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process of Weosdwodsbe bond isonerization of a vinylidene ol gidygpsggasi Si ng
contacting a feed conprising the vinylidgne olefin with 5 an isonerization
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

nol ecul ar structure of an olefin froma thernodynamcally | ess 10
‘favorable position to a thernodynam cally nore favorable position. An
exanpl e of a double 'is bnerizationis a shift of the double bond of a
linear cc-olefin fromthe external, a-position to an_internal position, for
exanple a j3- or y-position. ARRMESeFRFplEE ISQMERIEETEN one or 15 two
doubl e bonds of a non-conjugated girohefifviPok@s B3rGPN) ugated diolefin
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 hylFr31heptener of wdmiteiday| - 3- hept ene. 20 BACKGROUND OF THE

| NVENTI ON US- A- 57B9646 __di SCl0ses. a process for the doubl e bond

i someri zation of a vinJhedEreenitet Feled®sr tei AgPresREacet g dadd e

conprising the vi lad i s an, ;i l,gatk op; cat . which
conprises a nol ec%?ég? g%&ﬁt\f}%&%ﬂﬁ 3 21;122 i 'Ealéléi %igﬁéﬁhy%%%%ln%gfm The
zeol ite specificakbyptadfsthosedidsl aemEar28Vng havi ninulidenre covd&Enumiitbm -
atomc ratio.of 25._ Th r ize qof S S . t nnel s
whi ch interc%nnecg? 1§STE§§§%§E§% é%tal?é% uh§ch CEQS%IQLS QQWéfg%d¥y%

: sieve.

As usea herein, the term “double bond iscomerization’
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, a-position to an internal position, for example

a - or y-position. Another example is a shift of one or
15 two double bonds of a non-conjugated dioclefin to form a
conjugated diclefin. Again another example is a ghift 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 clefin, 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-728M-5 is that of the two channels which interconnect,



vi z. channels of 0.53x0.56 nm di aneter and channels of 0.51x0.55 nm

di aneter (cf. WM Meier and D H dson, "Atlas of Zeolite Structgreuﬁly@ﬁ]z",
2"d Revised edition (1987), published by the Structure Conm ssi it 5
I nternational Zeolite Association, p. 100-101). US-A- 5789646 considers the
i nfluence of the acidity of a solid acid on its performance as a catal yst
in the vinylidene isonerization and suggestsd that accordingly the catal ysts
may be positioned on an acidity scale. It is striking 10 that in the working

exanpl es of US- Ay57Z896KH&nidles el W [ 53x 0 £P® Irire i if-de e drtdZ SMabiratalogst and
for a crosslinked sulfonic acid catal yst are "essenti al IDy identical", which

woul d suggest th8t Sik@e?y o iPamaieSof Hor 4t Meded paxs D & Oledential |y
equal |y posi tioneg pnsthe A Gifly $CAlGule 1‘&%(?%"46%@%95153&& QSPSt EhPr ocess

for the double bond 1sonerization of a vinylidene ol efin, conprising
contacting a feedl8dnpr |Islb'ﬂglsﬂ@ iyt h el efiter ugl tafrien Ominild s sdoni sxinmhiezati on

cat al yst ich c rises. a cul |ev ich is e t e sodi um
form TheV\A}eoI i tgmg %?tllﬁglagoéf’%é#lol i'S sfchpaemoﬂ'cp\( ﬁé’ﬁ?&& it E‘

desi gnated LZ-Y52385¢4¢6 attaimiiders WHe hi dfliemqeoiof ahec hanaek ysioze a0fsol@d74
nm(cf. WM Mier and DH dson, "Atlas of Zeolite Structure Types",

Revi sed edition §3b87n Jpﬁ?ommmw% e & gledve tedmntas ﬁné’fllfiﬁé‘e
| nternational Zei)ééxﬁ@rl%lﬁ%cﬁts! edts Q%a@hcc%&'%@(y%h@"‘@altwgg{km

The present invention provides nol ecul ar sieve catalysts for the doub
bond i sonerizat |1€mYd$e ra syl iicnase orpladt iawsidittivclscRdee aAti kpr 6¥Edking

per f or mancg conp e*’i@ thSA N8 Y | W arile S ERLAL 557'8%%36‘3%3' ¥~§_Eﬁ1tlhe

i nproved cataly or mance may be seen |1 n one or ects,” such a
an i nproved cat at:ymrtaaz:t ifort mhearhi—lm-cﬁ/eﬁatasledsécandl tfy)r ancn:npsdmeded

cat al yst Stablllt&iggniklg%ﬁgf éNgyé%'%g%Pa%s%e%%lalEy 1éen§1cal”, which

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 lsomerization catalyst which comprises a molecular
sieve which is a zeolite in the sodium form. The zeolite

20 of US-A-4697040 is a specific Y type zeolite, designated
L2-Y52 (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 Internaticnal Zeolite

25 Association, 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



PCT/ EP02/ 0689 to activity and an inproved catalyst stability with respect
to selectivity. In this context'. selectivity may be seen in varldhsl %8ys,
for exanpl@gddhgoformtion of the double bond isoner of thepthhyisbsien e
olefin in 5 question relative olefin, $or exanple diners, triners ,

skel etal isonmers, etc., or in the formation of one or nore isonmers fromthe
vinylidene olefin in question relative to the conversion of other
conpounds present in 10 the feed The isonerization catalysts provided by
the present invefibi BAtEvhbpy i ded RhdlFedvad spréedYFR ahabEldix Widbm which
has a | arge pore gj of.e f..at least,;Q. This; 1S . ed
-because such IargZE% ?%{sﬁgeééﬁggéiﬁ%ﬁyg ngﬁégéﬂgrgg?géég'vééﬁ%f%ﬁgﬂgéggg§éd
to pronote the cbobrveesnomofaxi®fs ngyisnt doundesimpéd isobes stamd/tdon difer s
and trimers which, tend i ffuse onl I y. .within th | ecul ar sieve
channel s, giving Fgegﬁ%%f%g?§Péu%??¥%rgﬁ%}%§%IE%PV@%?ﬁn%u$i%1%ﬁ)ﬁﬂa nor e
degr adat i on, 5 nor eqa@stavhone rat iven tandhieh€pefiateon abrethiepicbngeheiisor at i on
of the catalyst perfornmance, j.e. less catalyst stabjlity. Accordingly,

t he present inventfGh B?%vY%R%Q%?ﬁﬂFb@i?glPorfPHeeﬁaﬂ%#% Srsdieftitio
of a vinylidene gkeféval CosRid:S NGteANt 3¢t EAJtAl e8EMEOIR icH RGt Be 25
vinylidene olefin -with an isonerization _catalyst which conprises a .
mol ecul ar si eve | AC&R BEPBRES fraR thS YRDYABFERE] ateSiRvveR BIFFLi®8s pores
which have a pore,shze;9f »dONR (AR P8R ShReP CE6RSSuRis PHeSelRveRtion
may very usefully be 30 applied to effect the isonerization of a specific
type of vinylidehbe B#edfin in admixture with a linear a-clefin which is

gomert e Lo, Lhe i i en eolslion. Lo LhesstsoRetientacs v g bigster

4 invention comprise a molecular sieve in an acidic form

which has a large pore size, for example cof at least
0.6 nm. This is unexpected because such large pore size
15 acidic meolecular sieves would be expected to promote the
conversion of colefins into undesired isomers and/or
dimersrand trimers, which tend to diffuse onlf 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 om.
The process of this invention may very usefully be

30 applied to effect the isomerization of a specific type of

vinylidene olefin in admixture with a linear o-olefin

which is isomeric to the vinylidene olefin. In the

isomerization the linear a-olefin is not or virtually not



converted. The specific vinylidene olefin in question is of thazfﬁ er al
formula CH2=C(R1) R2, wherein Rl represents an ethyl group and Q:pm%ents

a linear 1-al kyl group. Such conbination of olefins may be nt in the 5
reaction pr‘%‘aﬁiﬁ?oog"f“ an et hene ol i goneri zdati on process, wher ePﬁ%ﬁgz"?dis%ear

a-olefin is the main product and the vinylidene olefin is a byproduct. The
boiling points of the linear a-olefin and the vinylidene olefin are
generally so close that their separation by distillation 10 represents a

problem The i sonesdraatiiy of rhiespuiykbdensy ol elio dhenid eadsniitdon is

vinylidene olefin isonmer which can nore readily be separated fromthe

li near a-ol efin thah tthee geinkykildénemal ef £, 3R] fRE cfwhedS-HA-FI7 82046 sands

