WD 03/ 000630 PCT/ EP02/ 06893 1 A PROCESS FOR THE | SOVERI ZATION OF A

VI NYLI DENE OLEFI N FI ELD OF THE | NVENTI ON The invention relates to a
process owotla@omsenubl e bond isonerization of a vinylidene PalTafPon)6893
conprising contacting a feed conprisiing the vinylidene olefin with 5 an

i sonerization catal yst which conprises a nolecular sieve. As used herein,
the term "doubl e bond isonerization" relates to a shift of a double bond
in the nolecular structure of an olefin froma thernodynamcally |ess 10
‘favorabl e position to a thernodynam cally nore favorable position. An
exanpl e of a double isonerization is a shift of the double bond of a
linear a-olefin fromthe e tep # o A5 09 St %&@R@Lgﬁk%ﬁrnal position, for
exanple a (3- or y-position. ﬁ exanp elsa5|ft of one or 15 two
doubl e bonds of a non-conj ugat echiI}‘Ol'\Hfﬁ\]YﬂIIDBNEO@ﬁEE.INCOHj ugat ed di ol efin.
Agai n another exanple is a shift of the double bond of a vinylidene olefin
to forma tri- substituted ethene, e.g. the isonerization of 2-ethyl-]I-
hexene to 3-net FYELR- O XEAENHENILANt hyl - 3- hept ene. 20 BACKGROUND OF THE

| NVENTI ON US- A 5789640, dI 2610525, PLREESS, [PTpddi Ukl enbansliple

i sonerization of a vi nyllde e olefin, conprisi ng contacting a feed
conprising the wonyl i demeriiafion wit h viany} sdme ioetion earar {9 ch
conprises a nol ecu 25 si ey i gfdorm  The
zeolite specifi (?SFIl“?CEf‘I%%I%seec?C} scog‘ﬁ #ﬁ/ﬁ%@%}a{h 1rldtelﬂ@l B?%%%?al um num
atom ¢ ratko of a25isdherpoateiwi zateflysk TiSMI5 Crcsnnmeﬁesoﬁ tRESFWRThannel s
whi ch int erconnect V\D 03/ 000630 PCT/ EPO2/ 06893 2

As used herein, the term “double bond isomerization”
relates to a shift of a double bond in the molecular
structure of an olefin from a thermodynamically less

10 favorable position to a thermodynamically more favorable
position. An example of a double isomerization is a
shift of the double bond of a linear a-olefin from the

external, o-position to an internal position, for example

a B- or y-position. Another example is a shift of one or
15 two double bonds of a non-conjugated diolefin to form a
conjugated diolefin. Again another example is a shift of
the double bond of a vinylidene olefin to form.a tri-
substituted ethene, e.g. the isomerization of 2-ethyl-1-
hexene to 3-methyl-2-heptene or 3-methyl-3-heptene.
20 BACKGROUND OF THE INVENTION '

US-A-5789646 discloses a process for the double bond
isomerization of a vinylidene olefin, comprising
contacting a feed comprising the vinylidene olefin with
an isomerization catalyst which comprises a molecular

25 sieve which is a zeolite in the hydrogen form. The
zeolite specifically disclosed is an H-ZSM-5 having a
silicon/aluminum atomic ratio of 25. The pore size of

H-ZSM-5 is that of the two channels which interconnect,



vi z. channels of 0.53x0.56 nm di aneter and channels of 0.51x0.51 nm

di aneter (cf. WM Meier and D H A son, "Atlas of Zeolite Structure Types",
2nd Revi sw0 oa@bdsBon (1987), published by the Structure CoewiEre2/oi39df the 5
I nternational Zeolite Association, p.2100-101). US-A- 5789646 considers the
i nfluence of the acidity of a solid acid on its performance as a catal yst
in the vinylidene isoneri zati on and suggest s that accordingly the

catal ysts may be, 03|t|on C ysc is.striki 1Q that in
the working exanpi&s @%8365%"% he” r'éd ltaénethpSPiieﬂhaf%}eqt%hg(%l—l- ZSM 5
catal yst and for O&SEX@SEII |n&kexiamsuéfon¢f; aciM vedieal yallh are dwessential ly

i dentical", which ul d_ suggest that w del ifferent solid acjd catalysts
are essentially eﬁﬁﬁo % i“Gfied “ORC e é%yp(ﬁst y §caIR€Vlf§gU§de £ 897040

di scl oses a pr oc¢$98'f)0,r ﬁdml@@@al Bybend sds0i@irez @bnfils®f o oA nyel dene

ol efin, conprisi n cont acti n%ﬁa feed conprising the_ vin I|dene olefin with

an i sonerization %E‘F’é}?ﬁfs‘t"% ot bhprieeC i tivec Bl at 0051 Ve wWHiSch-i s a

zeolite in the sodsusmd aidAsifReszenti 1er RQ0fe US AhéGQZQd@ty o spegific Y
type zeolite, designated LZ-Y52 (trademark), which has a pore or channel

size of 0.74 nnRfER.oMINavBEEE caRanER I-??]asdfr?talKFFaéno‘FhfZe‘GthlédeSFr ucture

Types”, 2nd Revi $g8m&di4d Qo 1887 kugpeibid shed a@éo&'aen ¥ UL +GaaL §Si on
of the International Zeolite 25 Associati on, p. 62-6 SUMVARY THE

| NVENTI ON The pr B3Enke | BRASFHICSp PBVRE AC it BICRR es e & igAtaifdns for the

doubl e bong, i sonepigaf Odheofwo‘fkﬁﬁb genfo1 &l & RE-Wik6ho bay &1 Japheyed
performance conpared with 30 the prior art nol ecul ar sieve catal ysts. The

i mproved cat al y5ePpersdrinmédentyZPe- et alysénengr fapre agsedtigkedsuch as

an inproved catakystoat iadild caly #Qpr£9gxke§§%5%§5ﬂY¥t¥deﬁ¥ﬁddﬂgrO%ﬁ@ch
catal yst stability wth respect 03/ 000630 PCT/ EPO2/
would suggest that widely different solid acid catalysts

are essentially equally positioned on the acidity scale.
15 US-A-4697040 discloses a process for the double bond
isomerization of a vinylidene olefin, comprising
contacting a feed comprising the vinylidene olefin with
an isomerization catalyst which comprises a molecular
sieve which is a zeolite in the sodium form. The zeolite
20 of US-A-4697040 i1s a specific Y type zeolite, designated
LZ-¥52 (trademark), which has a pore or channel size of
0.74 nm (cf. WM Meier and D H Olson, “Atlas of Zeolite
Structure Types”, 2" Revised edition (1987), published
by the Structure Commission of the International Zeolite
25 Assoclation, p. 62-63).
SUMMARY OF THE INVENTION

The present invention provides molecular sieve
catalysts for the double bond isomerization of vinylidene
olefins which have an improved performance compared with

30 the prior art molecular sieve catalysts. The improved
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



3 to activity and an inproved catalyst stability with respect to
selectivity. In this context, selectivity may be seen in various ways, for
exanpl e iwotohmodear mat i on of the doubl e bond isoner of thecCrirrgtiaene
olefin in 5 question relative to the Bormati on of other conmpounds fromthe
vinylidene olefin, for exanple dinmers,"trinmers, skeletal isoners, etc., or
in the formation of one or nore isoners fromthe vinylidene olefin in

ti | at i to th i f h ds. (N 10 th
foed. The i oner F9atTon it TSP DBVTHRt By G pFECBhtL oY IO fon

conpri se a nol ecutapesi eme delleaniactdi ¢ TrordRi swWonhekas el adtgeripgr @agi ze,
for exanple of at least 0.6 nm This is unexpected because such |arge pore
size 15 aci di c Pl EETi T SREVENEB T HiPo0ieiRas 18 pronstdatien of
conversi on of ol ehé Ngoubiled vaRdeSs EbREr | SONEHS 3REN108endi FBESiANRG triners,

which tend to diffuse only slowy wthin the nolecul ar sieve channels,
gi ving rise® not GRFTELqTy TRIBGAER E81 Bt i MAHRRWOR 8F sBERET P WG adat i on,

nore 20 carboni zatbRne@Nd itRar 8EAE €oBe I € FAPItkafBl 81 & Ofidtd O rafnerkhe
catal yst performance, i.e. |less catalyst stability. Accordingly, the
present inventi ofkptFAdeSTEE0cBES: f T tHe [HGuBPEMBBHER i SorfEYs £4tion of a

vinylidene ol ef hfre COUBHLY BoROPHACH NP A ReD160MRN { 5| Adhen?d
vinylidene olefin with an isonerization catalyst which conprises a,

mol ecul ar si eve FRALAN ARt CPPOFRRVARTEIR ol ddEraFosPeYRIt gsSiesds 1por es
whi ch have;@ porgpsiZepf nore than 0.6 nm The process of this invention
may very usefully be 30 applied to effect the isonerization of a specific
type of vinylidene IR iisameradnt keureatdlets Pravaded-lof ditien prwsiesh i s

i someric to the Yﬁ-\'?éfﬁﬂﬂﬁ—l‘%o;ﬁlllp%isg- alfotdl&i1dSQTRNEZ 2N T O ddwnild BR2kh

a-olefinis not or virtuall
which has a large pore size, for example of at least

0.6 nm. This is unexpected because such large pore size
15 acidic molecular sieves would be'expected to promote the
conversion of olefins into undesired isomers and/or
dimers and trimers, which tend to diffuse only slowly
within the molecular sieve channels, giving rise not only
to a lower selectivity but also to‘more degradation, more
20 carbonization and therefore a more rapid deterioration of
the catalyst performance, i.e. less catalyst stability.
Accordingly, the present invention provides a
process for the double bond isomerization of a vinylidene
olefin, comprising contacting a feed comprising the
25 vinylidene olefin with an isomerization catalyst which
comprises a molecular sieve in an acidic form, which
molecular sieve comprises pores which have a pore size of
more than 0.6 nm.
The process of this invention may very usefully be

