contacted with a zeolite catalyst




ZSM1 1), MIW(H ZSM 12) or EUO (EU-1) structure types, HZSM 57, zeolites-
of the ferrierite structure famly, offretites, HZSM4, H ZFH13)04
and

Zeolite-Beta, faujasites, zeolite L, nordenites, errionites
chabazi {ygsp/gaydr at i on of the feedstock inproves the yi el P@¥US01/12891
ol i goneri zation and extends catalyst life, conpared with a process using a

non- hydr at ed al kepe feedstock, Sui I | ratures are from 180
to 255C. eégféﬁﬁ’l%g Z&'Pﬁ\t/ﬁ Qéﬂ"igt@g (gézSﬁ%téj'g‘?’llggﬁeri 'z’gl?"%t@ﬁfof propene
over H- ZSMy5y, Hh &SM-A.: a{gpmHz < 2»angr-0f]y Nyt NPIVRI .22, For

pr opene, %‘pﬁ‘:l;?éf 24”2;2)%1 ure ﬁz‘é%ggt' 2)1{2215]L 'C, p(ﬁgggur)g'ﬁ%%a and WHSV
of 1.19 toz@mQ MelMIW §iZEM- hppor BUG (Bled) Sonctureutypes, H-E8M+ on
tenperatures of 205 to 255C, pressures of 7 MPa _and WHSV of 1.75 to 2.40
wei ght / wei §t zealites of thaifargiernresteugtursy (amByi eHeef1isiso fbdatMd-4.oH-ol ef i n

ol i goneri zation al have their .adyanta nd_di yant ages,.. the latter

i ncl udi ng aﬁMwl&éqqlgﬁéﬁFtaabf@le\{?% %?gﬁ]t%F ’ q"ﬁéég%{g%’t g'gfo%llt%goneri zati on.
For exanp ' [ I ' QRen th& dyr oduct

cont ai ns d%‘ﬁgrds}{,jat}élﬁﬁééér'sﬁyﬁﬂ#gﬁn?rfgﬂgﬁgegént angir’lg?&?lghsgre ?[smahowever an
increased gppFRicsiAlticteashd extehidshestadykelife, pootpated witnegpricessa

predom nant anount of al kenes having from8 to.12 carbon atons, especially
nonenes. | usimgiachondeydeatedraikengviaad sigsdus S aPle OPSTRBRE ol i goneri zati on

processes that are highly sel | ve fQ) specific oligomers. WD 95/22516

di scl oses HHDBFERTHI G ﬁgﬁoﬁgmz@ﬁ h‘?\aa’so?ess with inproved selectivity to
certain ol i gomeng,. Jhe pioCEsyH%3Pe60REM ALY Sligantatalie ofonpr i Sing at
| east one nol ecular "sieve aving a refined constrarnt index greater than 10
and at Ieaﬁ\}/\%@&ee el 4 B3N -5] EMEIMVI Dgnal HeZBM-® 2 anstt ofanrvuiardex wit hin

t he range 01/83407 22 OCT 2094 PCT/USO1/ 12891 of fIr ?QZ Eé) ég) Exanpl es
of nol ecul avesHeZ&MHARi Rgr repenfedly PiEahemEpAR I ITFeX g dPet>PHan 10

i ncl ude ZSM 22, ZSM d i, f her tes. : |

Sl oves hay PHESEEmat 7 AMAE 2RAAVETY i 1 ¢ Beter S, WERERL pe Bhe HEGEH BT
ZSM5, 11 %%13&%5.’ f?iBn-ggtéHEd rehctiofPerhperdfdied {05 €6 iIBEACE.

d i goner i 28 It !

onconditions are: tenperature of from 170C to 300
pressures of 7 MPa and WHSV of 1.75 to 2.40 weight/weight.hour

are used.

These prior published proposals for olefin oligomerization all
have their advantages and disadvantages, the latter including an
insufficient ability to control the extent of oligomerization. For
example, in the oligomerization of propene, the oligomer product
contains dimers, trimers, tetramers and pentamers. There 1s
however an increased commercial need for higher alkene products
containing a predominant amount of alkenes having from 8 to 12
carbon atoms, especially nonenes. It would thus be very
advantageous to have alkene oligomerization processes that are
highly selective for specific oligomers.

WO 95/22516 discloses an olefin oligomerization process
with improved selectivity to certain oligomers. The process 1s
carried out over a catalyst comprising at least one molecular sieve
having a refined constraint index greater than 10 and at least one

molecular sieve having a refined constraint index within the range




C, preferably from170C to 260 C, nost preferably from180C to 260C, at a
pressure in the range of from5 to 10 MPa, preferably 6_to § IVE’ with an
olefin WHSV in the range of 0.1 to 20, preferably fromllt&bio, st
preferadmmhkedn 1.5 to 7.5 weight/ weigh. hour. The feefife§0iBas8Nydr at ed
before contacting the zeolite. The exanples of WD 95/22516 di scl ose propene

ol i goneri zation_ over mxtures of. ZSM 22 and ZSM 5 .and ZSM 2 and ZSM 57 at
Cenmpor at 0f OGP P- EFATIBES S BN UHAL S S5 ar GG T1n88. 059 product

sel ecti vibhesGRt hied tebibdhen TBLACHIAE 78NV MEaMibRSagRe conpared with

t hose obf8 € sane co I'ons Wthed ual nol ecul ar

sieve. ThertaifTeHieristOWE:RaLplEe! sftmloléc ihevtevasdaries gi ve hi gher
selectivities for nonenes than each nol ecul ar sieve taken al one. The best

r epor t ed coastrmns ehdex iwithin tise aashgewddramth ta BhimdudexZEMeSf ZSM 22 and

ZSM5. W h k | i. i zati

condi ti orlsl,%%ﬁgsggggﬁé%oﬁﬁéqg}gméécﬁ% ieﬁicz?{l@;@%nﬁir Igrz1aplr ggorti on of
i ¥ _ noo! Tt ) ! )

fypes s Qe ERRRREC ARdHY AR R B BLE B Ay LT3 CEES B0 0 0P

nunber s O&Hg%fé?%mﬁ@gﬁlm@h@ DEbYC t%étgyr%ff@ﬂsﬂﬂyrf%ﬁi €80bQ a process

for oligoherising a es having from3 to carbon” atons which conprises

cont act i pg 2BIEE St eClresmure i tige fangnef fromey ew dI0 MEagnes havi ng x carbon
atonms, and 22 OCT 2004 WO 01/83407 PCT/US01/12891 b) optionally, one of

several girkferablnding MPaamith as elefin WHaNGEN therageaidi@deitt, with a
t al t t ai_ni it f _the M- - d diti
Lo obi ai AU GUELTARY S bt ool bR Fioth ik DRT)5 When the T eedst ack
cont ai ns ‘a{]g?at Px'y%i?%gﬁo*ﬂﬁr\!i THe fe SRR bediPifateddbelont icdprBE(iAgPT Oduct
eas

contains a t wt % of oligoners having 2x or 3x carbon atons, or ii)
when t he theegsiinekTherbaimples deWes IT/\E 2l & desalbsn prapeme and al kenes

o1 1 ol SHEGREFIARHER PHELANFHIRE CIrboHe G2 S A GORBAr h 2 e 2y car bon
at ons and ZSM-57 at temperatures ranging from 195 to 245°C and

conversions of 85-95%. Product selectivities obtained with the

molecular sieve mixtures are compared with those obtained under

the same conditions with each individual molecular sieve. The

results show that molecular sieve mixtures give higher selectivities

for nonenes than each molecular sieve taken alone. The best

reported nonene selectivity is achieved with a 50:50 mixture of

ZSM-22 and ZSM-S.

We have now unexpectedly found other alkene
oligomerization conditions which give an oligomeric product
containing a high proportion of a certain oligomer species.
Furthermore, selectivity to certain oligomer types is also achieved
when the feedstock contains alkenes with different numbers of
carbon atoms.

Accordingly, the invention relates to a process for
oligomerising alkenes having from 3 to 6 carbon atoms which
comprises contacting a feedstock comprising

a) one or several alkenes having x carbon atoms, and

(V5]



and of oligoners having 2x or 3x carbon atons, the percent agesn%)y \A/x‘-:;i ght
bei ng expressed with respect to the total weight of al kenkd (6Tt HH

feedst ock, wherein the process is carried out at a tenperature of from 125
t o 175Gyvphesishe feedstock contains only al kenes with 3 PEAABONIZObns and
from 140 to 240C, preferably between 140 and 200C, when the feedstock

conprises at | east_gne_ gl kene ...W e . invention is
based on the s 3e%95‘8’ﬁaﬁ¥ ! QHS&Jz\#‘#W%gélzgg)lfﬁées héﬁr&?&%ﬁ;@p&é@ﬁ% of a
specific reacti an;:p?%q Wiffefange, |lower than the tenperatures typically
used for this t)gpe of rea tiloﬁ. Under these specific conditions high

sel ecti vi ti ewiftoa ceralgitncontdigomg aszadrie lnd thehEVestruTherseypet ed zeolite

has the MFS structure type, as defined by the | ZA structure conm ssion and
publ i shed i nunalerzenditizas tq ebtains¢lgrEvelpar olgemens RveANCtetNal .| 4th
revised Ed. El,sevier, London 1996. The invention may be described in two
specific enb&’a}l nts. In the first enbodi nent, the al kene-cont ai ni ng