US- A- 4697040, of which the teachings are 15 incorporated herein by

reference).. Accorgh ngihyl hreupr aaank2i pyppebent &l $ ol ey desalaylpoeoeess for

treating an ol efin mxtur i ¢h cog‘prisgs a ‘linear a-olefin and a '
POet HRs

wh
vinyli dene ol ef i n SR IFTEIPE5AEPI £ | PR R Fhd % , wherein

RL represents an etdydr i@OyRodabd B2 LEPEEREAL SoB: dbmea zak- 1Rk YHrdeauD,
whi ch process conprises isonerizing the vinylidene olefin to forma double

bond i somer of theshamrsdn déeelohebirnobplebntatsi piye teaireant cwbnpr issidnghehe
olefin mxture with an. i soper.i.zation . catalyst i,ch.camprises .a

mol ecul ar sieve ifi’% [}Llégeln i Eg%g}ﬁ] 1%?0%%?3%%? a\rmiél?ee\}:’_em oS ipéjégtﬁo?gs
which have a pore giZe Qfeaf06e chB2An0aBaNFhe aPdny SEAMAld NG irhe Ad near
a-olefin fromthe double bond isoner of the vinylidene olefin. WO 03/000630
5 13 DEC 2005 PCHEERGZ136892 DETALL ED: DESORE PTH T GH IHHE DYNVENTEONa Then

process of this i eei%té:s%@ltiss aSPEBBP%_ﬁ.fO'E‘heej.é&ﬁé:@:p:?a%i% iSO®lJ zation of a
wi de range of vinylidene ol effns. e vinylidene olefins nay be of the
gener al vinylidene olefin then leads to a vinylidene olefin

isomer which can more readily be separated from the
linear a-olefin than the vinvlidene olefin itszelf (cf.
US-A-5789646 and US-A-46397040, of which the teachings are
15 incorporated herein by reference)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 iscomeric
to the linear a-olefin and which is of the generai

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

and R? represents a linear 1-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 t-olefin from the double bond

isomer of the vinylidene olefin.



5 formula CH2=C(R1)R2 , wherein Rl and R2 represent al kyl groups

i ndependent |y having at |east 2 carbon atoms, such that the nol€30E@ngs
struct ure wonprbede at | east one allylic hydrogen atom Typcealpbyessl and
R2 represent al kyl groups independently having at nost 20 carbon 10 atons,
nore typically at nost 16 carbon atons. Typically, Rl represents an ethyl
group. Typically, R2 represents a |linear 1-al kyl group, which preferably
conprises an even nunber of carbon atons. Preferred vinylidene olefins are
for exanpl e 2-et hPETRAIpENtRERCRIRTIONS OF- ﬁvENVEN@b@Iéne in particular

2-ethyl -1-butene, 2 et I -1-hexene, ctene t hyl -1- decene and
2- ethyl-I|-dodecene. \ﬁroc}escfene (%Ih(?L il nnh’ﬁi} %nal%l?]ra :]%ljy offO vi nyl i dene
olefins, in parti eﬂfaetﬁng)lulfeal:lstmaiflz%(ﬂmnnyslfl dentdel edngs cvmlmhly&aalenearry

in their nol ecul ar tructyre al roup

Rl re resentl et h rQups and
_which differ 1 onPRaEHRBt HERe (P ér PESFEJBBS whitde %Fe%aﬁe al kyl

groups R2 are |lin | kyl S C ib h iffer from
each ot her b§ tvvo]ei%m‘#g A‘Q/ }{%“%5 E}%\é EQB) ﬂan prefer%’fgﬁg@%egg &gr bon
nunbers are even gy éslr(ééifer@é%%plyehévaﬁg 8t Deads B.cBbaNGilis, 06udd, 14
and 16). A second olefin nmay be present in the isonerization, whi chis

rel atively stabl et%@a’él ‘él%é“ﬂ(ﬁcql@e“nﬁrt%‘étﬁﬁwo‘ﬂé’éﬁe%ﬁferW%Sé @Rger the
prevailing conditi a | ow_exten t he secpnd
olefin are ethen? ?{lﬁjof)elﬁ’e el ShgxeneTgﬁacﬁih}ét h’yzl a%‘%ene T RO=65F000630 6
13 DEC 2005 PCT/ ERORID68R:1dd iimslepepdehttyl Bavaspest wisd B praedent

i nventi.on that the vi nyl i dene ngﬁln can be isonerised in the presence of

a linear a-H efin?td8S ¢ P EIRG “G1eti RS TRAEr EhyCTHRET iHEM a-ol efin is not

Qf V'rtually hot Typically, Rl represents an ethyl group. Typically, R2
represents a linear 1-alkyl group, which preferably
comprises an even number of carbon atoms. Preferred

- vinylidene olefins are for example 2-ethyl-l-pentene and
15 2-ethyl-1l-heptene, in particular 2-ethyl-l-butene, 2-
ethyl-1l-hexene, 2-ethyl-1l1-octene, 2-ethyl-l-decene and 2-
ethyl-1-dodecene.
The vinylidene olefin may be a plurality of
vinylidene olefins, in particular a plurality of

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

which differ from each other in the alkyl groups RZ.
Preferably, the alkyl groups R? are linear 1-alkyl groups
having carbon numbers which differ from each other by two
25 {(for 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, or only
to a low extent. Examples of the second olefin are

ethene, propene, cyclchexene and 2-methylpropene.



5 isonerised or otherwi se reacted. Preferably, the linear a-olefin has the
sane carbon nunber as the vinylidene olefin, so that the Iinear1§1ﬁtqm&n
represents_an isomer of the vinylidene olefin. In particul th

ar
vinyl i deneWI30¢30¢carries in its mol ecul ar structure an al KETVEFGIE8%0 RL
representing an ethyl group and the alk$l group R2 is a linear 1-alkyl

group. For exanple, 2-ethyl-l-butene nmay be isonerised in the presence of
1- hexene, 2-ethyl-1- hexene may be isonerised in the presence of I|-octene
and 2-ethyl-l-octene nmay be isonerised in the presence of 1 15 decene. Two

or nore such vinylidend®™ dfefi RRTRHEFHRF 3T ied e nPERECPF e 3BHEREBI t he
correspondi ng, isSQRBKI €hel {/DER11i8eRd &fidiSin ThE bRONRLIEALLER CAt Ahy St
conprises a nolecular sieve 1n an acidic form which nol ecul ar sieve - :
conprises 20 poreseskinch bAve hipese i, mase thikase@obdnnilePief er abl y,
t he pore size of the nolecular sieve of  the isonerization catalyst is at

| east 0.65 nm noMEergPEf Bhabl jnedr | eaztefiy ifmnoty grcairiuakéy ppfle size of
the mol ecul ag si e\i%og:ferﬁggd' SPNELL ﬁi@é‘ LRl St 'p%e%%\n;éﬁlﬁm%hé— R eJlor €
typically at nost 0.9 nm, preferably at nost 0.8 nm en~the pores or
channel s of the nel-ecelfan hskeviee ag@mdOiaxbBdic Wudibert Be pAeevshzBidsndier ein
deened to relate to the smaller wdth of the pores or channels. The pore
size of many of s@dlkiApl eeal Birakieheslinarhecwleddnspepirtbedtsnanyy Mivkser

and D H dson, "At|as.,qof i ture Ty Le 278 Reyised. editiq
(1987), publ i shed Ofb??hgh‘er%g? Hldne DI C 1 BEY s 18X BT |
WD 03/ 000630 PCTI BREEih6ckr 2066 in 7iths soricatilon- sEacterasatpatiell aubup