30 applied to effect the isomerization of a sgpecific type of
vinylidene olefin in admixture with a linear oa-olefin

which is isomeric to the vinylidene olefin. In the

igsomerization the linear a-olefin is not or virtually not



WO 03/ 000630 PCT/ EPO2/ 06893 4 converted. The specific vinylidene olefin in
question is of the general formula CH2=C(R )R2, wherein Rl represents an
et hyl growp oan6R2 represents a |inear 1-al kyl group. Su®kcToEPobidsati on of
olefins may be present in the 5 react#on product of an ethene
ol i goneri zati on process, wherein the linear a-olefin is the main product
and the vinylidene olefin is a byproduct. The boiling points of the
i near a-olefin and the C?/i n)a(r i dene ojrtefi n, ar.e eneéal I.gn so cl ose that

11

their separation“By"di st FoRPE6™ é%r‘éggrﬁisde_ ®oPoBE HHE SO ' 2at i on
of the vinylidege Qﬂ@fgé&e@a@nfbmﬁat&q%demlﬁzqe@ﬁe%fﬁ'@1 feia%%ren\efg' ch

can nore readily be separated fromthe near a-olefin than the vinylidene

olefin itself (cln oMFyABLA364642R8 LS AABIL040, 10k hi chyithe Leachi ngs
are 15 incorporated herei'n by reference).. Accordingly, the present :
i nvention al so pPevhdegnidnasioness ebefineasanhgeanrebent nimitdtaure which

conprises a |ingaf @9l ehijh,a0dop yh A deNe 98, whi £, i '%%geric to
the linear a-olefi ncand \?\;hiocﬁ1 isoof t he general ggjo ?(l)rn%fa C%Za: 1) R2,
wherein Rl represieatsimntet Njhegroupolafith RE: rpr esent sradhdtneard thal kyl

group, which process.. conprises isonerizing the vinyljdepne olefin to forma
doubl e bond ison%“rn%Jfl‘fEWg)\?hﬁgFfdéﬁeao?@’i ‘W'poﬁgéc}l}?h ) PPOé‘é‘&S. of
conprising the olgfini x4t W ei1Weth 20 2ond SENRAIIZRLE0DI EAL A%t Which

conprises a nolecular sieve in an acidic form which nolecular sieve
conpri ses pores deeEH tvave glpeeethbalychdinseparhbhon. By nistdddation

separating;¢ he | jigear 8.l ef %Qoﬁi&q‘thﬂléj%é@n%xggggioﬁsfmﬁf the
vi nyl i dene ol efin.” WD 03/ 000630 PCT/ EPO27 06893 5 DETAI LED SCRI PTI ON OF

THE | NVENTI ON vinylidene olefin then leads to a vinylidene olefin
isomer which can more readily be separated from the
linear a-olefin than the vinylidene olefin itself (cf.
US-A-5789646 and US-A-4697040, of which the teachings are

15 incorporated herein by reference)l,l
Accordingly, the present invention also provides a
process for treating an olefin mixture which comprises a
linear a-olefin and a vinylidene olefin which is isomeric

to the linear a-olefin and which is of the generai

20 formula CH2=C(R1)R2, wherein Rl represents an ethyl group

and R? represents a linear l-alkyl group, which process
comprises isomerizing the vinylidene olefin to form a
double bond isomer of the vinylidene olefin by contacting
a feed comprising the olefin mixture with an

25 isomerization catalyst which comprises a molecular sieve
in an acidic form, which molecular sieve comprises pores

which have a pore size of more than 0.6 nm, and

separating the linear a-olefin from the double bond

isomer of the vinylidene olefin.



The process of this invention is suitable for effecting the isonerization
of a wide range of vinylidene blefins. The vinylidene olefins may be of

t he generwbD 053/06@B0ul a CH2=C(R1) R2, wherein Rl and R2 repr @SEmPoabd8y}

groups i ndependently having at | east 2 carbon atons, such that the

nmol ecul ar structure conprises at |east one allylic hydrogen atom
Typically, RL and R2 represent al kyl groups independently having at nost
20 carbon 10 atons, nore %yplcall at nDst 16 carbon atons. Typically, Rl
represents an et PgiA , SPEAY] 8ddRNs a linear 1-alkyl

group, which prefer abmé PrOWRELSES @ﬂlgvnﬁrnfémq%%r 19f <GaEDOTE &l HTs.
Preferred vinylidene olefins are for exanple 2-ethyl-I-pentene and 15

2- et hyl - | - hept eneffeef i ttheur apPmer bEdlylan -Hureiwd dedrapgd et |vinelddene
2-ethyl -1-oct ene@lgfﬂéqylﬂ - %ﬁ?ﬂ?d@ﬂg c?Ieﬂtrxryltna% gadseeng. %}%r\é' 1Nyl i dene
olefin may be a plurality of vinylidene olefins, in particular a plurality
of 20 vinyls denefatwflinsshiccRlereh ﬁ%ﬂf@hnIthbﬁdrRﬁDfeﬁtééﬁnt sfindyat ur e

al kyl groups Rl representing ethyl groups and which differ from each other
in the al kyl gro@peuRe independeably, hatiendlabylegesupsc®ben eatidngeasuthal kyl
groups having carbon quinReLs.whl:che Aldd ele Idam-e8eD of helady dawo 25 (for
exanple 5, 7 and 9) and preferably these carbo nbers are even nunbers
(for exanple 4 aath@lidmhyéiro§en8atand Mpieall?, &3 and HB)rephesesend
olefin may be pre in the.i onerlz tion, whichis relatively stable and
Goes not  somer iS00 SPPEaiIOPRATOR SR RIS, RE Prebe§ 195 B dl 11 ons.
or only twma |oxstexdentoreExgppbesipfat hvteaendaebehi arane. et hene,
propene, cycl ohexene and 2-net hyl propene. WO 03/ 000630 PCT/ EP02/ 06893 6 It
is a particul ar Bepeestllof, Rierppesesnts rrestthyd group. Typically, R2

represents a linear l-alkyl group, which preferably

comprises an even number of carbon atoms. Preferred
- vinylidene olefinsg are for example 2-ethyl-1l-pentene and
15 2-ethyl-1-heptene, in particular 2-ethyl-l-butene, 2-
ethyl-l-hexene, 2-ethyl-l-octene, 2-ethyl-1l-decene and 2-
ethyl-1-dodecene.
The vinylidene olefin may be a plurality of
vinylidene olefing, in particular a plurality of

20 vinylidene olefins which each carry in their molecular
structure alkyl groups Rl representing ethyl groups and

which differ from each other in the alkyl groups R2.
Preferably, the alkyl groups R? are linear 1-alkyl groups
having carbon numbers which differ from each other by two
25 (Eor example 5, 7 and 9) and preferably these carbon
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 or
30 react otherwise under the prevailing conditions, oxr only
to a low extent. Examples of the second olefin are

ethene, propene, cyclohexene and 2-methylpropene.



that the vinylidene olefin can be isonmerised in the presence of a |linear
a-olefin, as the second olefin, whereby the linear a-olefin is not or

vi rtual | ywoes/osessonmeri sed or ot herw se reacted. PreferablpgI/HPhzodsPhear
a-ol efin has the sanme carbon nunber ag the vinylidene olefin, so that the
| i near a-olefin represents an isoner of the vinylidene olefin. In
particular, the vinylidene olefin carries in its nolecular structure an
al kyl group 10 Rl representing an ethyl group and the alkyl group R2 is a
| i near 1-al kyl group.ItFdrs exaapkéculaetdsdedt- bfit ehe prayele imsemeriiosed in

the presence of 1-hexene, .2-ethyl-1-. hexene be isonerised. in the
presence of 1-0c%3%é§§ﬁHW1f¥§ﬁﬁ§P§l9%%:%hémﬁay%béng%ﬁ%E?séﬂlﬁ % he .

presence of 1 15ydecane oEWa QKnERF ey SHMGY M Nl daresebshd nsidray,be
i sonerised in the presence of the corresponding, isoneric |inear

a-ol efins. The ivdmmrhy dhicodivatal ysolebirprissaotaonpvecubally siogve in an

aci dic form whi chpolecl ar sigve comiises, 20ores. Wy chyhave, g pore
size of nore than 0.6 nm- Preféra Yy, t'he pore size of ' ol ecdl ar~si eve

of the isomeri zatdiriGatalsyshel amé ¢£asIn QubdePMhs "BRE vidiafiglcakl y at
|l east 0.7 nm Typically the pore size of the nolecular sieve of the
i sonmeri zation cabtkefist, iso ghapSthestidegmmo-wdedinypepaesgntat amdisode® nm

preferably at t,.0. 8 . : n ores . o ) th l,ecul ar

si eve are not cﬁ?@ulg?gmgﬁglgggg é?%%ﬂ?s %@r%ﬁ%pgggﬁ%ﬁ'ﬁ%manggﬁégFgethe
smal l er wi dth ofoldieipareesies thanbelmselethd aposersezerofameaikydf ggooh

nmol ecul ar si eves ?as been 30 specified in WM Meier and D H Clsoa,,"AtIas
of Zeolitel® Str Rt WPTRFFESLNIZAR KW 's &F @i BRrEnthe o8yl siHPsRédisby t he

