2 0 DEC 2005 WD 03/000631 PCT/EP02/ 06894 1 A PROCESS FOR THE 27 {1 DEC 2005
| SOVERI ZATI ON OF AN OLEFI N FI ELD OF THE | NVENTI ON The invep&tﬁ? #&Jgfes
to a pro€@9§B@Pm?he doubl e bond i sonerization of an ol efin, & B ocess
conprises contacting a feed conprisi&g the olefin with an 5

i sonerization catalyst. As used herein, the term "double bond

i sonerization" relates to a shift of a double bond in the nol ecul ar
structure of an olefin froma thernodynamcally |ess favorable position
to a thernodynam cally nore favorable 10 position. An exanple of a double
isonmerization is a shift of the double bond of a |inear a-olefin from

t he external, a-positi%n?599%§ﬁ FHFeFHﬁII%Qﬂﬁ%%QﬁEIQNJFH%i¥ﬂd%H§F5NJ3- or
y-position. Another exanple is a shift of one or two double bonds of a
non- conj ugat ed g:§£§f59 égEfgégig ég conj ugat ed diolef in. Again another
exanple is a shi d of a vinylidene olefinto forma
tri- substituted ethegne, ifvégntidie #SQRE Eat hOProtedsebhytnd dw¥gee to
3-net hyl - 2- hept ene _or 3-net hyl - 3-hept ene, BACKGROUND OF THE | NVENTI ON 20
US- 4- 57B9646 di§8935é§°835+ oL 1Y ANELEELBY eVBLRA PTSORET | LIRTEASSf an
ol efin, which pregesst cAGPL i BESE &HPAGHELHBIcBf 88dr LAMPIESI LY the ol efin
with an isonerization catalyst which is a solid acid catalyst The solid
acid catal ysts wRPEATizatiPe FFaNEELorki ng 25 exanpl es of US- A- 5789646
are an HZSM5 havi ngga,sihicon Al UHURaLOoNG, bl i 9508 2o Arion»
crosslinked sulfonic acid ion exchange resin. US-A-5789646 teaches that
the feed conpri sehgtehetol @fsmithmfl @ doebdeabbydben Hry mPLGDEEC 2005

structure of an olefin from a thermodynamically less

favorable position to a thermodynamically more favorable

10  position. BAn example of a double isomerization is a
shift of the double bond of a linear a-olefin from the
external, oa-position to an intérﬁé;_bosition, for example
a P- or y-position. Another examp1e>is a shift of one or
two double bonds of é non-conjugated diolefin to form a

15 conjugated diolefin. Again another example is a sﬁift of
the double bond of a vinylidene olefin to form a tri-
substituted ethene, e.g. the isomerization of 2-ethyl-1i-
hexene to 3-methyl-2-heptene or 3-methyl-3-heptene.
BACKGROUND OF THE INVENTION

20 US-A-5789646 discloses a process for the double bond
isomerization of an olefin, which process comprises
contacting a feed comprising the olefin with an
isomerization catalyst'which is a solid acid catalyst.
The solid acid catalyéts which feature in the working

25 examples of US-A-5789646 are an H-ZSM-5 having a
silicon/aluminum atomic ratio of 25 and a crosslinked
sulfonic acid ion exchange resin. US-A-5789646 teazches

that the,feed comprising the olefin should preferably be

| dry.



WD 03/ 000631 1CT/ EP02106894 2 US- A--4697040 discl oses a procesq i 106
doubl e bond isonerization of an ol efin, which process conprises

cont act i nNYO03fMe@1conprising the olefin with an isoneri zatRGHERGI0SESt
whi ch conprises a zeolite in the 5 sodtumform The zeolite catal yst of
US- A-4697040 is a specific Y type zeolite, designated LZ-Y52
(trademark). In the prior art discussion of US-A-4697040, referring to

US- A- 3686250, it is ught highly acid isonerization_  cat sts have
t he di sadvant age thatuast' éﬂsgpﬁaﬁegg??%‘ﬁ%ﬁ 4 PECHT %ﬁd’egnlea%f"?}{”#gho?gt e
by traces of inpdndr@s:a%8ont Bat ah SOTEF 17 At WI1cIE FrAessS colhpriderat e

acidity are generally preferred froma |ong term acti Vi’té cost of view
and from a | ow S¥taftdRgornfeeYTATREEEVEY iR qeltidremptdyRrRg a guard

bed techni que ofj Rnfeatigh¥3bni ea ity g€ Wi @n RESHI AU W RLaGed 1R the
fl ow path ahead of the principle catal yst bed. "US-A-4749819 discloses a
process fof the sgibime fisaAd TRoOneePLhte orrtodlyat cifeliSnA-4APER4Prbeeas

conprises contagling;a keedog oMo sLag a&geioéﬂaqféaw_&azar@tzgﬁema k)
i sonerization catalyst which conprises a zeolite of a suitable cJﬁanneI
si ze, preferabl yima ther pirépict art USL 2eu=lyit98 19 tiEhchd$STRAD , t el ¢xrihgmyo be

pretreated by cantacling with a, [ eéé@%ftoré’hal ”%%%Tf 0xide, hor; gxarmpl e
alum na, silica, zirconia, fraghesT a, STHT catal Ut a; 55
si lica-al um na- clatatiyets btee, tloe ahwderntams pecit! ithdy bypededctbi®ced ar

i . US- A-5237120 di scl f t doubl e bond . .
?Isg\r/rgri zat'® Jﬁaﬁmb:“lz1 F%?gs\?\f\éﬂ{% eis tseotrzli’?'ng:reﬁascsé)% OECB%EBEHhﬁs aF eed

on oft
conpri sing the alefi Asvmkliaat Séh | SHETASE | N waledlay st avhaeby canpri ses a
zeolite of which the 3uter gurfa e has at_ | east parti al l‘X been
deactivated foP%REFE ¢t BFGSTFTLatiTois. 1918 (978 "WErki YT ExERpF et of

view and from a low cost viewpoint. US-A-3686250
suggests employing a guard bed technigue of a catalyst

ﬁ charge of a previous run placed ip ;pe flow path ahead of
the principle catalyst bed. o

US-A-4749819 discloses a procesgs for the double bond
iscomerization of an olefin, which process comprises
contacting a feed comprising the olefin with an

20 isomerization catalyst which comprises a zeolite of a
suitable channel size, preferably a ferrierite. US-A-
4749819 teaches that the feed may be pretreated by
contacting with a refractory inorganic oxide, for example
alumina, silica, zirconia, magnesia, silica-alumina,

25 silica-alumina-chromium, etec., or another, unspecified
type of molecular sieve.

US-A-5237120 discloses a process for the double bond
isomerization of an olefin, which process comprises
‘contacting a feed comprising the olefin with an

30 isomerization catalyst which comprises a zeolite of which
the outer surface has at least partially been deactivated
for acid catalysed reactions. In the working examples of

US-A-5237120 the feed is pretreated by contacting it with



e ———

US- A-5237120 the feed is pretreated by contacting it with 2 0 0 E C 2005
a pretreating material consisting of y-alum na, reduced copper chzggtgqmﬁ
and nol ecul ar sieve zeolite-4A. Zeolite- 4A has a pore size of 0.4 nm

Al t hough nmuch attention has been given to the 5 pretreating of the feed
to an ol efin double bond isonerixation protess, it is still desirable to
I nprove the pretreatnent thereby inproving the perfornmance of the

i soneri zati on catpkgsteaSUMYARYE OFL FHESINUENTIEN 4 Y yrdesentrddnant | on

provi des an inproved etreating.mater] for,use in conjunctio 1th a
process for thecaBﬁ'BFeg%’é?fal %oﬁ’g?ir%% ?%@%’f_ Fhe ot e???lfltéf'hgmeg%ﬂﬁﬁ"
pre;reatnent nﬁngrhag Qf%@héssiﬂgﬁﬁfi@nn %@ads to an igproved cat al yst
performance. The inproved 15 catalys er formance nmay be seen in one or
nore aspects, such-%%tﬁﬂu&hﬁPBQQdXEéﬁgﬁng %%?ﬁ@?%%,g%ﬁﬁmh%ﬁdgﬁﬂ

sel ectivity, an {r@’@f@aeﬂn@a@ﬁ' YBé 56801 td tan WIHFIRSES@Le ¥o@etivity and

an inproved catalyst stability with respect to selectivity. In this
context the sel 46PNGTiFAREORBYLPELEBenit T aFtbls SRFLIaREe exaliipecTs

the formation eﬁetﬁﬁa_9@9£&fﬂeﬁen€lhfé§@a§rir9§ré@fn@|ﬁ§é rbéﬁfme%%pof the

relative to the formation of other conpounds fromthe = ol efin, _
exanpl e di ners, isphapisatire| edbdlysbrers, etc., or in the formation of

one or nore iso gog%t el eibg in question relative to the
conversion of o n the reaction m xture. The
pretreatimg materi al Sherpvesedt bynvaet poregentvidey et | tmpxongd | se a
zeolite which hag E Iaﬁgg porﬁ siZf, ;or exanpl%gif gé.least 0.35 nm 30
Accordingly, thBEBFESRRFEF URRETHAT pfobiteR 3 TPobeRs e THeE Rubl e
bond i soneri r at ppocefs afiopl Bhe ndoubbe chopd obesme rbogt iereso £ oart art ¢ fith a
feed conpri sing Ehe i c s .
The use of the pretreatment material of this invention
leads to an improved catalyst performance. The improved
15 catalyst performance may be seen in one or more aspects,
such as an improved catalyst activity, an improved
selectivity, an improved catalyst stability with respect
to activity and an improved catalyst stability with
respact to selectivity. In this context the selectivity
20 may be seen in various ways, for example in the formation
of the double bond isomér of the olefin in question
relative to the formation of other compounds from the
olefin, for example dimers, trimers, skeletal isomers,
etc., ©r in the formation of One Or more isomers from the
25 olefin in question relative to the conversion of other
compounds presant in the reaction mixture. _

The pretreating materials provided by the present
invention comprise a zeolite which has a large pore size,
for example of at least 0.35 zm.