feedstock cont q;%emﬁe%eé%%moﬁ{dﬁﬁ@%l ayikefel HAAARK a4Bn | N this
case, diners 4 2 OCT 2004 WO 01/83407 PCT7TUS01/ 12891 or trinmers formwth

hi gh conver si omtmds hégid skgenterid pyodThecodtamssatoleast H&ws %wf account for
at | east 60wt % of the product, based on the alkenes in the feed. For
exanpl e, properdigamessheMing %/ o8 SveR TR AEPTGn&hes, butenes are

sel eoti vely confeLied, o Genes ol Ut a6kl gYeq alrupgrper at ur es

whi ch are | ower )Y" e[eerrperatures previously reported for these

al kenes. Despi@rhbarddwiteh&Berat gecant@ry abigh, saietigbareriat es may be
achi eved, together with very high selectivities. One would not expect

si mul t aneous i nprazhset ¢ontadhec mixtyrend digeveess G @NIRer tenper at ures
t han those previously.reported and i cal l racti t cond
P hepTesiarbingRt pontanhs obeoir™ BREAE K EREankin diBre

enbodi nent , avi ng X carbon

atoms and at |eagh 4ng; rh%{ﬂ@hfé%\rhggzﬂor%@ﬁb@{ 8fmsy being different from
X. In this case, the process yields predomnantly a dinmer or trimer of the

al kene havi ngh¥ peraeheages bysweigh tabeiogotipressedhaithigspegt ¢arthen at ons.  For

XAl e, T eight of alkened i M Teldstil Ut enes and pentenes
wherein the process is carried out at a temperature of from 125
to 175°C when the feedstock contains only alkenes with 3
carbon atoms and from 140 to 240°C, preferably between 140
and 200°C, when the feedstock comprises at least one alkene
with 4 or more carbon atoms.

The invention is based on the selection of a specific zeolite
structure type and of a specific reaction temperature range, lower
than the temperatures typically used for this type of reaction.
Under these specific conditions high selectivities for certain
oligomers can be achieved. The selected zeolite has the MFS
structure type, as defined by the IZA structure commission and
published in "Atlas of Zeolite Structure Types" by W.M. Meier et al.,
4th revised Ed. Elsevier, London 1996.

The invention may be described in two specific embodiments.

In the first embodiment, the alkene-containing feedstock contains

one or several alkenes having X carbon atoms. In this case, dimers



may - produce predom nant anounts of nonenes (co-oligoner haiiﬂg}{‘ﬁx*%ﬁ car bon
atons) and octenes (butene diner). A predom nant anount i "né n the
present context as nmeaning that either the co-oligonmers of x+y carbon atons
or the\\9gnsNbi goners represent at |east 25 wt % of the @ICITGsoBn281 product
and that the other major oligonmer type represents at |east 20 wt % of the

ol igoneric product, so t.hat .the sum of bot redoni nant. ol L.goners
rep?esent grgpm%rg.s{or&%wh%%lgﬂeq%}vapgpgp%@r\%tlgﬁg%hﬁgleﬁgg{ty.pJ,T Ferably 55 wt %
of the oli i s | i s in the

f eedst ockdﬁﬁsg?é r??ttﬁferﬂg %Qagﬁgg}lﬁgrﬁm% t}g%&s%?tgﬁ/(?@f %}gé bhglg%'achi eved at

rel ativel pakewv dretherakenes iante fatdhi Bor skkeipde cprypirse 0. Furt her nor e,
selectivity is not affected by the alkene isomer ditribution in the feed. 5

22 OCT 208élenfively sanegrtediousonsngsobutenespse salssdivednconveetatml ar rati o

of al kenes with x carbon ons,relati to the al kenes, wi t carbon atoms
i s prefer @PFLERFH AT BIEH e@@hﬁ\;e%ﬁeg}w@fgmwﬁ%%aggﬁ?ﬁ"ftfo 75: 25,

most pr e;ﬁéﬁ‘%% {Jrﬁgbfgﬁtégst&éﬁiﬁéa r}@o%r?éd(%&eﬁué& Lhedaedstock are

sel ected om propén referre as propylene) and |inear and/or
branched gdepngsthddnweg témperdtiee, Gresgrihigh edovarsidiheateedsapdle my contain
a single al kene type, mxtures of |inear and branched al kenes with the
same car bachiyedertogetine wittevens highsglcdnunes. KpPapchedld Bokenes with

di fferent carbon, nunpbers. For exanple, ,sui.table nd . finic feeds

i ncl ude CHXR§EY SERIDGTGAYNG NS850 Ei %%841?%1 raé}ﬁf)ﬁg?ldsclrgglc élﬁogd‘“!(:”cat alytic
cracking gl e W AGh 03B @k iow Sl ot Phn@l hpickUjane- but ene

fracti onsqé a?ﬁ%%ﬁ%mv?ngq{ bu%oadi gneéa‘ rom C4, %@3 pr oguct fractions
formed i ngrhetipedduction of ethylene by thermal cracking of oils (such

fractions contain_ mxtures of n-butenes and isobutylene haying froma few
w % of isobutlylfé'}feswfi‘geg@b?‘élrﬁén\tm ¢ gﬁlé)coéla@s ﬁ\%?% rbon

m xt ures obt ain b r t) f I ) : ai ni ng

n- but ane &Mt "iﬂé% u %ﬁgﬁ{%ﬁ%ﬁg@&%gﬁ}ﬁ a(f?)%% é?ﬁ?ﬁge%i@aﬁﬂﬁgﬁg?“g‘%ru cul ar
enbodi nenteehohherdrAy enthiedngrdffetest frormracksshss uasagtie peedssock in which
i sobutyl ene represents from12 to 34 W% prefergl?(l y from 12 to 20 wt % of
the total yieldghpresfomirantudsdiorr grorimgsipl the alkene having x

carbon atoms and a co-oligomer having x+y carbon atoms. For
example, a feedstock containing a mixture of butenes and pentenes
may produce predominant amounts of nonenes (co-oligomer having
x+y carbon atoms) and octenes (butene dimer). A predominant
amount is defined in the present context as meaning that either
the co-oligomers of x+y carbon atoms or the homo-oligomers
represent at least 25 wt% of the oligomeric product and that the
other ﬁajor oligomer type represents at least 20 wt% of the
oligomeric product, so that the sum of both predominant oligormers
represents at least 45 wt%, preferably 50 wt%, and most
preferably 55 wt% of the oligomeric product, based on the total
weight of alkenes in the feedstock. As in the first emnbodiment,
such selectivity may be achieved at relatively low temperatures and
at high alkene conversion. Furthermore, selectivity is not affected

by the alkene isomer ditribution in the feed.



f eedst ocks, the process gives an oligoneric product that contains from8 to
25 Wt % trinmethyl pentenes, preferably from8 to 16 w% tQi M%Tyllﬁ%tenes
with respect to the total weight of octenes in the oligoneric product. Such
processee oe/sadie to obtain octene conpositions in whi ch PCREISAWSIBAL of
octene oligoners with tetra-substituted double bonds represents between 10

and 15 nole %o ﬁ@ﬁsf&?’é@‘!”d?ﬂg\gﬁ&%{ewéﬁm{gﬁ%ﬁ'O%Tkggés tﬁﬁé[l gg%[[bjo%%l anount

of octene oligo a I'NESS 0 enes ranges

from 1. 60 418 s 8ElatFNEES 196 bEREN EPURAS | td B BonCAYAS 1 € prétdraBlyar € associ at ed
with inproved reactivity when the octéne conpositions are submtted to

hydr of or mfratri @6:90 Thed®:d€jshook prefgrablyofroan@Si: 32 thréml2®, @6oso 0. 25 nol ar %
water, nore preferably from0.06 to 0.20 nolar % water, nost preferably
fromo0. 1@rederrbly lxpimf0e9dPerofased on the total hydrocarbon content of

the feedstock. J+f_n LY, L en 0 t may be

I ncreased by anthgtﬁqggﬁgglﬁe%g.% eﬁ%ﬁo%{x%%pEé@gg%cg%oggg%{og%gl%c@z e passed
through a fdperaBstcht §topydd) &9d Wb and dicBrddéhedrattén€d water required
to saturate the al kene Peedstock wi || depend upon the tenperature and

conposi t i dnavihg frent detts barrboroatarok. Thetfhed simcdr megntemtainan then be

ef fected by aﬁ)propriate control of the terrﬁsrtz)itur 0 he feeggtock. The
feedst ock FHREIGRUERGPPF BB H IRt AL, Dran agianfEhits 4

hydr ocar borg}%gim%tésf%@g}%@%ﬁgl %%&tgﬁggr&g JB&IR S por Brafthed atoms, such

as, for ex €, a sa e rocarbo s, that o r hydrocarbon is to

be i ncl udeghiiemesheithy diftrant@arbeantentbdrer Fonexam ples asritfblealgul ati on of
the water content. The feedstock nmay al so conprise ethyl ene and/ or al kenes
havi ng 7 osndnDi ®leAnhofeedlsoimlutia Chihydrasarbdamenntthees abkaimesl ave al so to
be included in the hydrocarbon content for the purposes of calculation of
the water gafiriien) crabRimga{apbtticoradiing ar seeimtaraoking)eand st ruct ure
type, such as ZSM 57 as di scl o%ed i n _EP-B- 174%)21, lE;{S?A' 873,067 and US
4,973, 781 tripewing qirRiby, Jon BN DRe R Taft oy gPLaced DESEMWINE at al yst s

having crygtal 4 SheUfbi @4,‘09’%1’(?&1?(:1:6&38{15}1@' fo¥ridi€irs 898 Réduction
of ethylene by thermal cracking of oils {such fractions contain
mixtures of n-butenes and isobutylene having from a few wt % of

isobutylene up to 30 to 40 wt% isobutene) or C4 hydrocarbon

mixtures obtained by dehydrogenation of hydrocarbon mixtures
containing n-butane and isobutane.