Structure Comm sgiome&fr ttha1kpl eghakh OndorZebing e WO 0341000630 utene
PCT/ EPO2/ 06893 7 Associ ation. The ternms "pore" and "channel" as used
may be isomerised in the presence of l-hexene, 2-ethyl-1-
hexene may be isomeriged in the presence of l-octene and
2-ethyl-l-octene may be isomerised in the presence of 1-
15 decene. Two or more such vinylidene olefins may be

isomerised in the presence of the corresponding, isomeric

linear a-olefins.
The isomerization catalyst comprises a molecular
sieve in an acidic form, which molecular sieve comprises
20 pores which have a pore size of more than 0.6 nm.
Preferably, the pore size of the molecular sieve of
the isomerization catalyst is at least 0.65 nm, more
preferably at least 0.7 nm. Typically the pore size of
the molecular sieve of the isomerization catalyst is at
25 most 1 nm, more typically at most 0.9 nm, preferably at
most 0.8 nm. Whén 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 many of such molecular sieves has been
30 specified in W M Meier and D H Olson, “Atlas of Zeolite
Structure Types”, 2" Revised edition (1987), published

by the Structure Commission of the International Zeolite



herein in relation to nol ecul ar sieves are exchangeable. The nol ecul ar
sieve of the isonerization catalyst may typically be a

si |l i ca- alwoimnoplsesphat e nol ecul ar 5 sieve or a netal PCT/EP02/06893

sil i ca-al um nophosphate nol ecul ar siewe, in which the netal nmay be for
exanple iron, cobalt or nickel. Preferably, the nolecular sieve of the

i sonmerization catalyst is an alumnosilicate, i.e. a zeolite, typically

10 having a silicon/alumnum (Si/Al) atomc ratio of at least 1.3, nore
preferably at |ehg%odisiqm pdhe| bete? ‘@ord’egdsd Jchppreedt s yseche Si/ A
atomic ratio is Al dBStin 301 MOBE PESherahls Al anst &e&&gﬁg}e%h@r at
nost 5. As used herein, -unl ess nentioned otherw se, the /Al 715 atom ¢
ratio is the skel etalTI8t mAlesudatcstens cPfofthtehéSOEléﬁllW’élOITh?@t@Re’ISét al

SLIAL arom e Tathgy ) S GENRG L8 Bess fleler d?ﬁqlopaoégﬁté\"\@ gally, the
nol ecul ar si eve i soneri zation cata yst 565 $0d: te cages in
its nol ecular ZOSS¢V¢JCQIUI@€mePFiéf eiébclréy-altm@@@eszhetﬁalg@becaﬂ@rarsnanged in
a faujasite stru eni zeol it e ol sgf]gj

onega- zeolites rrglil/wée useél% ﬁ\e&g\llerrﬁgyvé] SEOI?%E{QV ngl !Lié%lﬁe ol efin s of the
general formul a asckaelefi ned herei nbefore wherein RL represents an ethyl
group 25 and R2 T epr asenls 3Ll gL dsalkul. OLauR, LR PAL UGN oRay]ng an
even number of carbon atons, ¢t IS preferre tﬁ'a%E Phe 1 sofer | zaton

catal yst conpri sestalyad etwlaar alsméves dtikertef,hdnea avzeehitte zg@lickeliyn t he

anmoni um 1fupr m é)v;rIpe rml elcul a{ﬁfl evrcf,\ung)fhstl 1| sogerl zati.on L cat alyst is in

an acidic form Tor N R e armoni mor iR *he hydta(%gen form
Thi s neans that ldsmtcalt |3qnm©re| ‘pesf@fa]cm@ @3/ 0@@6301P€T/ BPQAHA6893ar8at he
mol ecul ar si eve Pf the Is%g%%g% %?t%!»ih %Egmlc ratio is at most

20, more preferably at most 8, in particular at most 5.
As used herein, unless mentioned otherwise, the Si/Al
15 atomic ratio is the skeletal Si/Al atomic ratio of the

zeolite. The skeletal Si/Al atomic ratio is deemed to be

determined by 29Si-NMR.
Typically, the molecular sieve of the isomerization
catalyst comprises sodalite cages in its molecular
20 _structure. Preférably, the sodalite cages are arranged'
in a faujasite structure. Mordenite zeolites, beta-
zeolites and omega-zeolites may be used, however, when

the vinylidene olefin is of the general formula as
defined hereinbefore wherein Rl represents an ethyl group

25 and R2 represents a linear l-alkyl group, in particular
having an even number of carbon atoms, it is preferred
that the isomerization catalyst comprises a molecula;
sieve other than a mordenite zeolite in the ammonium
form.

30 The molecular sieve of the isomerization catalyst is
in an acidic form, for example in the ammonium form or in

the hydrogen form. This means that the cationic sites of



| east partly occupied by acidic species, for exanple ammoni um and/ or
hydrogen ions. Preferably, the cationic sites of the nolecul ar sieve of
the i somewpaapdmsso 5 catal yst are at |east partly occupi edPoy/EP92ioasgEn ions,
i.e. the nolecular sieve is in the hydrogen form Qher cationic cites my
be occupied by, for exanple alkali netal ions or alkaline earth netal

ions, such as sodium ions or calciumor magnesiumions. Suitably at |east
10 10 % nore suitably at least 50 % in particular at least 75 % of the
cationic sites i she)cmmmaécedahy sliydeogf:ntmd/mneraimmliburma'omhjswaﬁstati n
practice frequent| at % re frequent st 99 % of the
cationic sites #syoccpuan%ia’ ﬁfcﬁﬁa%dng a%ldf r“?’r‘%ﬁ %nesxamfé%r ef erably
at least 10 % mnlﬁ!orplhﬁff erral)loy atydice@s:ﬁ Hfh) Hrefpanblgyl e afatieadt 75 %

of the cationic sites i occu ied.b drogen ions, whilst_jn practice

Frequently a resteoed I MTECH ELEIiTS Sh oorogdom st catf oni c
sites i s occupi edabtyl wirngent eBast 28attlt hecpliequbgr hpaesder dlongse in
the isonmerization catalyst is_in the anmoniumfo be converted

into the hydrogeh:§ormMprideidait §1e%e 1 ”éh)}:hﬁﬁ"'é’gﬁijgen f5Re8xanpl e

by heating at a temeiad Wikeef mal, béeasdupiRAChyf, onfo@xaﬁa:hpleatalacatlaﬁper ature
in the range of 25 from 400 to 600C. Typically _the nolecul ar sieve of the

i somerization cBEEYstoIfaSTacdbrtiRe L |“f?tta’r3re 1PBfgesHft (3 RAdE™ o

1000 n2/ g, more typheadd Yed1rQmmb80 85980 iR/ibnAS Bsedabherai nealshe surface
area is deenmed to have been neasured 30 by the method of ASTM D3663-92. An

exampl e of % suit@bt e BRASCEWERPSY eV ¥FASUSE i*n iPhBaFSbFRYaZ &b dfast
catal yst is CBV 990 (41 adpMEk) onhi §ﬂé@1%3/&%%§gdpg/@&%é&8%%d/8r' s a

zeolite having a faujasite structure, a bulk
ammonium ions, whllst in practice frequently at most

92.9 %, more frequently at most 99 % of the cationic
sites is occupied by hydrogen énd/or amﬁonium ions.

15 Preferably at least 10 %, more preferably at least 50 %,
in particular at least 75 % of the cationic sites is
occupiled by hydrogen ions, whilst in practice frequently
at most 99.9 %, more frequently at most 99 % of the
cationic sites is occupied by hydrogen ions.

20 ' If the molecular sieve for use in the isomerization
catalyst is in the ammonium form, it may be converted
into the hydrogen form prior to its use by any suitable

means, for example by heating at a temperature of at
least 300°C, for example at a temperature in the range of
25 from 400 to 600°C. A
Typically the molecular sieve of the isomerization
catalyst has a surface area in the range of from 400 to
1000 m?/g, more typically from 600 to 950 m?/g. As used
herein, the surface area is deemed to have been measured
30 by the method of ASTM-D3663-92. '
An example of a suitable molecular sieve for use in

the isomerization catalyst is CBV 500 (trademark), which



atomc ratio of about 2.6 (the skeletal Si/Al atomc ratio is believed to
be in the range of 2.3-3), a pore size of 0.74 nmand a surface area of
about 750woRBH00630 CBV 500 zeolite is available in the ampoirmeot/eisng

mar ket ed by Zeolyst International. Anether exanple of a suitable nolecul ar
sieve for use in the isonerization catalyst is CBV 400 (trademark), which
is a zeolite having a faujasite structure, a bulk Si/Al atomc ratio 10 of
about 2.55 (the skeletal Si/A atomc ratiois believed to be in the range
of 2.3-3), a poreéssazeedlfitd ha&inm antaa) setfenca micearef abowtk &0 1P/ g.