30 Accordingly, the present invention provides a
precess for the double bond isomerization of an olefin,

which process comprises contacting a feed comprising the

olefin with an isomerization catalyst, wherein prior to



olefin with an isonerization catalyst, wherein prior to 2 0 0 E C 2005 -

4 contacting the feed with the isonerization catalyst one or norel (DEC 2005
conponents of the feed are pretreated by contacting with a pretreating
material which conprises a zeolite which_hgs_a pore size of at |east

0.35 nm and 5 wherein the olefinis a vinylidene olefin of the general

fo la CH2=C (R1) .RZ, .wh ' I d pr, t.al kyl
| ndopendent 1y haTHRG KL MHORRE £<4 Do atBite L COREh  SERKPR: RBCOFBLUPES

structure conpricsemcale keapbonemes alfl yhiec fhpdr aganpatepeat@aThe present
i nvention al so provides proq%ss eguipnent suitgbte for carréing out a
process for the CoasaEIta igoMa ths GnBrPEELREATE! NERCEL L WR1GRI EANBFdEESs 2

equi prent  Compr ;@3 1§ ePklicaahiaRg avE@&el 5€@ePbEShBglaashr 01 ESahhNJand
mat eri al which conprises_a zeolite having a_15 pore_size of at |east 0,35
nm and andi son#EFgiPorhey 88 e dipRi IERYLAAPoRRREERL PENTRAt arpPEEal

whi ch i j I: I . d

oheele Phat o0 Eofmd o el BOTELAERLLARY GRS r8 FALLERNETL30,3° 1

isonerization Cg&%h?%t i%'a@geli‘x@tenl%ﬁiyoﬁlag'@m%oaEOTEE-SEi BOchPBcheedomist hsLE§
tal yst on e

I somerization c or noré conporients of the feed Is pretreat
by contacting wiheh the podecudEngtincsnrsl compsipest rbalapat aveor di ng

to this inventi fully be applied in conjunction with the
25 isonerizatio%ﬂ&gaéj%g§%¥F%%' %ﬁg%ﬁf vinylidene olefin in admxture

wth a |inear a.-ol effine whiesknts insemicae tdsbhprovidykigdeneeskefin. in
t he isonerization the |inear. %&%_olefin IS not or,virtual

converted- The SEFFFEET FUA §h§°5|EFFﬁyﬁﬁquEEtFoﬁr?EE%Fn?%E 5Eﬁeral
formul a 30 CH2=QpRELR? bonfde ieiomeRE za¢ions eft anaolefhy, whboh ppdcBRs
represents a li@%&ﬁpﬁé%tk%gn&&%%ﬁﬁ EU%QE%%€2%9%5i%25821 comprising a
pretreating material which comprises a zeolite having a-
15 pore size of at least 0,35 nm, and an isomerization
vessel comprising an isomerization catalyst, which
pretreatment vessel and isomerization vessel are ar;angéd
so as to enable that a feed comprising the olefin is .
tontacted with the isomerization catalyst and that‘prior
20 to contacting the feed with the iscmerization catalyst
one or more components of the feed is pretreated by
contacting with the pretreating material.
The pretreatment according to this invention may
very usefully be applied in conjunction with the 7
25 isomerization of a specific type of winylidena clefin in
admixture with a linear a-olefin which is isomeric to the
vinylidene eclefin. In the isomerization the linesar a-
olefin is not or virtually not converted. The specific
vinylidene olefin in question is of the general formula

30 cH»=C (R1)R2, wherein R! represents an ethyl group and R?

represents.a linear l-alkyl group. Such-combinatiqn of
olsfins may be present in the reaction preduct of an



ol efins may be present in the reaction product of an 2 o a EC 2005 et hene
ol i goneri zati on process, wherein the linear or- olefin, is the bﬂ 9
product and the vinylidene olefin is a byproduct. The boiling Fg %ﬁ
‘the linear a-olefin and the vinylidene ol gfjn are generally so close that
their 5 separation by distillation represents a problem The 2 0 D EC
2005 -5 isonerization of the vinylidene olefin then |eads to, a .
vi nyl i dene ol ef iathiesemel Agemsir igat 1edr @reregdsy ywberegapahat btineagnrt-he

| i near ac-olefin,t she vjnyli.de |l-ef .o 4 I £ s : - A 46 _and
US- A- 4697040, oPlﬁ?ﬁﬁﬁé% ﬁﬁg %%%%h'nggﬁgﬁeaﬁﬁb%?%o%éégglﬁgﬁgﬁ%§%§gg §5 =
reference). Acceigifeghiat .t MhprRSeAhg Peenkisonfakse DPRA¥hEEs-81ePHiaCcass
for treating an olefi:n m xture which conprises a_ linear c.-olefin and a
vinyl i dene ol ef EhenRiLEty il enen MA@ T 65 SERETRLAYAPOACOPEE, RRBRITRHRREN
is of the generalgpzhar¥r HYARGHRINBR oW eepiresBALECR! B8R Enan 2hAY!
group and R2 repf%sents a I'i near 1-al kyl group, which process conprises
i sonerising the vinylidene olefin to forma double bond isoner of the
vinylidene olefin by contacting 15 a feed conprising the olefin m xture
with an isonerization catalyst, and separating the linear a- olefin from
“the doubl e bond isonmer of the vinylidene olefin,. wherein prior to
contacting the feed with the isonerization catalyst one or nore '
conponents of the feed 20 are pretreated by contacting with a pretreating
rmaterial which. conprises a zeolite which has a pore size of at |east
0.35 nm DETAI LED DESCRI PTI ON OF THE | NVENTI ON The process of this:
invention is suitable for 25 effecting the isonerization of vinylidene

ol efins of the '



general formula CHZ=C(R1) R2, wherein Rl and R2 represent. al b quqﬁs
I ndependently having at |east 2 carbon atons, such that the Q I
structure conprises at |least one 30 2 0 DEC 2005 WD 03/000631

PCT/ EP02/ 06894 6 allylic hydrogen atom -T§ptcally, Rl and R2 represent
al kyl groups independently having at nost 20 carbon. atons, nore

typically at nosbmdfisaEbeR 8f0fRe vINplLabhy, oRlFigPERSEN Sactd €4 hy!
group. Typically, R2 5 represents a |linear 1-alkyl group, which -

preferably coWpRY3&édenf ebRRIRUADEREHf VRAFBORRRIBIES Fradely &F

-vinylidene ol efLh f X l e. 2-ephyl =1 - t - -

I -heptene, in 55P§F§é§%r9é9§tﬁ§?-$}ﬁﬁ %n%,0£§Pg$hﬁﬁg??ﬂg§é§%§§PYéene
2-ethyl -1 -oct epgef2rel byklf - def ernes and528 2806 caly| US-Bog@zrown, e ol efin
to be isanerise y.be a plurality of, olefins r example a plurality
of Vi nyl Bdene Br6PEnSResCeRehifEh ¥ePcipReroreseen BeftFane: o pl ural i 1y
of vinylidenergkgtensewWhi ch each carry in their nolecular 15 structure -
al kyl groups Rl representin eth¥l groups and which differ from each

other in the al kyl BFERPSiRBLY- PHRFPEBPTT Tt RVERRIPD R LIDP ISV 25 13 near
1-al kyl groupsprBauk9gr6ar £PBauABELS ¥kl dhifOhrs 1ol @2 Chbl L by t WO
(for exanple 5, 7 and 9) and preferably these carbon 20 nunbers are even
nunbers (for eanphe d-abdfin apd4a Binplidene 10lebinivhidl bmdidGperic
second ol efin may be present in_the isonerjzation, which is relatively

stabl e a¥fd doekonbhei LLRREF sB-BF 221 RaePdovhirhi $8 QhdERre tFROPF RV ai | i ng

conditions, or_only. 25 Lo_a,lowext - _EX | es t he secon efin are
athene, pr openEoTEYAR REF SRS ST 5. TRE RS Thr hpenart oo hEs & Ul add

and R2 represents a linear 1-alkyl group, which process
comprises isomerising the vinylidene olefin to form. a
double bond isomer of the vinylidens olefin by contécting
15 a feed comprising the olefin mixture with an
isomerization catalyst, and separating the linear a-
olefin from the double bond isomer of the vinylidene
olefin, wherein prior to contacting the feed with the
isomerization catalyst one or more compeonents of the feed
20 are pretreated by contacting with a.pietreating material .
which.comprisas a zeolite which has a pore size of at
least 0.35 nom.
DETATLED DESCRIPTION OF THE INVENTION -
The process of this invention is suitable for
25 effecting the isomerization of vinylidene olefins of the

general formula CHp=C(R1)RZ, wherein R! and RZ2 represent .
alkyl groups independently having at least 2 carbon
aLtoms, suéh that the molscular structure comprises at
least one

30



In a particul ar enbodi nent of the present invention the vinyl i’lcl}d]fé 2005
ol efin as_defined hereinbefore is |soner|sed in the presence of a |linear
a- ol ef i n, VAI}W330 second ol efin, éeby the linear a-ol ASHEPE/EE or
virtually not isonerised or ot herwi se feacted. Preferabl y, the linear
a-olefin has the same carbon 2 0 OEC 2005 WO 03/ 000631 PCT/ EPO2/ 06894 7
nunber as the vinylidene olefin, so that the linear a- olefin represents

an i soner of the eolefl . I'n articul ar., t he | i dene ol efin
carries inits a&éy@éﬁl ar rP,‘HFjEt ﬁ?%man %FH@y‘f lé‘r Yougt Rla”fdeérze ERtFRg™*an 5
ethyl group and dihglagkyphpgr etifePendéntdl yf iM@aIngl-=ad Kadst @OOYRrbEST

exanpl e, 2-ethyl-1-butene naéﬁbe L onerised in the presence of 1-hexene,
2- et hyl - 1 hexené YR ' bECTESHHBI PO i # (1P prids GREP VY 3£kt ene and

2-ethyl -1 octeng Ty | senecoelold, Lo Hisaense.of dodgeene, 10s Two

or nore such Vi ol ef i ns*may be iSoner 'se prese te of the
correspondsng, |mrseutb| aeannaaroleill}nsl ghteip somardhza;hnecﬁnxe?allal yst is
preferably a solid catal arti culfzé\qa solid acid. _An eI| #bl e

S

solid 15 catal Y &“pr§s‘§sc§fll Svegxlg W FesTareoh 35V Saci §FOFRT

exanpl e crosslirkeglidehenblefthd £0¢ dotStexaiiple A-¥phgal-Lypehbeéne and
i sonerization cat al %wﬁ, is,a molecular sieve. Eligible m)kjecul ar si eves

are silica- al ufi?SPHOSPREERE FBF ectit &2 8IS 0P r‘F’é:tbé’I ~dirPPESR20 4

al uni nophosphat e tmheguhakefibevesetiyl Whiddt dre netalhyIRY - dbeend Oind 2-
exanpl e, iron, cobalt or nickel. The pore size of the nolecular sieve of
the isondPizat isbtYdat aPPeECRBG - be sel ected within wide ranges.

Preferably, the porergizgiefihheo ot eGdmRir i@V ay be a plurality of
olefins, for example a plurality of wvinylidene olefins as
defined hereinbefore, in particular a plurality of

vinylidene olefins which each carry in their molecular

15 structure alkyl groups R} representihg ethyl groups and
' |

which differ from each other in the alkyl groups RZ.

