PF. 0000058049 1 Process for codimerizing olefins Description 5The present invention relates to a
process for prepagitgeigtingodimers having from 6 to 18 carbon atoms, the olefin codimers which can
be obtained by this process, a process for preparing alcohols in which such olefin codimers are
subjected to hydroformylation and subsequent hydrogenation, the alkyl mixtures which can be
obtained in this way and their use. 10 Hydrocarbon mixtures comprising short-chain olefins, e.qg.
olefins havingfrone tieGcoditherzatgmisfiase obtainable on a large industrial scale. Thus, for example,
a hydrocarbon mixture which is referred to as C4 fraction and has a high total olefin content, with the
olefins being e&sentic’%% ones having 4 carbon atoms, is obtained in 15the processing of petroleum by
steam cracking(%)s'rcﬁlﬁlI catalytic cracking (FCC). Such C4 fractions, i.e. mixtures of isomeric butenes
and butanes, are very well suited, if appropriate after prior removal of the isobutene and hydrogenation
of the butadieMacprapsigadydotibre rplepartatiprof«d giomeep arinpestedinlap dicte relsaaing) dodetenes.
20The essentigllydingap R lgomeriBixiir s ahpnalladrrarisfinumRixBy 85 GRTRESHg Rredominantly

linear starting olefins have attamedlgrﬁa]t |mpj]rjtzhnce. qu are(gwtableé orbexz%mople, as diesel fuel
component arfd BE T REAIE S he f)FébN & 5‘#%} Wateitolg '|z%a,aﬁres o] e?n%n%ﬁ/ linear
hydrocarbons hY#H@ET)RER ARSI ee YUbsEegRMtNPd g et BB BFBIsR SN EEMers gives the
correspondingoatabiaal2blwhiah ane teadydater alia, as starting materials for detergents and as
plasticizggs. It is known that fatty alcohols having from about 8 to 20 carbon atoms can be used for
preparing nonjonic and anionic surfactants. For this purpose, the alcohols are subjected tg an
appropriate fuﬁgdfﬁféﬁ 895%',’%’.2?@9%6?39%% '?%‘\%??gﬁai&ﬁ‘ﬂﬁeg'%gﬁzé%ﬁ‘%&%%ﬁ%ned can
either be used-aiRsEHHt I GhfophtaAR erag fRie S INskistrakscaleb & isn e rxa@mite adionic
surface-activergdbsianeesniytflstheidh Retigaakizati ok, ©: frabiicsidadionsos pighsphatimiinl he use

properties of thgse SUITRRLHAS % HAGIE Welkng-gorARUN. iRam Marmaianratidisselian capability,
biodegradability, etc., are determined essentially b tP,e chajn Jength and the degree fgérg ching of
the 35hyLopHERIE FYETRARRFERRLE BY TG BHGN09eR: TNICSTERY riCReERS G o further
processing to gGivisaetteittive siiffdietemed ansiko efenpshns SsteneadcEnve sied|suited, if

appropriate after prior removal of the isobutene and hydrogenation of the butadiene

comprised, to the preparation of oligomers, in particular octenes and dodecenes.

20  The essentially linear oligomer mixtures obtainable from olefin mixtures comprising
predominantly linear starting olefins have attained great importance. They are suitable,
for example, as diesel fuel component and as intermediates for the preparation of
functionalized, predominantly linear hydrocarbons. Thus, hydroformylation and
subsequent hydrogenation of the olefin oligomers gives the corresponding alcohols

25  which are used, inter alia, as starting materials for detergents and as plasticizers.

It is known that fatty alcohols having from about 8 to 20 carbon atoms can be used for
preparing nonionic and anionic surfactants. For this purpose, the alcohols are
subjected {o an appropriate functionalization, e.g. by alkoxylation or glycosidation. The

30 alkoxylates obtained can either be used directly as nonionic surface-active substances
or be converted into anionic surface-active substances by further functionalization, e.g.
by sulfation or phosphation. The use properties of these surfactants, e.g. their wetting
capability, foam formation, fat dissolution capability, biodegradability, etc., are
determined essentially by the chain length and the degree of branching of the

35 hydrophobic hydrocarbon radical of the alcohol used. Alcohols which are well suited to
further processing to give effective surfactants are also referred to as surfactant
alcohols.



PF.0000058049 2 The degree of branching of the olefins plays a critical role for use as surfactant
alcohols. The ggose8gRkREABCHING is described, for example, by the ISO index which indicates the
mean number of methyl branches of the respective olefin fraction. Thus, for example, in a C12 fraction,
the n-dodecenes contribute 0, methylundecenes 5contribute 1 and dimethyldecenes contribute 2 to the
ISO index of the fraction. The lower the 1SO index, thé greater the linearity of the molecules in the
respective fracTionddipeaisebobitierpgethe alsfioatpllyst s coitivatisitgfpredemsramthetaickel as active
components foy pieparingLStishily brapshashgligemerbianlonarpieling indrandi? Whike
DIMERSOL pro ess c{ Revue de ['|nstitut [ancais du Petrole, Vol. 37 N(]). 5, %gt)t./Or[:h 1982, p.

N IIQ he%l ?n nun% %l’ o] me ﬁ)‘ ranches o 8‘? respec‘tlv’e olefin fra IOID. I{S
639ff), propene Bitene ! B igomerized In‘a homogenous phase’in the présence of a catalyst system
comprising a tfanSHsPHAciaPden fasiemiEdhdaeRatHREAME RUMBoMREYIWsIeaPRe aly st systems are

Ni(0) comﬁl_exesdrri@mqaﬂioetmmnbemjs memh astid C33 i feR, dbhfeSratdiomr THigl 1)
complexes in gambipatiamwitisalklalmaiarind wiidesy bRl cssnanys ralaivsisbaxe thsoagyantage

over homogeneous catalysts that it is'hot necessary to separate the catalyst from the output from the
reactor. Furthermore, the 20catalyst costs per metric ton of product are generally higher in the
homogeneouslheatedotrfr@meeseeHanati i He RYIDGEHEE PSRIeRARBANFEYessattitesses for

oligomerizing elefipsreves RCkaieeMpERngsteTcgeneRwetdiysisdaethrcfirepataiiamof surfactant
alcohols fe described, for example, in WO 00/53547, 25 DE-A-198 59 911 and WO 00/56683. WO

01/36356 describes a proc for preparing a C13 g|cohol mixture, which comprises 30a)hringing a
butene-compri@ﬁ@e@%ﬁ%ﬁeﬁamBE%gZﬁpn%ﬁYH Ejlllﬂgﬁ}félggrl%%%ae{ﬁ\g“ é%réi?\%%ﬁf 6\5%)3{1 o?] tﬁe
butene fractiorRastidBuldde. int6 TFhiaronsie e nickene snopasing ireddrog dpangsrteitalpsast elevated
temperature, bjispiapingenaeiwleiatiipstiopfeantherengfianranbtiviemdtacibydinferandating the
C12-olefin fraglign Dy aamtian With AR EPRAKE: 2pddmdraasi t) bsmRiesenge of a cobalt catalyst
and d) h%%rog%g%{)?rga%% Mﬂr&fa\o”rirsngglélg Q{ﬁkogsu S\ Cls, BF3, SbFs etc., or Ni(ll) complexes in

combination with alkylaluminum halides.

Heterogeneous catalysts have the advantage over homogeneous catalysts that it is not
necessary to separate the catalyst from the output from the reactor. Furthermore, the

20  catalyst costs per metric ton of product are generally higher in the homogeneously
catalyzed process than in a heterogeneously catalyzed process.

Processes for oligomerizing olefins over nickel-comprising heterogeneous catalysts for
the preparation of surfactant alcohols are described, for example, in WO 00/53547,
25 DE-A-198 59 911 and WO 00/56683.

WO 01/36356 describes a process for preparing a Ci3 alcohol mixture, which
comprises

30 a) bringing a butene-comprising Cs-hydrocarbon stream which comprises less than
5% by weight, based on the butene fraction, of iscbutene into contact with a
nickel-comprising heterogeneous catalyst at elevated temperature,

b) isolating a Ciz-olefin fraction from the reaction mixture,
35
c) hydroformylating the C1-olefin fraction by reaction with carbon monoxide and
hydrogen in the presence of a cobalt catalyst and

d)  hydrogenating the hydroformylation product.



PF. 0000058049 3 The C12-olefin fraction has an ISO index of from 1.9 to 2.3. This document also
describes the ppg)ghdasdgdg-alcohol mixtures as surfactant alcohols. 5The use of nickel-comprising
catalysts based on zeolites of the Faujasite type for the oligomerization of olefins is known. Such
catalysts are described in US 3,402,217 and EP-A-0 329 305. It is also known that these
nickel-comprising zeolites can be subjected to a mod#ication in order to increase the proportion of
slightly branched or linear olefins in the olefin mixture obtained in the oligomerization. Such a
:jnodif!gation 1@9@@9}3‘0!%@%?£%ﬂlg@ﬁﬁbfxzﬁqmﬁMéttb_cé%. ?Hhs@&&gn%iﬁ}i_%& L_JS 4,029]_7_19

escribes a process for. preparing lingar e@fn y,oligomerization -C12-olefins using a zeolitic
catalyst which 3%@88%&%6%% (\J/?/ﬂﬂen?é?aqqsc% ?fénngs(tlﬁ[)gns S?o%up@%??ggeﬁ%%egjéhange and treated with an
organic or inorganic base to activate it. 15 CA 1,205,792 describes a catalyst for olefin dimerization
which ha$ beéFhe otz dibyetltepositisigoniekalysts based|ite aealisshsdne Enthabitmtipg fititite contact
with an am'neoﬁﬁr@&%@%?%%& %ﬁ%\hﬁ?@&ﬁ%@ﬁ?&@@&%@%@%Ql@"@,ﬁob}’ﬂf@%f@on

20streams comprisi -comprising impurities, in which the hydrocarbon starting material is firstly
brought into cr(’]):jript'z_'ak?ét5| v%ﬁ?ggf%rgf }%e{g 33%@% z:tll(glhsﬁst% %Qﬁe\’/écr?r{ﬁ]ery'ssﬂ uzrecc%?r%%gﬂ?]ggq which act as
catalyst poisoRUBRFiasIfB R dificalicbimpEifide BatPaseRiMoRRieH ] JightydirgBrhesRition
catalyst. The firsizmetsflraxideheatehsinisackisjstiediblyha nigketssomtimsiBgobedatystifividion different

zeolites gpe mentigned as 2opRsSBIF-9E%ARE Alefir oligprasrizyion cridlyRinds regards the olefin

starting material, it is stated quite generally and without the support of an example that it can also
consist of an oligomer or comprise such an oligomer, e.g. from the recirculation of part of the product
stream. The eXanife8.418 Aeseiires artpecstidomespatinshiBeprofséine PicRligamgrates which have
previously beenylrpugdtirinigseondaioiithcataigkekbiom hasing:8 (oadalwsihtonetany ef t thes Rlalfiur

compounds CorpRSAR- NS AR ARSEEDGHA M ArESHIYr HBIBHAIDSAOURY QGTANE it

hydrocarfons, in which an olefin feed is brought into contact with an acid catalyst based on a natural
or synthetic zeolite of intermediate pore size in a reaction zone, a stream comprising 35dimerized

olefins is takefrfrdmthd e sleseribasrecalaiednn e6fpsingzdiiaarivatbhas been obtained by

depositing nickel on a zeolite and subseqguently bringing it into contact with an amine.