CBV 400 zeolite_js available in_the hydrogen/sodi umfor containing 2.2
%w of sodi um ca?tﬂ‘f‘h‘f PP ﬁfz@?o%i %hg § g sﬁ‘ﬁgﬁt eﬁlg}éf Y% to 80-85
a of the cationi easidess HheiiRgeaceupbediBy: iy dr0gRN oifons) -3 CB\ 4¥ezeol i te

is marketed by Zeolyst International. It is preferred that the nol ecul ar
si eve for use insizheof sorir immapihdnacenafaet . ares Wit hbohor Mofmyar.ticl es,

20 for exanple p e i.nder whi k exanpl e at
| east 10 O/gvp typleggl %@0 aét:é/ lelggt 1%09%?f£%$eéfié}?a§{éy%g1@#%§§tEcg%n,%v of the
nmol ecul ar si eve, ngaketed dry tdeelwek ghtt efnd thieornzdr.t | @éheshet nexprmadtd of such

particles conprige, uent-| 999 %w, .nore 25 frequent.ly at nost
99.9 %, nost fr%gﬁ%%%%l%ﬁlgtgrggﬁﬁvg fo Igt Seé Mo é:gﬁl ar sy evzea?:lboélsed on
t he wei ght of theatphydti clsesBVA40ONVerddamatk)bi nddichmiy dezqurlesent in the

particles. Usefu conveanté' onal ilgiend LS.y be iqlciﬁgggiégl mat er i al S such as

clay, silica and/dt Hetal OWicdase ThET o w &edi™ar &i For™ s & t he

i soneri zat ilon cabal gistutrey. 55bd thenpbehetel véitmlotheninatetialiss such as

porous nmatrix terials, for exapple, alumna, _silicalalumna
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silica/titania, 0.74 nm and a surface area of about 730 m2/g. CBV 400
zeolite is available in the hydrogen/sodium form

(containing 2.2 %$w of sodium, calculated as Najy0O, which

15 is believed to pertain to 80-85 % of the cétionic sites
being occupied by hydrogen ions). CBV 400 zeolite is
marketed by Zeolyst International.

It is preferred that the molecular sieve for use in
the isomerization catalyst is in the form of particles,

20 for example pelleté, cylinders or beads, 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. In practice such
particles comprise frequently at most 99.99 %w, more

25 frequently at most 99.9 %w, most frequently at most 99 %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
materials, such as clay, silica and/or metal oxides. The

30 molecular sieve for use in the isomerization catalyst may
be compounded with other materials, such as porous matrix

materials, for example, alumina, silica/alumina,



silica/alumna/thoria and silical/alumna/zirconia. |In the present

i sonerization process a liquid diluent nay or may not be present. Suitable
are orgarwo 03/0bd6aui d di |l uents, for exanpl e hydrocarbons, ®athEPaz06sad kanes,
cycl oal kanes and aromatics, or chlorgahydrocarbons. The present

i sonerization process may be conducted by-contacting the feed as a liquid
phase with the 10 isonerization catalyst. The feed conprises as conponents
the vinylidene olefin to be isonerised and optionally the second olefin
(for exanpl e t hesilifadmagnepéri nyikirr/ dgcesaal ppdt iblisayliidagiruent .

Sui tably, the vigyl i deng ,m0he) o £PrERLRLS iELPE Bn e AV AQnEE0 %v of the

feed.' 15 More suitably the vinylidene olefin; represents from0.05 %wto
90 %w of the feed. THe $deondestet i ysondrigasdent Progeps excritadtisiui tably from

10 %v to 99.99 ¢ h eed, ' I ro 9 9 %\, of the
feed. The wei gr@ilﬁjaet%to%g? tgﬂema\ﬁl nyﬁ g%agm%ﬁ%lséﬁt:h P%g%haémsée%c?%doggaﬁ‘v%fi n,

if present,5is pkifudhlliyuentshefemamyamflef hydrogapberdd0 furhl@s100, in
particular from@0.1;: 100 t : T i.qui LLuent, if present,
represents sui ta%%arge%dmcgflé@é/?}?%n%%g o?&#*é‘gt?ﬁ%' m&g(t ure of conponents,
nore suitably fromd®iHirtoad®ol®s. % of the feed. Substances 25 being
present in smaller uant LiLes, gr e fOLIBlY Hob., cconsidered Lo g dLhuents.
The present isoneriza Xt process mmy be carried ou W th the

i somerizati on capyalysttastispgnded ferd e reddguidhpbéase swigdpetieal | y suitabl e
when the isonerizatiaon %%.gr ocessli Sﬁ car, hl eg Qut _as_a, batchS IciO uggegpgse
process. e quARTITY BB tPBofer T 24T T on Cat APy St SR pehded ey b oI f- t he
range of from O.thd ori2iy1ldakgef ebelf imprief deabkpmbrdsed Carlkd taptionglky fleed. WO
03/ 000630 PCT/ EP02/ 06893 11

gsecond olefin (for example the linear a-olefin) and
optionally the ligquid diluent. Suitably,‘the vinylidene
olefin represents from 0.01 %w to 100 %w of the feed.

15 More suitably the vinylidene olefin represents from 0.05
$w to 90 %w of the feed. The second olefin, if present,
represents suitably from 10 %w to 99.99 %w of the feed,
more suitably from 20 %w to 99.95 %w of the feed. The
weight ratio of the vinylidene olefin to the second

20 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 present, represents suitably from
1'%w-to 99.99 %w of the ﬁixture of components, more |
suitably from 10 %w to 99.95 %w of the feed. Substances

25 being present in smaller quantities are normally not
considered to be diluents.

The present isomerization process may be carried out
with the isomerization catalyst suspended in the feed,
which is especially suitable when the isomerizatiom

30 process is carried out as a batch liquid phase process.
The quantity of isomerization catalyst suspended may be
in the range of from 0.1 to 20 g/kg feed, preferably from
0.5 to 10 g/kg feed.



As an alternative,. the isonerization process may be carried out with the
i sonerization catalyst present as a fixed bed, which is especially

sui t abl e wben/00ts80 | sonmeri zati on process is carried out a®Ca/EPONodsmuous 5
process, whether as a liquid phase process or as a gas phase process. A
continuous |liquid phase process enploying a fixed bed is preferred. The
LHSV may be in the range of fromO0.01 to 200 kg/(l.h), preferably from
0.1 to 100 kg/(l.h). In this context, the term"LHSV' 10 stands for the
liquid hourly space V& && & ERATERITS tHE THRECTESN PAt BT AT TPt he

volume of the catatysdd hed wilherdir e6bhen At idnowat L gyghptdieermatal st bed
is not material. For exanple, the direction of flow my be up- flow or

down-flow. 15 Theippddsat: wbdrbr ifatfRPCitocestitaplBeviar rfdd out within

wi de ranges of piessdiemtans Lespesst Yt s Mhidh oueaBsehf echt i desired
i sonerization.. The pressure is suitably in the range of from0.01 to 10

MPa, nore XuitabF9CTIF + hetRRgeasfaf il @RS PTRPESS| o 258 parddiscul ar

fromo0.05 to 1 '\@%s@gf&@@é.t hg tegperatid @ :idud d ghEQE pabaesof fromO to
150C, nore suitably in the «range of from10 to 100C, nost suitably in the

range of from 26RO BOC aTHéxeSohed i YatRf grecess ThaylBeY deay ibed iBut such

25 that the convexsiamhdgl dehexghnyl hslens Hehidy @VeS, | B dSAITY Izdh on
catalyst is at least 5% It is preferred that the conversion of the
vinylidene ol efi®-1statldte&er (148) % horidiis afomtabty bbeleast BESK' nost
preferably gt | easta 8O0, Eheddenhly SOe-GoMRI d10Ls Lheyidylideqe 30
olefin is conplete, however, nor requent’ly ‘the conversion of the
vinylidene ol ef imast Tiowt r99e0ddyidedtby frleguedug af hbstcOdRIF sk bAen an

a-olefinis pfes?ﬂé1dé@%é%%%%@@§391EgjzﬁEQﬁﬁ9§§%3ca%élyst bed is not

. material. .For example, the direction of flow may be up-
flow or down-flow. -

15 The present isomerization process may be carried out
within wide ranges of pressures and temperatures which
can effect the desired isomerization. The pressure is
suitably in the range of from 0.01 to 10 MPa, more
suitably in the range of from 0.02 to 2 MPa, in

20 particular from 0.05 to 1 MPa. Suitably‘the temperature

is in the range of from 0 to 150°C, more suitably in the
range of from 10 to 100°C, most suitably in the range of

from 20 to 80Q°C.
The isomerization process may be carried out such
25 that the conversion of the vinylidene olefin over the
isomerization catalyst is at least 5 %. It is preferred
that the conversion of the vinylidene olefin is at least
40 %, more preferably at least 60 %, most preferably at
least 80%. Frequently the conversion of the vinylidene

30 olefin is complete, however, more frequently the

conversion of the vinylidene olefin at most 99.9 %, most

[}

frequently at most 99.8 %. When an o-olefin is present,



in particular a linear a-olefin, the conversion of the a-olefin over the

i sonmerization catalyst is preferably at nost 20 % nore preferably at nost
10 % noswopsmbmss@bly at nost 5 % Frequently, the a-ol efPCR/EPS2/03D3
converted 5 at all, nore frequently tie conversion of the a-olefin is at
least 0.1 % nore frequently at least 0.2 % It is preferred that one or
nore of the vinylidene olefin, the second olefin, if present, and the
liquid diluent, if present, are pretreated before being 10 contacted with
the isonerizatiohRchdulietlarSg tdbear geehobin ofthsr eonasragnae® the
distillation, extractipn and in.particular, contacting with_a pretreating
material.  Gonbi HAPLORS of SuchmitRBAE ARy B FHAVES. L8UPFRETEAPLY at
pretreating matembat s2are, yreeyaapbeanlyiye wardan, $15makdMrssersidiyca and
zeolites. The pretreatnment nay be applied to one or nore separate,

i ndi vi dual conpoRBntesefs %-he Fresentbwevidre g-tolisf igr dbenpbdcenygnted eat

them together as,a mxture, in particular as, the fee t he L
soner i 2ati b pr BEeaLl g BRERELE FRE SRivFem5% Lt okation 1o
catal yst. W thouktwishsthp 110 e mbaundrbyud ey Wt illeaiss obel ¢eved that the

pretreatnment |eads to_the renoval of. inpurities which could be detrinental
to the performance oft tHe BXSOREredatPoh @@F A%y 0TS REpsPE EHiREridare 25

catal yst's activblyramnd @ isddoyasbabebhf Vif Ganreeintgbbya tBecChiduneurities
may be water or organic conpounds conpri sing heteroatons, such as oxygen
ni trogen, sulfur X EARFphoispATEFSTtsuRRS | PRI 23S &y °K&vBebR®n i nt roduced

during theisynt heshsactd kyitih thEr ibbfiati S4k Qin Ahenys380 psecessiang of the
i ndi vi dual conponents. Typically, upon contacting with the isonerization
catal yst, the feBtRdPprifsdradraring are Veitidfl 2t oRps X W O3 B FE30

PCT/ EPO2/ 06893 13 particular, contacting with a pretreating material.
Cbmbinations of such methods may be applied. Suitable
pretreating materials are for example active carbon,

15 alumina, silica and zeolites. The pretreatment may be
applied to one or more separate, individual components of
the feed. However, it is preferred to pretreat them
together as a mixture, in particular as the feed to the
isomerization process, prior to contacting with the

20 isomerization catalyst.