Preferably, the alkyl groups R? are linear l-alkyl groups
having carbon numbers which differ from each cother by two
{for example 5, 7 and 9) and preferably these carbon

20 numbers are even numbers (for example 4 and 6; or 4, 6, 8
and 10; or 12, 14 and 16).

A second olefin may be present in the isomerization,
which is relatively stable and does not isomerise of
react otherwise under the prevailing cdnditions, or only

25 to a low extent. Examples of the second olefin are
ethene, propene, cy¢1ohexene and Z-methylpropene.

In a particular embodiment of the present invention

the vinylidene olefin as defined hereinbefore is
isomerised in the presence of a linear a-olefin, as the

30 second olefin, whereby the linear o-olefin is not or

virtually not isomerised or otherwise reacted.

Preferably, the linear o-olefin has the same carbon



25 of the isonerization catalyst is at least 0.6 nm nore preferably at

| east 0.65 nm m)st preferably at least 0.7 nm Typically the pQrUQJEsgl Vil
of the nol ecul sieve of the isonerization catalyst is at_ nost

more typléhPY 0?;13(1 nost 0.9 nm preferably at nost 0.8 nm Pﬁ’Wéﬁﬁ@ﬁe
pores or channels of the nol ecular sieve are not circular, the pore size
is herein deened to relate to the smaller width of the pores or

channel s. The pore size of 20DCC2005 _e many of such nol ecul ar sieves has

been specified d., 1 S | i uge
Types", 2"d Rev#%é\%f%[ |tgl% Qn égﬁb I'S 1elg bsgljt ec&Sttih(tjectSI E?gg& &t

Comm ssi on of t heléfﬂtxerrrwrle@ﬁatSZeul isem@ssolidie onnyllidese elpmsihpor Bl

and "channel " as used Qerel n.in rel ?f.dexti]etglefm ecul ar__si.eves are

ar, CLhe v . rrieg in i
exchangeabl e. Pr R eF At t e “noredut ar-si eve ot The iSoméri'z8t i on

catalyst is" an ﬁ&IEEdYE% it CRERurk- &n §1K§P|#§5hptﬁﬂ”f@%&%ﬁen@@ﬁbngn
silicon/falumnum (SI/Al) atomc ratio of at TQ l'east 1.3, nore preferably

at least 1.5, inefart icapuhar adatl theaslkyl @fcﬁi}ﬁl’Rﬁﬂi}S a NenSkiAl -attlepi c
ratio is at nost Zo, re refeﬁabl st 8, in partk)cul ar at  nost 5.

As used herein, @FP'Ess HSHt CERERLGt h rﬁf%gf h@*t:ﬁ’?eAlmaya SnitEPEET 82t s

the skeletal Si/H w@leopreskabbocdf 1thexése zep!ddisy1 -Thaeskeleetal, b/ A
atomc ratio is deened to be determ ned by 29Si-NVR Typically, the
mol ecul ar si eve oMY SeSoiBr F25t PHRSSREE a‘?%@t EERG S8S 2585PYEal tages

in its nolecul arocidddiGlayl e PE8HEFABLY . it hens GlalddR LCages -ak8eal anged
20 in a faujasite structure. Mrdenite zeolites, ZSM5 zeolites,

bet a- zeol i tles orT¥WNEYaPES FHES Wayy bedere (P kaf inss gifer PeatEencEafalyiR as
wel | . The nol ecu#lger LA c%f Eh?]ﬁesggz?:?é%ftgné)mgcat@%%‘irl SyiRLgfegably in

an acidic form for “exanple anmuo
olefins.

The isomerization cétalyst is preferably a solid

catalyst, in particular a solid acid. &an eligible solid

15 catalyst is a cation exchange reéﬁnzin its acid form, for
example crosslinked sulfonic acid Eétalyst. More
typically, the isomerization catalyst is a molecular
sieve. Eligible molecular sieves are silica-
aluminophosphate molecular sieves or metal silica-

20 aluminophosphate molecular sieves, in which the metal may
be, for example, iron, cobalt or nickel.

The pore size of the molecular sieve of the
isomerization catalyst may be selected within wide
ranges. Preferably, the pore size of the molecular sieve

25 of the isomerization catalyst is at least 0.6 nm, more
preferably at least 0.65 nm, most preferably at least
0.7 nm. Typically the pore size of the molecular sieve
of the iscmerization catalyst is at most 1 nm, more
typically at most 0.9 nm, preferably at most 0.8 nm.

30 When the pores or channels of the molecular sieve are not
circular, the pore size is herein deemed to relate to the

smaller width of the pores or channels. The pore size of



25 formor in the hydrogen form This nmeans that the cationic sites of
the nol ecul ar sieve of the isonerization catalyst are at |east partl
occupi ed by acidic species, for exanpl e ammoni um and/ or hydrogerl 5%£m5
Preferably, the cationic sites of the nolecular 30 sieve of the

| someri zation catal yst are at |east partly ®occupi ed by hydrogen ions,
i.e. the nolecular sieve is in the hydrogen form Qher cationic sites

nmay be occupi edyafy, of_’oéuéﬁéﬁﬁ@l@c@lé(ﬂM@ﬁé@'ha@fﬁeﬁﬁ sp&ked fied ephtin M
metal WO 031000631°9 2 Q D E C 2005 _ PCT/ EP02) 06894 ions, such-as sodi um

i ons or cal ci unM®+eRaghés? uth PHRRD éﬁ?%%ﬁl%fe§e?¥%ﬁﬁ SEEOFLHR T ERRE Abl y
at least 50 % b Rré%rﬂsga%eat%nl qask7y9 ﬁﬁilkﬂedcsg QﬂecSérhE%uk_—é

occupi ed by hydrogen an anmoni um i ons, practice
frequently at n@gmmggsgon@oﬁntthi%ﬁ%@%%tyc%ﬁl hetion Rgepcideient i ORhe
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the isonerizati eataleataiysani slumisdei hhwoteuni form id¢ohbye bet yohuelied
15 into the hydrogen formprior ,t use.b ny. i table for
exanpl e by heatﬁﬁglag - Féﬂbg?%{ﬁggm%? ?S+é%§% %%%P{? ? l%%ﬁﬁp?% at a
t enperat uge in lbgstamga omorérpmﬂ@ﬁawywﬂoxéaé’wplcw Imtmm@pmaﬁ
sieve of the |soner|z |on &g@alyst has surface area in the ran

of from 400 to 18886 Pt cHRFR o+ o BEFO TR Aok Y. 2RSS d

20, more prefarably at mest 8, in particular at most 5.
5s used herein, unless mentioned otherwisé, the 5i/Al
atomic ratic is the skeletal 5i/Al atomic ratio of the

15 zeolite. The skeletal S5i/Al mtomic ratio is deemed to be
determined by 295i-NMR.

Typically, the molecular sieve of the isomerization
catalyst tomprises sodalite cages in it5 molecular
structure. Preferably, the sodalite cages are arranged

20 in a fasujasite structure. Mordenite zeolites, ZSM-5
‘ zeolites, beta-zeclites or omega-zeolites may be used as
isomerization catalyst as well.

The mélecular sieve of the iscmerization catalyst is
preferably in an acidic form, for example in the ammonium

25 form or in the hydrogen form. This means that the
cationic sites of the molecular sieve of the
isomerization ¢atalyst are at least partly occupied by
acidic species, for example ammonium and/or hydrogen
ions; Preferably, the cationic sites of the molecular

30 sieve of the isomerization catalyst are at léast.partly

| occupied by hydrogen ions, i.e. the molecular sisve is in
the hydrogen form. Other cationic sites may be occupied
by, for example alkali metal ions or alkaline earth metal



herein, the surface area is deemed to have been neasured by the ZiEbiHot

of ASTM %66)3,09(?631% an exanple, a nol ecul ar sieve whi ch magth®oussss 25
in the isonerization catalyst is a ZM$5 zeolite in the hydrogen form

which has a Si/Al atomc ratio of for exanple 25 or 80. An exanple of a
preferred nol ecular sieve for use in the isonerization catalyst is CPV
500 (trademark), which is a zeolite having a faujasite 30 structure, a

bulk Si/A atonienkdt isRchf agboudivn 6idddher Pealcahdl o mMAgnas Dt Cidad.i 0 s
believed to he in the range of 2.3-3), a pore size of 0.74 nmand a
surface 20DEC 2@0’3‘:‘@\51@'3/:"60683&1: F@F/EPG‘E?’??G%?Q’&LtaPéYaF‘éalﬁFS%b%QJt 5750

ne/g. CBV 500 zgpldtheuharayai hable 79 5 .dherrmmniibmibosm esBiket ed by
Zeol yst International. Another exanple of a preferred nol ecul ar sieve for

use in the |somcﬂli>ateidom'caver9e%nu@@w QU opipadarask) Whigehin 5 is a
zeol ite haying raewle%' EeeShENCIVIE ddtulds 3 /A 3l-amece @l Plarabout

2.55 (the skele?p Si/Al "atémc Tatio is bélieved to belntherange of
2.3-3), a pore rrmsm 9@1‘ ’ODf4th@n el enigursfiges arse@ceﬂpab@ubymmegl

CBV 400 zeolite | }“@lgh 1%0h%%%%/]ﬁ§'d'a‘ﬂ”h]egrg]% tr%l ni ng

2.2 % of sodlum ate | 6ve oper Qi to
80-85 % of the @atelfemablm aeSlem P Gc.Cuym @elirity.cluyelrogenlemis)?s GB%£400
zeolite is marl% t ed Qy_{oéegl st I nteroncaétul on b ref :ecrugsed thJ% tt he
mol ecul ar si eve tor “Gse“Fi° 15 The' sone gn gf% y5t f & form
of particlies, fier pexanpke peédpeém;l}cydti md:e.lts 9. 9beadaprmhfﬁéqmmlyl ae

for exanple at Ieas % II at ast ,50 %, erab at
| east 90 %w of f17E"nd e(‘;uf’gr@s{? l%(?ﬁ tlﬁeoﬁé}laﬁgde}?y e l}ggen
particles. In pragki.ce such 20 partl cl es conprise frequently at nost
99.99 %w, nore
If the molecular sieve for use in the isomerization
catalyst is in the ammonium form, it may be converted
15 into the hydrogen form prior to ltS use by any suitabkle