For feedstocks containing C4 alkenes, a particular

embodiment of the invention relates to processes using a feedstock
in which isobutylene represents from 12 to 34 wt%, preferably from
12 to 20 wt% of the total weight of the feedstock. For such
feedstocks, the process gives an oligomeric product that contains
from 8 to 25 wt% trimethylpentenes, preferably from 8 to 16 wt%
trimethylpentenes with respect to the total weight of octenes in the
oligomeric product.

Such processes enable to obtain octene compositions in
which the amount of octene oligomers with tetra-substituted

double bonds represents between 10 and 15 mole % of the total



the MFS crystal structure but differ slightly therefromin chem cal
conposition may al so be used, such as, zeolite catal ysts ogt?iﬁ‘ﬂzj *ﬁ%
renoval of a nunber of alum niumatonms from or by steaming =7- 2‘ 2004
WO 01/ qgggz,sﬁ@;'/ USOL/ 12891 of the zeolite, or zeolite cabrarfgspl/vi#®hi ned by
addition of different elenents, for exanple, by inpregnation or cation
exchange or by incorporation during the zeolite synthhesi S. ZPIM 57 crystals
may be prepaant By ostsne gligamessnmddspdhe avsragebsinchipesaodithsg a reacti on
m xture containing a seurc sildco i ce of al um nium

oxi de. Thé’cier%ﬁ ﬁ%ég%sf Orflﬁeﬁbgtgnéréaqc'l 3h%§ é%l%ﬁgﬁgicﬁn%aﬁ&lg@noxygen at a

t enper at ur ' - lithpRived feaRPRIHtwhenofhé10 or 550C
for, for Cglﬁgﬁgﬁ?ﬁ%& ?’g@%gs%%%fi%&)@ﬁﬂg caIIJCi ned nater_t?’tal is preferably
exchanged ggité e @ommpoaitioinensre( Nrdm)ittaddtes byfecfoethlatiosondi ti ons under whi ch
t he ammoni um i ons deconpose, with the formatio f a i a_and,,a proton,

t hus produci ng 'ﬁhﬂaf@@S@W%ﬁWY@ﬂS‘ZSWS?E’g’% -Io%t'@ EEOI%JI fy
protonated, i.e. substanti,all ahl ' it | form

Al t er nat i VERYT %ez%%q%ﬂ%ﬁ%%c’%‘eb'%éggé i(balépyr%%rl%{ gong{&égl.r' %gt acid form may
al so be Og}ﬁ%‘%ﬁ!’r @6l 1 eHs DNy enWialrD, aterekased en thelteehl oric acid. A
nodi fi ed y also be used. The term "nodified" mneans ZSM 57 forned
by a net hagydrocwhbeh camtengaifithe fabdswmia If iecgasany, shenbadr or tenplate) is
used to pronote formation o alunj nosilicate c‘rgstal &&ﬁieol | te precursor

f
crystal s) aeaiengof fBe faedstosk Meg BE pREITAY S PRSTRR ARG HY zeol i te
precursor Jrr(@-r%’;ﬁ%ﬁbze e fRianged W bh Al H{Pohgﬁsa%e%s@ﬂ@tedand the

crystals dl Cl'ned "undér condi tions such that a portion of the

organi ¢ prpgRiredatQratdr. aSteco o sirhount piodater euinatito sheusdteom r emai ns
within the pores of the crystal. Reference is made to the follow ng
docunent s theszikesierlgedrtockpral atenansh UsoTy M SeMRCTABYS RBE ZSM 57

o PSR R SR oA R B i it ¢ 2515

Char acteri HeA: AN Hy Shape pred RCddve oPoORBE teAsBeraturd GatAkysis and S WO
o1 baa0y B eBeEl ey PP

feedstock.

The feedstock may also comprise an inert diluent. If the
diluent is a hydrocarbon gas other than an alkene having from 3 to
6 carbon atoms, such as, for example, a saturated hydrocarbon
gas, that other hydrocarbon is to be included in the hydrocarbon
content for the purposes of calculation of the water content. The
feedstock may also comprise ethylene and/or alkenes having 7 or
more carbon atoms. In this case, the other alkenes are also to be
included in the hydrocarbon content for the purposes of
calculation of the water content.

The catalyst contains a zeolite of the MFS structure type,
such as ZSM-57 as disclosed in EP-B-174121, US 4,873,067 and
US 4,973,781 herewith incorporated by way of reference. Zeolite
catalysts having crystal structures that are essentially the same as
the MFS crystal structure but differ slightly therefrom in chemical
composition may also be used, such as, zeolite catalysts obtained

by removal of a number of aluminium atoms from, or by steaming




PCT/ US01112891 Adsorption Zeolites", Ed. G Chlnann et al., Elsevier Science
Publishers, B.V. Amsterdam all incorporated by way of refgre ce. ;ife
zeolite crystals may in sonme cases contain a mnor proportion of another
crystamgpopsyyt erial, such as another zeolite structurefPCl/p8iwY28Huartz. The
zeolite of MFS structure type may be wused in the formof powders (including

powders conpsj sting wholly ..or_in rt..of single crysta The zeolite
crystal s ﬁgﬁh? ﬁgf’g&?) %ezg‘?lht@o‘?aéabgsc%é#t?%ﬂ%%g’ge%dééé%ﬂtaﬁfﬁﬁﬁf or exanpl e,
tabl ets, s WA i Qbihi ng the
zeolite wgtéh%gggél’ﬁ%é%rxﬁa;ﬁ g’iﬁﬁ%@% s% ??ac%ﬁcgﬂ} P’;g?ﬁéﬁ‘? und%r t he

condi t i ongn&iporreidn dutdie the gedltte patthesiqrocess. The zeolite catalyst
may be present in ampunt of from1l to 99% by weight, based on the conbined
wei ght of the Z&Ni3@ caystals maey hespranaged bynenyi sigidableamethad, any suitable
mat eri al be used, for ..exanple,..sili.c net al .oxides, or clays, such as -
mont rmor | | FOFYRmPIEChY JTHAWE AT SSHORTHREYE CoRIBIg 8 spicsiel 1y bei ng
calcined gfjcdiPiddednanetomatt biRILRlintQmidRidem Mt efy RapRres of suitable
matrix materials include silica-alumna, silica-berylia, silica- magnesi a,

si | i ca-t hepta,gesidratlg-ddltAnddain il braxpgemiana tagpesieyre sxddectingl uni na-
thoria, silica-alumna-zirconia and silica- nﬁ&nesig- zi rconia. The MFS

zeol i te copra), Jomerampls, 8é ptumpertieaior Heor $21G fer.derdi scl osed for

le in US 5,993, 642 US 6,039, 864, . EP-B-568,566, EP-B-793, 634 and
Eb B 808, 35BmBler hioPHRaRES TS A b Al B AP aRS. Tho
| kene- cont aj ni ng f t ock i t i th ihe . | yst t ai ni
ool it e ofxchengRd BbpTatondiTh R piva hend SRt d e crper arure ahi ch
depend t he .al k t.in the feed k onl
Contai ns_ GeBaaant pratsT BARFR' heaman | BR B e ctrre F s MBFEN 195 and
175C, preffShﬂQki)brpsf weanoni2arand 42R6n, Yhas prdeidsegdahecdcidodiai ns at | east

one al kene having 4 to 6 carbon atons, the reactor tengerature is between 9
WO 01/ 834@T ZSM-BCT Po94eplily usy1bed8dy proonaded4ne, sppetattaslly bet ween 140

and 200C, nost. . preferahly between 14Q.and 175C. The pr,essure . r ef er abl
in the rar@éba@ﬂd gggﬁ]agctlayaﬁ)tﬂpai?)rm. gdterna%we ¥, 1’1'-.'16 &85 may be P y

partially protonated. The acid form may also be obtained by acid
exchange with, for example, hydrochloric acid.

A modified ZSM-57 may also be used.l The term "modified”
means ZSM-57 formed by a method in which an organic substance
(organic promoter or template) is used to promote formation of
aluminosilicate crystals (zeolite precursor crystals) having the
desired MFS structure type. The uncalcined zeolite precursor
crystals are exchanged with ammonium ions or protons, and the
crystals are then calcined under conditions such that a portion of
the organic promoter or of a decomposition product derived
therefrom remains within the pores of the crystal.