US 2004/0220440 A1 describes a process for oligomerizing olefinic hydrocarbon

20  streams comprising sulfur-comprising impurities, in which the hydrocarbon starting
material is firstly brought into contact with a first metal oxide catalyst to convert the
sulfur compounds which act as catalyst poison into unproblematical compounds and
then with a second olefin oligomerization catalyst. The first metal oxide catalyst used is
preferably a nickel-comprising catalyst. Many different zeolites are mentioned as

25  possible second olefin oligomerization catalyst. As regards the olefin starting material,
it is stated quite generally and without the support of an example that it can also consist
of an oligomer or comprise such an oligomer, e.g. from the recirculation of part of the
product stream. The examples are restricted to the oligomerization of propene-rich C;
streams which have previously been brought into contact with a nickel-comprising

30  catalyst to convert the sulfur compounds comprised.

WO 2004/080935 describes a process for dimerizing lower olefinic hydrocarbons, in
which an olefin feed is brought into contact with an acid catalyst based on a natural or
synthetic zeolite of intermediate pore size in a reaction zone, a stream comprising

35 dimerized olefins is taken from the reaction zone, a stream comprising dimerization
products and a stream comprising unreacted hydrocarbons are separated off from the
output from the reaction zone and the stream comprising unreacted hydrocarbons is at
least parily recirculated to the reaction zone. The dimerization of mixtures of olefins



products and a stream comprising unreacted hydrocarbons are separated off from the output from the
reaction zone ppgytipe@Eispam comprising unreacted hydrocarbons is at least partly recirculated to the
reaction zone. The dimerization of mixtures of olefins PF 0000058049 4 having different numbers of
carbon atoms or a partial recirculation of dimerizatior:f{)roduct is not taught. If olefin mixtures
comprising olefins having different numbers of carborffatoms are used 5 for the oligomerization, the
more reactive helatiyelffsiaot thahdierslefosigenaatly ceaqiqtiefesentialhtiovithf dimerizaton to form the
homodimer. In,a,Ratels praggssnihe reaction mixture can then become severely depleted in the
relatively short-chain olefin through to complete reaction of the relatively short-chain olefin to form the
homodimer before the longer-chain olefin is also subjected to oligomerization. Depending on the
reactivity 100f fReefl) SRBILROAMARRIN ORI aRE iR EAbDHRERS LR RS ARERT SIS dsdte
relatively Shorfectiaenodgefine teatiod ithe re@é treacilatreéliMep gtubrbicheie fireinogeee aliyorwerization
products, e.9. sRAGAMMASIAMIMNGaa6H BHheseiaHshvendncis il eferrudd) thernagdimars of the
relatively short-cr}ain ole In, are then preferelntgig%! ftor .eﬂ? In a %thinstrlj%%; r?r?%?e?fnt ere c?}l]n, in an
extreme case,rB'é R TGCIVe TORTATIon 1567 AYMaamers of the relate V'S orcham olern while the

unreacted reldeNNRIAG-reRslinrfineiselaibehiangrshanaieliv i BraTErpiRAROGMBLREFOMR the
reaction. In adghiéitongesaligimesizaigansprohletscictoaiigdhe patidne Geentiyibeen tegadedias
algomert o e B o e b ety s
possible when" §ﬁ1"g§ﬁ§{é‘? ﬁgﬁ@oﬁgﬁaéﬁ%?%%%rgﬁgﬁe %1%%%@?9’1%@3%@%@@ m Biﬁr?fcular to
oligomerizatioflgPBlefiFAtR it fihi chdc GATIESEETA Jonati e dracion sikieselgiMalyHensgepaissible to
obtain _the CSmEﬁﬁligmﬂﬂZ@iime@roﬂuetrblajmw yi&id-a_hmirgelemﬁlv@ﬁ %Ewﬁferemﬂwwt has
Ciicates andlop e e gl
oeon foult th gl IRCHABLNE el SaH GBI SRS R HEbE Ry (R R BN e oHation
products obtaifzdiledisfithis gaermtied hepapieial ikedyeigdan tag svtrtiEerpibpesgeyom Warticular 30in
further processittienprodigeraitifattaniralnaiiolsavene inyeatonateontingynmmderel aprocess for
codimerizing %ﬁﬁ@éi’rm %H%@Eeéf?ﬂ@ﬁﬂ\@ﬁé%%@rfyﬁdﬂ?ﬂn starting material which consists

essentially of Cn-olefins 35 and providing a second olefin starting material which consists essentially

of Cm-olefins, where n and m are, independently of one another, two different integers from 2 to 12,
and PF 8doodssgmaow surprisingly been found that oligomerization of olefin mixtures to give the

cooligomerization product in good yield and selectivity is possible when using
heterogeneous olefin oligomerization catalysts. This applies in particular to
oligomerization of olefin mixtures which comprise Cr-olefins and Czq-olefins, with it
being possible to obtain the Ca,-cooligomerization product in good yield and selectivity.
25  Furthermore, it has surprisingly been found that specific heterogeneous olefin
oligomerization catalysts based on sheet silicates and/or framework silicates are
suitable for these cooligomerizations. It has also surprisingly been found that the
Cna-cooligomerization products and especially the Cs.-cooligomerization products
obtainable by this process have particularly advantageous use properties, in particular
30 infurther processing to produce surfactant aicohols.

The invention accordingly provides a process for codimerizing olefins, which comprises

a) providing a first olefin starting material which consists essentially of C-olefins
35 and providing a second olefin starting material which consists essentially of
Cr-olefins, where n and m are, independently of one another, two different
integers from 2 to 12, and



5 b)reacting the first and second olefin starting materials over a heterogeneous olefin oligomerization
catalyst. For the poposes4yf the present invention, the term "dimers" refers to the products of 5
combining two olefin molecules to form one molecule whose number of carbon atoms corresponds to
the sum of the carbon atoms of the two combined olefins. The dimers are themselves olefinically
unsaturated. "Homodimers" are dimers from comblnlﬁg two identical olefins. If at least one of the olefin
startlng materials coragiisetha fimiktung sicolefineirasiagitharsdene i norser lofteamdporeatsmifihe term
"homodimers" refer&,g&é@ﬂmﬁ (f;gggygpmblnlng two olefins having the same number of carbon
atoms. "Codimers" are dimers from combining olefins having different numbers of carbon atoms. If at
least one of the olefin starting materials comprises a mixture of olefins having the same number of
carbon atomsF &EdIFRBFE Bft (e RErERT NG AR HRRI R Th&l FBRT ofeieED G RIAZHAS.Of5 The
process & thectmvigintrgntwratie§rtrpassibés to firepare awleledia ehgeenruipatioof meotoctaians a first

olefin starting @ﬁ@%kﬂ@t@hﬁ@mm%@klﬁ%ﬁ %{&ﬁr@rmefmemﬁemefm@fmtamematerlal

which comprises f?,t Ieasf one C |n wit he re tlon ro u.pt co rising a sub tantlaWroportmn
age themselves o |caé/ Uns omo %‘1 ers from to 131[
of codimers of Cm- oIe NS an fins n+m- o e purposes of the resent

invention, a -'ngaﬁkepﬁvéptsﬁrdﬂa%@9ﬁfﬁbﬁmﬁf@f5é@mmmr@ﬁfmﬁaﬁéwrgﬂgﬁmfeferab|y at
least 10% by viefphthavipgricidarat teasict 2Fchboreightddisetkon thentothhensdwefeof the olefins

compriseq In UimERERBAT-BHIBHTS RIBHLAAOIRNNS, BRrBaRE IR RdRsIBAgiGier oligomerization
products). 25T olefln, olggmerﬂftlon cata@(sts iﬁ %cordlg tcr) the mvtenrtlori ke olefin
codlmerlzatlon é@ﬁﬁ% e Cotimer CSAtent BIARETER gH‘% AU CAHBRCBALBHET hot only by
means of the @S asleatbprrAsHhafHE? Bipeiag mpiakleaeisae? Y teebalsling and the
temperature indhiagligosaen atioenst thebesidemnsethine)dmbR0sadsgehyralgaatsoastitzéneatio of
Cm-olefin to %q@ﬁpd‘%j&g%@r fpeggent, material to be recirculated from the reaction product.
Further important reaction parameters are the residence time and the conversion. In a preferred
embodiment, a first olefin starting material which comprises at least one 35olefin having from two to six
carbon atomsT(Uﬁ@F@ﬁﬁﬁﬁﬁHt%ﬁééé%WPGI@ﬁ#‘?@éﬁrﬁﬁ@i’ﬁ'&t&iﬁ'ﬁﬁﬁi@@Gﬁﬁﬁﬁiéﬁgcﬁﬁ%ﬁgti%e olefin
having twice gsdoactyfreatonsaiclais asthedimsitotalinsicrtiogpraierial IKa2neateln)dproded in step

a). The reac“%@d&ﬁ%ﬂHfé‘nH“&Brﬁﬂg\ﬁ’lQF&%W&%Pﬁ%{?ﬁﬁ'ﬁ%{)@m &ﬁ&@d'm@ﬁﬁ i le fo5ca0E
C2-olefins (i.e. C {eﬂ sa

? In the olefin starti ater rov e step a), nis
oreferably 4. € GPRPRHHEITaP 4 R AR BRI LT VB STepLa) TS preterably
from 6 t8Q.0, it pdrtioufde®ss For the purposes of the present invention, a “substantial proportion™
is a proportion of at least 5% by weight, particularly preferably at least 10% by weight,
in particular at least 12% by weight, based on the total amount of the olefins comprised
in the reaction output (unreacted olefins, homodimers, codimers and other
oligomerization products).
25
The olefin oligomerization catalysts used according to the invention make olefin
codimerization possibie. The codimer content of the reaction product can be controlled
not only by means of the catalyst used (and also further operating parameters such as
the pressure and the temperature in the oligomerization and the residence time) but
30 also by means of the ratio of Cr-olefin to Cy-olefin fed in and, if present, material to be
recirculated from the reaction product. Further important reaction parameters are the
residence time and the conversion.

In a preferred embodiment, a first olefin starting material which comprises at least one

35 olefin having from two to six carbon atoms {Cn-olefin) and a second olefin starting
material which comprises at least one olefin having twice as many carbon atoms as the
first olefin starting material {Czn-0lefin) is provided in step a). The reaction product then
comprises a substantial proportion of codimers of Cy-olefins and Cap-olefins (i.e.
Can-olefins).