[

means, for example by heating at a- temperature of at
least 300°C, for example at a temperature in the range of

from 400 to 600°C.
Typically the molecular sieve of the isomerization

20 catalyst has a surface area in the range of from 400 to

1000 m?/g, more typically from 600 to 950 m2/g. As used
herein, the surface area is deemed to have been measured
by the method of ASTM-D3662-392.
As an example, a molecular sieve which may be used
25 in the isomerization catalyst is a ZMS-5 zeolite in the
hydrogen form which has a Si/Al atomic ratio of for
example 25 or 80. An example of a preferred wmolecular
sieve for use in the isomerization catalyst is CBV 500
(trademark), which is a zeolite having a faujasite
30 structure, a bulk Si/Al atomic ratio of about 2.6 (the
skeletal Si/Al atomic ratio is believed to be in the

range of 2.3-3), a pore size of 0.74 nm and a surface



frequently at nobst 99.9 %, nost frequently at nost 99 %w of the)DEC 2005

nol ecul ar s eV, ased on the weight of the particles. Ac i I
bi nder nm %/@PGesgent in the particleg. Useful conventi onafe’fvfﬁﬁ'%éo(rggﬁnay

be inorganic 25 materials, such as clay, silica and/or netal oxides. The
nol ecul ar sieve for use in the isonerization catalyst may be conpounded
with other materials, such as porous matrix materials, for exanple,

alum na, silica/ldundraapdhki @@{onﬁgﬂfsi BRIl C e 1€QN43 308 1able in
silica/titania, 30 silicalalumna/thoria_ and sil.ica/alumnalzirconia.
In the present  iBEmaeaiisn Iprdcedsrheted b R eaR Irbematiapahot be
present. Suitablg- AL 0LAaRI-6 03/ . ;
PCTI EP02/ 06894 ﬁE‘qui T ot s?Y\fo or§ gggﬁ%’l&e&%yﬁpﬁ%c%lb%or&%%gﬁecﬁoé{suse n
al kanes, cycl oaltkendscardiartieni csfabyst cid aIBhydrocaraiemarkhe phisknt

i somerizati_on pr.oces e, conducted 5 by contacting the.feed_a
liquid phaée wi tH %h(sazeg?é(%%elb%ﬁ go%\ g%‘t‘%ﬁ/%i? reucftelg%’c F’ll‘etgeglg‘%f
conmponents the addcafilenrthoibeoifsabent SEASY " e fakettetallefdin’alhecembaf t er,

for exanple the vinylidene._qlefin_as defined hereinbefore) and
optional |y the S&dTd 6 E’Filﬁe(’fegr tTOb%xﬁhptﬁée tHE9 r?e“§r2 ¢3dI'efi B9 @nd
optionally the ld,qu d¢ di buent, ,SHitabl ' iN -LgpResgnt s
fromO.01 %wv toélloo %v of th¥en ged. l\/b%/fea%é.'uiea"tga E[?/tht %Jeﬂ]‘dltr gtB%ofne??n
represents from@®@W3wzeeld0ettsobvahtaleedin THe dnchmyendisefiinn férm

present, rgpresentSsyLtapl y brom 19 maig, 199999 24y ofs WSl egh rore
suitably' from Zg‘l%tw to gQ. 9% v o? %%%@%’ecf 9J‘Irhe wei ght” ratid o ?}Hg
first olefin tad heiseeendtel pbirfaihftPprasan & iy RS @adlbyibnsitde
range of fro”’OEEESQO%CESpigalgg’h&gréggﬁ'fﬁﬂéy.f'éﬂ@ 400 zeolite is
marketed by Zeolyst International.
It is preferred that the molecular sieve for use in
15 the isomerization catalyst is in{thééform of particles,
for example pellets, cylinders or geads, which comprise
for example at least 10 %w, typically at least 50 $%$w,
preferably at least 90 %w of the molecular sieve, based
on the weight of the particles. 1In pfactice such
20 particles comprise frequently at most 99.99 %w, more
frequently at most 99.9 %w, most frequently at most 99 3%w
of the molecular sieve, based on the weight of the
particles. A conventional binder may be present in the
particles. Useful conventional binders may be inorganic
25 materials, such ag clay, silica and/or metal oxides. The
molecular sieve for use in the isomerization catalyst may
be compounded with other materials, such as pofous matrix
matexials, for example, zlumina, silica/alumiﬁa,
gsilica/magnesia, silica/zirceonia and silica/titania,
30 silica/alumina/thoria and silica/alumina/zirconia.

In the present isomerization process a liquid

diluent may or wmay not be presemnt. Suitable are organic



0.1:100 to 5:100. The liquid diluent, if present, 20 represents suitably
from1l %wvto 99.99 %v of the m xture of conponents, nore suita ﬁnﬁﬁ?ﬂﬁlo
% to 99. 9%, ez, the feed. ‘Subst ances being present in s oymw94
quantities are normally not considergq to be diluents. The present
i sonerization process may be carried out 25 with the isonerization
catal yst dissolved or, as a solid, suspended in the feed, which is
especially suitable when the isomerization process is carried out as a
batch liquid phasﬁqth):[cDGﬂS.SLen'Efa:e guankikbypdé hedrefd Aaids0n sueat alkyst
di ssol ved or susp ended way%i n the range of 30 fromO0.1 to 20 g/ kg

t

feed, preferably }]F%TPﬁEO Ofék@nﬁﬁ aFgeﬂrorA%t”a‘??'alqrernatl ve, the

i sonerization prgagesso e rreakri ed out with the solid isonerization
catal yst present WO 03/000631 12 2 0 O E C 2005 PCT/ EP02/ 06894 as a
fixed bed, which is e3{fefFaSERts GFORBr &2ARLPN tROCTSEO SN Pt CORIpEBERsS

i's carried Ut agy A GRS nPEQEASSs WNEIHETg %a%é Lhayhd cpRase

process or as a gas phase process. A continuous I'i quid phase process 5
enpl oyi ng a fi xedsesk iz tgoaf @ﬁrceélysthe ThS\ferd dsanpimiseshasr gogeeonénts om

0.01 to-200 kg/(LhQ $%§§£gq£pgly 8gkﬁee%lquﬁé9 K%{(%&@k Ln this

context, the term stan y space vel ocity

which is the nassréinaﬁtﬁatefdtvededpby the volyineisofe Kﬂ@faatabySEfbneﬂ
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and tenperatures which 15 can effect the desired isomerization.. The

pressure is diluent. Suitably, the first olefln represents from 0.01
w to 100 %w of the feed. More suitably the first olefin
represents from 0.05 %w to 90 %w of the feed. The second
olefin, if present, represents suitably from 10 %w to

15 99.%9 %w of the feed, wmore sultaylv from 20 %w to

89.95 %w of the feed. The welghtliatlo of the first
olefin to the second olefin, if present, is preferably in
the range of from 0.05:100 to 10:100, in particular from
0.1:100 to 5:100. The liquid diluent, if preéent,

20 represents suitably from 1 %w to 939.99 %w of the mixture
of components, more suitably from 10 %w to 99.%5 %w of
the feed. Substances being present in smaller guantities
are normally-not considered to be diluents.

| The present isomerization process may be carried out

25 with the isomerization catalyst dissclved or, as a solid,
suspended in the feed, which.is especially suitable when
the isomerization process is carried out as a batch
liquid phase process. The Quantity of isomerization
catalyst dissolved or suspended may be in the range of

30 from 0.1 to 20 g/kg feed, preferably from 0.5 to 10 g/kg
feed.

As an alternative, the isomerization process may be

carried out with the solid iscmerization catalyst present



suitably in the range of from0.01 to 10 MPa, nore suitably in tltz [{Eﬁgﬁﬁi
of from0.02 to 2 MPa, in particular from0.05 to | MPa. Suitab @

t enper at UMD 0340064 t he range of from O to 300C, nore suitabPGT/ERIH0489420
range of from 10 to 250C, nost suitabl} in the range of from 20 to 200C.
When the first olefinis a vinylidene olefin as defined hereinbefore,
the tenperature is suitably in the range of fromO0O to 150C, nore

suitably in the range of from1 100C, nost_suitaply in the 25 range
of from20" to 888 Theed SEver ¥ g‘&F?‘oﬁspFBngéaﬁi¥ Bt ls e ButBEuch

~ that the conversigsmefiidg o pybicdereiel ebi-piovesut hgs 4 SR iZAuis0ON
catalyst is at least 5 % It is preferred that the conversion of the
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particular a linear a-- he ‘conver sion
i sonerization caOalytscb ICED QJgdf érabl.y an Bhnmstoﬂﬂe% ntchee qmmfemsw at

nost 10 % nost pat {Iost 5 requent | &..CC al fln not
converted at al & m)re eq&entlfqulflhlemgo%ege?%% ‘y?l eyawo 6 gﬁ

| east 0.1 % noreass emmntﬂayeaﬁlhéasﬁ By2tie obbues climrtaleofcdﬂa&yfstrbéd.
olefin, the secodoefl ][wd diJyent, if

th
present, al%e prerfe Jt’iaeuc (5 Ségr o Bﬁngtgﬁevxﬁ??%a B 28Fi on

catal yst. Wt houkhayésiding mrbexbﬂpld byhtheofyctidn it faedvw eagdbkhap-t he
pretreatment |leads to the rempval of inpurities which could be
detrinental to tht®perd SIH@IEEC¥35 of the isonerization cat alyst, in

particular the The present isomerization process may be carried out

within wide ranges of pressures and temperatures which

15 can effect the desired isomeriza;ionr The pressure is
suitably in the range of from 0.0i‘tb 10 MPa, more
suitably in the range of from 0.02 to 2 Mﬁa, in
particuiar from 0.05 to 1 MPa. Suitably the temperature
is in the range of from 0 to 300°C, more suitably in the

20 range of from 10 to 250°C, most suitably in the range of
from 20 to 200°C. When the first olefin ig a vinylidene
olefin.as defined heréinbefore, the temperature is
suitably in the range of from ¢ to 150°C, more suitably
in the range of from 10 to 100°C, most suitably in the

25 range of from 20 to 80°C.