Without wishing to be bound by theory, it is
believed that the pretreatment leads to the removal of
impurities which could be detrimental to the performance
of the isomerization catalyst, in particular the

25 catalyst’s activity and activity stability. Conceivably,
such impurities may be water or organic compounds
comprising heteroatoms, such as oxygen, nitrogen, sulfur
and -phosphorus. Such impurities may have been introduced
during the synthesis, work-up, purification or other:

30 processing of the individual components.

Typically, upon contacting with the isomerization

catalyst, the feed comprises water at a level of at most



50 ppnmw, preferably at nost 10 ppmw, in particular at nost 1 ppnmw,

relative to the weight of the feed. Typically, the content of organic

conmpoundswo®aipeiest ng oxygen heteroatons is such that thePcompenossed the

oxygen 5 heteroatons is at nost 50 ppmw, preferably at nost 20 ppnw,

relative to the weight of the feed. Typically, the content of organic

conpounds conprising nitrogen heteroatons is such that the content of the
r ef er abl 20 ppnw,

nitrogen heteroatons is at st .50 my, at st 10

rel at igve to the i%%‘f‘wapjf#gevjﬁ‘a%’é& a%%?%%ﬁ%/,pp“twhe%goﬁ?gﬁfc &fJani ¢
conmpounds conpri sbAy Subpd, Akeroat bosths wwicthtt bd&t thbefeedi ent of the
sul fur heteroatgns,is ]g{% rrtﬁ%t 50 BRIV, pref erably at st 20 PP,
relative to the WEPYTRIDF (HE CEEES Ty Pl CATIFC FSPREESNE]TRT B8 gani ¢
conpounds conpri skpgephasph@yaisnsheteseah oifat $hsuchntBat dheceorglenof

t he phosphorus heteroatons is at nost_ 10 mv, preferably at nost 2 ppmw,
rel ative to’the BBFGHE2'0IMS HE PEedOSBuch PRVEl PTEETEBAY et W i npuriti es

may be achi eved by gppbyirgdtiee 20 pretweiHERIE _tAepE@fagrrgﬁgizc%qliFA,e for
use as the pretreating material is a zeolite having a pore size of at
least 0.3 nm oF&t PR CHRPAAPLFNCYRIYIA SOMREIFERGt LYK AP  and

nost in particul gerdtod@asd & Gulm t8Rd A% taRiceal! wri tnbagi drdpe size of
at nost 1.5 nm nore typically at nost 1.2 nm in particular at nost 1 nm

The pore size of hpaAyRRFORRCHE AEoMPEESSharHre®rSFeEPPLEJ2E P M Mei er and

D H d'son, jpAtl aggoffip0lid g tShiUEbUERe JYRAR or2htieReubged Bdiildan( 1987),
publ i shed by the 30 Structure Comm ssion of the International Zeolitfe

Associ ation. PrefBfa®pytenthelz 3Prnéct epmrREEEs coerprérgeattiy materi al
conpri ses sodal i her CAGESordd sid SuShl UELHM he | dbRHA3LQ00B305FGTLEP02/ 06893

heterocatoms is at most 50 ppmw, preferably at most
20 ppmw; relative to the weight of the feed. Typically,
15 the content of organic compounds comprising phosphorus
heterocatoms is such that the confenf of the phosphorus
heteroatoms is at most 10 ppmw, preferably at most
2 ppmw, relative to the weight of the feed. Such levels
of contents of impurities may be achieved by applying the
20 pretreatment.
A preferred zeolite for use as the pretreating
material is a zeolite having a pore.size of at least
.0.3 nm, or at least 0.35 nm,‘in particular at least
0.5 nm, and most in particular at least 0.6 nm, and
25 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
.Types”, 2" Revised edition (1987), published by the
30 Structure Commission of the International Zeolite
Association. _
Preferably, the zeolite for use as the pretreating

material comprises sodalite cages in its structure, in



14 particul ar sodalite cages which are arranged such as to forma
faujasite structure. Preferably, the zeolite for use as the pretreating
mat eri al wa3mosd Al atom c ratio of above 1, in particulPamr/Een2/b@ast 1. 2.
Preferably, the 5 Si/A atomc ratioipf at nost 1.5. Preferably, the
zeolite for use as the pretreating material is a zeolite- X The zeolite
for use as the pretreating material typically corrprises ions of an al kal i

nmetal and/or ions I ine_eart occupyin eas a art
of the cationic St %m%rkﬁ)% EE%SJ CRTS UHE praéfFePFagxg?‘% S‘b%’r 3% P ‘
sodi um i ons. Exafiptesa Cﬁatﬁjlﬂshabl etah&ahiane mﬁrﬂehralﬂs&yal th@rwecalrle:ecaloel um

i ons and magnesi um i ons. e% %}X at Ietast Jlo % nore itutably at Ieast 50
% in 15 particul'ar &Y 'i‘}eeaﬁr 688 OFT t TRF Tt o fiPS & Peér satBHcupirEd Oy
ions of an al kal bf n@b&te and/ier pe@Bsceia@mt aldealti nezear phef@_taaﬂy,v\/l&hbst in

practice frequentl%%ﬁt nmost 99.9 % nore frequent g at nost 99 % of the
cationic sites i8&* %r&%)fatéﬁso faallkdl® nePaFtaRP by i%s 20 of an

al kal i ne earth ngealitdPrefrenabl ¥sathd gasdt AQ tUng macerpsaef af ablaeAatite-
| east*50 % in particular at |least 90 % of the cationic sites is occupied
by alkali metal %tons, whilst in practice frequently at nost 99.9 % nore

frequently at nost 99k ofedih@eCabiOME = g% | eeezee@mg mat&xiky al kal i
nmetal ions. Typically the zeolite for use as t Eﬂetreatl ng  material has

a surface area i RYRherYahgemer iFEoni @0 o anl@é@fa | getdbraidARsi daPby from
600 to 95012/ 9. cExahP B&19hePeal-eh sk 28U 8% ihor aSeedS: tah%ar%%f

pretreating material are zeolite-10X in particular zeolite-13X These

zeol i tes are realhfyCOATECCiFAERS - aviiiahl @etpdr ieranpre Frdmruer,

Zfeol ite-10X is apaptidyiRe: 2Rekiuhe:ibhs t hentalhiumoEoLm W ch’ aﬁ@c’%ﬂn@or e size
(0]
earth metal ions are calcium ions and magnesium ions.

Suitably at least 10 %, more suiltably at least 50 %, in
15 particular at least 90 % of the cationic sites is

occupied by ions of an alkali meeal'and/or ions of an

alkaline earth metal, whilst in practice frequently at

most 99.9 %, more frequently at most 99 % of the cationic

sites is occupied by ions of an alkali metal and/or ions
20 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

ions, whilst in practice frequently at most 99.9 %, more

frequently at most 99 % of the cationic sites is occupied
25 by alkali metal ions.

Typically the zeolite for use as the pretreating

material has a surface area in the range of from 400 to

1000 m?2/g, more typically from 600 to 950 m2/g.
Examples of preferred zeolites for use as the
30 pretreating material are zeolite-10X, in particular
zeolite-13X. These zeolites are readily commercially
available, for example from UOP. Zeolite-10X is an X

type zeolite in the calcium form which has a pore size of



WO 03/ 000630 PCT/ EPO2/ 06893 15 about 0.75 nm a Si/Al atomc ratio in the
range of from 1.2 to 1.5 and a surface area of about 700 n2/g.