Preferred first olefin starting materials for step a) are in principle all compounds which comprise from 2
to 6 carbon atpmg@ideddagst one ethylenically unsaturated double bond. Preference is given to first
olefin starting materials which comprise olefins having from 4 to 6 carbon atoms, in particular 4 carbon
atoms. The olefins used for the 10oligomerization are preferably selected from among linear
(straight-chain) olefins and olefin mixtures which comﬁrise at least one linear olefin. These include
ethene, propene, 1-butene, 2-butene, 1-pentene, 2-pentene, 1-hexene, 2-hexene, 3-hexene and

mixtures therqgfikodibm fiishaiglinstarin g roaietiah RisfesabivdseRBENPAI S of pleiRschaying the
same number pf, carhon %‘@Oﬁhﬁn‘?ﬂfﬁi}%ﬁgﬁé%%’{%\'Pﬁ!e‘@ﬁ’#gﬁéfg%%?ﬁ%ﬂ%‘?%fﬁg%%%té&iﬁﬁ 0% by

weight, in particular 8&10 y weight and especially at least 99% by weight, based on the total olefin
content. 20ThBaiHstEIefin starting material preferably has a proportion of linear olefins of at least 30%
by weightb particularly preferably at least 40% by weight, in particular at least 50% by weight, based on
the total olefinFGaRigad AR BoRRARCHIS BN RASIBRBRI f41SQdB B;%‘F@ iAfkEpioBfinuripaingdmairnal which
has a 25 pronarlion,of ranchstbolelin: afol mere tan 20w iy weldlf, Raticlarly Brelerably not
more than 10%0{)@?\5'\/@ 5 iA particular hot more an?‘% y weié’ , _es;}’ema?y not more than 3% by
weight, basedt®n¥nBreieseBRerin giaiei firsolsfirstrrting giRianals udicg apmrasReigliysanasle
olefin-comprisfrugrhg tsGocartiam 3tmmixtineasiduisr dlefirbstasiogsndbermdinstepdajootibiee

oligomerizgatiopigEacessRbing dreriiany Redersad it ustiialvinya abls Qlelnmdegssgsylt rom
hydrocarbon cracking i etr%le m processiny , for example gfcalizhgtlc cr C§In hsuch as fluid catalytic
cracking 35(F8P&‘§?%%?%P&Fa&.ﬁg"&?%@%ﬁggﬁéi?ﬁﬁ Wity s SIQQUen ed'gﬁ)? r%ger?gﬁ()n. A suitable

industrial first BIERANIXtGkEGBahEiERactiBENEIg ZopBME AN heuhiai fdtP R aRRNDy means of

fluid catalytic enatkibguesssteameptracking of gas oil or by steam cracking of naphtha. Depending on the
composition of the C4 fraction, a distinction is made between the total C4 fraction (crude C4 fraction),

the raffingte | gptajned after PE 0000058049 7 1,3-butadiene has been separated off and the raffinate
1 otmindd attd T U CR L RE NS D 2L P TR R e R (A2 BRLFR oo
the Cs fractiorehkehableiPrRaRMRaE RidRRRY .7Ofe fiy-visiabhi S teifs apisait ipast¥ing from 4
to 6 carbon atbyeaidhit;ingrerstitabts o by seeighs tepdadspaniallg@tieasbtaticblyhyeigiat digtied on
dehydrogenatigg e suilafieipaugtrially available paraffin mixtures. Thus, for example, Ca-olefin

mixtures can be produced from liquefied petroleum gas, LPG) and liquefied natural gas, LNG). The
latter comprise not only the LPG fraction but also additionally relatively large amounts of relatively high

molecul&@OweidRefEiroledroeasiteyhatrjshiiaiessklydreshug erssisniehine s ofaibwei ey lesst and
C6-olefin mixtaoss by weight, particularly preferably at least 40% by weight, in particular at least 50%

by weight, based on the total olefin content.

In a specific embodiment, use is made of a first olefin starting material which has a

25  proportion of branched olefins of not more than 20% by weight, particularly preferably
not more than 10% by weight, in particular not more than 5% by weight, especially not
more than 3% by weight, based on the total olefin content.

Preference is given to using an industrially available olefin-comprising hydrocarbon
30  mixture as first olefin starting material in step a) of the oligomerization process of the
invention.

Preferred industrially available olefin mixtures result from hydrocarbon cracking in
petroleum processing, for example by catalytic cracking such as fluid catalytic cracking
35 (FCCQC), thermal cracking or hydrocracking with subsequent dehydrogenation. A suitable
industrial first olefin mixture is the C4 fraction. C4 fractions can be obtained, for
example, by means of fluid catalytic cracking or steam cracking of gas oil or by steam
cracking of naphtha. Depending on the compaosition of the C, fraction, a distinction is
made between the total C,4 fraction (crude C4 fraction), the raffinate 1 obtained after



100lefin-comprising hydrocarbon mixtures comprising monoolefins having from 4 to 6 carbon atoms
are produced BeahbiiagisgNG streams by the customary processes known to those skilled in the art,
which generally comprise not only dehydrogenation but also one or more work-up steps. These
include, for example, the removal of at least part of the saturated hydrocarbons comprised in the
abovementioned olefin starting 15mixtures. These cah, for example, be reused for producing olefin
starting materigtstyaciackingsaeeaios eledrycro gemaiioh e havireter| dieatetinstased indbetprecess of the

invention Can Al QR A8 RO R SeiBIEA AIlrarRacnSH e ALadaREl Rl
ollgomerlzat| %’Lons according to the invention. The ortlo of theses turate ponents is
Generatly not TR 070 b Rt oy B B0 e AR 0L B R P T Chory
preferably noﬁ%?@rﬂm WhigerjBts Wiaddel foh Ltﬁé'M&%ﬁ)@@ﬁtﬂﬁ%hﬁlﬁ%@ﬁ@%’é&’urated
hydrocarlsonscagamfit sRehyarteistine o suinmséaritngt riasitesiadilablefpeatfinateittmeableifofatse in the
process of the,iyentiop Nassioh&xAEwentHE &%HEJ&‘H'FPQIPR‘R &‘ﬁéﬁ'%trﬁ@ﬁhpg'ééoﬁé by weight of
isobutane, fro 0% by wel (Q,$ rﬁ P‘jane from 20 to 4 ? frans-2- utene 30from
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0000058049 Butanes i-Bute Butene trans-2- ute e 5cis-2-Butene 26% by weight 1% by weight

26% by Welgrﬁaéti% B m@mq@%%@g@ﬁf or LNG streams by the customary protesses
known to those skilled in the art, which generally comprise not only dehydrogenation

but also one or more work-up steps. These include, for example, the removal of at ieast
part of the saturated hydrocarbons comprised in the abovementioned olefin starting

15  mixtures. These can, for example, be reused for producing olefin starting materials by
cracking and/or dehydrogenation. However, the olefins used in the process of the
invention can also comprise a proportion of saturated hydrocarbons which are inert
under the oligomerization conditions according to the invention. The proportion of these
saturated components is generally not more than 60% by weight, preferably not more

20  than 40% by weight, particularly preferably not more than 20% by weight, based on the
total amount of olefins and saturated hydrocarbons comprised in the hydrocarbon
starting material.

A raffinate Il suitable for use in the process of the invention has, for example, the
25 following composition:

from 0.5 to 5% by weight of isobutane,

from 5 to 30% by weight of n-butane,

from 20 to 40% by weight of trans-2-butene,
30  from 10 to 20% by weight of cis-2-butene,

from 25 to 55% by weight of 1-butene,

from 0.5 to 5% by weight of isobutene

and also trace gases such as 1,3-butadiene, propene, propane, cyciopropane,
35 propadiene, methyicyclopropane, vinylacetylene, pentenes, pentanes, etc., in the range

up to a maximum of 1% by weight each.

A suitable raffinate Il has the following typical composition:



If diolefins or alkynes are present in the first olefin-rich hydrocarbon mixture, these can be removed
from the mixtupg tgopoeisgadpty less than 200 ppm by weight before the oligomerization. They are
preferably removed by selective hydrogenation, e.g. as 10described in EP-81 041 and DE-15 68542,
particularly preferably by selective hydrogenation down to a residual content of less than 100 ppm by
weight, in particular 10 ppm by weight. In addition, ox9gen-comprising compounds such as alcohols,
aldehydes, kefyriesasr 15etheiardndeigithgeously mostly removed from the olefin-rich hydrocarbon
mixture. For thigmémpse the olefibyiglighdrocarbon mixture can advantageously be passed over an
adsorbent suc oleculz;%hgt;}a\g?F1 ﬁﬁ{ably an adsorbent as described in DE-A-19845857, which
is incorporate by r erence. The co ration of oxygen-comprising, sulfur-comprising,
nitrogen-compgfRiNE i ogelVacBIFigM g 20compounds in the olefin-rich hydrocarbon mixture is
preferabI)BIeS$mafBBt33p@m byt &beightygiaiticularly preferably less than 10 ppm by weight, in particular
less than 1 ppm by weight. Preferred second olefin starting materials for step a) are in principle all

compounds 23uNGh Y Igm dn F-carhon plams andan. s RNl nsAeipd douple bond.

Preference is gﬁ;'/en tO secon n S arting materials W com rse ole O 12

carbon atoms, rﬁﬁ?ﬂ\éﬁ‘i‘éf%ﬁ%‘ﬂé@ﬁ‘g@ F?f&FB'E?r'i"é{t@ﬁ%th?H@Qﬁe?ﬁ’iE B!é&?'ﬂﬂtﬂ’@%ﬁgt@ﬁlenzatlon are
preferably selediteahrfednatonofigelyreramaesid relghtéyrionsniciye setdefives lnidoglksiationxéugess 30 Suitable
octenes afie, fQfeexarBalf, Erogiens; £:a¢enes @@5&9”65341&%%2%&6%@%9%1&@69

2-methylhept- -%ne 2-met glk}ﬁp{ -3;60848:m Hbeth}{,*bé}) %t iy particular

6-methylhept- eg??atlo olaé'%%dga qglﬂe {5 e{rﬁlghB met

5-methylhept- ﬂ%ﬁ%méli‘rﬂé?l'@ﬂhept 2-ene, 5- methylhept 1-ene, 4-methyl- 35hept 1 ene,
4-methylhept-2-ene, 4-methylhept-3-ene and mixtures thereof. The second olefin starting material

preferably haslﬁ‘é&@iﬁ@ﬁ“%@ AleBRpand e mso%ﬂa@snenﬁgemesﬁaab%@ﬁ?a& Qiabiassr/0% by
weight, p}agtlcul% S;t)refer%l at leas 90% éyrem OB] tlc% ak r?tn!ﬁfﬁt gg?gﬁg Wel%{‘lt’, especially at
least 99% by Welgh 29 §'7hd S&T6N starting mate erakﬁ‘y as a degree of
branching of th@l@fms rererivmeledsing ’I'MBS?" |ﬁ“fﬁéf?a??§baﬁ‘é?ﬁt6&%%%’ pamrreRafly preferably
from 0.5 to 1.5pvierpartidetabérdmudtBatoaln®lecular sieve, preferably an adsorbent as described in

DE-A-19845857, which is incorporated by reference. The concentration of oxygen-

comprising, sulfur-comprising, nitrogen-comprising and halogen-comprising

20  compounds in the olefin-rich hydrocarbon mixture is preferably less than 20 ppm by
weight, particularly preferably less than 10 ppm by weight, in particular less than 1 ppm

by weight.