The isomerization process may be carried out such
that the conversion of the vinylidene olefin over the
iscmerization catalyst is at least 5 %. It is preferred
that the conversion of the vinylidene olefin is at least

30 40 %, more preferably at least 60 %, most preferably at
least B0%. Frequently the conversion of the vinylidene

ciefin is complete, however, more freguently the

{_‘



catalyst's activity and activity stability. Conceivably, such inpurities
may be water or organl c conpounds conprising heteroatons, such@@@géggwﬁ

oxygen, r\g 8 ysulfur and phosphorus. Such inpurities pgygp
i ntroduce f durl ng the synthesis, wpgk-up, purification or other

processing of the individual conponents. Typically, upon contacting with
the isonerization catalyst, the feed conprises water at a | evel of at
nmost 50 ppnw, preferably at npst 10 ppnw, in particular at 25 nobst 1 -
ppnmw, relative toorersiging ot ohethmyiejaﬁene oipftal lar, rose eontent wist

or gani ¢ conpounds corrprl Si n% ggen heteroatons is such that the content
of the oxygen hEIeFEtdns atsmaet nd3t 8 50- ppgthen p?rszerc%i-lﬂfﬁnaﬂsnﬁﬁs?ﬁi

ppmw, relative tpo the th»%uqht of Rhe fecgd Tiy.pl cathey conv%I Q pt.gnt of
organic corrpoundls cporrpr|S| ng Ri rogen he]t 8108t Ofts 16 SUCh ?ﬁa? the

content of the nitgogen hRetkergat 9PEndsSi At iMstenQ 1sPpetecabby ale
nost 2 D DEC 2005 WD 03/ 000631 PCTI EP02/ 06894 14 20 ppnw, relative to

the wei ght %of tHecdteddd. *Typieal Py’efezﬁriél)ccﬁﬁ émstofl%r%gaﬁlpétcﬁn@&mi%ly

conpri sing sulfur heteroato i S suc t@; the c tent of . the sulfu
heteroatoms is att dBEi 50 “ppmivc SPPE} et ol tarﬁj]s AV Bﬁﬁwco?\éiﬂért?‘i{/e to

the weight of the. feed. m-B)éQ' @%Ewentiﬁhecfé)rgcﬁ'mex%fldﬂ %ntﬁeCQUBPM is
conpri sing phosphorus heteroatons is such that the content of the

phosphorus het extoatamd: i0s lak . npere 10 pprast Jnr @fferlglﬁtls?gﬁ at2nbst 2 ppnw,
relative to the wei ghy,0f,t RSrLGSP Hd éﬁ{& Adance et DoLBhE &iﬁfﬁ\’}j}' on

the pretreatnent conprises contacting with a pretreating materi
conpri ses ®-zeolif enssely, hasdatlm)rleusuzds doflvent,eddt prés8btnmre

Combi nations wit hreq;[r??% Lokl Bt ‘BL.EES%&' 09 1P 1A% S RS (APRELCHsomit L AR &5

other pretreati e
catalyst. Wlthout wishing to be bound by thecory, it is

believed that the pretreatment leads to the removal of
impurities which could be detrlmental to the performance
15 of the isomerization catalyst, in partlcular the
catalyst’s activity and activity stability. Conceivably,
such impurities may be water or organic compounds
‘comprising hetercatoms, such as oxygen, nitrogen, sulfur
and phosphorus. Such impurities may have been introduced
20 during the synthesis, work-up, purification or other
processing of the individual components.
Typically, uponAcontacting with the isomerization
catalyst, the feed comprises.water at a level of at most
50 ppmw, preferably at most 10 ppmw, in particular at
25 most 1 ppmw, relative to the weight of the feed.
Typically, the content of organic compouﬁds compriging
oxygen heterocatoms is such that the content of the oxygen
heteroatoms is at most 50 ppmw, preferably at most
20 ppmw, relative to the weight of the feed. Typically,
30 the content of organic compounds comprising nitrogen |
hetercatoms is such that the content cof the nitrogen

heterocatoms is at most 50 ppmw, preferably at most



15 distillation, extraction and contacting with another pretreat
material, such as active' carbon, alumna, silica and other zeoﬁbﬁgg.‘m%
The pret rE8B3O83%ay be applied to one or nore separate, iHfdiRRGILH™
conponents of the feed. However, it 4 preferred to pretreat them 20
together as a mxture, in particular as the feed to the isonerization
process, prior to contacting with the isonerization catalyst. A
preferred zeolite for use 3s t.he gretreati ngré material_is. a zeolit

lew

having. a pore %@ a9'€4dt’® 58 b Wt ei%eﬁarti'rgﬁﬁﬁ?fja}"

| east 0.6 nm anthd \Hintahlty dft cRasndcPOdBpShEds Ofombr 1Sl bud fam nore
typically at nost 1.2 nm in particular at nost 1 nm_The pore size of

many of such zedt§tBLATEEHdén S¥FBCEPRBICRE CoR MR @F iR SBLERS son,
"Atlas of Zeol i tig Sldiiiddse i 3@ h¥RESSo %&ﬁeiw,Reﬁ/i;éFéirQS’liﬁ 2N 64 887)

published by the Structure_ Conm ssion of | nt ernati onal Zeolite
Associ ati 0A. 200HECPHIOS 1@Dat3rve0be3theCoTe IR 196802 1t -of EYRBFFLL1Y he

zeolite for use ag theniet 18aliB0n; DBLSED Al EOMPLESES: SR LERERgES (N
its structure, in parttl cul ar sogaﬁlte ca%esnmﬁ% arelg{r)g(rj?nge such as
to form a fauj dsittegcstiraust vse suPhefbztibtlye ¢detemibl okt a-Heophbspberas t he

pretreating materi.al_has a Si/A atomc.ratio of_ abo 1,..in rticular
Bt least 1.2, PRETOTSBIY™RAE =5 PREC ot SR atves or: St st Me%5,
Preferably, the 2 zea,t edlativeetasthdeweictit eaf itige nbdee¥.i al is a zeolite

X. 10 The zeolite fqQr use as. the gr.etreﬁttin mat eri al

typical |
conpri ses ons of an & KASCTECEE HAGE or ™ HHnE VS A aﬁqg%r%grséw‘ﬁn?mt al

occupying at | easdmpaipasd cefntalciéngavieni£ Sidseakpliavertiah whoshare

preferred, in comprises a-zecolite which has a pore size of at least

0.35 nm. Combinations with other pretreating methods may

be applied. Suitable other pretrxreating méthods are

15 distillation, extraction and contacténg with another
pretreating material, such as ac£;§é{carbon, alumina,
silica and other zeclites. The pretreatment may be
applied to one or more separate, individual components of
the feed. However, it is preferred to pretreat them

20 ‘ together.as a mixture, in particular as the feed to the
isomerization procesé, prior to contacting with the
isomerization catalyst.

A preferred zeolite for use as the pretreating

material is a zeolite having a pore size of at least

25 0.5 am, and most in particular at least 0.6 nm, and
typically it has a pore size of at most 1.5 nm, more
typically at most 1.2 nm, in particular at most 1 nm.
The pore size of many of such zeolites has been specified
in W M Meier and D H Olson, “Atlas of Zeolite Structure -

30° Types”, 2™ Revised edition (1587), published by the

Structure Commission of the International Zeolite

Association.



particul ar sodiumions. Exanples of suitable alkaline 15 earth Eﬁifﬁﬁﬁs
are cal ci j nal magnesiumions. Suitably at | east 19C%EP%Z! 94
suitably §p43@§§6€?50 % in particulangat least 90 6 of the cationic
sites is occupied by ions of an alkali metal and/or ions of an alkaline
earth nmetal, whilst in practice frequently at 20 nost 99.9 %, nore

frequently at nost 99 % of the cationic sites is occupied by ions of an

al kali-nmetal and/or ipeR%erabldN ehkalddleRarddy WRiealas Phef greblyawing east
10 nore preferably at least 50 % in_particular at |east 90 % of the

cationic sites MEt6Ecapi EATBYLAPRAPIIHEIE CABET diis IERhPFERCFH $r it i ce
frequently at mMgt-+9%.92% sBBES: ££ CQURN |Whialy MRS a99%a%yeh Lhe, Gad i C

sites is occupied by alkali netal ions. Typically the zéolite for use as
the pretreating fovm arifabihasta suriciowar eFriafaradlvangbeotedkom 460 t o

30 1000 nPig, Mo LupiGal #¥a££8€&:§9 r&aoce%ga'ﬂ?{a% a%??ﬂhe%ﬁﬁicﬂ]ﬂﬁror ed

zeolites for use as the pretreati nmat eri are zeolite-

particul ar zeoldft ebd3%. 1Thésepaeol duiles ate lreeadi [y 2conBeetesdbly 2 theD E
C 2005 WO 03/ 0%06@]1 PCTI EP02/96894 16 avail abl_e, for £8xa | e gﬁ om UCP.
Zeolite-10X 15 dit /AL PyGETTabrrTe T Tl o f GPREGREDRY hadh e por e
size of about Qefiinm farSutél adtthe preaddcatihd hateange 0f 4romlike2 to
1.5 and a surface area of about 700 nz/g. 5 Zeolite-13X is an X type
zeolite in the godiumformwhich has a pore size of about 8 nm a Si/A

atom c ratipo in therhangecditér o6t sk tad ke pidraestihgcrRabsciaa0f about
700 n2/g. It is preferred that the zeolite for use as the 10 pretreating.
material is in tHEBAYoFOPRFLFRT cOnS Gt 2% Friped IpBef &t s2n AT ndfitSs or

beads, which cog¥ iag€afiRbhiine earth metal occupying at least a part of
the cationic sites. Alkali metal ions are preferred, in
particular sodium ions. Examples of suitable alkaline

15 earth metal ions are calcium ions}ang magnesium ions.
Suitably at least 10 %, more suiﬁabi§ at least 50 %, in
particular at least 90 % of the cationic sites is
occupied by ions of an alkali metal and/or ions of an
alkaline earth metal, whilst in practice frequently at

20 most 99.9 %, more frequently at most 99 % of the catiomnic
sites is occupied by ions of an alkali metal and/or ions
of an alkaline earth metal.< Preferably at least 10 %,
more preferably at least 50 %, in particular at least
90 % of the cationic sites is occupied by alkali metal

25 ions, whilst in practice frequently at most 92.9 %, more
frequently at most 99 % of the cationic sites is occupied
by alkali metal ions.

Typically the zeolite for use as the pretreating
material has a surface area in the range of from 400 to

30 1000 m*/g, more typically from 600 to 950 m?/qg.