Reference is made to the following documents disclosing the
preparation of ZSM-57 or modified ZSM-57 containing catalyst: US
4,873,067, US 4,973,781, EP-B1-174,121, EP-A-625132 as well as
Ernst and Weitkamp in "Zeolite ZSM-57: Synthesis,

Characterization and Shape Selective Properties”, in "Catalysis and



nore preferably from6 to 8 MPa and at an al kene wei ght hourly space
vel ocity preferably in the range of fromO0.1 to 20, nore referably from1l
to 10, and nost preferably from1.1 to 7.5 weight/weight hduGlTAllidési r ed
conver q%ara”kﬁw:l is generally obtained by first selectirgTaISO&AZIEON

a

tenperature and by regularly adjusting this reaction tenperature to
conpensate for catal yst deactivat(.lagﬁoover ti The grocess of the

i nvent i onAdsorpiganyZenditest.i k. & ang; il r B IS SRIGE s 95wt %

typically_c I sed tween 6 9 ' bet ween 85
and 95wt %)”gﬁghﬁfﬁ’cggg %ﬁ%}frgaﬁggﬁ&&?{? Crﬁrc])tr %%ﬁ E’é’qg%y &??gggrﬁg?l?g' pr oduct

whi ch can be f’f*ﬁte%folifté £pnERdab)inammenases cmreinh tieorfol | owi ng st eps:
fractionation, hydrogenatfon, hydrofornylation, oxidation, carbonylation,

et heri fi cptoportiepofiatrtthen crigthilineanaterels siwings anather geedient i nvent i on
al so concerns higher al cohols _obtained l})&ﬂgédroforr | ation an
hydr ogenastrmetere tHBe OIr Gaasizi d NeFULEL YR ®orocess for

5oy
th ] f t : - ' id:d ' he high
Al cohol & artvBdTg Fim By RsniR e GRsIRI LR BohCiqubg il he 1 ahet
pol ycr abogy Ii,,ir)ggaqqicq siﬂgﬂ?&rfﬁa@g]t i PHe zedliteabhystals rakeiridieaddby car boxylic
rerer

esters. red estérs dare phthalic or adipic esters. Certain
i || ustr at ineoreivadedrintshagped heglomeratesnion ¢1amede b@blgscri bed with

f to the follow d . - Fi 1; | L vit
Conver si oRXITBIIGHESIA BRGSO BRI PR oD SRR HIET )°yer sus
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PCT/ US01/ 3 wi ure Selectivity versus conversion for oligonerization

of a feedshackosanmplyed itreesigamleieatengsrocess. tThe todlitwni ng exanpl es,
conversion and selectivity are cal cul at F(dmaccordi gg %)8' t he ,net hod di scl osed
in "I ndustoatalyse may fenpeesrntGreamouniol (s detdelP 7amy Welsht Har pe, 3rd

Lo iR iRe GESBIHANel g HEEIRL Bt as st baved upon
of the paraffifsel mhdtBeial egdy dsikaple hettabl aviypbeeqsead | for:

| example, silica, metal oxides, or clays, such as montmorillonite,
bentonite and 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-titania, silica-alumina-magnesia,
silica-alumina-thoria, silica-alumina-zirconia and silica-ragnesia-
sirconia. The MFS zeolite crystals may also be bound with another
zeolite as disclosed for example in US 5,993,642, Us 6,039,864,
EP-B-568,566, EP-B-793,634 and EP-B-808,298, all incorporated
herewith by way of reference.

The alkene-containing feedstock is contacted with the
catalyst containing a zeolite of the MFS group as defined above at a
specific temperature which depends on the alkenes present in the
feedstock. If the feedstock only contains propene (propylene}, the
reactor temperature is between 125 and 175°C, preferably between

125 and 150°C. When the feedstock contains at least one alkene

having 4 to 6 carbon atoms, the reactor temperature 1s between




Conversion (% = 1 Aolefin / Aparaffins 0 0 A olefin | A paraffins x 100 -

where A = chromat ographi c peak area in product analysi
chromat ographi ¢ peak area in feed analysis (W% . Thesz gw @pl{‘ i's

det er miw@d1/8340m gas chr omat ogr aphi ¢ peak areas, after h§EHY§ %Héﬁs? n of the
reaction product stream according to the follow ng equati on: Acn Scn =

Ac] et & Ai8aRdCBA 03! QIBPILE RERIe A $800ndldod-ROTRES, i th carbon nurber

n, and AC rona I'c  peak area of "a soner's W th carbon nunber

ot her tha@)r@ferhblﬁ%eg;&gopm WaL01788407 PCT/ USOl/ 13891 Exanple 1 -
Preparati on of HZSM 57 crystals. Conposition A, containing 150.02 g Ludox

HS40 (a col | oi e psédsura isgbneferrbly norbbursonge obfmprmas o 1M MPH, 02 i n

wat er) and 400. em neral i ed wat er, xed in ker of a
househol dmps@epreééglagf gJﬁ”E:f) & tMPﬁ.%@d@é @g’%nwywl&hmﬁo iy N -

hexaet hyl o) a D quat-5
(brom de %ﬁ%ﬂq %CW?E‘%%}J@{ ?Ig]gggé’\%?lﬁé dlkf%] Odfsgmefé%%em neralized
water, wa r%ﬁéi@ dwffckmllltéaog £ d mhesepreateibiofrogoliut itery 8. The resul ting
m xt ur e vvas m xe roomtenperature for 5 mnutes. Conposition B,

cont ai ni ngvdight AwaightSoans. 18 H20, 16.25 g NaOH (Baker 98.6 wt % and 99. 97
g dem neralize was than added vmth se.water. The

resul ting mxt (l}r ets%rgg GRATVET SIS 166 éﬂ&eﬂ%ﬁé}f ‘é)(%ﬁig‘?'ﬁfi g’é’ ligtying a gel with
the nolar o GONRESL! it ol PaRpBInkE A1 rdQuiS(PAARGHRY this

reaction temperature to compensate for catalyst deactivation over
time. The process of the invention is highly selective at conversion
rates as high as 95wt%, typically comprised between 635 and
95wt%, preferably comprised between 85 and 95wt%.

The process gives a product containing an oligomeric product
which can be further transformed by any one or more of the
following steps: fractionation, hydrogenation, hydroformylation,
oxidation, carbonylation, etherification, epoxidation, hydration.
Accordingly, the present invention also concerns higher alcohols
obtained by hydroformylation and hydrogenation of the oligomeric
product. It also encompasses a process for the preparation of an
ester of a polycarboxylic acid in which the higher alcohols derived
from the oligomeric product are reacted with a polycraboxylic acid
under conditions suitable to make the polycarboxylic esters.
Preferred esters are. phthahc or adipic esters.

Certain illustrative embodiments of the 1nvent10n will now be
described with reference to the following drawings:

- Figure 1: selectivity versus conversion for propylene
oligomerization,

- Figure 2: selectivity versus conversion for n-butene

oligamerization,;
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537 g of the gel was transferred to a 1 liter stainless stegl ﬁTau__b_cIave
equi pped with a stirrer. The autocl ave was heated to 160¢ o\er a'@bri od of
6 hours while the m xture was stirred at 120 rpm Heating at 160C and
stirri gy ppgRocoNnti nued for 144 hours (6 days). The conPef{Usei/ 1183

autocl ave was transferred to a 1 liter centrifuge bottle and was washed by
decanting the supernatant . and re-di sgersi n??t he |cl).

recipitate .in
deni nerali zed 1gure g selgeidvity YSESHE FORYET$10 dﬁil EHgatigRethat ant was

10.5. The r . i r.od t 120C. This resulted in pure
H ZSM 57 %f@?gg?%lgﬁ%&q%&‘ﬁgg?‘g?fﬁ%ﬁ\gg%’%h?gti o of 41. Exanple 2 -
Propyl ene ol i g@REfHe filicWingte ds, Chorstetisfors yaidheslezdditgsardescri bed in

Exanple 1 were calcined in air for 16h at 510C, exchanged with a NH4C1 12
22 OCT 20@4lsMD=04488407dRE tuShe/rozdead aljselossd 9ol lnfdestmalecal ci ned again

at 510C for 16 .h jn air. T ystal s wer hen._gr anul.at by conpressing
into partiQI@éuﬁﬁbFr@"e%“%irﬁ% @ﬁlisq%ewgﬁfge & 368‘(:'{99?%?139, on a

hydr ocar bovn(aﬁa i éo wt % propyl ene, 40 wt % n-butane and 10 wt % i so- but ane
was hydrate ’ts)ls?%?odssi ng it at a tenperature conprised between 25 and 40C,
through a ther npgsicatdRihlyaiies cenverdbarwasicichlated bdsedragoatgan into the
reactor. The water content of the feedstock prior to its introduction into
the water catwnatagramsc geal akarm|uging ahineanal staadrrd e 8t at or was ca

0.10 to 0.15 nol ar % (dependi n n .the.exact ration erature), in
each case fﬂé@e‘b‘J&FP S tﬂ?&?%@a})f}gﬁggﬁ%g@@” ggﬁgtaglg%dstock. The
hydr at ed feedstock was then passed over the catal yst particles. The reactor
ef fluent was analyzed at regular intervals by gas _chromatography (GC) for
determ ning the ol efin conversign and Aygdust,sekectivity. The reactor was

oper at ed conti nuoustehvkRiond8sdaysi -1 nitlally, the—neactod tenperature was
set at 125C;, it was progressivelly in@f@,@fgémc’%fﬁng 72C to maintain al kene
conversi on above 80w % The reactor pressure was intained at 7 MPa.
Tabl e | a shows repr eseigt %ti ve operating conditions and product anal yses.