Preferred second olefin starting materials for step a) are in principle all compounds
25  which have from 4 to 12 carbon atoms and an ethylenicaily unsaturated double bond.
Preference is given to second olefin starting materials which comprise olefins having
from 8 to 12 carbon atoms, in particular olefins having 8 carbon atoms. The olefins
used for the oligomerization are preferably selected from among linear and slightly
branched olefins and olefin mixtures.
30
Suitable octenes are, for example, 1-octene, 2-octene, 3-octene, 4-octene, 2-methyl-
hept-1-ene, 2-methylhept-2-ene, 2-methylhept-3-ene, 6-methylhept-3-ene, 6-methyl-
hept-2-ene, 6-methylhept-1-ene, 3-methylhept-1-ene, 3-methylhept-2-ene, 3-methyl-
hept-3-ene, 5-methylhept-3-ene, 5-methylhept-2-ene, 5-methylhept-1-ene, 4-methyl-
35 hept-1-ene, 4-methylhept-2-ene, 4-methylhept-3-ene and mixtures thereof.

The second olefin starting material preferably has a proportion of olefins having the
same number of carbon atoms of at least 70% by weight, particularly preferably at least
90% by weight, in particular at least 95% by weight, especially at least 99% by weight.



Preference is given to using an industrially available second olefin starting material in step a) of the
oligomerizatingpéesﬁ%B%@e invention. Preferred industrially available C8-olefin mixtures are
obtained, for example, In the 10DIMERSOL process in which butene is oligomerized in a
homogeneous phase in the presence of a catalyst system comprising a transition metal derivative and
an organometallic compound (Revue de I'Institut Frafcais du Petrole, Vol. 37, No. 5, Sept./Oct. 1982,
p. 639ff). C8-olefin mixtures suitable as second olefin starting material also result from the Octol

process of H AG (Hydrogarhon.Processing, February 151992, p.45/46). Suita rocesses for
preparing sligordﬁ? 578%’1%%8@%@?&@% H%Eéﬁﬂ%ﬂg)éﬁfge%@ %%SSEI‘I e@('zlje’l% fféfi-%% @gﬁe "Wo
99(25668, whittiearenesrabinful§Griodesointbe 1Wgefspsnhbdo h & prefeHadvarnipd@phierientte Second
olefin startingtoamrialpsrokirineshby ditogrization of a raffinate 11, as defined above, in the presence of

a nickel-gomprising oligomerization catalyst. 20 The reaction of the olefin starting materials in step b)
is preferably carried out continuously. For this purpose, the first olefin starting material and the
second olefin SEMRISGGR R8T @RS LSTLal el R P arN Fl I PP B R N
oligomerizaticsiegatalytiherobgepeesifistiompudieae of, tteeimeadion product from step b) is separated into
a first substream and a second substream, the first substream is subjected to a work-up to give a

fraction comprisipg.easenliahy ine adinerizajion prodict and she Reqond a0sHBalrgaRLiS recirculated
to step a). This recirculate ee&.sf'ream COPISISI_S essentially of o gomérs, unreacted olefins and
possibly'aturatiERyie CapEeSIn Wh dPRMeIEAVBEBENRRERE B HIRMRIIBRHRGSErEhfobtained in
the work-up optésereacifencatalgsict fstem stepivisongad tremsiteinsubsdlr darivaiiviihanéaaotion product from

step 35b) is agdjtinnallyird dgtR imEaRRiRR SXSRElPFARR0a8 4% Je Y3bdtad: b, particularly
preferably in t%e r fr(?@ 0.5'%@3§,£{artlgﬁllar in the range fromdeltzgl };o 2,[.5:1. The rea tion
system used i eﬁ@g%ﬁ 6 eppr% sof 'Th%" HEH e agJJ e on %mﬁoar@?%gmgé?or different
reactors. In theisslasidtfreastherRicie acaerrswitdisiéd G (Hydrocarbon Processing, February
15 1992, p. 45/46). Suitable processes for preparing slightly branched Cs-olefin mixtures
are also described in DE-A-43 39 713 and WO 99/25668, which are hereby fully
incorporated by reference. In a preferred embodiment, the second olefin starting
material is obtained by dimerization of a raffinate ll, as defined above, in the presence
of a nickel-comprising oligomerization catalyst.
20
The reaction of the olefin starting materials in step b) is preferably carried out
continuously.

For this purpose, the first olefin starting material and the second olefin starting material
25 are fed into a reactor system and reacted over an olefin oligomerization catalyst.

In a specific embodiment, the reaction product from step b) is separated into a first
substream and a second substream, the first substream is subjected to a work-up to
give a fraction comprising essentially the codimerization product and the second

30  substream is recirculated to step a). This recirculated feed stream consists essentially
of oligomers, unreacted olefins and possibly saturated hydrocarbons.

In a specific embodiment, an olefin-comprising stream obtained in the work-up of the
reaction product from step b) or of the first substream of the reaction product from step
35  b)is additionally fed into the reaction system.

The molar ratio of Cr-olefins to Cq-olefins, in particular the moiar ratio of Czp-olefins to
Cn-olefins, based on the total amount of olefins fed in, is preferably in the range from



formed by a single reactor. If a plurality of reactors are used, these can in each case have identical or
different mixingPEheoaots8sies. The individual reactors can, if desired, be divided one or more times by
*means of internals. If two or more reactors form the reaction system, these can be connected to one

another in any way, e.g. in parallel or 10in series. In a preferred embodiment, a reaction system
comprising two reactors connected in series is used. dWitable pressure-rated reaction apparatuses for
the oligomeriz&tigh hte krlowarioundyerekiled!yintkeaangmhise indiide thé Jepetighjacusiteary
reactors for gagagghdréhand gasdiquid reactions, e.g. tube reactors, stirred vessels, gas recycle
reactors, bubble columns, etc., which may, if appropriate, be divided by internals. Preference is given
to using shell-and-tube reactors or shaft furnaces. The catalyst can be present in a single fixed catalyst

bed or in a plurdify/ eRFIEKaIEI 456843 PR RIdkeor Brradeidhe iIRVETHBBSBR YR ipRt ent
catalysts i thednehivid idkreaetionditerest 2@idovee reth¢rrngesd ctse shmmadtiatysystealliseaction

zones is preferygehedsyI8TRGRAHER . e gtlﬂﬂﬁf@ﬂ#@g&m@@@%@éa,qmw in therange from

about 20 to 280C, preferably from 25 to 200C, in particular from 30 to 140C. If the reactjon system
comprises oL O e R P A AR, (e b R B

Likewise, a reaRestddpdene o piaralifpest b¥aeaens 20 asMaichl dyA pewerardus o the
temperatures. Tdutsiofosy@tam ilesiede bwesatigedd @ secandtreadtanyzang, & @rinpdidlitlareactor

can be sefgs0 g5 {ahe Nghes LhanHakBLIn Aetd ARtk 298RnPESHHAKRG IGHPSaIe can be setin

the second reactor of a éeactor cascade than in the first reactor, e.g. to achieve very complete
conversion. SOGPHB%IQ 0TI R BHfomerization is generally in the range from about Ito 300 bar,
preferably from 5 to 100 bar and in particular from 10 to 70 bar. When a plurality of reactors is used,

the reaction presauied pibesindivtsplagarioupparbe difierens chgbmarapaciiiaemhodiment, the
temperatures %ﬂgé%rﬁﬁ@&gﬁn&f%eﬂﬁofﬁg&‘iﬂ%ﬁg%z{i%aép%%lgb%%%%@ Rl O RAIRINSERNPIISINg

starting material Is liqui € supercritic 1 The reaction in step b) is

preferably hot @aHEFdIRUtTERCHRAING Gt RRtEAT e RIVERH Y GREE R IR DR ECAEIY D reaction by
heat exchangebwithianadwteracéthe atricnsiey, ihediuopyiatyitbtivalsodraiotesdisr Rederaisdage and
for rﬁmoving p@@@ﬁ@; mﬁ%\@émml ; mﬁia_cﬁit?h@%&(é!%ﬁrfdﬁlﬁﬁ%eﬁjé|l%@a!9§f&ﬂ'ﬁeﬂ?@s@ﬂﬁh S
exchange apparatus 5¢an be | ed qn.or.in the.re r.In ve-descri qcess variant wi
recirculation ofaa%é@?)rﬁé%dugg#ggﬁ% tQHéSrgfcl: |rogrll|{ r%ﬁ%gé %%%T)Gs .ai%r?}r%%a%g tSBL!’;t%tream by
bringing it into EFARE Wit Bpseie iRt ditifrans rtahstiimihe irAtitRite ¥ftie A vered can be
reused atZénotivewzrert, théhegpod dessaeg catdlyst frastiormation obties epetiengoroduct.

The temperature in the oligomerization reaction is generally in the range from about 20
to 280°C, preferably from 25 to 200°C, in particuiar from 30 to 140°C. If the reaction
system comprises more than one reactor, these reactors can have identical or different
25  temperatures. Likewise, a reactor can have a plurality of reaction zones which can be
operated at various temperatures. Thus, for example, the temperature in a second
reaction zone of an individual reactor can be set so as to be higher than that in the first
reaction zone, or a higher temperature can be set in the second reactor of a reactor
cascade than in the first reactor, e.9. to achieve very complete conversion.
30
The pressure in the oligomerization is generally in the range from about 1 to 300 bar,
preferably from 5 to 100 bar and in particular from 10 to 70 bar. When a plurality of
reactors is used, the reaction pressure in the individual reactors can be different.

35 In a specific embodiment, the temperatures and pressures used for the oligomerization
are selected so that the olefin-comprising starting material is liquid or in the
supercritical state.