Examples of preferred zeolites for use as the
pretreating material are zeolite-10X, in particular

zeclite-13X. These zeolites are readily commercially



exanple at least 10 %v, typically at least 50 %v, preferably at |east 90
%v of the zeolite, based on the weight of the particles. In r dct Pide 2000
such part WO &S 1conpri se frequently at nost 99.99; %w. , rRFF"QEWZ@QﬁPéntIy
at nost 99.9 %y, nost frequently at st 99 %w of the zeolite, based on
the weight of the particles. A conventional binder may be present in the
particles. Useful conventional binders nay be inorganic materials, 20

such as clay, silica and/or_netal oxides. The zeolite for use as the
pretreating mat eFVall#Rye bef CoBEiRdEd Er @t HOBt heferbi bR T 1%, 157¢h Xas

porous matriXx matepkatsel ifOrieXHPa1 c2iMMERdn hibRahaAL W e size of
silica/mgnesia, _silica/zirconia and silica/titania, silicalalum nal
thoria 25 and s#PPel/d Uit/ A ddhilaatPnécpratieai Aekite mandfe Fakred

out by suspending ,the pretygatd ng. gaterial.i Bfthoggﬁpgﬂqut/gi_n'questi on

or the mixture of conponents, which I's especial [y suitable’ “when the
pretreatmemt is Baeliezt i ims a@ Fatybel Eqoldt80iphtke PrdiossSLorThehich

guantity of the pretfeallng e alo sugpended BRy,pe,ig, 106 £:an0g.,of
fromO0.1 to 50 g/kg onponent or M xture o conponents, preferably from
0.2 to 10 g/ kg comporerxde asf rindmunie 20f ocbopoandt s. s200kKOe 2005 MDabout
03/ 000631 PCTI EPQ 60 94 17 As an alternative, the pretreatnent may be
carried out with’Yh® Sretreating material present as a fixed bed, which
i s especially suitable whepddterieat ERat "EAE zPHDLLSSEbS i ldsedheut as a
conti nuous process, whether 5 as a Iiguld hase gr ocgss or.as a %as phase

process. Al cont PREGIR2GIMLIMRESTASE pF otBsEPENEPEYi A R 3FEhed Fs

preferred. The L&xMmpy el ldtd heynanger§f of r pax8s DSk Och Xebrigisel £6) |
preferably from0. 1 to 20 Kg/ (I.h)% In this_ _context, the term " LHSV"
ﬂ§@§t 10 %w,

stands for |iqui #HERYT Pls typically at least 50 %w,
preferably at least 90 %w of the zeolite, based on the

welight of the particles. In practice such particles

15 comprise fregquently at most 99.899, 5w, more frequehtly at
most 99.9 %w, most frequently at mgét 59 %w of the
zeolite, based on the weight of the particles. A
coﬁventional binder may be present in the particles;
Useful conventional binders wmay be inorganic materials,

20 such as clay, silica and/or wmetzl oxides. The zeolite
for use as the pretreating material may be compounded
with other materials, such as porous matrix materials,
for example, alumina, silica/alumina, silica/magnesia,
silica/zirconia and silica/titania, silica/alumina/thoria

25 and silica/alumina/zirconia.

The pretreatment may be carried out by suspending
the pretreating material in the component in question or
the mixture of components, which is especially suitable
when the pretreatment is carried out as a batch liquid

30 phase process. The gquantity of the pretreating material
'suspended may be in the range of from 0.1 to 50 g/kg
component or mixture of components, preferably from 0.2

to 10 g/kg component or mixture of components.



10 velocity which is the mass flow rate divided by the volunme @§f{BEielllh

pretreati g pashogzihe direction of flow through the pretreatidimmgrockol s
not material. For exanple, the directiron of flow nmay be up-flow or down-

flow. 15 The pretreatnent using the pretreating material nay be carried
out within w de ranges of tenperatures and pressures. Suitably the
tenperature is in the range of from-20 to 100C, nore suitably in the
range of from -10 toa80G dherpRIsk,eths suétaddymemt tthey nengarefed0l
fromO0.01 to 10 MPa, pore suitably in the range of from 0.02 to MPa,
in particular i nDPEeWJrthteh%fpl?ert%d')r/ﬁaﬁ.l@@ F‘Bte’igﬂﬂba?r%%e%%ta%ﬁ €38 bed;
herei nbefore, inygerhaid ashadidant Sutih8blESEABKI ZRé | PreProp@eEmtof this
invention is applied to one 25 or nore vinylidene olefins in adm xture
with the respectPTeCESDMET i YGYFERPVE- 8Fefti APRY L1RUPRS (IeC Fid o (ihgEher

structure of theagiaﬁyiigﬁt? PHBld B3-ocBsQUSSt LN thes abivde QU Rlpare
ethyl groups and the alkyl groups R2 are |linear 1-al'kyl groups having an
even carbon nunbepntsRrugps haldwig Edasechrpoesavenp taybah aufireds beduéh

m xtures may be_obfajned fr ekfeng . 0l L, goNErigat P OE o . gWheLein
the one or nore F?near a-olefins 1s tﬁg mai n V\DOS#%%l 1% g (5) E) E%
2005 PCT/ EP02108894g ptlodiict red etrtladlynérom 0ot et wi 2§ | ¥glehle. ol -ef iinsthie
byproducts. Such ‘Iﬁ}g i i zatj.on S are g i t rt,
for exanpl e, from g%eﬂ%@%lg S—ESQSS%%%%? %%EA#A Q%@fly Sggcg
US- A- 4472526, USvALd4N2Ab3AdhidliSiA 528488711 45- e 60BA4ddedh by the
US- A- 4020121, of ich t t eachings.are incorporated herein
reference. The eY?V:{;%%e o‘?’él1 &n%ﬁrfgtﬁegﬁlﬁgg%%g's n%e béelrc%cf e Ofb)élow
: through the pretreating bed is not material. For
example, the direction of flow may be up-flow or down-
flow.
15 The pretreatment using the Q¥et;eating material may
be carried out within wide ranges;b%'temperatures and
pressures. Suitably the temperature is in the range of

from -20 to 100°C, more suitably in the range of from

-10 to B0°C. The pressure ig suitably in the range of

20 from 0.01 to 10 MPa, more suitably in the range of from
0.02 to 2 MPa, in particular in the range of from 0.05 to
1 MPa.

As set out hereinbefore, in certain embodiments the

isomerization process of this invention is applied to one

25 or more vinylidene olefins in admixture with the |
respective isomeric linear o-olefin(s).. In the molecular
structure of the vinylidene olefins in guestion the alkyl
groups Rl are ethyl groups and the alkyl groups R® are
linear l-alkyl groups having an even carbon number, or

30 having consecutive even carbon npumbers. Such mixtures

may be obtained from ethene oligomerization processes,

wherein the one or more linear oc-clefins is the main



out in the presence of Ziegler type catalyst such as |lithiu T@Fl

potassiumhoﬁg%x&%Hun1and magnesi um metal 10 catal ysts- Sui tghf ¥, oég?
ethene ol I'goreri Zation process is carfgied out in the presence JP a

ni ckel catalyst, wherein the nickel is conplexed with a bidentate
chelating ligand. Preferred bidentate chelating |ligands have a tertiary
or ganophosphorus noiety with a suitable 15 functional group substituted

on a carbon ato i S ; y an two
carbon atons f?%fﬁ%fﬁggﬂﬁigﬂ%fﬁ%kif%ﬁfg?etﬁgﬁg?égﬁﬁgh8£gﬁ§?%§”%%iety.

Exanpl es of prefkypreeittvent duck rdheriengl i gguadszar on-processes are
di hydr ocar byl phogplynobenagl ¢ ACl 45y, 8mpPedi DERVES2R- PRPSRIY NfERZOI C
Cc an

aci d and o-di cycl'ohexyl phosphi'ndbenzoi € Ird,
2- di hydr ocar byl ph@spi ho oA -or8 284486, dYS-B-g472525, US-A-4472522, US-A-

2- di phenyl phosphi iQnl ¢ acl d_2-djgycl - phesphi nopr.opi oni c
aci d, and the co??@g%gﬁdi g;%ﬂﬁéﬁﬁéy%ﬂnglbgé fggségg%heogtﬁkﬁé}lihéj

ol i gomeri zati on PéHEIRESgdTRrOrinyrgidtatea heaeihedyodefepehde. presence of
aliquid diluent. Suitable liquid diluents for use in conjunction with

the conplexed ni ckel TR&tHHRARAS VoBANELE 2BF OPP cPHPEEPHF JTRE Ppdfakried

di luents, such aguimNe- @R athedidrC zakgole! 8y pkNe3PaPpst | SRS
aliphatic diols, such as glycol, 1,3- propanediol and 1,4-butanediol;
1, 2- al kyl ene car bbHat e, m%%ﬁﬁma§mfﬁfﬁéPﬁyl%ﬁéY%é%E%n%?@,m%?%@%%ﬁbyﬁéﬁé

car bonate 2PDEC 2005 R EPOZLA6894,, WR-03{ 0096341 19-A861 Za Bt I ipHRRE s
carbonate; and ethers, in particular cyclic ethers such as
t et r ahydr of ur an. 1 THeaefirche Wl i gorkdrs PAREORCHr 6€ e snhalyebecatdlisdd out

in wide tenperatyre and PESSUNGT AMILSmpPLLLEr L8tk ' pigaRELAL Ures are
in the range of fromO to 200 , In
chelating ligand. Preferred bidentate chelating ligands

have a tertiary organophosphorus moiety with a suitable

15 functional group substituted on afga;bon atom attached
directly to or separated by no mofé‘éhan two carbon atoms
from the phosphorus atom of the orgamnophosphorus moiety.
Examples of preferred bidentate chelating ligands are o-
dihydrocarbylphosphinobenzoic acids, e.g. o-diphenyl-

20 phosphinobenzoic acid and o-dicyclohexylphosphinobenzoic
acid, and 2-dihydrocarbylphosphinopropionic acids, e.g.
2-diphenyiphosphinopropionic acid and 2-dicyclohexyl-
phosphinopropionic acid, and the corresponding alkali
metal salts. _

25 The ethene oligomerization process méy or may not be
carried out in the presence of a liquid diluent. |
Suitable ligquid diluents for use in conjunction with the
complexed nickel catalysts comprise protic or aprotic
polar diluents, such as mono- and pelyhydric alcohols, in

3D particular aliphatic diols, such as glycel, 1,3-
propanediol and 1,4-butanediol; 1,2-alkylene carbomates,

such as 1,2-ethylene carbonate, 1,2-propylene carbonate



particular from30 to 140C. Preferred pressures are in the ra hm?m
0.1 to 35MRmobddiParticular from2.5 to 15 MPa. The ollgggyﬂégﬁg %
products may be i1solated from 10 the,gligonerization reaction mxture
one or nore of 'phase separation, extraction with protic or aprotic polar
di luent, extraction with water, and distillation. The product of the
present isonerization process. may be worked-up and purified by any

sui t abl e net hod.anthen Ba-bulﬁrl\éin@ybhﬁiﬁﬁﬁaeé efdid | StHe&Teris @@ritd ctibgr
presence of a linear a-olefin, descri bed herei nbefore, the double
bond i soner of t?%?kHQnﬂﬁhﬁ§ﬁes8F PR My deatsted formthe |inear

a-olefin by distillatienetHRecPesESfer{ Mr {dLHINE A Irdar}e% gaobelyn
m xture may constitute a 20 purification process for the'linear a-olefin

as it may yiel Pithd? ivHélgr targesht BT e naed myres Pure Fagaas - Un%géerred
speci fied af her wi g6, 118, Qk 9%% ihOorRa e BNLQNEE RS 8GR, | 8{1 exanpl e

the organic dlluents and the Iigands, have typically at nost '40 carbon
atoms, nore 25 typitdatdlpratfrewesBo2focaitfan aberEervBaparttsules @te MBSt
10 carbon atons, nore in particular_at nost 6 carbon atons. As defined
herein, ranges fo® FameE STof*08r Boh LatHheIRG . &1 @é‘rrﬁdﬁuﬁﬁﬁbgF?ml%é ude
t he nunbers speaid in@dmplaqr the- limts of the.ranges . 30 The invention
w1l now be illustrated b{ t he follomnng exanpl-es. 200EC 2005 WO

03/ 000631 PCT/ EP02/ 0884 F13§OPRANBREL 2 (Rt Y &%) 1ACEBYE80B- Feol i t e

(trademarkjy i n the fQEGRkeriz8cith {4446 ddehxtdianeheloney bkNders, of
obtai ned from Zeol yst International, was tested for its ability to

cat al yse the 5 (GRS SERAFSR1GR. ZEéFﬁ??t4QQMH¥9ﬁ3PQ%§1P0PFoﬂ§IOtlc polar

diluent, extraction with water, and distillation.
The product of the present isomerization process may
be worked-up and purified by any suitable method. When a

15 vinylidene olefin is isomerised in,the presence of a

|_I'

linear a-olefin, as described hereinbefore, the double

bond isomer of the wvinylidene olefin may be separated

form the linear o-olefin by distillation. The process

for treating a linear d—olefin mixture may constitute a
20 purification process for the linear a-olefin as it may

vield the linear a-olefin in a more pure form.