"channel " as used lherein in relation to nol ecul ar. si eves are exchangeabl e.
The nol ecul dF si ele SEPERECTEHREIIT RTBH CHCAPYERd FRG BYPYLaPTRBES 18

si |i ca-al umi nophogphatkg.pol egtkAl HSifve rifr @xBRbEE, Shlibeayal ubpaphosphat &
nol ecul ar sieve, in which the netal rmay be for.exanple iron, cobalt or
may be isomerised in the presence of l-hexene, 2-ethyl-1-
hexene may be isomerised in the presence of l-octene and
2-ethyl-l-octene may be isomerised in the presence of 1-
15  deceme. Two or more such vinylidene olefins may be

isomerised in the presence of the corresponding, isomeric
linear o-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 dlsomerization 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



ni ckel . Preferably, the nolecular sieve of the isonmerization catalyst is an
alumnosilicate, i.e. a zeolite, typically 10 having a silicon/alum num
(Si/A) atomc ratio of at least 1.3, nore preferably at |east 1.%@

parti cul arwag 93/d0eesst 2. Preferably, the Si/Al atomic rati o PETAEPO 3 199;
nore preferably at nost 8, in particulasr at nost 5. As used herein, unless
mentioned otherwise, the Si/A 15 atomc ratio is the skeletal Si/A atomc
ratio of the zeolite_The skeletal Si/A atomic ratio is deened to be
determ ned by 29Si-NVMR . Typically, the nol ecular sieve of the isonerization
catal yst conpri sesssodakttiencagBse igeznss “polreCukald 20hstinelt tre.udrdef erabl y,
the sodalite cages are ar.rangledti n accf au'l%si g structure. I\/bra%pi te
zeolites, beta- z&6Itds &nt®oheyd: Zeol'I tES My BE“USEdT™ howies SIS - the
vinylidene olefin is ofhtheRclenerad diermulod ate debmaedzder@t nefaret

wherein RL represents an ethyl group 25 and_R2 represents a |jinear 1-alkyl
group, in particulf&y tHE%Fﬁb¥)§nb%\Per?%}r?ﬁ‘éﬁlblf“lESPBBﬁP]é?B‘?rs‘?O]ietc"i]sarpreferred

that the isogerizateqr satalystarapricsesiamiBbeabkphatsiRyRQlher dikar a
mordenite zeolite in the anmmonium_form 30 The nol ecul ar sieve of the

i sonerization catdklyyhirh the aetaki™ve Peofpyr ESRMEABNPTEY i reQdve tarfifoni um
formor in the hydxeden form This neans that the cationic sites of 1 3
DEC 2005 the nol ecul ar sieve of the isonmerization catalyst are at |east
partly occupi ed by aci @refepaleles,tiHeomodegnphe saawendiing iz di ymdridedgen

ions. Preferably, i oni i f. t nol ecul a | eve of .th
i sonerization 5 cgfgg%l/g?&a?% ga %le&éngl%o%éﬁépétgécﬁpgédg b%éﬁly%edggﬁmﬁgﬁ%}y
i.e. the noliecul ahasiegyeai silicdhelhydnogeniSidhin &thbeic catiomifc s&ites my

be._occupied by, faqr e aErpge rﬁ“ kal i e t _iogjs orsglskg?li ng eart P}C tae%I aitons,
such as sodi um |gﬁ? gr cal U 6t r%%ﬁg Yufi BREST shi 1 apty BT HEA
least 2. Preferably, the Si/Al atomic ratio is at most
20, more preferably at most 8, in particular at most 5.
As used herein, unless wmentioned 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 235i-NMR.
Typically, the molecular sieve of the isomerization
catalyst comprises sodalite cages in its molecular
20 structure. Preférably, the scdalite cages are arranged'
in a féujasite 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 R! represents an ethyl group
25 and R? represents a linear 1l-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 forxrm or in

the hydrogen form. This means that the cationic sites of



10 10 % nore suitably at least 50 % in particular at least 75 %of the
cationic sites is occupied by hydrogen and/or ammniumions, whilst in
practice frequently at nost 99.9 % nore frequently at nost 99 % p§ DEheq;
cationic sites is occupied by hydrogen and/or amoniumions. 15 Preferably
at least 10 % nore preferably at least 50 % in particular at least 75 %
of the cationic sites is occupied by hydrogen ions, whilst in practice
frequently at nost 99.9 % nore frequently a&at-nost 99 % of the cationic
sites is occupied by hydrogen ions. 20 If the nolecular sieve for use in the

i somerization cahal¥siels14P shevanyPNENE {06 rida B0 RencOrYer tad Jito
the hydrogen formprior to its use by any suitable neans, for exanple by

heating at a tenpepatuperbiyaecciebed BPOT1¢br WA aton L@mRIcature in
the range of 25a{r&§m‘#x90aﬁ8/990@dr£é’hc%$é’.thﬁré‘f’é%‘i S EY fotnti*be
catalys from 0

i sonerization has a surtace area I n the range 1000
n2/ g, nore typicaitygsfodntlodmd be@bDamPs gevédsofiset: iwarmedmizdthieorsurface area

i's deemed to h d . 30 by the method of ASTM D3663 - 92. A
exampl o of 5 sui CAERLVRGI 06147 MA06 RO CHETTP L DL NGO diisat al yst

is CBV 500 (trademarkine Whd LY 03 0806305 PGTHEROPSHrZR00 s drzrel ite
having a faujasite structure, a bulk Si/Al atomc ratio of about 2.6 (the
skel etal Si/A afdhieni¢atites Maelberecinie b tIfF il alksld), a

pore  si ze of 0. fde D And a5ur B AL o8 Pln 0L TIPS, BV 300 ol ite

is available in t ammoni um form  marketed by Zeolysf I nternational .
Anot her exanpl e déna osuidkbiwn Mot gradnes Sievieorfor B tablvhet deserti zat i on

cat ALYt 0, B (9% AT Tt ) S A 28 LS AR LS
atomic ratio is 7petieverhd acateiomid hei tegies afcdipd-d) bya lpeliregenzanadl/ or
ammonium ions, whilst in practice frequently at most
99,9 %, more frequently at most 99 % of the cationic
sites is occupied by hydrogen and/or ammonium ions.

15 Preferably at least 10 %, more preferably at least 50 %,
in particular at least 75 % of the cationic sites is
occupied by hydrogen ions, whilst in practice frequently
at most 89.9 %, more frequently at most 89 % 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.
Typically the molecular sieve of the isomerization
catalyst has a surface area in the range of from 400 to
1000 m2/g, more typically from 600 to 950 m2/g. As used
herein, the surface area 1s 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



0.74 nmand a surface area of about 730 n2/g. CBV 400 =zeolite is available
in the hydrogen/sodiumform (containing 2.2 ',5w of sodium cal c&zggg 2@@
Na20O whi civo dsobssobel i eved to pertain to 80-85 of the cati aimE i ng
occupi ed by hydrogen ions). CBV 400 'ze@glite is marketed by Zeol yst
International. It is preferred that the nol ecul ar sieve for use in the

i sonmerization catalyst is in the formof particles, 20 for exanple pellets,
cylinders or beads, which conprise for exanple at |least 10 %w, typically at

lleast 50 ow, prefgrablyatickeast i a0 ohjdberdmdecildiresi gven1Raseh on
the weight of the particles. In practice such particles QOH’EI’I se frequently
at nost 99.99 %, O Fatdegeéntbyuht2 nbsitd skedgtato Sl /Pleabeni¢y at

most 99 % of theqmlequ gi13bexe. chaged: on fhe- il of JLhp, parLigles. A

conventional binder nmay be present Int particles. Useful conventi onal

.bi nders may be inaganidy omBuEhinahid SUSHrBScE|Mea de IaGrudndE0rmPes al
oxi des. The 30 nol ecul ar sieve for use in the jsonmerization catalyst may be
conpounded Wit h otF8f 3t @&eicalise $BchvVasi#tDUT s ispmopaidr £878; for

exanpl e, al um na, g ifa/@kymzRa:; YO 8300063010 1 3 fFEHe200Rample of a

PCTI EPO2/ 06893 silica/ nmagnesia, silical/zirconia and silica/titania,
sili cal/al um na/t hotiidadie siolecularupteeg Zfocomea.in thehd spmesépttion

i sonerization proc L i qui di, Lyent_ ma resen Sui tabl e
are organic 5 i q%lscfialgﬁtuglr%t g?’vf %?Heggln{)?%m%kcfrbég}%o}lng? guééggét%ﬂ kanes,
cycl oal kanes and dreonmtd es faoras¢heosohydrocar borisalk HigApr esemic ratio

i soneri zation process.na e_co ct b acting the feed as_a liquid
phase with tlﬁe 10 o?tz(?rlrjeor zgt‘ﬁgn?gg?a%%%?yﬁgéjf}eield %(?rrr“ﬁrci §8§3gsl%onponent S
the vinylidene ol éddineveddeoc banehni ske wathopid anal43) ,t hepore size of
0.74 nm and a surface area of about 730 mz/g. CBV 400
zeolite is available in the hydrogen/sodium form