Zeol it e- BB 0BH0@B0 X type zeolite in the sodi um form whi chPCha&POZ0G893 € Si ze
of about 8 rim a Si/Al atomc ratio i 5 the range of from1l.2 to 1.5 and
a surface area of about 700 n2/g. It is preferred that the zeolite for use
as the pretreating material is in the formof particles, for exanple

pell ets, cyllnder ds rlse for .10, ex | e at ast 10 %w,
typically at |eadt % (fe% r’]g‘r’ef’leg%ﬁj) e dPtde oy gggt’ﬁaengzeecﬂ &%Thased
on the weight of jhg F?Larst IaGles- sﬁPf&’éé‘Céfe%e oSfU‘éBoQ@r%@'rﬁB/ conprise
frequently at nost 99.99 %v, nore frequently at nost ) . DSt

frequently at no8tClient3d ishanl® Y izeelibgsda éhetﬁ@dw disrrofvhi gk
particles. A copyend r%gﬁ%'b Ri-Rd8F By, D& Ww?s%msl'/ﬂlt%@or{?ﬂ Ll i@5- Sin (l:Jzef ul

conventional binders e inorganic materials as clay,

and/or meta oxites. ram odoffirpe 1fdrtasle fagndhe prefeeatdygp et e;ubpal: may
be compounded 20_wit h, /)t her materials, such as porous matrix naterials,

for exanple, al ubf hd /& i ca/al umna, silical magnesia, silical/zirconia and

silicaltitania, silical alsupreatihedithantheSidebgatal 86 NnadgidL@mea. The
pretreatment may be carried out by suspending_ 25 the pretreating materi al
in the conponentPT# RfsTiBoA2bFT1the fihit (PE SPTBoRpoRRT S SFhi ERTi s

especi al |y suit ablanphezitibespr eyl aaidmntor ekl i f6: Mt A Seatkeh i quid
phase process. The g uantltg of the pretreatl ng material suspended may be
)

in the ranffe of FFIHRE B d=88t gt kB0 ToBHTEASHt 2br LARKE 7R WF corrponents
preferably from Qfexta@;ﬂjoag/ kgasONPONaNto Ok Hl XEUL e Of KmoReNtse VO

03/ 000630 PCT/ EPO2/ 06893

weight of the particles. In practice such particles
comprise frequently at most 99.99 %$w, more frequently at
most 99.9 %w, most frequentiy at most 99 %w of the

15 zeolite, based on the weight of the particles. A
conventional binder may be present in the particles.
Useful conventional binders may be inorganic materials,
such as clay, silica and/or metal oxides. The zeolite
for use as the pretreating material may be compounded

20 with other materials, such as porous matrix materials,
for example, alumina, silica/alumina, silica/magnesia,
silica/zirconia and silica/titania, silica/alumina/thoria
and silica/alumina/zirconia.

The pretreatment may be carried out by suspending

25 the pretreating material in the component in question or
the mixture of combonents, which is especially suitable
when the pretreatment is carried out as a batch liquid
phase process. The quantity of the pretreating material
suspended may be in the range of from 0.1 to 50 g/kg

30 component or mixture of components, preferably from 0.2

to 10 g/kg component or mixture of components.



16 As an alternative, the pretreatnent may be carried out with the
pretreating material, present as a fixed bed, which is especially suitable
when t he woasoemsirent process is carried out as a conti NRCWEPPL/0BLES,
whether 5 as a |iquid phase process ofeg as a gas phase process. A
continuous |liquid phase process enploying a fixed bed is preferred. The
LHSV may be in the range of from0.05 to 50 kg/(l.h), preferably fromO.1

to 20 kg/(I.h). In this text, the term"LHSV' stands for i qui.d hourly
space 10 vel ocity mhl%ﬁ1%Qs%iﬁ&rﬁﬁgév?loﬁ??eﬁﬁfﬁﬁaﬁtﬁgat bY2Y ?A% e of the

pretreating .bed. odheytlit atid prebleht oMy hdvanigh thepeatrgati ngiked Hes, not
material. For exanple, the direction of flow nmay_be up-flow or down- flow.

15 The pretreatn@%%d%s%%uf%ﬁ%ElﬁﬂéYr%%%??E}?nﬁQﬁq PenRyethea e, ed out

within wide ranggso&isd empelat-ie@Scandas M essiHieousUptabbys | hindr@rper at ure
isin the range of from-20 to 100C, nore suitably in the range of from

10 to 80C.5 The PFedstir@ idk PEAFEaBFYCEHE tHe d5akgdast PLOSE BT t & 10
MPa, nore suitabbynt hddiss rl@n@ﬁl\l/PdOthQEQ r&eds thpdo %/Efg Enspadd iy al i n
or

the range of fromO0.05 to set out herein e, in certain
enbodi nent s the Prebweracat iTds pHO¥eB3Y dve tii §1'1|en¥éﬁt3f‘-oﬁf|§r%pﬂ i%&d teo one

25 or more vinyl bgeng ol ol n3-bBadBl !t W LN Ehgo! RPPELEVE TSPRRILC

| i near a-ol efin(s) he nol ecul ar ~ structure of the V|nyI|dene oIeflns
in question the aPRHFXt gridgpsern ARBSEt hilangiodes émqu@ﬁeh@mklw speceps R2

are |ineard-al kyl, Pﬁpsw ¥ B9 ARe GHELs C@iré%P'}a'E‘é”H Liafd p C}{l:av' ng

consecutive even car ers. Such- m xtures e obtalne from et hene
ol i goreri zati on p@b@wssééthew@@ﬁérﬁath@gdﬁéiorTW§rélrﬁﬁéa¢nepﬁﬂﬂﬂﬂwns is the

mai n VO OB/OOOGBQhRQIﬁEEQé!?ggggeatlng bed is not material. Forx

example, the direction of flow may be up-flow or down-
. flow.
15 The pretreatment using the p;etreating material may
be carried out within wide ranges of 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 80°C. The pressure ig suitably in the range of

20 from 0.01 to 10 MPa, more sguitably 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 omne

25 or more vinylidene olefins in admixture with the
respective isomeric linear a-olefin(s). In the molecular
structure of the vinylidene olefins in question the alkyl
groups R' are ethyl groups and the alkyl groups R’ are
linear 1l-alkyl groups having an even carbon number, or

30 having consecutive even carbon numbers. Such mixtures

may be obtained from ethene oligomerization processes,

wherein the one or more linear o-olefins is the main



17 product and the one or nore vinylidene olefins are byproducts. Such

et hene ol igonerization processes are known in the art, for exanple, from
US- A- 47498093/00630A- 5557027, US- A-4528416, US- A-4472525, DBETAPANTRP2, US- A
5 4284837, US-A-4260844 and US- A-4020121, of which the teachings are

i ncorporated herein by reference. The ethene oligonerization process may be
carried out in the presence of Ziegler type catalyst such as lithium

sodi um potassium berylliumand nmagnesi um netal 10 catalysts. Suitably,

the ethene ol i goREPHYSE: iBH HP6ceEE OF sMER ey ldGerPn Ot REIDT 5hce of a

ni ckel catalyst,y ity L heubhCkehehs SOMUM@ERD LN Sroidanialee
chelating Iigand. Preferred bidentate chelating |ligands have a tertiary

or ganophosphor uskReyet P iilteh 2g ts uf PAbPEMEL § ufECMmo A A gt D88 SUb$tS-Put ed on

a carbon atom at £3ehesh, did-aClkY gl 06 O uSERA ALY SDY yBOA DL £, 414N ylowg _car bon
atoms fromthe phosphorus atom of the organophosphorus moiety.” Exanpl es

of preferred bi deAB&t¥ cAE-ArAGOPEGammd W& 9020121, of which the .
di hydr ocar byl pho?g% Zd‘%‘eciﬁﬁbgﬁor,&&d e iﬁhggy_lfeggr&b@é.phl nobenzoi ¢
o) an

acid and o-dicyc exylphosphi nobenzoi ¢ acid,

2-di hydr ocar byl phosphfhromtdgnenpé igenesizatipn pZodiephensyy phrosphiniegdr opi oni ¢
acid and 2-dicyc exyl L.nop eyl i C espondi ng

al kali  netal sa{bgg.ﬁ%g}ﬁeﬁggégﬁgﬁg %f%%%l%rggﬁgng%?%% %_é ér?rla{lh o%r% may not
be carried out Lhthhenpresénpe pbtastiwgui dedivildéntn, asdi hadries lumgmedal

i uent s 195 USCehBaBAIIAINCLL00 M L0 Lhe o Som! exedopLeksel. ol alvels
conprise protic or aprotic —polar %fgamc 1T Uent 57 SUch as nono- and
pol yhydric 30 al tehcdisyidch opar thctharpedsgphat iof di niskeblucdtads sgl,ycol ,

L 3 propenedi ol gng bt anagel L gpalinens e hpIglsn Such o
chelating ligand. Preferred bidentate chelating ligands
have a tertiary organophosphorus moiety with a suitable

15 functional group.substituted on a carbon atom attached
directly to oxr geparated by no moreAthan two carbon atoms

. from the phosphorus atom of the organophosphorus 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-diphenylphosphinopropionic acid and 2-dicyclohexyl-
phosphinopropicnic acid, and the corresponding alkali
metal salts.

25 The ethene oligomerization process may or may not be
carried out in the presence of a liquid diluent.

Suitable liquid diluents for use in conjunction with the
complexed nickel catalysts comprise protic or aprotic
polar organic diluents, such as mono- and polyhydric

30 alcohols, in particular aliphatic diols, such as glycol,
1,3-propanediol and 1,4-butanedicl; 1,2-alkylene .