10 If desired, the reaction in step b) can also be carried out adiabatically. For the purposes of the
present inventipg, dbipt®an49e used in the industrial sense and not in the physicochemical sense. Thus,
*the oligomerization reaction generally proceeds exothermically, so that the reaction mixture
experiences an increase in temperature on 15flowing through the reaction system, for example a
catalyst bed. An adiabatic reaction is, for the present ﬂﬁrposes, a procedure in which the quantity of
heat liberated ifiterreaaiie mitepecqmeietakbymopdayrigre agaatisbativiativre in itécrshotefeaatdyno

cooling by meaggqbarRENgrdRYiIRes: ISt Eakt Abutse bR hgathmhreqeliesmis iesapygdstem the
reactor together géith t?esbeft%%iion mixtl{re apar, rcim a residual é){grp%mon which is 29 iven off from

UM, apparatuses for heal exchange an removing process {are
the reactor to tﬁne environmen eDyp eans of natura ﬁ1erma conduction and SEH)ermagl radiation. The

olefin oligomert?&tfdisteaaly Sngsdnpvatsiityssrekiiehly Bsmprides Aes 4360p0 aRpREatESselected
from amorfy sheet sdicateedrameniotkesikcates anitheabivinaikenst2Btheresfs Virdotefith

0!igkorlnT:riziﬂoﬂé@é’ﬂj‘{é’ﬁdﬁéﬂaiQe’%&ﬁlﬂt@ugﬁﬁéﬁﬁ{%ﬂ?ﬁgﬂ?ﬁ%QBHS&EiHEaf’E%ﬁQtE@fﬁB&ﬁ%EB“a|'31 no l
nickel. For the purposes of the invention, this is.a catalyst having a nicke| conten ed on elementa
kel of not n e EAT ok B LM SRR T S S Tet e AT Ok Lyfweight.

particular not nientiaanl OetIeesy e pRNtwEsE Rt tilceien BRiM b tIROaiyse- & ahBeen found

that olefin oligdraetizadtiom eataly séadiavipgoddtigh crystallinity of the silicates comprised as active
componen in them have particularly advantageous 35properties in the cooligomerization of olefin
streams. For t}E urposes of the invention, the individual atoms of the cr?/stalline sheet silicates or

framework silichfESKedde f@@ﬁtﬁ“lﬁh@tﬁaﬁéga&agpi REGATHRY Ut A aRRie s DS MR Rave
characteristic lipfdhgopitioert invetidarayisiitfraciorseratreire (RRBYid sesopodtinn bftbeystalline material
ﬁt}n bt;-‘l dﬁe”g}ﬂ%%i&u&ﬁ&ﬁﬁﬁ%ﬂ@i}éﬁéa. tl't?:k]tﬂfé%ibgl_' efriéezsabacHaBRATdéRIFaRHALAE8049 I12 r\]Nidth-
e sheet an ! i r ave a
proportion of ¢8I ARt A o s T BB e e e R R ) oy
weight. 5The ofiNQiGEPHER 8B GRECHRRYEIRR I SIBFPIF Frefl?AishPednil RS DA 5RATIR8

is, for the present purposes, a procedure in which the quantity of heat liberated in an
exothermic reaction is taken up by the reaction mixture in the reactor and no cooling by
means of cooling devices is employed. Thus, the heat of reaction is removed from the
reactor together with the reaction mixture, apart from a residual proportion which is

20 given off from the reactor to the environment by means of natural thermal conduction
and thermal radiation.

The olefin oligomerization catalyst used in step b) preferably comprises at least one
silicate selected from among sheet silicates, framework silicates and combinations
25 thereof.

The olefin oligomerization catalyst used in step b) in accordance with the invention
comprises essentially no nickel. For the purposes of the invention, this is a catalyst
having a nickel content, based on elemental nickel, of not more than 1% by weight,

30  particularly preferably not more than 0.1% by weight, in particular not more than 0.01%
by weight, based on the total weight of the catalyst.

It has been found that olefin oligomerization catalysts having a high crystallinity of the
silicates comprised as active component in them have particularly advantageous

35  properties in the cooligomerization of olefin streams. For the purposes of the invention,
the individual atoms of the crystalline sheet silicates or framework silicates have a
regular long-range order in a lattice structure. Crystalline silicates have characteristic
line positions in the X-ray diffraction pattern (XRD). The proportion of crystalline
material can be determined quantitatively via the intensity of the reflections or their



microporous or mesoporous silicate. According to IUPAC, microporous solids are solids having a
mean pore radigg ghipesdnas 2 nm. Mesoporous solids are solids having a mean pore radius in the
-range from 2 to 50 nm. 10Preferred sheet silicates are the day minerals. These include, for example,

two-layer, three-layer and four-layer clay minerals which differ in terms of the sequence of their
tetrahedral and octahedral layers. Suitable clay minerd® are, for example, aluminum silicates which
are made up ofdaitersied Sie2ttetcabetlsmandrayicatet A203 akjahedrativitbaparisofithe Bilieep in the

layer of tetmheﬂ@}#@?é%@%}&erseehs;ﬁ%Pa&gk\sﬂlﬁgmaﬁsﬁapaet%%@@élJyaltma,lamm and/or part of

the aluminium in the layer of octahedra elnr%ég e to be replaced by divalent cations, e.g. magnesium.
The olefin oligoPRBIFA anéﬁft%{ﬁg'y i85ER et PABK?'98fected from among bentonite, kaolinite,

montmorrilonite, attapulgite, hectorite, sepiolite, pillared clays and 20combinations thereof. The
preparation of mmnﬁa@memeﬁmvebedasetmﬁ@) iprefler abipatpierciguiasaSatak Rev. Sci.
Eng., 30(3) (19 4 ocuments are
hereby mcorpor%a%’g@ p‘ﬁrgﬁeb?e%n%éo‘gg[%grgeéﬂ?ays %'F(} gggggﬁﬁﬁﬁgﬁﬁezggp%%ﬁé%ﬁ% acidic
ollgomerlzatlons@é{?élf?é‘l‘gnglﬁé'%eéﬁé&rglfﬁ‘g@soééﬁﬁ?ﬁmﬂ BBt OESRRAEMS SPUHR AT K% alkaline
earth metal ionbaiegge nezaitl pies sadivportiterersralbieadddadtharpillared clays the individual layers are
supported by one another. 30Pillared clays (PILCs) are made up of layers such as montmorillonite,
beidellite, t&ect?; (?'[esga%%rg{e hlé)g ween nglgha omq,]%sr ?geﬁﬁé%%c#lla}t%d [ the % t |II IS The pillars
can, for exam ion ex han &of the r compoun Wit l%lﬁous Catiohs such
as [A11304(0 HSEQ%%@W%‘H r[mﬁml@)\emmw@m%ﬁrﬁﬁréa 5yreaRs Héméﬁq HEEgRtdPR¥ads to
formation of Al28Babedh) 2 il lssts fedthbpaionSUBahe ntaymecheCihereXicesmmigh, eanrieumtercalated

are, for examplgy; i M%ﬂ%réh@&%dé‘ Q:”Mé: mtw@%zﬁéeéﬁ@raw@wmmia&m%metal

oxides such as u uch.a can.also serve as pillars jnstead of,the, oxides or in
addition to these %és afgg EE%%%H‘Eheqa \e/"\/re%n ha%% rgrbset'rLﬁ:é%rles{ be he jﬁ%eotﬁl trwﬁ?arss(. is PF
0000058049 1?%%[!&&51@\’5&86 aI\BIHHB. RdHRE Péﬁ&éﬁ% ahaaaﬂiewama?éa)/@ru@ﬁe%ﬁﬂﬁaéacreated by

delamination. Thedrgikeiedochayepianed ke Hreatihieratibhpe neeyizatignesatalysts based on silicate, be
5subjected to shaping. For this purpose, the pillared clays can be used as such or in combination with

at least one au fined below. Sui inders for pjllar are vario lumpinum oxides,
o aterably boen G A SRR R AR BN B RERENL SPEE 60 SDPATSS PRI Blrom on7e
to 95:5, silicon lrekie, m@r@m&&‘m‘f@hﬁﬂﬁﬁé@@sWWF%L&%@@NL@WW@@HSS’E@ and finely divided
Al203, fingly  combinations thereof.

The preparation of "pillared clays” is comprehensively described in, for example,
Figuras, Catal. Rev. Sci. Eng., 30(3) (1988), pages 457 to 499, or Jones, Catal. Today
(2 (1988) 357. These documents are hereby incorporated by reference. Pillared clays

25  are especially suitable for producing acidic oligomerization catalysts, since sheet
silicates comprising protons instead of alkali metal or alkaline earth metal ions are
generally less temperature-stable and in the pillared clays the individual layers are
supported by one another.

30 Pillared clays (PILCs) are made up of layers such as montmorillonite, beideilite,
hectorite or saponite, between which oxides are intercalated in the form of pillars. The
pillars can, for example, be obtained by ion exchange of the layer compound with
voluminous cations such as [Al1a04(OH)24(H20)12)7* or [Zrs(OH)s(H20)46]8* followed by
calcination. The latter leads to formation of AlO3 or ZrO; pillars for the cations

35 mentioned. Other oxides which can be intercalated are, for example, TiO2, Cr203, SiO;,
Tax0s, Fex0s, mixtures thereof or mixtures with other metal oxides such as MgO.
Sulfides such as Fe;Ss can also serve as pillars instead of the oxides or in addition to
these. The space opened up between the layer structures by means of the pillars is



10divided Ti02, Zr02 and also clays. The olefin oligomerization catalyst used in step b) preferably
comprises at Ieg,gt I g or consists of at least one zeolite. 15Zeolites suitable as starting
-material for the catalysts used according to the invention are in principle the crystalline, naturally
occurring or synthetic framework silicates known under this name. They can vary in terms of their
composition, but generally comprise not only silicon, al@minum and oxygen but also at least one alkali

metal and/or alkadingrastpnetabllihtiesireck Fagctdumimumititribeseslittstandiereeplaaed BY partly or
completely by %?Pﬂ'ﬂ QLR atoms which are different therefrom. The atoms which are different from

aluminum are preferably selected from among B, Ga, Fe, Siand Ti. In the process of the invention,

preference is given to using zeolites having a mean 25pore diameter of at least 5 A, particularly
preferably at leabedilaredpiaiewen, dktchst gherrligemetizatoliteatzlvsts Slestd P fratitalgdiy the

following sguctyiejbpesiBEApME IFdiHis pAthdd Qi MMMY\idyEleah T uektfasTéabh MTW, FER,
MAZ, EPI and Particular r li I f ng structure
types: BEA, M W%ﬁw& m%gé%x%f%?%%@%&%ﬁg%@ uséggé aac%(?r@?nég&%gﬁ?@_\#]@gmion as or
in the olefin oli§MeAZANBHOLSAIVTISURLBEERINPHRIGIREY, o B RCTRA WIS AIGS iFatesE,
ammonium, alkal) 35reetavingiabiefath nbtadifinom ThéssitiGiss sibenh abpoddingatetheinvention,
espgcia!ly ZeO'?ﬁﬂé;ﬁ@i@i@&i@l@E?Eﬁ%@dféébﬁﬁ%‘if@i@iﬂ%@ﬁ'@%ﬁﬂ fier 'aﬁfi_@_@%i t@ﬁiﬂa@_ﬂ’ﬁé@?d for the
olefin o“g?@e“éaté%n'ﬁéi%%?dlfﬁaat,son §te s include, for example, modification with acids,
ammonium salt P 80 65804914 S3MHEME and/or metal salt solutions. They also include
dealumination of the aluminum incorporated in the silicate framework, dehydroxylation, extraction of
"extra-frameworkieallefimraligomdrzatiors tplaticeh uBertinestep iy, pfedectblincohiguisesiatkantcatalyst can be

modified by subjeaing iihsRaPrg: Ibsinakirraifeent or treatment with steam 5(steaming). Such a
modification makes it possible to achieve a very high selectivity, high conversions, long catalyst

operating times and/or a large number of possible regeneration cycles. In a preferred embodiment,
modificatibh of 4%9'dararéiaRiecs alecbraimpiRit éomiierfrialysts used according to the invention

are in principle the crystalline, naturaily occurring or synthetic framework silicates
known under this name. They can vary in terms of their composition, but generally
comprise not only silicon, aluminum and oxygen but also at least one alkali metal
and/or alkaline earth metal. If desired, the aluminum in the zeolites can be replaced

20  partly or completely by one or more atoms which are different therefrom. The atoms
which are different from aluminum are preferably selected from among B, Ga, Fe, Si
and Ti.