(containing 2.2 %w of sodium, calculated as Na,O, which

15 is believed to pertain to 80-85 % of the cationic 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 freguently at most 99.99 %w, more

25 frequently at most 99.9 %w, most freguently at most 99 3w
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 uge in the iscomerization catalyst may
be compounded with other materials, such as porous matrix

materials, for example, alumina, silica/alumina,



second ol efin (for exanple the linear (x-olefin ) and optionally the liquid
diluent. Suitably, the vinylidene olefin represents fromO.0l. %¥{t¢ 0G0 %v

of the fe e suitably the vinylidene ol efin; represenys. 05 %w
to 90 %w e@ O%g(}%ﬁed The second olefin, if present, repr esen(ﬁﬂog@ %lbly

from10 ow to 99.99 %w of the feed, nD]rOe sui tably 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 fromp;dy rlé%:.% 1%Q11c£2§15¢l:81—1'19 dhbuem s cd fe prasent

represents suitably from he m xture of conponents,
more suitably f romh@%ﬂl@l%/@&%aofinﬂhelﬁeed/a&ﬁbmmom bei ng

present in smaller quaﬂgl tﬂ e}cers%n orlg%LnngQLlaﬁOﬁ?&ggé _ﬁ qql%_ddl | uents.

The present isonerization pr may be carri e e*1'soneri zation
cat al yst suspende«ﬁillmeztmenafyeecd: ma\aohlnolﬂ be pepeerdal | yss:uttei}abé anhergbhéc

i sonerization 30 process.i.s carri out as.a ch liguid phase process.
The quantity of iStREFT FRiHH Eat (;IO sﬁxgﬁgﬁﬁng‘éér‘ﬁﬁ?r% 5§ EF"Hi“e a%ange of

from0.1 to 20 g/ kpkdead, @rafenxbingsf 6am aloRatocdd @f kg feed. WO 03/ 000630
11 13 0 E C 2005 PCT/ EP02/ 06893 As an alternative,.the isonerization
process may be CcEIPERIGHHOSAIP™She i sonerization catal yst present as a

fixed bed, which is esﬂ?é:'gﬁflels\érftu'1%%RE%1‘£’Q§QOBhﬁrbé@é@rrhg}atﬂé)rbo%mﬁ@éa i's
carried out as a continuous 5 process, whether as a |iquid phase process or

as a gas phase pp c‘é@fsta%%ttlhméﬁ§dl RguRdlprase PravR el tlediicoying a
fixed bed | § pref .f,érﬁ’%r art%dﬂ"%\étré& slee "i‘he ?@e&a@&ﬁ%ﬁ sdd YB Cfdoh@a 20

kg/ (I.h , prefera om 0.1 to 1 0 kg/ (I S context the term
"LHS\/' 10 standstlﬁ@rvntmelnldeqm dlledan yOSpacesvwmw@ awd ciptiiongRdy the

second olefin (for example the linear a-olefin) and
optionally the liguid 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 3w to 99.99 %w of the feed,
more suitably from 20 %w to 59.95 %w of the feed. The
weight ratio of the vinylidene olefin to the second

20 clefin, 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 liguid diluent, if present, represents suitably from
1 %w-to‘99.99 %w of the ﬁixture of components, more B
suitably from 10 %w to 99.95 %w of the feed. Substances

25 being present in smaller guantities 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 isomerization

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.



mass flow rate divided by the volune of the catalyst bed. The direction of
flow through the catalyst bed is not naterial. For exanple, the direction
of flow may be up- flow or down-flow. 15 The present isonerizatiohDbt dtess
may be car wWoe@s/@0¢30 wi t hin wi de ranges of pressures and tenpEIZERRE68393NI Cch
can effect the desired isonerization. The pressure is suitably in the range
of fromO0.01 to 10 MPa, nore suitably in the range of fromO0.02 to 2 MPa,
in 20 particular from0.05 to 1 MPa. Suitably the tenperature is in the
range of fromO to 150C, nore_suitably in the range of from 10 to 100C,

most suitably in the r&fg8PofltEFRAT 51F ¢ oF G Se Zp&ofer PERFEBR PD&RSS

may be carried outcasyGRd 38tt Batht fBe CONMEBESI QL i0fn AR aviBY| bdesenol£f in
over the isonerization catalyst is at least 5 % It is preferred that the

conversion of the fiFefl PaEnevbleli £ esRgciadst sulbakdre VprEf BRADI y at | east
60 % nost pref era%'o\ﬁe%zakgléﬁt%§98/&s§rfélt@e[¥£i>éé %%tcaevléirébﬁeiﬂﬁowe

vinylidene 30 olefin is conplet however, nore frequently the conversion
of the vinyl bdene rologkiss . avhabber 08s & %iqust phasegpeptepsarrnosta IBESB %

Wiaen an a.--olefigm%%eprggggg 13A0c%%§%ég§§§ %g%%%%é%g?%gOPES%/% 02/ 06893

12 in particular Phear Cas of ef i € conver in over the
i soneri zati on cat ampdbyisgpaeferabdlyeditis mosife2@enior e Theet.Bsdbhyy ate nost 10

% nost preferabl at _nost requent]y, the a-olefin is_not converted 5 at

all, nore frequen%élrﬁ? Fﬁ@ggoﬁge&?%ngo%lt & zle;b-oole}l( |(§:“% 5?6?85??{'36. W rmore

frequently at |east.20£2 Qool kg $1 pief errredHitatccotexe;, greecefmt feasve
second, ol efin, _i esent, and_.the |iquj di | yent,

vinylidene olefin, th i.f pr uj
if present, fre pﬁéﬁpgﬁtEarbﬁ?ﬁr%ﬁ?ﬁﬁQKPQﬂ}%%MﬁF§€FeHe%PFHtYh hig%nﬁ?i i on
catal yst. Suitabl gasetrthedsratepasii@al img @i vdilskiel bat ta, cexdTanl ivym and,
n The direction‘of flow through the catalyst bed is not
' material. _ﬁor example, the direction of flow may be up-
flow or down-flow.
15 The present isomerization process may be carried out
within wide ranges c¢f pressures And temperatures which
can effect the desired isomerization. The pressure is
guitably 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 temperatufe
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 80°C.
The isomerization process may be carried out such

25 that the conversion of the vinylidene oclefin 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 wvinylidene
30 olefin is complete, however, more frequently the

conversgion of the vinylidene olefin at most 95.9 %, most

frequently at most $9.8 %. When an o-olefin is present,



in particular, contacting wwth a pretreating nmaterial. Conbinations of such
nmet hods may be applied. Suitable pretreating materials are for exanple
active carbon, 15 alumina, silica and zeolites. The pretreatnment T SdECH605

applied to oy re separate, individual conmponents of t 3
However, | |(§’m§p(é erred to pretreat them together as a mx‘%ﬁléﬁﬁﬁsg

particular as, the feed to the i someri Zation process, prior to contacting
with-the 20 isonerization catalyst. Wthout wi shing to be bound by theory,
it is believed that the pretreatnent |eads to the renoval of inpurities

which could be dets] gentalehg.t ey PRLLErgRgESe s 0f {1 ASANRIIZA (N n

catalyst, in particular th catalyst's activity and activity stabi Fity.