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



18 carbonate and 2, 3-butyl ene carbonate; and ethers, in particular cyclic
et hers such as' tetrahydrofuran. The ethene oligonerization process may be
carried wOto3ioomess de tenperature and pressure ranges. PrefPemrmed2/ods93
tenperatures are in the range of fromg to 200C, in particular from30 to
140C. Preferred pressures are in the range of from0.1 to 35 MPa, in
particular from2.5 to 15 MPa. The ol igonerization products nay be

isolated from 10 the oligongerization_reactiQn m xture _by one or, nore of
phase, separati oﬁ?rB%?%ectga}“glne sztfhuEY%‘?’?ec cﬁr%é’ﬁﬂaéﬁ"caﬁgl FRexf | dént |
extraction with pateicund dHicgtiicl kahéss. sudie 4 edeebnolrbherf esent

i sonerization process may be worked-up, and purified by any suitable

met hod. When a 15 vi T iHeI&So P& PRAMPEL 7R iPXOFerR PR B e8irdedof a

linear a-olefin, o as gdeseiddedmperetnbel i@ pideudeubhggeHONtoisrRigof the

vinylidene olefin may be separated formthe linear a-olefin by

distillatioh. Theeppecensres gret Aeathagrandd mdarframoletPn2®Mi°t uke may

constitute a 20 Buri ficati o%oglrocess for the_l iggar -olefin as it nm
[

o ray
yield the |inearParolStiar ABr E°pHt e For FreERTESS RYFESWEEd25Ehetwi se,

the organi c conpedadsand®rdsd Gred beieid,sd MpLXxamPbart Neunsganidn @i lsuents
and the ligands, have typically at nost 40 carbon atons, nore 25 typically

at nost 20 carboR®at®M¥P3in particular at nost 10 carbon atons, more in

particular at nost 6 f@d N gRLPABat £H6n dSfdNRA NGLG Be §abO8Sd Gropunbers
of carbon atons (i.e. carbon nunber) include the nunbers specified for

the 1inits!®df thELEaPHEOTIT ZRRARNTERET T WP UAEWPEeORE | Asttoate@Tby t he
foll owi ng exampl ggas M2 3/-QRA630 BHLEROZDEA pi8tic or aprotic 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
linear a-olefin, as described hereinbefore, the double

bond isomer of the vinylidene olefin may be separated

form the linear a-olefin by distillation. ‘The process

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

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

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

25 Atypically at most 20 carbon atoms, in particular at most
10 carbon atoms, more in particular at most 6 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.



EXAMPLE 1 A CBV 500 zeolite (trademark) in the formof 1.6 nm (1/16 inch)
di aneter cylinders, obtained fromZeolyst International, was tested for
its abil iwQoBoowai al yse the 5 isomerization of 2-ethyl-| - parare2/oas3

foll ows. A sanple of 1-hexene was prepared by oligonerizing ethene using a
ni ckel catal yst, and working-up by procedures involving extraction with
aqueous extraction liquids. Distillation gave the 1-hexene sanple as the
10 C6-cut, which contained as inpurities 0.55 %v of 2-ethyl- 1-butene and
about 20 ppnmw of EXyaMELE 1A sanple of the zeolite cylinders was heated at

500Cin air for a perjaod o 5 houyrs. 0.15- anpl s placed in a
bottle with 100 M of® tc%é] %-O?%eﬁ%?l 19y @%rﬁﬂle&a%l‘ﬁeggoﬁ???ﬁg Oghikgnmlauri ng
50 minutes at 20Q/®Endrdh]l NPamptessufeindiriser obbithed her & Meenty sof
2-ethyl- 1-butene in the 1-Eexene was r% sured. The_ result is gi ven in
Tabl e | . EXAVPLES'ZE=AAFEP2LonBaf i SO0 Bxanpl 8211 Wt &3 SAtfLgPey the
repeat ed, exceptiddidnizatishead pfetiie GBYurezeakitel1sapl es of the
following zeolites were used: - LZ-Y52 zeolite (trademark), a commercially

available Y type zedt iPEPLR Phe! SOHFA MG PRAPERSRERY LPFWLIEF4R8f 25

0.74 nmand a SiéMerit! QEiegr at hociedl Zadh1lfexanphe dodrkingd e iye- 13X
(Exanple 3), and - zeolite-4A (Exanple 4). Al zeolite sanples were
obt ai ned and t esRERFSH LR IRBPHY 1R FiFafhicl YotPnREYeRHafdtt&RACcEyPRnder s.

30 The results afgp@iaen pisTabi &don \%Q-v%?/t@l@%ﬁe%?fé B4/ 106883 11,20
n

EXAMPLES 5-7 (exanple 7 for conpariso Exanples 1 and 2 were essentially
r epeat ed g&ceptc6'CUt' which contained as -impurities 0.55 %w of 2-ethyl-

l-butene and about 20 ppmw of water.

A sample of the zeolite cylinders was heated at
500°C in air for a period of 15 houfs. A 0.15-g sample
was placed in a bottle with 100 ml of the 1-hexene

15 sample. The bottle was shaken during 50 minutes at 20°C
and 0.1 MPa pressure, after which the content of 2—ethy1—
l1-butene in the 1l-hexene was measured. The result is
given in Table I.

EXAMPLES 2-4 (for comparison)

20 Example 1 was eséentially repeated,lexcept that,
instead of the CBV 500 zeolite, samples of the foliowing
zeolites were used:

- LZ-Y¥52 zeolite (trademark), a commercialiy 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).

All 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.



that prior to placing the CBV 500 zeolite sanple or the LZ-Y52 zeolite
sanple in the bottle with 100 ml 1-hexene, 5 the 1-hexene was pretreated

Wi th zeolwo@30@X3{ Exanpl es 5 and 7) or zeolite-4A ( ExanplP€ETAEPI2/66893
pretreatnment materials, by enploying2e procedure as outlined in Exanple 3
or Exanple 4, and separating the 1-hexane sanple fromthe pretreatnent
materials. The result is 10 given in Table |I. TABLE | Exanple

Pretreatnment (s) Isonerisa- 2-ethyl-I- tion butene (%) 1 Distillation *)
CBV 500 0. 49 ZEOEXAM?PLEES *3‘)7 mesamlblat"x oﬁfoﬂ_bo‘n@awsSE zeol i te 3 **)
Distillation zeolite- 4**%D|stll eollte4 %
Distillation, contact ’?‘?é“ %06n6 4"S5% tar?sfél(gilﬁ}iylﬁ%ezae ot9t §X€EP

Distillation, cotactpiggrCBY bAQcOnJ6chanvidBy Z@ol kkeidde Zeohpllee of ’th)a
Distillation, contactin Z- 3. w eolite-13X zeolite *)

> hexene sampl o BF eft RECHES SFUPLS gtk FeRic HOLh aLebrth ngTEsete

i nvention BXAIVPLEn@ 1HekesMpbe pfezeddd®whidn izBol heef 01N Ofxalpbens (1/16
i nch) dianeter | i nders was _heat ed '%n air at 200 C. A first stainless

steel cylindri ca ngebs QT ZERbdHE 92 5 AR LEEY er 25aBBBET AR hei ght ) was

filled wth thigzeoldle 9 ERpMpiked gfrpaiurel 85. oft SAMH @n20 of CBV
500 zeolite in the formof 1.6 mm (1/16 inch) dianeter cylinders was
heated in air atEXUUCEe & S&cHHFATRNS 0B/ @G%WWFEPQZV]@%B%?‘EXE‘“

sample from the pretreatment materials. The result is

10 given in Table I.
TABLE T
Example Pretreatment (s) Isomerisa- 2-ethyl-1-
tion butene (%w)
1 Distillation *) CBV 500 0.49
Zeolite '
2 *%) Distillation LZ-Y52 0.55
zeolite
3 *%) Distillation zeolite-13X 0.55
4 k%) Distillation zeolite-4A 0.55
5 Distillation, contacting CBV 500 0.24
with zeolite-13X% Zeolite
6 Distillation, contacting CBV 500 0.36
with zeolite-4A Zeolite
7 okk) Distillation, contacting LZ-Y52 0.53
with zeolite-13X zeolite

*) of l-hexene sample preparation; **) for comparison,
not according to the invention
EXAMPLE 8 |

15 A sample of zeolite-13X in the form of 1.6 mm
(1/16 inch) diameter cylinders was heated in air at
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

20 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



21 stainless steel cylindrical vessel (about 2.5 cm dianmeter, about 5 cm
height) was filled with the latter zeolite to forma bed of particles. A
fl ow of awO-obeswsse sanple simlar as enployed in 5 ExanplP€3/EPoyodsot

containing 0.85 %w 2-ethyl-I|-butene apmd having a water content of about 20
ppmw, was mnai ntained through the first vessel, and fromthe first vessel
t hrough the second vessel. In both vessels the flow was up-wards at a rate

of 250 g/hour. In the first vessel 10 the tenperature was 2C and t he
pressure was 0.5shPnledm SttEhé sptondriassisolesisied tlehpet a2 Ur enwas 40C and

the pressure wa a. e th assed
the vessels the ?:o%'%n%\ép %t% ?‘QI ‘%ltﬂqletn)e W%r? fq?g%evhexene%f Illé\?vqlegaw ng
the second vessetewlstd. t@ﬁf%vm alseimﬂtgﬁﬁanpl e 8 was essentially

repeat ed, except that nste%d o] CBV 500 23) |teml§a rg)l gncifo ggv 400
Ia S ts

zeolite in the formof 9 ( / ?Ihec et e cy | hde ed.