Figure 1 shows the s&f eé—tlvity for hexenes, nonenes and dodecenes as a

function of propylene conyeesitidmatographic peak area in product
analysis (wt%)
AQ = chromatographic peak area in feed analysis

(wt%).

The selectivity is determined from gas chromatographic peak
areas, after hydrogenation of the reaction product stream

according to the following equation:

ACn

SCn =
Z Aci

where
Acn = chromatographic peak area of all isomers

with carbon number n, and

Acj = chromatographic peak area of all isomers

with carbon number other than n.
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t hroughout reactor operation. These results denonstrate high selectivity
for the production of nonenes. Propyl ene conversions of 838/t @CP5Hj4% wer e
achi eved at tenperatures ranging from 135 to 170C. The conposition of the
productWeiousaHdd was determined by gas chromatography (GESTUSEHM$%hydr ogen
as carrier gas. The injector liner was filled with a hydrogenati on catal yst

(0.03 g of 9 . 5 _ in=slit.u hydrogenation, all the
conponentﬁ%ﬁ%ﬁ%ﬁ@éﬁ%@“;@%ﬁ?%&&@?%? t he nonenes 13 22 OCT 2004

WO 01/ 83407 PCTCHRbSiRRKLA copstainedg al50902 ¢ WhloRfHS40NhacdAAahed i soners,
84.53 wt % of doubl’'e-branched i soners, 5.58 w % of nono-branched isoners

and 0. 42 wsi¥ichisedutions fneen Huwet abld as ¥ woteBtOpinduetes) eiuds had an
average branchiness of 2.03. Table | b provides the detailed product
conposi t i o002 t gedGnintiadiredpwatiis twasfised ihydhedoeadettd eha The conversion

f I t ' b | ySi. it h | 0-sit tion, -
by Conpar | AGUPRBO(SCIEAT y SPHAN Therorihaeie S o of & A BuVbNG Be anal ysi < of
t he feedst ad it g asdst; [ but d
| cobut ane. ke epoapeh PediRRE R bRaRor M oaRN Aot PR "

i sobut ane pRheat-BUbroseideasalt)nded nadreiiaoctas BbrdvisteehRY winat OMQ36 gonver si ons.
14 22 OCT 2004 WO 01/83407 Table |a: Propﬁl ene ol i gomerizati on.

PCT/ USOL/ 1¢8@inSeatides! Natborwas pddednwityl L1933 ergfonase oratesrtper at ur e
C) 2729264040404040 actor, Temperature (C) 135140150155160165170170 WHSV
Ew% /wt . hr)3° élflﬂrbg‘z. Jfgﬁ .fﬁépé%ﬁgpﬁf‘.até‘%ﬁ "éé)s hb‘."eéfauta‘aﬁ%mgﬁmpera ure

streanil. 2 4. ) ] CanVens] |
(ot o5 02 75557 SRl SRROSIER 1 ST PROY I AMIS0)5: 18 H2O,

(w90, 11018885 gmé@-ﬁ(ﬁaﬁépgg@-vﬂ@’o ndB RO ¥ide¥nineralized water,
(Wt % 3. 246. 31, 825. 739. 165. 034. 084. 95 C7 sel ectivity (wt %

was than added with 12.10 g rinse water. The resulting mixture
was mixed for an additional S minutes, giving a gel with the molar
composition 2 NapO/R/0.17 Alp0O3/10 8:05/400 H2O0.

537 g of the gel was transferred to a 1 liter stainless steal
autoclave equipped with a stirrer. The autoclave was heated to
160°C over a period of 6 hours while the mixture was stirred at 120
rpm. Heating at 160°C and stirring were continued for 144 hours
(6 days}.

The content of the autoclave was transferred to a 1 liter
centrifuge bottle and was washed by decanting the supernatant
and re-dispersing the precipitate in demineralized water. This was
repeated until the pH of the supernatant was 10.5. The washed
product was dried overnight at 120°C. This resulted in pure H-
ZSM-57 crystals having a SiO9/Alo03 molar ratio of 41.

Example 2 - Propylene oligomerization.
H-ZSM-57 crystals synthesized as described in Example 1
were calcined in air for 16h at 510°C, exchanged with a NH4Cl




1.14 1 1.57 1.41 1.83 1.99 1.96 1.93 C8 selectivity
(W99 1. 711. 322. 451. 892. 182. 582. 752. 63 C9 sel ectivity 2 2 OCT 70Ch
(W % 71. 9672. 7865. 2972. 6470. 9871. 572. 7571.3 C 1 O-C 11 sel eGtivity ?wt% 1.5

0.73 1.9 odsfgs 1. 24 1.57 1.62 1.47 C12 selectivity (w %) PCBUSBI/125962 17. 29
11.45 10° 4512, 34 12.84 * 12.32 C 15+ selectivity (W% 4.55 5 81 9.22 5. 58

3.82 4.69 3.72 5.07 Cracking (Wm% ' 4.633. 266, 284.615.596. 446, 62 *
cracki ng: aswais eglutom aggl c@cg@e@ag@%@{teﬁ:]t(p‘%} fqregg h ?n air. T?'xeG' 30

crystals were then granulated by compressing into particles having
a size of 1.1-2 mm.

A feedstock containing, on a hydrocarbon basis 50 wt%
propylene, 40 wt% n-butane and 10 wt% iso-butane was hydrated
by passing it at a temperature comprised between 25 and 40°C,
through a thermostatted water saturator prior to its introduction
into the reactor. The water content of the feedstock prior to its
introduction into the water saturator was ca 0.02 molar % and on
leaving the saturator was ca 0.10 to 0.15 molar % (depending on
the exact hydration temperature), in each case based on the total
hydrocarbon content of the feedstock. The hydrated feedstock was
then passed over the catalyst particles. The reactor effluent was
analyzed at regular intervals by gas chromatography (GC) for
determining the olefin conversion and product selectivity. The
reactor was operated continuously for 88 days. Initially, the
reactor temperature was set at 125°C; it was progressively
increased up to 172°C to maintain alkene conversion above
80wt%. The reactor pressure was maintained at 7 MPa.

Table 1a shows representative operating conditions and
product analyses. Figure 1 shows the selectivity for hexenes,
nonenes and dodecenes as a function of propylene conversion
throughout reactor operation. These results demonstrate high
selectivity for the production of nonenes. Propylene conversions of
83 to 95wt% were achieved at temperatures ranging from 135 to
170°C.

The composition of the product mixture was determined by
gas chromatography {(GC), using hydrogen as carrier gas. The
injector liner was filled with a hydrogenation catalyst (0.03 g of
0.5% Pt on AlpO3) so that, by in-situ hydrogenation, all the

components were identified as paraffins. Overall, the nonenes



15 22 OCT 2004 WD 01183407 PCT/USOL/ 12891 Table 1 b: Propyl ene n :
ol i goneri zati on - Nonene oligoner identification after hyﬂr?o@éﬁaﬁii%n Nonene
oligomer W % 2, 2, 5-trinet hyl hexane0. 49 2, 2, 4-tri nmet hyl hexane0. 41

2, 3, 5- t Wiom/wkoyl hexane2. 56 2, 2-di me t hyl hept ane2. 37 2, 4- AiGRAtIWNAIBIbt anel10. 60
2- met hyl - 4- et hyl hexanel. 65 2, 6-di net hyl hept anel. 22 2, 5- di nmet hyl hept ane6. 32

3, 5-di net hyl hept A oA-di | - 3- t : o

2.3 3 tri Iy R A ahditr v el B S n G e AR PR e % 3 4t rim

et hyl hexangNatiedst £5d16€H Fsoinérd r$ 58 WYdN6KaRRb-b3aRcBediigBifykhept anel9. 99
3, 4-di net hyl hept ane30. 10 4- net hyl oct anel. 44 2-net hyl oct ane0. 15

3- et hyl hepimd €.42 57193 -1met aryisoatanse 3042rall, nbranefe 2 frodnplts tBus But ene

ol i gonerization. A feedstock containing, based on hédrocar bon, cqontent, 49.5
W % pr opdmed anceeeragekranaiingasof £.08afrkls AR Pravides thardstailednt ent of ca

0. 02 I % based . hyd d '
of 25 Lo RRUE GRutBBRHF oTERERES B E BOGGts AP L o feedstook

cont ai ni n%O 1 tg Q 5 nmolar % water. This hydrated feedstock was passed
over H ZSNPEFOBENZLY 2004 WO 01/ 83407 PCTi USO /12891 prepared as in

Exanple | and cgh€icBaderdionl&paiisighanid alieterasindbiP@OPh alysisihe product
was anal yzed by GC at regul ar .

without in-situ hydrogenation, by comparing the GC analysis of the

product mixture with the GC analysis of the feedstock under the

same conditions. The feedstock contains butane and isobutane

which are inert under the reaction conditions; butane and

isobutane were thus used as internal standards for calculating

conversions.
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~intervals for determ ning ol efin conversion and product selectivity.
reactor was operated continuously for 43 days. Initially, the ({&agilr

tenperature was set at 125C,

mai nt a\ivB }smﬁe conver si on above

mai nt al ne
product anal yses.