Concei vably, suchyidiRyfiidt besrMaMebesBRbel - 1 Of ot £1 EHTHIRES f e&QBPYI &t NQ
het eroat ons, such as oxygen, nitrogen, sulfur and-phosphorus . such

i mpurities may haw®stedd i*nt FeFacEEdSL8LAPHY TRt He sk s MokSr Prgperably
purification or other 3 rocessing of the jindiyidual. canpongnts. Typically,
upon contacting wit Cﬁ% !%so“r'rer 28 |8ﬁti¥at%li“§/s(¥,&ta£el? eed ncogtnﬁroflgggg\?\gter

at a level of at @St Y0 434R00630udRc 13 DS QORR ROUERNA06893 5150; APIM

preferably at nost 10 ppmw, in particular at nost 1 ppmw, relative to the
wei ght of the feedt I1Bpgsitcll-RLy?.twhereohrementlvrafanieasdo®pdurkds conpri sing

oxygen heteroatons is ch_t o] t ' axy . is
at nost 50 ppnw, pref er%gbllf g’?g%g?e%gfﬁ%ﬁvﬁ&% ec}lt;tq? ve %?t %eeh\%?lgﬁt%gggt he
feed. Typically, dlegicontéart setondgahefinzonburdsssoonpraEmsi ndrenilticodén

heteroatons i s suc 1t hat th% content of the n%tré)t{cl%& teroat.ons i s at nost
50 ppnw, pr ef er abl§F A ost 1Brfﬁeﬁénmfr?e?]é?'rv% HE RS SHT8F the feed.
Typical ly, 1he caumricteld éigantheCospaentSatcooprd=addlgy Ul f Buitakle

methods of pretreating are distillation, extraction and,
in particular, contacting with a pretreating material.
Combinations of such methods may be applied. Suitable
pretreating materials are for example active carbon,

15 alumina, silica and zeclites. 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 hetercatoms, 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



-heteroatons is such that the content of the sulfur heteroatons is at npst
50 ppmwv, preferably at nost 20 ppnw, relative to the weight of th@EE€edlh

Typi cal | y, wol@/dobesocont ent of organi ¢ conpounds conpri sing ETISPRQNGE3
“heteroatons is such that the content ofyst he phosphorus heteroatons is at
nost 10 ppnmw, preferably at nost 2 ppnmw, relative to the weight of the feed.
Such levels of contents of inpurities may be achi eved by applying the 20

pretreatnment. A preferred zeolite for use as the pretreating, material is a
zeolite having a pdl @PEMzePErigFaPiystt MRPEB YnProw oty @35F10488T @/ in

particular at | easfost015 ppfw, 2Pd1808ve | £ NALd hillldf @l kBaske@a6 nm and 25
typically it has a pore size of at nost 1.5 nm nore typically at nost 1.2

nm in particul ar BPriesddyl hhe THBL PO 5| Fwagfl rgeprelngdgcRorpdl $ins has
been specified i 268 H O AL 3 LOf LteeSLEUC

‘Types", 2nd Revi S&é{ngHvﬁgnezflggg% pub%‘l(‘)"'rs%etgéby i fe ng‘%%{nlrtugt u{r:%géso%ﬁ%snsi on
of the InternatiorfedteZeoakme Assatimbstork0 imeferalelfyrabhg zeohoste for use
as the pretreating aterial copprises sodalite cages,in_its structure, in WO
03/ 000630 14 13 D608 PEIRERGS) bR9F ‘"’peaiﬁg?’utcﬁl%a?hseoéaefs?‘f e&%’%b%as Yahi ch
are arranged such @ tentkarnva baghasd t@mgidqueisuemnpPiefiagahl yroddie zeolite
for wuse as the pretreatinglsnateri | has a_.Si/A atomc rﬁﬁtio, of above 1,

in particular at IEXSECRESMSPLEf EPGH| §hak Hd® SOGEEAE REoRPE PLAETIF at nost

|.S. Preferably, theezegkbhe L8ratiSfosts Fhehnat @@@tfie@gpm?t gtimbsi s a
zeolite X. The zeolite for use as.the pretreating material typically
conpri ses i dis of ZhPEFRal FehBEare ahel/ dic ivsHigbtoodf thf APREl i nYREFAH Yiret al

Qgcupying at |eastyy@d Rahteft of organic compounds comprising sulfur
' hetervatoms is such that the content of the gulfur
hetercatoms is at most 50 ppmw, preferably at most
20 ppmw; relative to the weigﬁt of the feed. Typically,
15 the content of organic compounds comprising phosphorus
hetercatoms is such that the conﬁenﬁ of the phosphorus
heterocatoms 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 om, 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 Clson, “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



the cationic sites. Alkali netal ions are preferred, in particular sodium
ions. Exanples of suitable alkaline earth nmetal ions are cal ci yf BEN¥0%ENd
nmagnesi um yoNs.noee3i tably at least 10 % nore suitably at | eastpmfdpdhoes! n 15
particul ar at reast 90 % of the cati omF sites is occupied by ions of"
alkali netal and/or ions of an alkaliné earth metal, whilst in practlce
frequently at nost 99.9 % nore frequently at npst 99 % of the cationic
sites is occupied by ions of an alkali nmetal and/or ions 20 of an al kali ne
earth netal. Pref @raarbliycuaarle‘aéalime %agemwélimkefameablxyaageﬁeasth 59 94 in

particul ar at | east of thec Slt i upi b kal i. nmetal -
ions, whilst in p%éjg |8e 'fl ‘aﬁ:’é% ?r&t%ra%ﬁ %gr eéﬁ%#ﬂ’?? %‘? nost
99 % of the catiorise akst eBellsr@cmm&iadg r%E:etzy:Lan kalsd anstidlrli absmidygHiciad |y
the zeolite for us a%the pretreati ng jmateri has .a surface area in the
range of from 400 %o 2P9860 nety, PROT A & | afsrtorﬁ 600 £5°8567 by g.che

Exanpl es of prefersrlesilzsebinwsré@io use 28 ddid 138 .pr ehleathByyMeiRsial are
zeolite-10X, in particular zeolite-13X These zeolites are readily

comercially avaidegBiée fer exanpt eti¢ grialiaeatingegpitegialoxsia apprdtaype
zeolite in the calkciumformwhich has a pore size of 1 3 D EC 2005 WO

03/ 000630 PCT/ EPO%106893 15 about 0.75 nm a Si/Al atomc ratio in the
range of from 1.2 to Ths amdlatsufef asee aredhof paledueaTd0onPAgerial

Zeolite-13X is an e th m f h or ize
of about 8 rim a%ﬁ%ﬁf o%@éfzé ‘Tpso |O§1%Oocyhclaél} gg&e@fé}? fg’?g%n %ﬁgﬁ?]p e!’E:SSand a
surface areacof abdubn EIDEa]IEﬁg edtth Sneiredf e:rcrceqbythn@t athéezsol atlean‘toroﬂjse as

the pretreating terial is in,the for f partl les, for exa ellets,
cylinders or bead$™@whf gﬁo%%)?rp?’rtes for}mfﬁl ACTFe8EF O r'? pi'cal | y

at least 50 %v, particular sodium ions. Examples of suitable alkallne
earth metal ions are calcium ions and magnesium ions.
Suitably at least 10 %, more suitably at least 50 %, in
15 particular at least 90 % of the cationic sites is
occupied by ions of an alkali mefalland/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 iomns qf an alkali metal and/or ions
20 cof 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 mé/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



preferably at |east 90 %w of the zeolite, based on the weight of the
particles. In practice such particles conprise frequently at no$ D48.208 ow,
nore frequaotd3poa3ée nost 99.9 %, nost frequently at nost 9PCHEPOL/OGHE 15
zeolite, based on the weight of the :pamsticles. A conventional binder may
be present in the particles. Useful conventional binders may be inorganic
materials, such as clay, silica and/or netal oxides. The zeolite for use

as the pretreating, materi may be,.c ounded 20 with other materials, such
25 borous rmtrix HRPBF &I 25 Mo S SLORE fuf ALLOTR | EaF A& X0

silicalmgnesia, 15h!LGal 741 QNI Q0 LEBh! bEabbfne Shbd Gt A UMM nal thoria
and' silica /alumnalzirconia. The pretreatnent may be carried out by
suspendi ng 25 t h8epteteebhi¥ nigs reat &F itapei mebhéteonponkat sédiwuastimowharch t he
m xt ure of conpongnts which is es ego%ltlyé sui tab%_ﬁéﬁ\hgn I;Lhce 3_prtelH]e%t ment

‘is carried out as Ssb%t%%r?i%hzledopﬁase progg}és‘.a qua%?l y 0 &

pretreating smaterktht rsuspestietiamy .2e tionlt Beandngesoffdcomkka dfo abdug/ kg
30 conponent or m xture of conponents, preferably fromO0.2 to 10 g/kg
conponent or nixt@Pe ®f/gonponents. WO 03/ 000630 16 13 DEC 2005