In the process of the invention, preference is given to using zeolites having a mean
25 pore diameter of at least 5 A, particularly preferably at least 6 A, in particular at least

7A

Preferred zeolites are selected from among the following structure types: BEA, MFI,
MEL, FAU, MOR, MWW, LTL, LTA, CHA, TON, MTW, FER, MAZ, EPI and GME.

30  Particularly preferred zeolites are selected from among the following structure types:
BEA, MFI, MEL, FAU, MOR, MWW, FER.

The silicates used according to the invention as or in the olefin oligomerization
catalysts, especially zeolites, can be used, for example, in the H*, ammonium, alkaii
35 metal or alkaline earth metal form.

The silicates used according to the invention, especially zeolites, can be subjected to at
least one modification step before they are used for the olefin oligomerization. Such
modification steps include, for example, modification with acids, ammonium salt



10can be effected by intimate contacting with aqueous salt solutions comprising ammonium salts, salts
of alkali metalsspigh@mbimagd K, alkaline earth metals such as Ca, Mg, earth metals such as TI,
-transition metals such as Ti, Zr, Mn, Fe, Mo, Cu, Zn, Cr, noble metals or rare earth metals such as La,
Ce or Y or mixtures thereof This generally results in at least partial ion exchange of cations of the
silicate, especially the 15zeolite, by other cations from'the salt solution. The contacting with the salt
solution is preferatiyeasmarbomiess Huittdbetriicathis et pielely seeaumckabbyisal anlotiommMethods

which are suitaple,fgrths AHRASSIBLR IRIEROR 8 HIRICUFIUDAT L HIRRIRY and inptegRalisn
processes as arﬁ1I known for catalé/)sé Jgrod ction. Durlnggt?hlg(at eatment of tfg.e S|I|ca‘e the salt solution is

preferably mov& fBE&{”Eh‘B‘@%ﬁ&{t : © LB ﬁé{‘o 'Bﬁ%%’éz& &?&ﬁ%ﬁgﬁ (fﬁrhbﬁreferred
embodiment, afme@ithe BleswPisiiomb i atiapitatHIgsn lisatnenseigrBpaTaRAiib BRSSO the invention.
Suitable siicatestéaving)asistbites caiflcetiniakdsevissuitlforBicmeted aeighidinesrailitates can be

either naturally geairing AEHE Bllgaiss FaoialisplesbichiaYs heso MAlied o mafe them acidic

by bringing them’into contact with at least one Lew or Brensted acid. Sheet silicates having
negative chargE96BERIANRIPE; e,g. in the form of montmorillonites, vermiculites or hectorites.
Further details regarding acid sheet silicates may be found in Z.M. Thomas and W.Z. Thomas,

Principles and Ryagiiefoabtietaregrneaumbdtiabisis, AN sVeited BN 3cctBRg-RAMR3IBeticit 7 ft In a

torred ambodi el ; rvenion.can be effected b

imate ooty e A o S B B R vl it

aqueous soIutim’&‘ﬂ%ég%r?@'ﬁ&fcﬂw@'h’aataﬁ%ﬁg @%%@rﬁw Fediing sarmsialashaaRs

balancing of th€agdijgtieartthaefels suthessilltdrasdijoprortats duehtespaitEl dircdmneGeplacement of

tThrt]e excha;l_geabie ﬁéﬂ@nﬁ&gm@fif@a,éarwﬁn@fab?m smetal o @H@!mmmﬁé&nﬁa@y proitzonS-
IS IS achieveq In n n | §
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calcinatioh®  1F°R [P RibREAAYEAMIIR Hitis8'hPOMEss oF R CHIRAIGVIED ARG RRItRAHER Sform is
5used as olefinpotitsoadyricatied cataly Stantbeepliontd Fecsitigdtbsyte e usdet dgyceatisguiiothe invention

can be applied {fetheP RPFERBFALRSR RIPHRDIAERIBAIAG for example, the customary dipping
and impregnation processes as are known for catalyst production. During the treatment
of the silicate, the sait solution is preferably moved past the silicate, e.g. by means of
20  stirring or pumped circulation.

In a preferred embodiment, an acidic olefin oligomerization catalyst is used in step b) of
the process of the invention. Suitable silicates having acid sites can comprise Lewis
and/or Bronsted acids. These silicates can be either naturally occurring acidic silicates
25  or silicates which have been modified to make them acidic by bringing them into
contact with at least one Lewis and/or Broénsted acid. Sheet silicates having negative
charges occur in nature, e.g. in the form of montmorilionites, vermiculites or hectorites.
Further details regarding acid sheet silicates may be found in ZM. Thomas and
W.Z. Thomas, Principles and Practice of Heterogeneous Calalysis, 1997, Vetc. ISBN 3-
30 527-29239-8, p. 347 ff.

In a preferred embodiment, modification of the silicates used according to the invention
can be effected by intimate contacting with Lewis or Bronsted acids, preferably with
protonic acids and in particular with agueous solutions of at least one protonic acid.

35  This generally results in partial or complete balancing of the negative charges in the
silicates by protons due to partial or complete replacement of the exchangeable cations
comprised, in general alkali metal or alkaline earth metal ions, by protons. This is
achieved in a known manner, €.g. by treatment with nitric acid or hydrochloric acid or



10As support material for the catalysts used according to the invention, it is possible to use virtually all
support materighg @htR piticart as are advantageously used in the production of supported catalysts,
-for example 5i02 (silica), porcelain, magnesium oxide, tin dioxide, silicon carbide, rutile, Al203
(alumina), clays, aluminum silicate, steatite (magnesium silicate), Zr02, zirconium silicate, cerium
silicate, cellulose 15materials, polymers, metals, grapfiffe or combinations of at least two of these
support materiaig.tteigradso pidsabledoiwse e satalysteonegtass/oyaiiiel bothesisusgh as woven
meshes (in partigidatmgtal meshes) of any type, especially in the form of monoliths. 20The olefin
oligomerization catalysts can be used in the form of a powder. The olefin oligomerization catalysts are
preferably used in particulate form. The catalyst particles generally have a mean of the (largest)
diameter of fror® @.8r&ie?Garmbadfaeablf herarecRss 0fia IMvradenneigeiditeap éh@mplernedtalysts in

the form ofsgraniglas £ slefisheidanaiesiaioe Gtiigyingsepdificle diameter of preferably from 0.5 to 5
mm, in particular 25from 0.5 to 2 mm, pellets, e.g. having a diameter of from 2 to 6 mm and a height of

from 3 to 5 mm,rings having,,for ex I xter [ r 7 i f from 2
105 mm and a T B HE B R B R R A  ever o,
for example, frdth BIESEHRENEREY shapes can also be obtained in a manner known per se by
tableting, ram extrusion or extrusion. To 30produce granules or crushed material, larger shaped
Eog@es campe ?ibepptgt rﬁhﬁﬁelgmﬁdg&;:gfhsmﬁ?ﬁeﬁmgmtzm\gmmm glpess‘b@ffplcatalyst
odies mentiongg RARIRI SOPPBHS R HAR YR i 4E18F AN BuEYEaH ™ Peelicle

diameter. Custova%w'cesﬁg&%&@dbc%@%%?d 1. s SR 1000 AR B et
35ram extrusioﬁ or ex{rus_lon. ese incu,e?b ricants :Q% éfs, shajpi g alc?s.én I reinforcing

materials. SuitaBdfuiR PS8l &R eflﬁ'll%'\rﬁ}ﬁgﬁ KB e HRYSxRIBTWMISYEA? fatty acids
(such as steari¢'géiily Graisiiuseiieateshdpmgzingsidntsiisaiercritmatichits erbuinseexample,
selected ftém ameaadaalypaiptarXickesispeeiptitl phashhtgiditaofumichioxide, dhihesyisuspsiticates
gselgl as git_alé/tiﬁal%a&tﬁ\rﬁéﬁ@erﬁ@&ﬁﬂvj@&bmfé tik@é&@%@%e@é&giaammel%&wﬂgcgn _T;arbidFe)-F
referred binders ar r | oxide, . i ided silicon
ékg.\%ﬁ J@%ﬁg%‘ QHBS%%WH}%&%?F‘E%%%??)?]z%&%%e%ﬁs crapivfinely diyide

0000058049 16 dioxi s Silica sols, mixtures of fine flicon dioxide and finely divided

monoliths.

20  The olefin oligomerization catalysts can be used in the form of a powder. The olefin
oligomerization catalysts are preferably used in particulate form. The catalyst particles
generally have a mean of the (largest) diameter of from 0.5 to 20 mm, preferably from 1
to 10 mm. These include, for example, catalysts in the form of granules or crushed
material, e.g. having a particle diameter of preferably from 0.5 to 5 mm, in particular

25  from 0.5 to 2 mm, pellets, e.g. having a diameter of from 2 to 6 mm and a height of
from 3 to 5 mm, rings having, for example, an external diameter of from5to 7 mm, a
height of from 2 to 5 mm and a hole diameter of from 2 to 3 mm, or extrudates of
various lengths having a diameter of, for example, from 1.0 to 5§ mm. Such shapes can
also be obtained in a manner known per se by tableting, ram extrusion or extrusion. To

30  produce granules or crushed material, larger shaped bodies can be broken up. These
granules or this crushed material and also the other shaped catalyst bodies mentioned
preferably comprise virtually no material finer than 0.5 mm minimum particle diameter.