it was progressively
70wt
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The react or
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increased up to 240C to
P rRCTSUS08/ 1280
at 7 MPa. Table 2a shows representative operating conditions and
Figure 2 shows the selectivi

as a function of butene GaREEAs PEPHHIEAIERGETZ

octenes and dodecenes
These

results denonstrate high selectivity for the production of octenes. The

conposi tion of the produstmHxturewas—deterpned—hy—gaschromatporaphy
@€E¥$=N§Wﬁ@'hydrogéﬁ as tarfie Iga;. Qhe i Fector%{inar S fiﬁpgd mﬁyﬂla
TR paraead Y St ©0. 03 029f | 0.266 Pt o0 AL208) sb t#at,| bysd n-|si t4®
hydr ogenation,—all-the—corponrentsiwere—ientithed asparptitns - The €5
KeratpeTeppeattrs (dontlai A 1. 58%t % 0 ¢ pl 22 br an&@éd i soﬁer S, %9 A4 W% df
1011 RGARANEd 1 SOmgr s} 8 25. 46 o4 % ob.1ONnb- ranchex2 somrx @and.36. 52 8%
Linear i soners. Overdll—the-ectene—praduets—ha A—avyet ragghtessoof
No79l dapASUZBTLr ovi des 12he | detdi | bd o 5r oHUAL Sodnpuss £ 10850 Lha C8 bl Bone
DRUGE S rabi RFto)Nydr dgenatsi ong7.2Be | canver 5ian3Hf| Batene- 12.Was| dE1.83 m rfdd3y
I (L analvucic af +ha e ~diadl od ot L FEP s P ~ 1 P
A . STo—eatHt 1 H—¢t P OgrCT T e TTUIRE aic |2)f5 bOHI—
{FeSelocBERE PO under It FE Lare %Bhdi ti s hnd'is thqjvywe ?sx I’LdLI nt ernal
tiity (e on NVR lanabysils 6us® Yisddd2 o| i A&dti f yd9-the (01583 n| t ¢o88 of 4the |
jact ene (C8 oli-gonersiafd_dedecene {(CIZ ol gyrers) T gRatt 1o Pf | dd1€( 193 .
FrOMRSEVIDT B ef i n t pgTﬁs defined as>%o |gm£- 722 OCT 2004 WD 0183407
RIS IGL 2890 - Typel | L.aond- Sabsti tuted| dodd el bddd: |[RETPECH2 272 Tygedl
di - cithet i1t uut ad daorthl ol s l | - —_ e
= SURSH-HUHoa—aetnTe e TR ] Y PEa I'T I7000g SUBSLE T 1t edl 7golibi7g 3
dohtelecRpie) Tvpeh}‘lLi\'?)etri 7 Z0Bsli PRitdd Ldoubt el bond: IRE Coch B Type_\
TEi0-a11 selbaivity ued) doublled bdnd®-7RR|CICRI R|' 1-0%her &2/, |R ISR and B " |edct
rﬂﬁé&égg%%guw%hayu groOR a3 e 19@EN e 17128CT T pN48§T | Theaprioducds ¢ontansned1d.32
C15+ selectivity {wt%) 4,55 5.81 9.22 5.58 3.82 4.69 3.72 5.07
Cracking (wt%) * 4.63 3.26 6.28 4.61 5.59 6.44 6.62 6.36

* cracking: sum of C5, C7, C8, C10-C11 selectivities




1, 15.8 mole % Type 11, 10.7 nole % Type 111, 60.9 nole %Tﬁpﬁﬂjr\/qnn nd 11.2
nol e % Type V products. The dodecene fraction of the procﬂJ tLeontlditned 1.0
nole % Type 1, 11.8 nole % Type 11, 6.6 nole % Type 111, 53 nole % Type |V
and 27.WO0mn8a0% Type V products. The average branchi ness PCEfUOHA288bdecene
fraction of the product was 2.8 as determned by NMR 19 22 OCT 2004 WO
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Table 1b: Propylene oligomerization - Nonene oligomer identification after

hydrogenation

Nonene oligomer Wt %
2,2,5-trimethylhexane .49
2,2,4-trimethylhexane 0.41
2,3,5-trimethylhexane 2,596
2,2-dimethylheptane 2.37
2 4-dimethylheptane 10.60
2-methy!l-4-ethylhexane 1.65
2,6-dimethylheptane 1.22
2,5-dimethylheptane 6.32
3,5-dimethylheptane 3.75
2,4-dimethyl-3-ethylpentane 3.58
2,3,3-trimethylhexane Not detected
2-methyl-3-ethylhexane | 8.54
2,3,4-trimethylhexane Not detected
3,3,4-tnmethylhexane 2.43
2,3-dimethylheptane 19.99
3,4-dimethylheptane 30.10
4-methyloctane 1.44
2-methyloctane 0.15
3-ethylheptane 0.57
3-methyloctane 3.42
n-rionane 0.42

Example 3 - Butene oligomerization.

A feedstock containing, based on hydrocarbon content, 49.5
wt % propane and 50.5 wt % butene-1, having an initial water
content of ca 0.02 molar % based upon the hydrocarbon content,
was hydrated a temperature of 25 to 40°C as described in Example
2, to give a hydrated feedstock containing 0.1 to 0.15 molar %

water. This hydrated feedstock was passed over H-Z5M-57
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prepared as in Example 1 and calcined at 510°C and granulated as
in Example 2. The product was analyzed by GC at regular
intervals for determining olefin conversion and product selectivity.
The reactor was operated continuously for 43 days. Initially, the
reactor temperature was set at 125°C; it was progressively
increased up to 240°C to maintain alkene conversion above
70wt%. The reactor pressure was maintained at 7 MPa.

Table 2a shows representative operating conditions and
product analyses. Figure 2 shows the selectivity for octenes and
dodecenes as a function of butene conversion throughout reactor
operation. These results demonstrate high selectivity for the
production of octenes.

The composition of the product mixture was determined by
gas chromatography (GC), using hydrogen as carrier gas. The
injector liner was filled with a hydrogenation catalyst (0.03 g of
0.5% Pt on Alp03) so that, by in-situ hydrogenation, all the
components were identified as paraffins. The Cg alkene products
contained 1.58 wt% of triple-branched isomers, 71.44 wt% of
double-branched isomers, 25.46 wt% of mono-branched isomers
and 1.52 wt% linear isomers. Overall, the octene products had an
average branchiness of 1.73. Table 2b provides the detailed
product composition of the Cg alkene products after
hydrogenation.

The conversion of butene-1 was determined by comparing
the GC analysis of the product mixture with the GC analysis of the
feedstock under the same conditions and is thus used as an

internal standard.

Proton NMR analysis was used to identify the olefin type of

the octene {Cg oligomers) and dodecene (C12 oligomers) fractions of

the product. The olefin type is defined as follows:

17
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- Type 1 : moho-substituted double bond: R-CH=CH?2

- Type Il : di-substituted double bond: R-CH=CH-R'

- Type Il : di-substituted double bond: RR'C=CH?2

- Type IV : tri-substituted double bond: RR'C=CH-R"

- Type V : tetra-substituted double bond: RR'C=CR"R"

where R, R, R"and R" each represent an alkyl group.

The octene fraction of the product contained 1.4 mole % Type
I, 15.8 mole % Type 1, 10.7 mole % Type III, 60.9 mole % Type IV
and 11.2 mole % Type V products. The dodecene fraction of the
product contained 1.0 mole % Type I, 11.8 mole % Type I, 6.6 mole
% Type 11, 53 mole % Type IV and 27.6 mole % Type V products.

The average branchiness of the dodecene fraction of the

product was 2.8 as determined by NMR.
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MCs mUtO Oco UMUUNC) - zit) Ln UULV uw U 19 22 WO 01/83407 22 OCT
2004 PCT/ USOL/ 12891 Tabl e 2b: Butene ol gomeri zation - Octene?d i(ddnéesh
identification after hydrogenation. Octene oligonerW %

2, 2, 4- t Worerssgdpent ane0. 16 2, 2- di et hyl hexane3. 52 2, 5- di "Bt HY$HERHe5. 08
2,4-di me thyl hexane29.64 2,2, 3-trinet hyl pentane 3, 3-di net hyl hexanel. 92

0 3 o et mabYe DENRNEI B Bophrinldn TRSELBMARNEEL Mbntification

after hydrogenation.