PCT/ EPO2/ 06893 As an t ' h e a - rr out with
the pretreating materi g %ér gg%énf\t/&arsetda%ﬁgﬁegﬁge%,ggﬂ\%\,ﬁﬁo?glge%pagc&a 5 y
sui t abl e when t heppeetezaimpmatopriededs is cher fedmoof perta o, i Hoous

process, whether 5_as I i gui hase .pr.ocess_or as a gas ,phase process. A
conti nuous |iqui dphRa ge p?%i(.:ﬁlé%ts&engﬁ’ﬁ&%fiﬁésaoﬁ %(’8 aI'SJl-:Ad ﬁsc}Ppcr%r?perlroll’séed. “the
LHSV may beio n t hexaappe of fezoh Qo0Sw otypOcklyly (&t h)eastpraaf ervgbly from 0. 1

(2,20, 00 (L D) kBt tisyceaniente, UeleLp LEES Senda ol Laud
of the pretreatingeibed. offl hhedig=aatiicaBs0of fho@ractice such particles
comprise frequently at most 99.99 %w, more frequently at
most 89.9 %w, most frequentiy at most 98 %w of the
15 zeolite, based on the weight of the particles. &
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 ocub 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 cut as a batch liquid
phase process. The guantity of the pretreating material
gsuspended 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 cbmponents.



through the pretreating bed is not material. For exanple, the direction of
fl ow may be up-flow or down- flow 15 The pretreatnent using the rﬂ:rzﬁﬁti ng

mat eri al rried out within wi de ranges of tenperatu :
pressur es%?’?gﬂgﬁ% the tenperature is i1{1 t he range of fromff;/&%to(%aoc,
0

nore suitably in the range of from -10 80C. The pressure is suitably in

the range of 20 fromO0.01 to 10 MPa, nore suitably in the range of from

0.02 to 2 MPa, in particular in the range of fromO0.05 to 1 MPa. As set out

herei nbefore, in certashagnzodietratsvehethe sphetiatmaic nwaessaefikhi s

invention is applied tqt‘%nﬁ 25 or nore vilqgl idene olefins in adm xture with
I

the respective i SOHETi'e &8 PAEGEERFARE) MO AT tHk ROTRTH &° Bt gECuPEdor

the vinylidene ol gfiiing ik @deskianiyhsuatiyle GhoNPEHRI AL te Lfdhentgr oups and
the al kyl groups R2 are linear 1--alky groups having an even carbon nunber,

or 30 havi ng consE&@ftssee 16y EATEALBoARVRURB R SCOBUERLGH X tRIFXEES Srayhigsher

obt ai ned from et hene 0hi;gQner i,zakLoR - BLOSESSES é(\/n%gsei dd1e AN Q. NMDpe
| i near a- ol e?: ns ist elglngi n VI'?\D 03/ 60630 PCTI aILES 02/ 68&%‘2005 17 epr}'goduct and
the one or nore vigsdtideeasolefiead phesebhyproesetempRBucinethdnieked bed is

ol i gomeri zation praqc es -.are n in_t art, for_examle, fro

US. A 4749819, U X EREIGS7 5§-§Aiqﬁzgi¥2‘§ﬂ6,eu‘§3ﬁﬁﬁ§“§f s Sy 9285250 Us. A
5 42B4837, US- A- 426084 (anth) USphe462802¢, fobmwhi Thed o KHegaidhillgs amethis

i ncor por at ed herei nrgér/ reference. Th hene_ol i goner.j zat. rqcess_may be
carried out in tHEHESentEo eff“egf’%%ty%%a %? gﬂp%thscﬂ'b‘ﬁfg’sdr{lrﬁiyt RPERT

sodi um pot agsi umvdiesailthi wiiand igagREShass NEl &k A0 € atalidde bySthkabl y, the
et hene ol i gonerization process is carried out in-the presence of a nickel

catal yst, wherei ai@enPEkéfei BTELRPREXRY Mt h &N ST o el &LPHg
ligand. Preferred tigephateeChebabblgihy W8E@Sis not material. For

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

15 The pretreatment using the pretreating 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 is 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 clefins in admixture with the
reépective isomeric linear o-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 1=-alkyl groups having an even carbon number, or

30 having consecutive even carbon numbers. Such mixtures

may be obtained from ethene cligomerization processes,

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



have a tertiary organophosphorus noiety with a suitable 15 functional group
substituted on a carbon atom attached directly to or separated by (0%
than two cswdonoemtmns fromthe phosphorus atom of the orgamampsplesas

noi ety. Exanples of preferred bidentatg chelating |igands are o-

di hydr ocar byl phosphi nobenzoi c acids, e.g. o-di phenyl 20 phosphi nobenzoic
acid and o-di cycl ohexyl phosphi nobenzoic acid, and

2- di hydr ocar byl phosphi nopropi o acids, e.g. 2-di phenyl phosphi nopropi onic
aci d and 2-di cycl awoddct pids phenope opt ordxe auinyl idisget Réeédneespondi ng

al kali netal salt et I i-zat | S not be
carried out in théiﬁ¥é§%%%§'of§§9§ig%#%ﬁ%ﬁﬁ%ﬁgﬁﬁé%gﬁgﬁggﬁeEF?%%?%é%i uent s
for use in conjunctricm wint hhehertonpbexexhmplckelfroat HiSyst-47¢0aPP | SES{H-oti C
or aprotic polar i.c dilyen ch.as, nono-..and _poly LS, 30,

-al cohol s, in part i%ﬁg’; 74l gsﬁgt?%E%ﬁgﬁysfhéfﬁ#@%%?ycgg, ‘LJ‘ ?Xg%g%pa adiol
and 1, 4- but anedi ol428k 8275 kyglrne2easbonaiesis-sbialv2as 21, 2ot Byl enetigar bonat e,

1, 2- propyl ene WO 03/ 000630 PCT/ EPO290E8 05, 18 carbonate and 2, 3-butyl ene
carbonate; and et H&GACRIAFS Baft RPN ST It $YsuEASAERERt r ahydr of ur an.

The ethene ol i gonmeri zatip@n ePHLORESS] TGS LA idrEGroeidbsi Ra He tePpRIAt ure
and pressure ranges. Preferred 5 tenperatures are in the range of fromO to

200C, in particul & AgmtBe PEeIqOUC T efiaTiar fressGrEsLEPE Fuchtdre range
of from0.1 to 35 fﬁ%ﬁiuﬂﬂ Q@&&ﬁﬁylﬁ§t§££H9ﬁ%'§m: l&%mwgﬁd Eggnesium metal

ol i gomerization products nmay be isolated from 10 the oligonerization
reaction m xure BateResse . nofelviblphdses sdmngt cdAgoBgrrigation miedess oti c

or_aprotic polar diluent. extrachi of Wil Melr %“Qigkéﬁikéééi , The

product of the present isonerization process may e worked-up a purified

by any suitabl e nettradinWibn aiciisl vimydomdrsied] ofith Rsbidenkaised in the
presence of a chelating ligand. Preferred bidentate chelating ligands
have a tertiary organophosphorus moiety with a suitable

15 functional group'substituted on a carbon atom attached
direectly to or sebarated by no more.than two carbon atoms

. from the phosphorus atom of the organcophosphorus 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-
phosphinopropionic 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-butanediol; 1,2-alkylene '

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



near a-olefin,

as descri bed herei nbefore, the double bond isoner of the

vinylidene olefin may be separated formthe |linear a-olefin by

distillatian)%gnﬁ

constitute a
yield the linear a-olefin in a nore pur

cRy ocess for treating a linear a-olefin nigéfﬁ%%ﬁﬁﬁgpw

purification process fo&;the linear a-olefin as It may

form Unl ess specified otherw se,

t he organi c conpounds nentioned herein, for exanple the organic diluents
and .the |igands,
at nost 20 carbon @ixpanaten spar i, Gubatyden@DSirbdikicay RORl attdrs,s, mape i n

particular at nost 6 carhon
car bon

have typically at nost 40 carbon atonms, nore 25 typically

limts of the ranges. %eT@%ﬂe&\éeﬁu&%em&iéa@%ge:é&éébstﬂ ek byrthed

foll ow ng exanples. WD 03/ 000630 19

CBV 500 zeolite (t?Hdeimamias eMRETRERRT 0N BreRFuY el /trdidasch) Pacdptred
cyl i nders, o?tained from Zeol

to catal yse

wor ki ng-up by procedures involving extraction with aqueous extraction

| i quids. _
ppm of water A's

3 DEC 2005 PCT/ EP02106593 EXAMPLE 1 A

ne.. As defined herein, ranges for numbers of

at
atons (i.eR2%r rh&ﬁﬁgﬁf FREPTECSTHR FRINTErHATTER- for the

st ILnternational s tested faor.its ability
he 5 TSHEAEE0RTST 15- GERYTSTODUteng O 16l FOMRC” Aanpl e of
1-hexene was prepgsed Qy,1@ld ¢URr b3l Bg 1gdRene piirRg @anpekekueat alystiy and
Di still atilon npage fe froheRehetsahpl ¥Pas itherakOiCelewr faed abbut 20