Customary auxiliaries can be added to the silicate composition for shaping by tableting,
35 ram extrusion or extrusion. These include lubricants, binders, shaping aids and/or
reinforcing materials. Suitable lubricants are, for example, graphite, polyethylene oxide,
cellulose or fatty acids (such as stearic acid). Suitable binders, shaping aids and
reinforcing materials are, for example, selected from among aluminum oxides,
preferably boehmite, titanium dioxide, the various silicates used as catalytically active
40  composition and fibers composed of glass, asbestos or silicon carbide. Preferred
binders are amorphous aluminosilicates, silicon dioxide, preferably finely divided silicon



aluminum oxide, finely divided titanium dioxide and clays. If binders and/or other auxiliaries are used,
extrusion or tabietingnisoaduaptageously preceded by a mixing or kneading process. 5 If appropriate, a
-calcination step is carried out after a chemical modification and/or supporting/shaping step. If the
catalyst has been subjected to wet-chemical modification, it can be additionally 10subjected to drying
before calcination. The temperature during drying is préferably from 40 to 180C, particularly preferably
from 80 to 1500icRdgrRydaablicarsids olikiveppbiatiiseyidadiehitar/dorigrap iivse daigedelt dryers,
drying ovens argtLihiying ckias) bieedy Argasdstteaiom(eligxidstreamagt Al praeradaitionallydoe conveyed

past the particlgs,giing QF¥'U%&%ﬁﬂl%\%ﬁhlﬁd@ﬁ%}%%‘%ﬁ%&@&@? AbactRMRgratwang the range
from about 200kt|9 ggglr%?pﬁ?gg%ﬂarly preferably from 300 to 550C. Calcination is preferably carried out
ala’s

in a gas stream, in ge ream of air. The amount of gas used in the calcination (based on the
amount of Eatalyst and the time) is, for example in the range from about 20100 to 2000 I/1x h. The
duration of the tfedprrratjrjaltés @Leﬂe‘mllyraﬂ;ﬂma*st Shrieihatesftpastchdariyaprefeifadajoatdedsirone hour. In
general, a calmg p@g mge than 24 hours, particularly preferably not more than 12 hours, is
sufficient. In add|t|on to the calcmatlon the catalyst according to the invention can be subjected to
activation before being used for the o Sél%omerlzatlon of olefins. The activation is (ﬁ‘ﬁ gg carried out

G R aHoacER

at 25a temperal ViR FHAER BF6M tﬁﬁ*i%&?ﬁéﬁ%ﬁﬁ@f“ﬁ&#ﬁﬁﬂ%ﬁ?ﬁb‘?efétr &¥300C.
Activation'ié préfeiigsipttardadnaisires galsisrtiamn T pateeinariireferas i ning dspredeiatdy dom
oxygen-depletedhaty 03GIT jpartigalsriy bmﬁmblynllrmh@)stusléd“f@r fhrgractsatiercistee tarbily in the
range from aboasa&gt&@@&%l% By fBRenRCHYRIRR, e bl F@tﬂwymd%%h%rﬁelam particularly
preferably at Ie%ﬁg%%?rs A Zgé’é SR Oﬁ%t%é'é@ar&gét? ni'@%‘ﬂ ‘PBH& é‘éh@;'s{ES [SsRRLticularly

preferably not more than ours, Is clent ent WI'[ stea enable ype and
proportion of thB%'iﬂSﬁ%‘f%lﬁW'B%ducts obtained to be optimized. This applies particularly to
catalysts B&sed on acidic silicates, 35especially acidic zeolites. The catalysts according to the
invention prefer@hlirctiompisser dferablOcari@Déataf avieiginerpantecinl vy rprefe fedohyabomt 200tp95% by
weight, in partiidardrom i isHRlerbrwipiohh gbach wBFilicaiaicARiBASYIgRGABR AR EwRILIGH
weight. PF 000@% B0 ah ng%fg% tﬁ? %?%;P%ﬂ@ﬁﬁ&lﬁ?@;qssmgéﬁﬁﬁwm ﬁse'ect'v'ty

in relation to th rmat|ono resP ding cat rior art which are
ey

st
based on nicke Egﬁ%% rﬁ'eqk%lf Nl 8ata yst an or ean\ e m nge rom a out
20 100 to 2000 VI x h. The duration of the calcination is preferably at least 30 minutes,

particularly preferably at least one hour. In general, a calcination time of not more than
24 hours, particularly preferably not more than 12 hours, is sufficient. In addition to the
calcination, the catalyst according to the invention can be subjected to activation before
being used for the oligomerization of olefins. The activation is preferably carried ocut at

25  atemperature in the range from about 150 to 400°C, particularly preferably from 200 to
300°C. Activation is preferabiy carried out in a gas stream, particularly preferably in the
presence of oxygen-depleted air or an inert gas. The amount of gas used for the
activation is preferably in the range from about 100 to 2000 I/l x h. The activation time
is preferably at least 30 minutes, particularly preferably at least one hour. In general,

30  an activation time of not more than 24 hours, particularly preferably not more than 12
hours, is sufficient.

Treatment with steam enabies the type and proportion of the oligomerization products
obtained to be optimized. This applies particularly to catalysts based on acidic silicates,
35  especially acidic zeolites.

The catalysts according to the invention preferably comprise from 10 to 100% by
weight, particularly preferably from 20 to 95% by weight, in particular from 30 to 80%
by weight, of active silicate composition, based on their total weight.

40



5The reaction product taken off in step b) preferably has a content of codimers (Cm+n-olefins or
C3-olefins) of aplegssfisdemaveight, particularly preferably at least 10% by weight, in particular at least
-12% by weight, based on the total weight of the reaction product taken off. 10The reaction product
taken off in step b) preferably has a ratio of homodimers of the higher olefin (in the specific
embodiment, C4-olefins, i.e. homodimers of the CZ-oIéﬁn) to codimers (especially C3-olefins) of 1:a 3,
particularly prefErasigoyeadesiiipadtieairiysisaspEy EhaigaecaeiYib Gad@rssiamutyimsriation (ice. the
output from thetiredctinatisysie oadiasrdehso kie ctacetpandiatkeatalyyts udtbmanpmethvods kmewn to those

skilled in the arh kL8 sResdfic esabedimentibieigretion product from step b) is divided into a first
substream and a second substream after leaving the reaction system. This separation 20can be

carried out by means of a customary separation device installed in the output tube. In the simplest
case, this donsiBie oFacivigneguobiplersalfipkercbhnetiprably. Pasco Gphiiy) afiediBaGcated in the outlet
tube and from whichdhgiuslet stsiamds Fenveyediptoytweidgnh esrongaioy srachrafighe mastreams. In

the case of ixegatios, ol e prbsiieamIo Rese £ap evistziuaedia the diamelenpLiigbranching

tubes. To 25 reguf_ roportions,of the two substreams, a slider device can be installed in one or
both of the braﬁﬁﬁﬂqﬁ'}@é%@%?gﬁ”a%rnative, regulated offtake of the substreams can also be
achieved by means of pumps. In this embodiment, the proportion of the first substream to be worked
;Jp is grefggiol/olyraa F&yatiéntgrée%tbmmhtln mebebpE?Eﬁé@é&Wﬁﬁ@ﬁ]?réﬂ&@%d}Nd&ﬂiﬂmdﬂtﬁ@mCU|ar
rom 5 to 0 , 0 . e . S
substream (cir?g }%I%r% %t{}ﬁgm g_ gjcéclgoﬁr'é%%lb\e@@ ebgb 4"fcr)§erﬁ%;)tr't% %%&%ﬂv%}e%grﬁngaérﬁcuﬁw
preferably from!t96EI985% @%EEM,QW‘BEQVI&)ISF Hrgny Gtptticosly weirsrity, basb d'drtHeMBtal weight
of the output. 3%:F e second substream is generally recirculated in chemically unchanged form to the
reaction system. If desired, the temperature and/or the pressure can be set to the desired values

bef irculation, T fed i ' . '

poth olef Srar ol e L B e L e S AR e
second substre2AFHUPRIES 1R MK X SHSIRTE M B RER05 KRAYLIR BHSR G'HHEE 1 BRefébably in the
range from 1:1 to 50:1, particularly preferably from 2:1 to 30:1, in particular from 5:1 to 20:1. 5The

reaction produghfEospezine shesdiigeREStrallaskeapRIdNG AU YISHBN IS @Viaastion s)FEem is subjected
to a work-up by, eysiomary metbods, Ko o aRe SKUFH UL koS QURUHAL g fsfyostream

is for this Eurpose subjected to a smgle-sta]ge or _ o )
0 * can be carried out by means of a customary separation device installed in the output

tube. In the simplest case, this consists of a dividing wall of suitable geometry (e.g. Y-
coupling) which is located in the outlet tube and from which the outlet stream is
conveyed into two tubes, one for each of the substreams. In the case of fixed ratios of
the substreams, these can be determined via the diameter of the branching tubes. To

25 regulate the proportions of the two substreams, a slider device can be installed in one
or both of the branching tubes. As an alternative, regulated offtake of the substreams
can also be achieved by means of pumps.

In this embodiment, the proportion of the first substream to be worked up is preferably
30 from 1 to 50% by weight, more preferably from 2 to 30% by weight, in particular from 5
to 20% by weight, based on the total weight of the output. The proportion of the second
substream (circulation stream) is accordingly preferably from 50 to 99% by weight,
particularty preferably from 70 to 98% by weight, in particular from 80 to 95% by
weight, based on the total weight of the output.
35
The second substream is generatly recirculated in chemically unchanged form to the
reaction system. If desired, the temperature and/or the pressure can be set to the
desired values before recircuiation. The second substream can be fed into the reaction
system together with one or both olefin starting materials or separately therefrom. The



multistage separation operation to give a stream comprising the major part of the codimerization
product and a sggwagggbg@g essentially of unreacted olefin and 10possibly saturated hydrocarbon.
Saturated hydrocarbons originate from, for example, the olefin-comprising feeds used for the
oligomerization which can comprise these as components or, for example, to a small extent from a
partial hydrogenation carried out to remove diolefins fré®n the olefins used. Depending on the

separation methasisheraployethelseitieiisiieammmatbeobiainedie-gs speaaitis ligomesiémetions or
streams 15‘30”5&8%@&?@38&8‘%‘%/ ﬁﬁ&gﬁﬁﬂq@% NS Adadd %E%Hiéﬂﬂ)%%?%}g%” off as

output from the feaction system east partly converted into the gas phase for thé work-up. In
the simplest enbddfdnt; haaGEHRTHNOHbIA e reactor is for this purpose subjected to heating

and/or 20depressurization, resulting in separation into a liquid phase and a gas phase. Here, the liquid
phase genegrallyreemiiisen gregoeLrsansished dntaligpenerisstrRasH R tRECSUBLR Mbaribedgr dhase is
oo I nracles ARl RoSSIBN PR A NI FAIBRR USSR Basg can e be

subjected to a furthér separation, in genera erma aration to give a fraction comprising the

major part of th@PSlBRKEN: A6 Frebritsisamis it RuEresraLPIBRRsHR AFNERITE9R A further
embodiment, thedirsteysaearmttonafitbaiicatdigiveatpuedor thanfirstrauthstreajor) dsreffeitted by means

of at least one thedmrksarahalieatamPsaigEahlandistiNgieBsiemy Renrresstaalionmsiggs and/or

thermal sr—;I aration t? S gan be carried out i%cpmlgin tl(%,ﬁ with one another,in separate a garatuses
. ) oss%? sa urateé&yﬁiro% r%on. a}ura e rocarbons orlgln té from, 0{. effamfﬁ

or in a single apparatus, e.g. a ash/strip’column™. The stream consisting essentially of unreacted

Jliﬂ

olefins and pos&isip'siiurataarsingfadbaprd e the o IaRiEatinr KD %20 SUTRNET &3RERASroduct
from step b) campihdesied doefoeeiauialte dor pavdibeite itshienticepatiathy diigenwiorattriettaction (step

35D)). To prevey) acrBYURIGHOTHIRTHeWTRASREY R ML tiRar dlephsdisahgrged from the
system. Possml((erpé@&oaeé%‘ U'[I|[(2a'[|0n are %lomgystlo use for cglheri chemlgal reactions or, for
I C

example, as feet hl%rgsﬁﬁgcr:réssén for ke rearllré‘\a/vég'%rtsa AFation qn}%rr e%'(%{'r%?)sfecfro éﬁ%@%vhich

can be utill®ed ifPiHésHrEREsSS fathedhraiHiRiAd Hrooabes8049 19 In a further suitable embodiment, a
stream comprising saturated hydrocarbons and unreacted olefins which is obtained in the work-up of

the reaction progygffEuBeipNO) iSRG HRAIQR AN ENRISRBRI MO R ££brPY RN afidegtification,
into an olefin- 5 engliched f{[ﬁctl_o nd an o efln-%?ﬂ{fted gactlolﬂ d the olgfln- nriched fraction is at
t

least partly recifIR &4 eeddﬂ onefization™e ﬁ\@r E)UB)). ﬁﬂn% %{gtﬁﬁ}% 35? ?edgq%' tit(gﬁ can, as
described abovéayig eisewdrgautierpagierisdeckisamupisamapeiatiodeeatingedditther. 10Partial or
total recir@gatiofepfdbe.atrarm eainesiatesdhticoditveriduayphaeense pajasqrhatkirHdre wWark-up of
the reaction proglyct ERQ&&@%WE@W&Q?&B&H& altRReSRNGRRNALRR RedreWHier entrolling the
e o e g0s Shacs o SAHhGH 1 i S5ci08 SIS i pEssioly Sty e o0 clefins and
possibly

hydrocarbons. The liquid phase can then be subjected to a further separation, in

general a thermal separation to give a fraction comptrising the major part of the

25 codimerization product and, if appropriate, further oligomer fractions. In a further

embodiment, the direct separation of the reaction output (or the first substream) is

effected by means of at least one thermal separation step, preferably a distillation step.