Octene oligomer Wt %
2,2 ,4-trimethylpentane 0.16
2,2-dimethylhexane 3.52
2,5-dimethylhexane 5.08
2,4-dimethylhexane 29.64
2,2,3-tnmethylpentane *
3,3-dimethylhexane 1.92
2,3,4-trimethylpentane 1.23
2,3,3-trimethylpentane 0.19
2,3-dimethylhexane 13.77
2-methyl-3-ethylpentane 3.59
2-methylheptane 7.17
4-methylheptane 4.50
3,4-dimethylhexane 13.93
3-methylheptane 13.79
n-octane 1.52
Total 100

* Overlaps with 2,4-dimethylpentane

Example 4 - Oligomerization of feedstocks containing butenes and
pentenes.
In this example, a feedstock containing butenes and
10 pentenes was used. The feedstock was hydrated before entering
the reactor as described in Example 2, the temperature of
hydration being comprised between 33 and 40°C. The hydrated

feedstock was passed over H-ZSM-57 prepared as described in




..4-met-hyl hept ane 4.50 3, 4-di net hyl hexanel3. 93 3- net hyl hept anel3. 79

n-octanel. 52 Total 100 * Overlaps with 2, 4-di net hyl pent ane rgz Exarrﬂ;g; 4 -
A igonerization of feedstocks containing butenes and penterfesS. ~Th i's

exanpl eywgpifiLggist ock contai ning butenes and 10 pent enes vwasST/us@ehsdihe
feedst ock was hydrated before entering the reactor as described in Exanple

2, the tenperature of ration ggb%; conpri sed between 33 and 40C. The

h : !
hydrated teddePiel aRd Gdeivsd 3y 25\ srempiaiefas desermbedibed in 20 22
OCT 2004 V\%x%]rég):fgf@ PCT/ US03/ 12891 Exanple 1 and cal ci ned at 550C and
granul at ed as Scribed in Exanple 2. The three feedstocks identified in

Tabl e 3a were uspse @hfddedsbbSk S1RAHiRNIn THHIOWEhake LR JEXRS{gENt . the
reactor pressure 5 was nmintained at 7 MPa. The reactor effluent” was

anal yzed athissguparimenterMaiosighol@heTtreperactitphht enpetaat presswag i nitially
202C and was r ai S'Eda.&ipocgr e&zwpel y to 234C t? mai ntai n al kene conversion
above 65 wWMRS TIME kb Sor iereatioyelibpenharyarahdedi ghs and 10
product an . Fi i Vi : oct enes,
onencs andcHaia IS o ERETHS ReaR U Lotbkbahle BESIRRalver o1 on

t hr oughout 2pEact ahdowakatid pfBessiadylth D30enenshsiitidatbesel ectivity
for the production of octenes and nonenes, regardl ess of the type of

pent ene i senBrepsiegeabove 60Nt%L5 f eedst ock. 21 22 OCT 2004 WD 01/ 83407

Table 3a - Feed k conpositions. PCT/US01/12891 Conpanent (w % Feedstock
AFeedst ock BReedet RS OU AR S8m 4 686 4R conditions and”

10 product analyses. Figure 3 shows the selectivity for hexenes,
octenes, nonenes and dodecenes as a function of butene and
pentene conversion throughout reactor operation. These results
demonstrate high selectivity for the production of octenes and
nonenes, regardless of the type of pentene isomer present in the

15 feedstock.




n- but ane5. 285. 795. 45 But ene-19. 8511. 3810. 25 | so- but ene0. 800. 908. 8’8 o
1, 3- But adi ene0. 160. 170. 16 Butene-2 transl10. 3710. 4410. 13 But erded?2 Pitih 'i

ci s6.986. 896. 61 |so-pentanel8. 2917.5417. 71 n-Pentane2. 322. 122. 22

3- Met hy WwhuraSmds- 10. 630. 660. 83 Pent ene-2 trans6. 205. 565. 7PCT/US01/12891

2- Met hyl - but ene- 2024. 3511. 25 Pent ene- 128. 810. 0614. 21

2- Met hyl - but ene- 10. 281. 831. 85 Pentene-2 cis2.272.032.17 Tot al

but enes28. 0029. 6127. 87 Total pentenes38.1934.4936.04 Tot al

i S0- pent enes0. 2826. 8413. 9313RedR - Fepdsiedrfosgpsp@rs.6522. 11 22 22 OCT 2004 WO

04183407 ETREITRNRE T TITAPAC o R 6o | e
v1/ n- aCChNREBHIBRE 0- ~MOOW 1000800 nOPc7C0 ILANN COND- ti 1 10-5001 T- O40CONK
ti10(1-[ O zURREME NU) N\ ONOOTT Y 53 5.79 5.45
Butene-1 9.85 11.38 10.25
Iso-butene 0.80 0.90 0.88
1,3-Butadiene 0.16 0.17 0.16
Butene-2 trans 10.37 10.44 10.13
Butene-2 cis 6.98 6.89 6.61
Iso-pentane 18.29 17.54 17.71
n-Pentane 2.32 2.12 2.22
3-Methyl-butene-1 0.63 0.66 0.83
Pentene-2 trans 6.20 5.56 5.73
2-Methyl-butene-2 0 24.35 11.25
Pentene-1 28.81 0.06 14.21
2-Methyl-butene-1 0.28 1.83 1.85
Pentene-2 cis 2.27 2.03 2.17
Total butenes 28.00 29.61 27.87
Total pentenes 38.19 34.49 36.04
Total iso-pentenes 0.28 26.84 13.93
Total n-pentenes 37.28 7.65 22.11
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C ) LT, {gypcuUUU 23 22 OCT 2004 WD 01/83407 PCT/ US01/ 12891 Efml 915'11-
A igonerization of C4 feedstocks containing a m xture of zl ' %r‘l

branched butenes. In this exanple, C4 feedstocks containing a m xture of n-
but enes W88 dBbut yl ene were used. The feedst ocks were hyldr Sb&H/ 1281hef or e
entering the reactor as described in Exanple 2, the tenperature of hydration

bei ng conprEsgthplet eadliddmeritatde of Thefebrdiaiadderdsie Kksmeh fePassed

over the catalyst. In this exanple, the catal yst used cohsisted of

H ZSM 57, psfeipaegt aasl beeschédeitkAeExanpl e 1 which had been fornul ated and
extruded 10 as catal yst particles. The catalyst particles were calcined at

510C before useln the examipdedSudekd statks ¢dntadning Fabbeudewsre used during -
this experinment. Throughout the experinent, the reactor pressure was
mai nt ai ned bwatenawpandiisebugrlernerwerd usedt Ties [cadsdtyziks vatrertegidaed15

I nterval_s GC. The reacgtion tenperature s ipitially 175C and was '
adj ust ed tgg‘?\[ﬁr?lteéﬁtﬁ“ggt@'[%fe%ﬁtfegpﬁé 3%%%‘?%?5?‘1 Blﬁaé, 8h€ The conposition
of the pro ] fvm?c? ' r , using

hydr ogen aglégﬁa?%%wgg% %Qﬁjﬁ‘gg}?grc ﬁ%?eﬁgg‘?%ﬁgf%nt&h&a ydr ogenati on

catal yst (Or8hyditite@FeddSiYcRs wer\ba08dd s0et fiaé cabxlysh-15i tiishydr ogenati on,
all the conponents were identified as paraffins. The conversi on of

but enes/ i sottaBpe.vidy: getadysi need npnsisigdaei HoZENe SEC rasahyed fisof t he
product mxture.with the GC. ana s of .the feedstock under, the, sane
condi ti ons.éﬁﬁ?&q%cid%t%’&%e goﬁ’%‘g&ﬁ}ﬁjpﬁﬁ_% fgﬁa“ﬁégﬁdt?a ee’%m‘gﬁdare i nert
under tjpe reaekiOpPst @abreson?hepsgtanestwtiéewe@eeta\»@ﬁ%dtngmsgd as

i nternal standards for cal cul ating conversions. Table 4 shows th
conver si onshefbraiumgt enes and i sobutyl ene, the selectivity for octenes

ber cont age.of T REE GEAICGT GriSgRensiiechin Gam & FerBacq s aoRams.
product). Ze‘}cp\é%%%/n%?”r%?oﬁgh%@ﬂha éxperiment, the reactor pressure was

maintained at 7 MPa. The reactor effluent was analyzed at regular

15 intervals by GC. The reaction temperature was initially 175°C and
was adjusted to maintain a total alkene conversion above 95 %.
The composition of the product mixture was determined by
gas chromatography (GC), using hydrogen as carrier gas. The
injector liner was filled with a hydrogenation catalyst (0.03 g of

20 0.5% Pt on AlpO3) so that, by in-situ hydrogenation, all the

components were identified as paraffins.

The conversion of butenes/isobutene was determined by
comparing the GC analysis of the product mixture with the GC
analysis of the feedstock under the same conditions. The feedstock

25 contains butane and isobutane which are inert under the reaction
conditions; butane and isobutane were thus used as internal
standards for calculating conversions.

Table 4 shows the conversions of n-butenes and isobutylene,
the selectivity for octenes trimethylpentenes and the weight of

30 trimethylpentene expressed as a percentage of the total weight of

all oligomers formed {oligomeric product).
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CLAIMS:

1
i

A process for oligomerising alkenes having from 3 to 6 carbon atoms which
comprises contacting a feedstock comprising
(a) one or several alkenes having from 3 to 6 carbon atoms, designated x; and
(b) optionally, one or several alkenes having from 3 to 6 carbon atoms,
designated ¥,
x and y being different,
with a catalyst containing a zeolite of the MFS structure type, under process
conditions comprising a ternperature of from 125 to 175°C when the feedstock
contains only alkenes with 3 carbon atoms and of from 140 to 240°C when the
feedstock comprises at least one alkene with 4 or more carbon atoms, to obtain
selectively an oligomeric product, in which
i) when the feedstock contains only alkenes having X carbon atoms, said
oligomeric product contains at least 60 wit¥e (expressed with respect to the
total weight of alkenes in the feedstock) of oligomers having 2x or 3x
carbon atoms, or
ii) when the feedstock contains alkenes having X carbon atoms and alkenes
having y carbon atoms, said oligomeric product contains a mixture of
oligomers containing predominant amounts of oligomers having x+y

carbon atoms.

A process according to claim 1 characterized in that the process conditions
comprise a temperature of from 140 to 200°C when the feedstock comprises at

least one alkene with 4 or more carbon atoms.