-Ifg(ﬁb;:he zeolite cylinders was heated at 500C in air
for a period of 15 hours. ‘A 0.15-g sanple was placed in a bottle with 100

m of the 1-hexene 15 sEnmplodigbherbettienwasodhakemaumbeand sslaredutesmat 20C

1-

and 0.1 MPa %ressun§ t cont ent
hexene was’measured. O FESGPEPE © ton mix

. phase separation, extraction with protic or aprotic polar

15

20

25

30

%jter whi ch .t he cont ent of Z'GtQ%,' 1-butene in_.the
ture one or more of

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
vinylidene olefin is isomerised in the presence of a
linear o-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 a-olefin-mixture may constitute a
purification process for the linear oa-olefin as it may
yield the linear a-clefin in a more pure form.

Unless specified othexrwise, the organic compounds
mentioned herein, for example the organic diluents and

the ligands, have typically at meost 40 carbon atoms, more

typically 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 spécified
for the limits of the ranges.

The invention will now be illustrated by the

following examples.

ate



given in Table I. EXAMPLES 2-4 (for conparison) 20 Exanple 1 was essentially
repeat ed, except that, instead of the CBV 500 zeolite, sanples 1§ DEh&N05

fol |l ow ng j were used: - LZ-Y52 zeolite (tradenmarK)pcprfRip@sCi ally
~avail abl e @B%I?/&Bgﬁzeol ite in the sodi u@form whi ch has a pore size o? 25

0.74 nmand a Si/Al atomic ratio of 2.37 (Exanple 2), - zeolite-13X
(Exanple 3), and zeolite-4A (Exanple 4). Al zeolite sanples were obtained
and tested in the form of 1.6 mm (1/16 inch) dianeter cylinders. 30 The
results are givengn,T ng . 13 DEC 2005 WO 03/ 000630 PCT/ EPO2/ 06893 20
EXAMPLES 5-7 (exaﬁ&jﬂ—f—er conparison) Exanples 1 and 2 were essentially
repeat ed, except that apcBorsto piality (thedeB¥rEQ0 inedhet Eosanpt el ¢ nrhe

LZ-Y52 zeolite sample in t pttle with 100 ml 1:hexene, .5 th - hexene was
pretreated with ze(&/iltse-lﬁg?(%k%%tfee% ‘ﬁ’m’é"r‘ijger’f’) 8Pt?é8F§t ETTR TER e 6),
as pretreatnment = mekeknaktSondy, ewdd oyd A U0GRGUERIAStPULLI Beal¥se Bxanpl e
3 or Exanple 4, and separating the 1-hexane_ sanple fromthe pretreatnent

materials. The redifomerdzapoyi Yent 19 e hutepapLes| Lekhfpfe

Pretreatment(s) |.somermnSaamgretdWy!s Jnetd RN Rt @Repe%l + Dﬂaﬂ%&_n{q@éiz%g*) 2
**) Distillation 3 **) Distillation 4 **) DIStI|PatI0n g Distillation,
contacting wth z&blepeeusdnoea Disthel aadten ystongaét wagking-up by

procedures involving extraction with agueous extraction
liguids. Distillation gave the l-hexene sample as the

10 Cg-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 wasg shaken during 50 minutes at 20°C
and 0.1 MPa pressure, after which the content of 2-ethyl-
1-butene in the l-hexene was measured. The result is
given in Table I.

EXAMPLES 2-4 (for comparison)

20 Example 1 was essentially repeated,'except that,
instead of the CBV 500 zeolite, samples of the foliowing
zeolites were used:

- LZ-Y52 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 xatio 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.



with zeolite-4A 7 **) Distillation,

contacting CEV 500 0.49 Zeolite LZ-Y52

0.55 zeolite zeolite-13X0.55 zeolite-4A0.55 CBV 500 0.24 Zeolit¢3QBY 26050
0.36 Zeolite LZ-Y520.53 with zeolite-13X zeolite *) of 1-hexene sanple

prepar at i oWO 300639, - conpari son,

not according to the i nverRGBRPERATBLE B

15 A sanple of zeolite-13X in the form¥d 1.6 mm (1/16 inch) dianeter
cylinders was heated in air at 200 C. -A first stainless steel
(about 2.5 cmdianeter, about 25 cmheight) was filled wth this
zeolite to forma bed of particles. A sanple 20 of CBV 500 zeolite in the
formof 1.6 mm ( 1EFGMPRER) 5-1di Amsterleyl | eemgEs iseated in ai

second 13 DEC 2005 W0 43309630, P éFf%ééﬁ%%%oelﬁt%é12%%%?8%%%2%%% ed

vessel

cylindrical vessel (about
with the latter

| anet er,

cylindrical

r

at 200C. A

Zéoelti peibto forplaches Wie A isdlesedditkoraupla dr heheene

sanple simlar as._emlayed in__5_ EX l.es . 1-7.but -containi 0,85 %
2-et hyl -1 - but ene é%ggg% zeoilte samﬁig)ln f&e bS{tle wi h EBQ ml ? hexene,
5 the l-hexene was pretreated with zeolite-13X (Examples 5

and 7) or zeolite-42A (Example 6}, as pretreatment

materials, by employing a procedure as outlined in

Example 3 or Example 4, and separating the 1l-hexane

sample from the pretreatment materials. The result is

10 given in Table 1I.
TABLE I
Example Pretreatment (s) : Isomerisa- 2-ethyl-1-
tion butene (%w)
1 Distillation *)} CBV 500 0.48
Zeolite '
2 *%) Distillation LZ-Y52 0.55
zeolite
3 *¥) Distillation zeolite-13X 0.55
4 *¥) Distillation zeolite-4A  0.55
5 Distillation, contacting CBV 500 0.24
with zeolite-13X Zeolite
6 Distillation, contacting CBV 500 0.36
with zeclite-4A Zeolite
T k%) 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 fozxm 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



having a water content of about 20 ppnw, was nai ntai ned

through the first

vessel, and fromthe first vessel through the second vessel. I nl HBth Wessel s

t he fIOM/wgﬁhggﬁg%frds at arate of 250 g/hour. In the f

t enper at ur Yand the pressure was 0.5 MPa. In the
tenmperature was 40C and the pressure wds 0.5 MPa. After
1- hexene sanple had passed the vessels the content of 2-

irst vessel 10 the

seSETERILLE ¢ he
36 kg of the
ethyl-1-butene in

the 1-hexene flow |eaving the second vessel was 0.05 %w. 15 EXAMPLE 9
Exanpl e 8 was essenti.a re e pt .that instead o \V/ 500 zeolite,
a sanpl e of CBV 4GG® %8@F¥? t$¥§% 4§ S f?@sﬁ%1iiﬁi%t % )i anet er
cylinders was use@damAtter 3501k@ ofcit heeibHigxeae sampee \hﬂd’xﬂﬂféie.ditttlée 20

vessel s the content of 2-ethyl -1 -butene in-the 1 hexene

second vessel was Z5°13itontOEXABLE A3 BEamiFei61GEs esse

~except that another 1Ah§58Qeo§aéTpi-Qléé@:?iee@ﬁlrngiéds‘i\H!L@Qr
the 1-hexene sanpl e enployed in Exanples 1-7

flow | eaving the"
ntially repeated,

| S5 Sér!fﬂﬂcﬁfeda%n 25

ut conta|n|ng

2-ethyl -1 -bufene &ETRAGENY~ A WAk eFortedmiagt CofSabBul - ?@hxkﬂﬂvbwﬂﬁﬁetﬁaﬂ t he
flowrate was 24Q,94hgus. wﬁéf’rc&f‘téﬂ Qs Lhgul- ngg}gﬁwsawrgg ‘?na}l?fialﬂ@%sed

t he vessels the content of 2-ethyl-I|-butene in the

hexene fl ow | eavi ng

the second vessel thasugh5ohemtir EXAMRISE1L] apflofrounphei Sorgt Beansie 10 mas

GBV 8062 2ol | o L BAPBODRS0" 99 BEC 005 " RLT T &pUS) DREba % & IERerer m of

1.6 mm (1/16 i nchupdivardtesat cylrarderst wa® gidedr . CBYA SR Zeadt tvessel

(trademark), obtained from Zeolyst International, is a
. in the hyfrogefrPFof AFRREEFETHaE% 2L/ And o e RE 93RS

the second vessel the temperature was 40°

ZSM 5 tMge zeollte
#esegd->
C and the

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 1-hexene flow leaving the second vessel was 0.05 %w.