Unless specified otherwise, the organic compounds
mentioned herein, for example the organic diluents and
the ligands, have typically at most 40 carbon atoms, more

25 typically at most 20 carbon atoms, in particular at most
10 carbon atoms, more in particular at most & carbon
atoms. As defined herein, ranges for numbers of carbon
atoms (i.e. carbon number) include the numbers specified
for the limits of the .ranges.

30 The invention will now be illustrated by the

following examples.



A sanpl e of 1-hexene was prepared by oligonerizing ethene using?@ DiCqRE!
catal yst, and worki ng-up by procedures involving extraction wth agueous
extracti oO$¥Y043ds. Distillation gave the 1-hexene sanple %T/F?l‘@m%ﬁ?“
C6-cut, which contained as inpurities .55 ow of 2-et hyl - 1-butene and
about 20 ppnmw of water. A sanple of the zeolite cylinders was heated at
500C in air for a period of 15 hours. A 0.15-9 sanple was placed in a
bottle with 100 f the % hexene 15 sapple. The bottle was shaken
during 50 ni nute@s[g—‘hﬁ%—r'feg (ERE G TPRPASPPessure, after which the content
of 2-ethyl- 1-butenea wevheod- hexenee Wasrd@atiled. inl e &t JES 1. giMRN
in Table I. EXAI\/PL)ES 2-4 (far conparison) 20 Exanple 1 was essentially
repeat ed, except ¥Hd irchasfdznebert FElEmieno RGRined oplreslyett he
fol I owi ng ZeO"ﬂ&%&fﬁ@ﬁ%oﬂﬁﬁqiwasLZé§§8de6¥'ﬂé%(éﬂﬁ¥¥%§a&K)ca%a1 se the

commercially available Y type zeolite in the sodiumfdormwhich has a

pore size &f 25 <pmErigaties afserarhal ohilukens o asf f213PweExanpl e 2),

zeolite-13X (Exanpl e ;3 -¢Z€0| L1 e-4 '5!559-[%14 AL Lte.

sanpl es were obtai neélh‘ )asﬁglg?gstogdgi iﬁé%ﬁ%e é\oér m* o a%e? Mﬁ%ﬂ%@%%%ng

di anet er cyl i ndexther®) uFhegr esulitkedr eaigiest i mrfabiceking2u® BYE C 1005

WO 03/ 000631 PCTI EPO%{ 06894 21.17-Y52 zeolite Sa,rE%! %%% t he %%trt I givm' th
. Z

1
100 m 1- hexene P11 “f-hexéne ?/\r/érslgp?}é Teated Wit iTe- (a a?rrf)l es

5 and 7) or zedicedéA (EBianpleab)onagaype eflreedt-entenmt=empdles asbyhe
Cepar at [ g0t he. Laidtine S AP ESF PRTE e pr B it B 8162 Tyl
result is . l-butene and about 20 ppmw of water.

A sample of the zeoiite cylinders was heated at
500°C in air for a pericd of 15 hours. A 0.15-g sample
was placed in a bottle with 100 ml of the 1l-hexene

15 sample. The bettle was shaken dur;ﬁé 50 minutes at 20°C
- and 0.1 MPa pressure, after which ﬁﬁe content of 2-ethyl-
l1-butene in the l-hexene was measured. The result is
given in Table I.

EXAMPLES 2-4 {(for comparison)

50 Example 1 was essentially repeated, except that,
instead of the CBV 500 zeolite, samples of the following
zeolites were used: .

- LZ-Y52 zeolite (trademark), a commercially available Y
type zeolite in the sodium form which has a pore size of

25 0.74 nm and a Si/Al atomic ratio of 2.37 (Example 2),

- zeolite-13X (Example 3), and

- zeolite-4A (Example 4}.

2ll zeolite samples were obtained and tested in the form
of 1.6 mm {1/16 inch) diameter cylinders.

30 The results are given in Table I.



given in Table |I. TABLE | Exanpl ePretreatnent (s)lsonerisa-tion2-et rll]yl -1-
butene (%) 1**)Distillation *)CBV 500 0.49 zeolite 2 UDEC 7005
. 2**)Di sti MAPFBMERA v52 zeolitel. 55 3**:?[1 stillationzeolite-AGKEPEHG68H
4**)Di stillationzeolite-4A0.55 5Distiltation, contactingCBV 5000.24 with
zeolite-13X1! z'edlite ..1 6Distillation, contactingCBV 5000.36 with
zeolite-4Azeolite 7D stillation, contacting LZ-Y52 zeolite0.53 with
zeolite-13X *) of 1-hexene sanple preparation; **) for conparison, 10
not according tolfr&>f ntehtitch %ﬁ_é%tﬂesg%F%eo‘l"”zl’éoJrWéﬂlléleieﬁepﬁe

formof 1.6 nm ¢RL1E hakdhe didTBIRt re¥kieRARE 8hWaSo AL efh t N(MBldmAks18
- 200C. A first stainless steel cylindrical vessel (about 2.5 cmdianeter,

about 25 cm hei g} WasC¥ i 79idi i 142 tIEPEmpReof) t e2§ PTVEPFEEMRILE of
particles. A sample.pfzfBY 20Q (€ o f oL m of ; (14 16 inch)
di aneter cyli nders‘é\e}vasEl he'at%d imr?lgyrmgt E12 6%?@%&53&600%0'0%%%&5865%{ 20
steel cylindri caExgepbel3 (@bdinarpl® ¢m dndnetparatbomttlse cntwweisgiet ) was
filled with the |at lit.e form.a__be f ticl z0 2005
WO 03/ 000631 PC'I'f%ﬁ%g% Oég%zl té’;f tp(?retg'reatmentt) gagerngis. e res%%(% _1%

given in Table I.

TABLE I
Example Pretreatment (s) Isomerisa-tion 2Z-ethyl-1-
butene (%w)
1 *¥%) Distillation *) CBV 500 0.49
zeolite
2 k) - Distillation LZ-Y52 zeolite 0.55
3 *w) Distillation _ zeolite-13X 0.55
4 ®%) Distillation zeolite~-4A 0.55
5 Distillation, contacting CBV 500 0.24
with zeolite-13X ( | zeolite -
VL |
6 Distillation, contacting CBV 500 0.36
with zeolite-4a zeolite
7 Distillaticn, contacting LZ-Y52 zeolite 0.53

with zeolite-13X

*) pf 1l-hexene sample preparaticn; **) for comparison,

10 not according to the invention

EXAMPLE 8
A sample of zeolite-13X in the forﬁ-sf 1.6 mm
{1/16 inch) diameter cylinders was heated in air at
15 200°C. A first stainless steel cylindrical vessel {(about
2.5 cm diameter, about 25 cm height) was filled with this
zeolite to form a bed of particles. A sample of CBV 500
zeolite in the form of 1.6 mm {1/16 inch) diameter
cylinders was heated in air at 200°C. A second stainless
20 . steel cylindrical vessel {(about 2.5 cm diameter, about

5.cm height) was filled with the latter zeolite to form a

bed of particles.



A flow of a 1-hexene sanple simlar as enployed in Exanples 1-7 but
containing 0.85 %wv 2 -ethyl -1 -butene and having a water contedtl G 2005
about 20 PYPWB/OW&EE! nai nt ai ned through the first vessel, an8CTEFH/PGE4
first vessel 5 through the second vessé . In both vessels the flow was
up-wards at a rate of 250 m/hour. In the first vessel the tenperature
was at 2C and the pressure was 0.5 MPa. In the second vessel the
tenperature was 40C and the pressure was 0.5 MPa. After 36 kg of the

1- hexene sanpl e 10 had pde¥edtt RelvBssens sHeEdiidHiRpfas employed in

2-ethyl -1 -but ene 34 -hexepe : [ _(‘é){jﬂ, vassel S 05
W  EXAMPLE 9 Exa%#éﬁlggvésbe}ssggnf %gﬁﬁlihﬁeg?se%%e%ept tlhgt %%gelwﬁs? ggd

of CBV 500 zeol i teavimsanprécyf cCBVend0of eabdnte 2Q rpanve fwersmrefint aénath
(1/16 inch) dia [ | i_ndet S ed. After_ 36 . the 1-hexene
”eék%]ou%‘ﬁ oo Fgr%ﬁevegg?g anc& f _metﬁ%% ?c'lfl_rbs{}[ VESSE

sanpl e had passed e “vesse conteht S 0Of ene1n the
1- hexene flsow | eahvicngght htesseonddvesseel wasi®). Hdlt HWive 4@ 1=XAMe E1b5Q was

Exanpl e 9 was essentially repeated, except at _anaqt her_ 1- hexene sanpl e
was enpl oyed whi c"?'P"l"?ersnflta 58St R ?L-gﬁe@te}r}éo%%rrp%@&% &d" Pfessg?
Exanpl es 1-7 but ¢contaiahagule 8. th- Sichylal thut gResandeaykng. & y@t er
25 content of about 20 ppnw, and that the flow rate was 240 g/ hour.