A process according to claim 1 or 2 charaterized in that the total amount of
olizomers having x+y carbon atorms and of oligomers having 2x or 3x carbon
atoms represents at least 45 wt% of the oligomeric product, based on the total
weight of alkenes in the feedstock,




'~a) a) vadl) o C 4-kn va) v -cQa.a eaxx Ua)vv to 0 22 OCT 2004 1. A
process for oligonerising al kenes having from3 to 6 carbon itzTF‘MQL h
conpri ses contacting a feedstock conprising 5 (a) one or sevéré&ll.al Kénks
having from3 to 6 carbon atons, designated x; and (b) optionally, one or
several al kenes having from3 to 6 canq?Q atons, designated y; x and y
being different, 10 with a catal yst containing a zeolite of the MFS
structure type, under process conditions conprising a tenperature of from
125 to 175C when the feedstock contains only alkenes with 3 carbon atons
and of from 140 to 240C when the feedstock conprises at |east one al kene
with 4 or 4701 & pRjcBRRcadEg to khinibtchiaractesie¢doiptthatariyl talal PP RATPE S duct
in which 15 i) when the feedstock contains only al kenes havi ng x carbon
atoms, said déasydPet¥ec product contains at |least 60 wt % (expressed with
respect to the total weight of alkenes in the feedstock) of oligoners
havi ng 2x or 3x carbon atons, or ii) when the feedstock contains al kenes
havi ng x car bog 3l R8w. e kenam 4 dlrdeeerizedinthataritdntzh ammint repreeensl dlgoner i ¢
pr oduct containg a mxture of oligoners containing predom nant anmounts of
ol i gomers havilegpt$3wt¥car bon atons. 2, A process according to claiml
characterized in that the process conditions 25 conprise a tenperature of
from 140 to 200C when the feedstock conprises at |east one al kene with 4 or

more carbog at Qkacess according to any of the preceding claims, charactenzed in that the
feedstock further comprises from 0.05 to 0.25 mol % water based on the total

10 hydrocarbon content of the fzedstock.

7. A process according to claim 6 characterized in that the feedstock compnses from

0.06 to 0.20 mol% water.

15 8. A process according to claim 7 characterized in that the feedstock compnses from

0.10 to 0.20 mol% water.

9. A process according to any of the preceding claims characterized in that the zeolite

is a ZSM-57 in proton form.

20
10. A process according to any of the preceding claims characterized in that the
pressure is from 5 to 10 MPa.
11. A process according to claim 10 characterized in that the pressure'is from 6 to 8
25 MPa.

12. A process according to any of the preceding claims, characterized in that the

weight hourly space velocity (WHSV) is from 0.1 to 20 wt/wt.hr.

30 13. A process according to claim 12 characterized in that the WHSV is from I to 10
wi/wt.hr.




A process according to claiml or 2 characterized in that the total anount
of oligoners having x+y carbon atons and of oligoners having 2x or 3x
carbon 30 atoms represents at |east 45 wt % ofthe oligomeric prpqutt i;¥Pased
on the total weight of alkenes in the feedstock, 22 OCT 2004 - 27 4. A
process according to claim3 characterized in that said total anmount
represents at least 50 w% 5 5. A process according to claim4
characterized in that said total anobunt represents at |least 55 wt% 6. A
process according to any of the preceding clains, characterized in that the
feedstock further conprises fromO0.05 to 0.25 not %W.bﬁseg fgo.}Fe t ot al
10 hydr ocgyborn, sRRESHccAidgte clabedStabetectenizedansh@ b AP Hg 1S cfaime6
characterized ih that the feedstock conprises from 0.06 to 0.20 noll/lo
water. 15 8. Awtp¥idwess according to claim 7 characterized in that the

feedst ock conprises from 0.10 to 0.20 nol %water. 9. A process according to
any of the preceding clainms characterized in that the zeol i,t(g‘(él %‘lﬁ“a ZSM 57
in proton form 12010, ArdHPResy B tgoprek adip gt daimsycharacis e i8R ai s
charact2rized TR that the ressure is chO"Ehg to 10§1-\14°@f'a1ke]ré' AeProcess
according to odoaienssioh is amaet ©rd5 ¥k, 1t heh ﬁ%talp‘?'%l e %S ffome to 8 25
MPa. 12. A process according to any of the preceding clains, characterized
inthat the wsF "t‘&hourly space velocity (WHSV) is fromO0.1 to 20 wt/w . hr.
30 13. A process according to claim 12 characterized in that the WHSV is

fromlto 10 wt/wt.hr. 22 OCT 2004 e L . _
16. A process according to claim 15 characterized in that alkene conversion is fom 85

10 to 95 wt%.

17. A process according fo any of the preceding claims characterized in that the molar
ratio of alkenes having x carbon atoms relative to alkenes having y carbon atoms 1s

from 10:90 to 90:10.
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18. A process according to claim 17 characterized in that the ratio is from 25:75 to
75:25.
19. A process according to claim 18 characterized in that the ratio is from 45:55 to
20 55:45.

20. A process according to any of the preceding claims charactenized in that the

alkenes are selected from propene, butenes or a mixture of butenes and pentencs.

25 21. A process according to any of the preceding claims characterized in that the
feedstock comprises a mixture of linear and branched alkenes of the same carbon

nurmber.

22. A process according to claim 21 characterized in that the feedstock comprises a

0 mixture of inear and branched butenes.




14. A process according to claim 13 chracterized in that the WHSV is from
1.1 to 7.5h13i wt/wt.hr.cml4. A pro cess according to cla 5 13.2 A0r @§8%s
according to any of the preceding clains, characterized in that al kene
conversion is from65 to 95 wt% based on the total weight of alkene in

t hef eedst ock. 16. A process accordi ng.gg.claim 15 characterized in that

al kene conversion is from85 10 to 95 % 17. A process according to any
of the preceding clains characterized in that the nolarratio of al kenes

havi ng x gar barprateasacdoeding tovelaino2 atheeatsided i thgt polrybonrepresamtsiftom f rom
10: 90 to 90:10. 15 18. A Process according to claim 17 characterized in
that the rati &2 tes34 wtmodthertgtal yeighy gf ths feedfiglk. A process according to claim
18 characterized in that the ratio is from45:5 5 to 20 55:45. 20. A
process according to any of the preceding clains characterized in that

theal ke“eéﬁ.ar gﬁ%&&%@&r&hgm Sl6RP @M eharkitéeRdsn Gzt Bobitylets eepedsahstiames and
pentenes. 25 21. A process according to any of the preceding clains

char actseri zed12 o 2hat%tdfdhcotd metsht ebmsdeedsock ni xture of |inear and
branched al kenes of the same carbonnunber. 22. A process according to claim
21 characterized in that the feedstock conprises a 30 mxture of |inear and
branched byt e&e@mces%%c%mgwélm% 2324 daPk REiesSinabaaheb g riaicciainar22
characterized 1'’n that 1sobutylene represents from 12 to 34 wt% of the total
wei ght of t hecomteis vk 8 t923 walsprivetyipeateoey Witheespert &9 Bietptabwelgst akt eri zed
in that isobutylene re reS@ptE from 5d1 to 20 wt% of the total weight of

t he feedst ockOv¥BSs Bieii%) & O4eUBTYi HH§YG cl am 23 or 24 characterized in
that the oligoneric product contains from8 to 25 wt%trinethylpentenes
with respect to the total weight of octenes present in the oligoneric
product. D®. 26\ pracgssacesdingdeolatn 3§ charactearas Lp3has M Yi2eErris @809t t hat t he

ol i gomeri c product ontains froma.to 1 % trinmethyl pentenes. 27. A
process accor&Pﬂﬁ‘?ﬁ%ﬁ?ﬁggiw(“gn%%ﬁpﬁ%ﬁ%ri zed in that the oligoneric
product 15 is further submtted to any one or nore of the follow ng steps:

fractionation, hydrogenation, hydrofornylation, oxidation, carbonylation,
et heri fi ca’i o prospwxacderdingiio chymp Ate &f charactengeg i hat he plgamarin gradyct| ai m 27

characteri zed .i hat .t h i goneric | ' 20 b hed

hydr of & ny! at ilbﬁ'“gﬁ' SW%%L% yiwognr? Ofgpo(rgggg‘?l% f(g?%uf’éﬁgtrwglrﬂc%hg%ntogg A process
accor di ng to qfs@idBedidH) Bydoldilyleidn] dkiddtinh, ddfsoniylagbey ethdriftdatibn, s react ed
with a polycarboxylic acid under conditions suitable to nake a

pol ycar boxyl i cpossieden, hygragon. An oct ene conposition wherein octene ol i gomers
with tetra substituted double bonds represent between 10 and 15 nol e % of
the total amount of octene oligoners. 30 31. An octene conposition

accor di ng 1% CA @tdbedDacebRimcioeldizelf dhardcteaized inahattbe alggomdricaprotictéss of t he

octene oligonmers is between 1.60.and 1. 85. , . )
20 J submitted to hydroformylation andjhyg.rogenanon to obtain a higher alcohol.

29. A process according to claim 28 characterized in that the higher alcohol is reacted
with a polycarboxylic acid under conditions suitable to make a polycarboxylic
ester.

23
30. Anoctene comp'osition wherein octene oligomers with tetra-substituted double

bonds represent between 10 and 15 mole % of the total amount of octene

oligomers.

30 31. Anoctene composition according to claim 30 characterized in that the average

branchiness of the octene oligomers is between 1.60 and 1.85.