15 EXAMPLE 9

Example 8 was essentially repeated,

except that

instead of CRV 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-1-butene in:the 1-hexene

flow leaving the second vessel was 0.11
EXAMPLE 10 '

Example 9% was essentially repeated,

BW.

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-l1-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 Z-ethyl-l-butene in the

30 l-hexene flow leaving the second vessel was 0.50 %w.

EX2AMPLE 11 (for comparison)

Example 10 was essentially repeated,

except that

instead of CBV 400 zeolite, a sample of CBV B062 zeolite



5 After 24 kg of the 1-hexene sanple had passed the -vessels the content
of 2-ethyl-l-b-utene in the 1-hexen flow |eaving the second v fl S
0.62 P6w in the exanmpl~--s it is shown that an inproved cata]gﬁg B@ﬁ?orm
ance i s ac®piees®d by selecting an 10 isonerization catal RGU/ER#I068p3
conprises a nolecular sieve in an acidiz2z formhaving a pore size of at |east
0.6 nm (cf. exanple | vs. exanple 2, exanple S vs. exanple 7, exanples
8-10 vs. exanple 11). In the exanples it is also shown that the 15

i sonerizatio n catalysts have an inproved performance when wusing as a
pretreatin materii@ thez&eFMt efwhi @ Hhakl /A6 |i@ge gor@esezecyliRderorat e- 4A
and zeolite-13 (Gfqug €X I S'JQ%%HE! 1 - VS.
exanple 2). Nbreggggéif?gglF§?§i?ggéﬁg ou% t atlﬁﬂé 2@%€?§§§DE§8%20 of the
pretreating zeol iZeolasd Theéersshbenzhi iiogh M \sttydecadoltibea synekrgi stic
effect, viz. the i ned use has. |ead taq a .decrease.in_vinylide olefin
content which is %ﬁggggfﬁagofﬂea%%n%t(é%%ﬁbﬁg' Enﬁm&f 5ﬁgl§h8€ 0 5 25

achi eved by w@si ng adley thekpgsofrethe al iorxercatadmydles ha@eyagpkastheanes29ls
This synergistic effect is unobhvious and surpri,sing as no such_conbi nation
has been suggest ed™& FOPRE™Pr Pbr 2 aF Ty b 181E 1&r§%@e&f?ﬁ§enieﬁf?Yes are
known to have isonekiiali Re Sat8hy Sted¥OP&Fdd @S ebChw US 30 A-4697040 and
US- A-3686250) and isonerizatio catalysts may be used as a pretreating
material (cf. US-A-36862SEl}. eXirpB? 900636 2hown [thAat af SRZopEE 2005

PCTI EP02106893  1.c.RRK9¢Ce8rEQimatde AOURl &hANd HSOREr L2RLELILOT 4R
vinylidene olefin, conprising contacting a feed conprising the

vi nyl i dene- dPef i n igcmerafat sonersratydh widdatnlopsprisiechacoapetebsr asieve

whi ch have a

mol ecul ar si eve ina0,a0tdhgcSrb ok MaVlS L PURCWiSE SkeYE £OOPLI 85 ROT es i

(cf. example 1 vs. example 2, example 5 vs. example 7,
examples B-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

20 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 iscmerization catalysts
(examples 1 and 2). This synergistic effect is uncbviocus
and surprising as no such combination has been suggested
in the prior art, whilst the pretreating zeolites are
known to have isomerization catalyst properties {cf. US-

30 A-4697040 and US-A-36B6250) and isomerization catalysts

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



pore size of nore than 0.6 ram 2. The process of claim 3 wherein the
vinylidene olefin is of the -general fornmula CH2 =C (R1) R2 “P?Dﬂiﬁmﬁl

represents_an etqél group and R2 represents a linear 1 10 al kyl ro%g and
the feed cOPYYYES03 | inear a-olefin which is isoneric to t 03¢80¢ene
;olefin. 3. The process of claim2 wher®in R2 represents a |inear 1-alKkyl

group having an even nunber of,carbon atons. 15 4. The process of any of
claims 1 to 3 wherein the pore size of the nolecular sieve of the

i sonerization catalyst is at least 0.65 nmand at nost 1 nm. 5. The
process of any of clains 1 to 4 wherein the nolecular sieve of the

i sonmerization catalyst is a 20 zeolite having a silicon/alum num atom c
ratio of at least 1.3 and at nost 20. 6.c The. proress of any of claims 1 to 5
wherein the nolecular sieve of the isonerization catalyst is in the
‘hydrogen form 25 7. The process of any of clains 1 to 6 wherein the -

nol ecul ar sieve has a fAapjasese &ir uHairdeuble Thadpieeassinithmy «f =clains 1
to 7 wherein the i somerization_ catalyst caqonprises a _nol ecular_ sieve other
than a nordenite YSBFfLEehR PHE: hiform CP3-BEEIBE08 %% 03/ 000630
PCTI EP02106893  24ofiprIBengr exessigfl iafshedlol@lfainmuitht en Bi vbesLi snliefror e

the feed is contacted_ with the isonerization catalyst one or nore
conponents of theCPERYYEEeVRIER redRIdF 2cORLECHLRY &iEWe ptiei 3% etlidig
material whigh cogBrhSeghach moZ&lldye NAVVeNGcApReEesSheLefwiddcl easte Q. 35
nm 10. The process of claim9 wherein the conponents of the feed are
pretreated togethePrassazfi K urere thanTie pdcess of claim 9 or 10 wherein

the zeolite of the prepteplidls @ d@lin § WhekBEnS Ol ULAPI MG CAkELHM

is of the .general formula CHp=C (R1)R2, wherein R?

represents an ethyl group and R2 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 héving 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 cof 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 claims 1 to 7 wherein the
isomerization catalyst comprises a molecular sieve other

than a mordenite zeclite in the ammonium form.



10 and has a pore size of at least 0.5 nm and at nost 1.5 nm 12. A process
for treating an olefin mxture which conprises a |inear a-olefi n.‘ll\ﬁrbg az
vinylidene olefin which is isonmeric to the linear a.-olefin and [ F\ pﬂaﬁ of
the 15 genwd3/40063¢ul a CH2=C( R1) R2, wherein Rl represents aRrCT/BPIR8Gr oup
and R2 represents a linear 1l-alky | gro#p, which process conprises

I sonerizing the vinylidene olefin to forma double bond isoner of the
vinylidene olefin by contacting a feed conprising the olefin mxture with
an 20 isomerization catalyst which conprises a nolecular sieve in an acidic
form which nol ecdl-ar TheepsceoapréSeznporlesclaigd ¢h tivae vhepsie Bekeref nore

itggpm(r)- gf rl E]e 3?%?*?33%%52?% {:ﬁﬁtéé@&?rwfﬁﬁ'&]ﬁ N Jn@P;t0e 1 dRURLE: PO one

or more components of the feed are pretreated by
contacting with pretreating material which comprises a

5 zeclite having a pore size of at least 0.35 nm.
10. The process of claim 9 wherein the components of the
feed are pretreated together 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 oclefin which

iz isomeric to the linear oa-olefin and which is of the

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

ethyl group and RZ represeﬁts a linear 1l-alkyl group,
"which process comprises isomerizing the wvinylidene olefin
to form a double bond isomer of the vinylidene olefin by
contacting a feed comprising the olefin mixture with an
20 igomerization 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.