After 24 kg of then thHeexerendanpteechathe paased-dthe-eveaseldo°Chend ortient of

2-ethyl-1-butene in the 1-hexene flow Ifavi n he sfec%nd vessel was 0, 50
oav, EXAMPLE 11 FFG564TH 4220 wasMB8sentt &fy éi?eaﬁe : ee%c‘g‘&f‘eflﬁaﬁample

i nstead of 6BV 40tk gRlsiska, tBeSaapEel of tk8B\e0hze@ld 26 ety 1t-hevhioene of
1.6 mm (1/16 inch) dianeter cylinders_was, used. CBV 8062 zeqlite
(trademark), obtaheédef fohrsehe oELO¥0bgaving the second vessel was

0.05 %w.
EXAMPLE 9
Example 8 was essentially repeated, except that

15 instead of CBV 500 zeolite, a sampl&rof CBV 400 zeclite
in the form of 1.6 mm (1i/16 inch) Efameter cylinders was
used. After 36 kg of the 1l-hexene sample had passed the
vessels the contents of 2-ethyl-l-butene in the 1l-hexene
fiow leaving the second vessel was 0.11 %w.

20 EXAMPLE 10

Example 9 was egsentially repeated, except that

another l-hexene sample was employed which is similar as
the 1-hexene sample employed in Examples 1-7 but
containing 0;82 %w 2-ethyl-1-butene and having a watex

25 ‘content of about 20 ppmw, and that the flow rate was
240 g/hour. After 24 kg of the l-hexene sample had
passed the vessels the content of 2-ethyl-l-butene in the
l-hexene flow leaving the second vessel was 0.50 %w.
EXAMPLE 11

30 Example 10 was essentially repeated, except that
instead of CBV 400 zeolite, a sample of CBV 8062 zeolite
in the form of 1.6 mm (1/16 inch) diameter cylinders was

used. CBV B062 zeolite ({(trademark), obtained from



WO 03/ 000631 PCT/ EP02106894 23 Zeolyst International, is a ZSM DEWIQ@FJ
zeolite, wH dshogzydrogen formand it has a Si/Al atonic I pET PR

After 24 kg of the 1-hexene sanple hags passed the vessels the content of
2-ethyl-1-butene in the 1-hexene flow 5 | eaving the second vessel was
0.62 %v. In the exanples it is shown that the isomerization catalysts
have an i nproved performance when using as a pretreating material a
zeolite which hagsesuy=r g%tlé&h@tl&h&@, 16 ke Zoold teAA zaRd 1280! FherdsX
(cf. exanples 5 and 10 6 vs. exanple 1 and exanple 7 vs. exanple 2). Mre
specifically, it Y%Y%M#OFH‘aﬁnflhétcBﬁl Peth Afdle BSOMige ragiet PEaFPng
zeolite and the AJ.SEHEE@MZ%E;' or Eﬁéahyﬁéxéz@@ds%mﬁl% a3y ?ﬁ%@b&t tﬁeeicré@scél
viz. the conmbined use has'lead to a decrease’in vinylidene olefin
content which isthmreentsnthaf Bhetbyhr bfbwieie \Rﬁst@@hllehéﬁeb§ Esdtwg only
e g octr8at! N0 Zaalld €l SRRk S oo, ) AN WAt was  achi eved by
using only the isomerization catalysts (exanples and 2). This
synergistic effect i §nurnhbveaa$p1aad1tsur§)rslmmg ta:sttnmhsuc'thomerrbimia:tdmn
has been suggestec& 2.10 SitB Lhe prl ormart J tge %lr eat | ng zeolites
are known to haV& 3 96mer 'Z3F LSRG I;’rr pertie: B8 A-#697040
and US- A-368625(breed1ﬁha1t5ﬁgemazermm @a:mcbyﬂias wHIB:}h hesuaedaageapore
pretreating materjal (cf. US A:3686250 | n.the ex i s.al so shown
that an inproved®*“B v(:LéE‘SI ?%’Pf\b'é?fg‘%rﬁ%%ez‘?oél&@c&ﬁ%m§ﬁedeﬁ§m%3e‘?%c5t iy an
i someri zatioon cad aty/Stexdhbth COARNAI 6L8mEL 10 G@L” aka&pwez)l n @adraci dic

form having a pore si eof at least 0.6 rim mple 1 vs. exanple
2, exanple 5 vs. %ﬁzﬂcé 3. dkanpl B 1Ak, h@x&ﬁﬁ‘iﬁ’énﬂ)“? AEEES005 -
24  CLAI M5 pretreating zeolite and the isomerization catalyst leads

to a synergistic effect, viz. the combined use has lead
to a decrease in vinylidene olefin content which is more

15 than the sum of what was achieved. by u51ng only the
pretreating zeclites (examples 3 ana 4) and what was
achieved by using only the isomerization catalysts
(examples 1 and 2). This synergistic effect is unobvious
and surprising as no such combination has been suggested

20 in the prior art, whilst the pretreating zeolites are
known to have isomerization catalyst properties (cf. US-
A-4697040 and US-A-3686250) and isomerization catalysts
may be used as a pretreating material- (cf. US-A-3686250) .

In the examples it is also shown.that an improved

25 catalyst performance is accomplished by selecting an
isomerization catalyst which comprises a molecular sieve
in an acidic form having a pore size of at least 0.6 mm
(cf. example 1 vs. example 2, example 5 vs. example 7,

examples 8-10 vs. example 11).



1. A process for the double bond isonerization of an olefin, whic
process conprises contacting a feed conprising the olefin with drl DEC 2005
i sonerization catalyst,, wherein prior to contacting the feed with the 5
i-sonmeri zation catal yst one or nore conpeneats of the feed are pretreated
by contacting with a pretreating material which conprises a zeolite

whi ch has. a pore size of -at |east Jm and wherein the olefinis a
vinylidene olefin of the general o+ CH2=C(R1) R2, wherein R and 10
R2 represent al kyl groups independently having at |east 2 carbon atons,
such that the nol ecular structure conprises at |east one allylic
hydrogen atom 2. The process of claim| wherein Rl represents an ethyl

group and R2 represents a linear J-al kyl. grqu nd 15 wherein th f eed
donpri c0s | n ol ¢ TRPEOTe TR Ao Gierdro kB S eametiranich dhen
vinylidene ol efigsis, WecwrpeasssHicaimiinds tork Q) k RedEpresents a

| i near 1-al kyl group having an even nunber of carbon- atonms. 20 4. The
process of anyCePPETEIRE ISt S ithatidith 8hd SRS Hn GR iKY st

conprises a NoLRgHd B S NAVdIka A QY &rd 22 (Alcd @3 0.6 nmand at
nmost | nmand which is in an acidic form 5. The process of claim4

wher ei n Bhe noisemtrizatiae cPRIGIST NG STIFEATAUGWP RS SAF jthey feed
zeolite in the__hydr ' Sid i Eﬁilfrg Qi ¢ r.ati.Q -of
at least 1.3 a%ﬁg er%ﬁ%%%i rﬂzv’hgé/dé%cgcd%ié h&gg( aﬂJGI.ﬁEI' e -|difct(51c sgnao fcl%a'{"l m 5
wherein the zeehitk ofmpiteses sonszdlzdats ovhicdt dassta sren Simg asf tat
structure. 7. Jhe.prec of 1 _ai t Qs rei zeolite:
-of the pretrea%??@gngt%fisrgﬁ“ haggdléﬂrgé&egrgiéfge (J)Df‘.LEfa];lQI Y%gs %rylﬁ'r%% at

nmost 1.5 nm  plefin of the general formula CHy=C(R})RZ, wherein Rl and

10 RZ represent alkyl groups independently having at least 2
carbon atoms, such that the molecular structure comprises
at least one allylic hydrogen atom.

2. The process of claim 1 wherein Rl represents an
ethyl group and R? represents a linear l-alkyl group and
15 wherein the feed comprises in addition a linear a-olefin

which is5 an isomer of the vinylidene olefin.

3. The process of tlaim 1 or 2 wherein R? represents =a
linear l-alkyl group having an even number of carbon
atoms. _
20 4. The prc;éss of any of claims 1 to 3 wherein the
isomerization catalyst comprises a molecular sieve having
a pore size of at least 0.6 nm and at most 1 nm and which
is in an acidic form.
. 5. The process of claim 4 wherein the molecular sieve
25 of the isomérizaticn catalyst is a zeolite in the
h&drqgen form having a silicon/aluminum atomic ratic of

at least 1.3 and at most 20.



B. The process of any of clains | to 7 wherein the. . zeolite og%¢ﬁ€52m5
pretreating material is in the sodiumform or in the calciumt 9.
The process of any of clains 1 to 8 wherein the 10 conponents. of the
feed are pretreated together as a mxtwes £0. A process for treating an
olefin mxture which conprises a linear a-olefin and a vinylidene olefin

which 1s isonmpric kLt LRgagrax | 8 ahek-ahy L S er al
formul a CH2=C (R1) Eg? gﬁgggﬁﬁ é£.$g%%%sgnts a%ﬂﬁg€%§|z§$%%%§£%§ gg@
represents. a Lieamarizafifyl cgralpst s ch Praresiteompristsre soneri sing
t he vinylidene,ol ef] 0 d | ecbongd. i so 0, he_vinyl.idene

ol efin by con?écti%geaﬁfgégéggﬁ£r$§§n§ft ggﬁ#%f?ﬁ{%iéf%%%fﬁﬁ?rF%ﬁ 20

i sonmeri zati on gabaliyet pfandesppatacaning heaténtal lsas od efore fsDretbe at
doubl e bond i spner ofn%he vin%ligene oie in, wherein prior to contacting
the feed*with tfB8SFsdnBrBafPBntatafyst  drf¥or nore conponents of the

feed are pretpgeateghbypeontsst ofgamnytdf achabns eRtteg7 ntigrdid ¢tBS which
comprises a zegl ! ¢ hLE" N2 p2ePRLE P05 nd e P al OB s e "WBativm form

or in the calcium form.
‘9., - The process of-any of claims 1 to 8 wherein the

10 components of the feed are pretreated together as =a
.mixture.
10, A process four treating an olefin mixturs which
cdmprises a linegr a—olefih and a vinylidene olefin which
is isomeric to the linear w-olefin and which is o©f the

15 general formula CH,=C (R!') R?, wherein R' represents an
ethyl group and R? represents a linear i-alkyl group,
which process comprises isomerising the vinylidene olefin
to form a double bond isomer of the vinylidene olefin by
contacting a feed comprising the olefin mixture with an

20 isomerization catalyst, and separating the linear u-
clefin from the double bond isomer of the vinylidéne
glefin, wherein‘prior to cpntacting tﬁe feed with the ’
isomerization catalyst one or more components of the feed
are pretfeated by contacting with & pretreating material

25 which comprises a zeolite which has a pore size of at
least 0.35 nm.