After 36 kgs of thmrdphm(ené' @alrpbenmm:p@s@edast ke zeetvmelfbtttMecanﬁent of

2-ethyl -1-butene_in. the %Nat%egée@g tf I ow \Qurit:g he secondS veassn%lalIl ?
o, EXANPLE 10 BN b RaSTeSSBRTT alcf ShEatld P ceit® (Rar t2ans her
1-hexene sanpl e mmﬁjr'plmi)eedmhtches;@.elsl raﬂdarfra)sl tR6 fhestl-haene sanpl e

enpl oyed i n Exa 7 but contai ni ethyl-1- ut e _and having
a wat er contentTP “ét%btﬁhe’zﬁeﬁﬁﬁé/ hat ntréw %‘I SArFate R%aes Hfit’o Y§Phour .
After 24 kg of the-dahexeneasagpkeohazbo ppssed .t henvesset srdtheegeatient of

2-ethyl-1-butene in the 30 1-hexene flow |eaving the second vessel was 0.50
ow. EXAMPLE 11 FrortasmpatigsnyaeExapredlbhaaBr e3swift ivals ¢ - PeliBat edIn

except that InSEEEKEégon vesgglzgglItemperé%uqel%a8f4&%ya%g6ghée0|Ite
pressure was 0.5 MPa. After 36 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 0.05 %w.
15 EXAMPLE 9
Example 8 was essentially repeated, except that
instead of CBV 500 zeolite, a sample of CBV 400 zeolite
in the form of 1.6 mm (1/16 inch) diameter cylinders was
used. After 36 kg of the l-hexene sample had passed the
20 vessels the content of 2-ethyl-l-butene in- the l-hexene
flow leaving the second vessel was 0.11 %Sw.
EXAMPLE 10
Example 9 was essentially repeated, except that
another 1-hexene sample was employed which is similar as
25 the l-hexene sample employed in Examples 1-7 but
containing 0.82 %w 2-ethyl-1-butene and having a water
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
30 l-hexene flow leaving the second vessel was 0.50 %w.
EXAMPLE 11 (for comparison)
Example 10 was esgsentially repeated, except that

instead of CBV 400 zeolite, a sample of CBV 8062 zeolite



WO 03/ 000630 PCT/ EPO2/ 06893 22 in the formof 1.6 nmm (1/16 inch) dianeter
cylinders was wused. CBV 8062 zeolite (trademark), obtained from Zeol yst

| nt er nat iwoaB/0630 a ZSM5 type zeolite, in the hydrogen fPammpPariecks8P:s has a
Si/Al atomc ratio of 80. 5 After 24 kg of the 1-hexene sanple had passed
the vessels the content of 2-ethyl-|-butene in the 1-hexene flow [ eaving
the second vessel was 0.62 %w. In the exanples it is shown that an inproved
catal yst performance is acconplished by selecting an 10 isonerization

catal yst whi ch cbaptisdern pél échilar &i/dke lncﬁ)agia@?‘é‘iﬂé ¢wkimdexs Mgsa pore

size of at |east; 0.8 nmg( %foszeéé‘HPit?e 1 S a2 P! €oBe o XL VS,

exanple 7, exanples 8-10 vs. exanple 11). In the exanples it is also shown
that the 15 isongérdleat dmtearakyensl havke aa®SMnpr bved pert drevarice bhiken

using as a pret r%dll(%qe Itgrt;nl ghdal%ergalg te é/%r}ipﬁhgp ]dg LA I8 PYL Size,

| i ke zeolite-4A an X (c exanpl es 6 Vvs. exarrplelad
exanpl e 7 vs. exaftpte 22)kg Mbr ehspecidicgal Ispmpile hedspawwed Hdte t\flqaesed)abl ned

ol stre prehd saklng.8e | bleAnd L%, RANTL! LAL| PR EALA Y, | eads 1o

a synergistic effect, viz ned "use ad'toa ecrease in
vi nyl i dene ol ef i lrexonierthenkechnd svesarle walsanw .cBhe¥sum of what was achi eved

by using only the pretr %atl ng., Zfoll tesl & arerB %f‘ § arrlldlrﬁl Oq/_ne what was 25
achi eved by using onIy ﬁﬁe FS0MmerT zati on cara yst's exa and 2).
Thi s synergi sti ccafdipctt |p@rtﬁnminanm|51s mwpshsdngyasem):tsu@ aconbi nati on

has been s gested ri.o St the.pretreatjn zeolltes are
known to ha%\ge i SOF m(aTrzlaz’[atlﬁJlgl S?a?y%?ﬁ p ert| S‘Erfg?? '—T.‘Jén%fcf% £6970%55%and

US- A- 3686250) anth i ssoreriiddat IEOﬁmcmwairy_:stas porey sheeusedaiaslemgyr @t.ceathi ng
materi al (cf. ‘USzéAf 368625(1) V\D 03/ 0006l PCT/ EPO%/ 0?8@9

examp exam example example 7,

examples 8-~10 vs. example 11).
In the examples it is also shown that the

15 isomerization catalysts have an improved performance when
using as a pretreating méterial a zeolite which has a
large pore size, like zeolite-4A and zeolite-13X (cf.
examples 5 and 6 vs. example 1 and example 7 vs. example
2) . More specifically, it is shown that the combined use

26 of the 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 than the sum of what was achieved by using only the
pretreating zeolites (examples 3 and 4) and what was

25 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
in the prior art, whilst theApretreating zeolites are
known to have isomerization catalyst properties (cf. US-

30 A-4697040 and US-A-3686250) and isomerization catalysts

may be used as a pretreating material (cf. US-A-3686250).



23 CL Al MS 1. A process for the double bond isonerization of a

vi nyl i dene olefin, conprising contacting a feed conprising the

vi nyl i dermooBobi6B0 Wi t h an i someri zati on catal yst which c@cprEPeBessss

nol ecul ar sieve in an acidic 5 form which nol ecul ar sieve conpri ses pores
whi ch have a pore size of nore than 0.6 nm 2. The process of claim1
wherein the vinylidene olefin is of the.general fornmul a CH2=C(R1l) R2,
wherein RL represents an ethyl group and R2 represents a linear 1 10 al kyl
group, and the feed conprises a linear a-olefin which is isoneric to the
vinylidene olefin. 3. The process of claim2 wherein R2 represents a
linear 1-al kyl group having an even nugberp of \carbon atons. 15 4. The
process of any of clains 1 to 3 whereimmthie—pore size of the nol ecul ar
sieve of the isonerization catalyst is at least 0.65 nmand at nost 1 nm

5. The process of.anya gfrddedisBot tRe daiSILidbniahe sofiBk 8644 fdn irewe of the
i sonerization catalyst is a_ 20 zeolite having a silicon/alum num atomc

ratio of at |easYinvBidghe stlefdsr oomPBisime Gondessdrgf2afsedf clains 1 to

5 wherein the nmRLEGH MnPpit@ie vohyl Dgerhs URIAZALIIOR GAt AbYRdrididnt he
hydrogen form 25 7. The process of any of clainms 1 to 6 wherein the
mol ecul ar si eve R Faojdsit ecsprigetira ng.ecplarppdeBssinfammeicicel ai ns

1 to 7 whergin tP@%ﬁjSﬂﬂﬁﬂi%éhkgﬂlgﬁtéﬁééé<£ﬂ&&&%%%5pérgp|ﬁ&Hh@%a%Ee$e
other than a nordenite zeolite in the amoniumform WO 03/000630
PCT/ EP02/ 06893 R4r® sife qff deasstbinadyé gmclains 1 to 8 wherein before

2. The process of claim 1 wherein the vinylidene olefin

is of the general formula CHy=C(R!)R2, wherein R1

represents an ethyl group and R? represents a linear 1-

10 alkyl group, and the feed comprises a linear a-olefin

which is isomeric to the vinylidene olefin.

3. The process of claim 2 wherein R? represents a
linear l-alkyl group having an even number of carbon
atoms.

15 4. The process of any of claims 1 to 3 wherein the pore
size of the molecular sieve of the isomerization catalyst
is at least 0.65 nm and at most 1 nm.

5. The process of any of claims 1 to 4 wherein the
molecular sieve of the isomerization catalyst is a

20 zeolite having a silicon/aluminum atomic ratio of at
least 1.3 and at most 20.

6. The process of any of claims 1 to 5 wherein the
molecular sieve of the isomerization catalyst is in the
hydrogen form.

25 7. The process of any of claims 1 to 6 wherein the
molecular sieve has a faujasite structure.

8. The process of any of claimgs 1 to 7 wherein the
isomerization catalyst comprises a molecular sieve other

than a mordenite zeolite in the ammonium form.



the feed is contacted with the isonerization catalyst one or nore
conponents of the feed are pretreated by contacting with pretreating

mat eri al wbioghomwoenpri ses a 5 zeolite having a pore size offCatEPVEesH3 0. 35
nm 10. The process of claim9 wherei the conponents of the feed are
pretreated together as a mxture. 11. The process of claim9 or 10 wherein
the zeolite of the pretreating material is in the sodiumformor calcium
10 and has a pore size of at least 0.5 nmand at nost 1.5 nm 12. A process
for treating an 9i ef'Jl"IHE mrppﬁﬁé ohi 2ry orpdrEiises latPi hedrereisl deiferand a

vinylidene ol efigy, C%ﬁ@?@éé& W Q‘i‘ne‘ 1 A8RE, 2201 £4i rbaac%‘i%z\é’@' Ehei s of

the 15 general fornula wherein Rl represents an group
and R2 representsr anqner]@azrnmnahk§'|0©rfdlm feaghiarh pr@tﬂeg@t@brhyrl ses

| someri zi ng the é%rgefyaldtcﬁ QL 6l gPet#&%lq%tggﬂg&ew o0g écﬁﬁian = 5e@f ot he

vinylidene olefin actin rising the ol xture with
an 20 isoneri zat zenlidat é{llaystlg\l\hlphr@ma sds aa Aehetul ai5 smeve in an

acidic form uhich mobso BL.slexp SOM(ISERARIESL,  WLENNANE acboLe Size

of nmbre than 0.6 nm and par a inear a-ol ef A dromthe dou
bond isoner of féﬁﬂ\ﬂnﬁﬂpr&emeaOééftwgether as a mixture.

11. The process of claim 9 or 10 wherein the zeolite of

the pretreating material is in the sodium form or calcium
10 and has a pore size of at least 0.5 nm and at most

1.5 nm.

12. A process for treating an olefin mixture which

comprises a linear a-olefin and a vinylidene olefin which

is isomeric to the linear a-olefin and which is of the

15 general formula CH2=C(R1)R2, wherein Rl represents an

ethyl group and R2 represents a linear 1l-alkyl group,
"which process comprises isomerizing 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 which comprises a molecular sieve
in an acidic form, which molecular sieve comprises pores

' which have a pore size of more than 0.6 nm, and

separating the linear o-olefin from the double bond

isomer of the vinylidene olefin.