Depressurization steps and/or thermal separation steps can be carried out in

combination with one another in separate apparatuses or in a single apparatus, e.g. a

30  "flash/strip column®.

The stream consisting essentially of unreacted olefins and possibly saturated
hydrocarbons which is obtained in the work-up of the reaction product from step b) can,
if desired, be recirculated in part or in its entirety to the oligomerization reaction {(step

35  b)). To prevent accumulation of inert components, part or all of it can also be
discharged from the system. Possibie purposes of utilization are combustion, use for
other chemical reactions or, for example, as feed in the cracking process for the
renewed preparation of, for example, olefins which can be utilized in the process of the
invention.



15saturated hydrocarbons which is obtained in the work-up of the reaction product can be effected
separately or afggr giiigzdsing with one of the other feedstreams. Before introduction into the reactor,
the temperature of each individual stream or stream mixture can be set by means of known devices,
e.g. heat exchangers. If a reaction system which comprises a plurality of catalyst zones is used for the
oligomerization 20reaction, individual streams or mixtut®s of these streams can be fed in at a plurality
of points on the reaction system. If a reactor cascade comprising two or more reactors connected in

series is used, it i3 RAFAIbIE fafecdindividbal SIRENGEaHSIAR QS UG SNl Slactinp majrgal streams

either entirely into the first reactor of the cascade oy to divide t over the indjvidual reactars of the
cascade by meHREBRE RS 51 F0u SAED A T AL HAE TRLh B dimors
obtainable by the shir@eddsctibst¢reeeaatiooThe. dlkfircapainh sestiiratinerérau alafer mixtures as
are obtainesl in gaaicrd maricatanibablefsideprtidhanietiasianingsfatatialscedraptise s amixture of

a least o et IR FIGIAIATERHS QNER O OIGIN FoRET DG ok pasnBrfagied using a

least one industri e olefin-comprisi rocar ofn mixture as olefin starting material.
Particular prefef@fH8N<aVET H5HAERRLANN T2 HREPARIRL RSB NS PSR S8 YRR FRARGte 11 as

first olefin startibg niiteddldher an olefin starting material obtainable by dimerization of a raffinate Il as
second olefin starting material. The second olefin starting material is then preferably an olefin starting

material optain . imerizati rgffi I I | - IS
oligomerizgé[ioané%é%gﬁ@%%%6%@%@1@%@%&%@é%ga&%?\gﬁr%ﬁgﬁé%ﬁ?%iﬁg%%h have an ISO
index in the ran§@PREHSA G dp 18 WeskadririiD S reastianIyritict Famyierdeh 2% (¥l s iular in
the range from alRete 2@t6nT stB@ imbdod tancbrirddieg e ddditiRapieetrosotgpically from the area
integrals of the 1H-NMR spectrum. This is explained as follows by way of example for C12-olefin

di dod 10 T h in thi [ Ik
Paving the empt Il Lrath a%%@%%%&%@%é@@%?ﬁ%ﬁ%ﬂ%ﬁS’éé%é}%ﬂi?‘%@%ﬁ%eﬁér%%%
recorded dAd intélia{ed BYSERGAROMTHE IS RiRES i te s iR A ReARAfIeRBEPH EhE3RRGe from
0.3 to 1.05 ppmefiduteresepaatds afdfier Glit? sundng Mihrotensf dne tdbetdebistiearanfeffram 1.05 to 2.8

ppm. The ratio giitheuiseials ShthaGbi3thioeritlauRecbikeihtliock istfosmen sirdapfecane has,

for example, a rr%%&u?é %_rlm%grs?é? Q? rtr?eans of known devices, e.g. heat exchangers. If a reaction

system which comprises a plurality of catalyst zones is used for the oligomerization
20  reaction, individual streams or mixtures of these streams can be fed in at a plurality of

points on the reaction system. If a reactor cascade comprising two or more reactors

connected in series is used, it is possible to feed individual starting materials or the

mixed starting material streams either entirely into the first reactor of the cascade or to

divide them over the individual reactors of the cascade by means of a plurality of feed
25  lines.

The invention further provides the olefin codimers obtainable by the above-described
process.

30  The olefin codimers are preferably dimer mixtures as are obtained in the codimerization
if at least one of the olefin starting materials comprises a mixture of at least two
different olefins. Preference is given to olefin codimers which have been prepared
using at least one industrially available olefin-comprising hydrocarbon mixture as olefin
starting material. Particular preference is given to olefin codimers which have been

35  prepared using a raffinate Il as first olefin starting material and an olefin starting
material obtainable by dimerization of a raffinate Il as second olefin starting material.
The second oiefin starting material is then preferably an olefin starting material
obtainable by dimerization of a raffinate |l in the presence of a nickel-comprising
oligomerization catalyst.



CH2/CH protons of 6:20 (x = 0.3). Methylundecane has a ratio of CH3 protons to CH2/CH protons of
9:17 (x = 0.53).dpimsihykigaane has a ratio of CH3 protons to CH2/CH protons of 12:14 (x = 0.86).
-The 1SO index is calculated from the ratio x as follows: 20 ISO index = (20x-6)/(3x+3) x = ratio of CH3
protons to CH2/CH protons The olefin codimers are preferably mixtures comprising predominantly or
exclusively alkenes having 12 carbon atoms. The olef#fcodimers then preferably comprise at least
2570% by weight, particularly preferably at least 85% by weight, in particular at least 95% by weight,

etspeC'aFlly o 'e@v?&%fée%vf @att@eeﬁﬁ %mrgm.eﬂﬁ@&e%@ee RlRkeNeR havd quéi% qadlsttefn30
atoms. Pre ere lven to olefi rs whos aréa integral o

from 38 to 62%; § 35%1(?} 1‘?’0 ¥ ep'éﬂjfﬁ:% 6%%%3;‘%8%?&7 () g@la/e "BaL8 dg%'ﬂ the total
integral area, mﬂlﬁé%ﬁémlcal shift range from 0.3 to 1. 05 ppm, based on tetramethylsilane. The
invention farther provides a process for preparing alcohols, which comprises 35 a)providing a first

olefin starting miefGbiER canBissRRLiE it Gcolsdon o R dac R schoRrRIGH glarting

material which consists essentially of Crolefins, where n and m are, i ne another, two
different integers RO S5 4 Q"“Pg RS cEERINRA S &F@@@IR& Wﬁfs‘?’?ﬁﬁ%ﬁ%% o?éﬁ {'starting

materials into adhdimeradtoreasnesand subjecting them to an oligomerization over a heterogeneous
olefin oligomerization catalyst, 5 c) separating off a stream enriched in Cn+m-olefin codimers from the

output fr°%thefHétJ&fedfé%%sZSFbethrS %ﬂ!ﬂ@a‘%ﬂé hA ﬁ]&é qu?\?el"t‘egm%& SQJ%%SC OSgrﬁé”to a
second reaction zone 10and subject 0a reactlon wit on monoxide an ydr en in the
empirical formula Ci2-Hzs (dodecanes). A "H-NMR spectrum of the dodecanes is
recorded and integrated blockwise. The resonances of the CHs protons are located in
the range from 0.3 to 1.05 ppm. The resonances of the CHz and CH protons are
located in the range from 1.05 to 2.8 ppm. The ratio of the integrais of the CHa block to
15  the CH./CH block is formed. n-Dodecane has, for example, a ratio of CHa protons to
CH./CH protons of 6:20 (x = 0.3). Methylundecane has a ratio of CH; protons to
CH2/CH protons of 9:17 (x = 0.53). Dimethyldecane has a ratio of CHs protons to
CH3/CH protons of 12:14 (x = 0.86). The ISO index is calculated from the ratio x as
follows:
20
ISO index = (20x-6)/(3x+3) x = ratio of CH3 protons to CH»/CH protons

The olefin codimers are preferably mixtures comprising predominantly or exclusively
alkenes having 12 carbon atoms. The olefin codimers then preferably comprise at least

25  70% by weight, particularly preferably at least 85% by weight, in particular at least 95%
by weight, especially at least 95% by weight, based on the total olefin content, of
alkenes having 12 carbon atoms.

Preference is given to olefin codimers whose 'H-NMR spectrum has an area integral of

30  from 38 to 62%, preferably from 44 to 56%, particularly preferably from 47 to 53%,
based on the total integral area, in the chemical shift range from 0.3 to 1.05 ppm,
based on tetramethylsilane.

The invention further provides a process for preparing alcohols, which comprises
35
a)  providing a first olefin starting material which consists essentially of C-olefins
and providing a second olefin starting material which consists essentially of
Cr-olefins, where n and m are, independently of one another, two different
integers from 2 to 12,



presence of a hydroformylation catalyst and e) hydrogenating the hydroformylation product. 15A
preferred embogdimpippissadgygcess for preparing alcohols having from 7 to 19 carbon atoms, which
-comprises a) providing a first olefin starting material which consists essentially of Cn-olefins and
providing a second olefin starting material which consists essentially of 20C2-olefins, where n is an
integer from 2 to 6, b) feeding the first and second olefii starting materials into a first reaction zone
and subjecting them to an oligomerization over a heterogeneous olefin oligomerization catalyst, 25 c)

separating off qireag gniefied {p S QLI SOUMEIS ARG AUPHITRIG Jestreaslioggone, o

feeding the stream enriched in C3-olefin codimers into a seco%eft reaction zoneannd subjecting it to a

reaction with carbon THBIFGHREIHE W&é‘gﬂqﬂﬁgtﬁr&%‘?{c@ 3%?/%”8?&%%/? flon catalyst and e)
hydrogenating the hydligstmerigiivorepi@isict. 35 As regards suitable and preferred embodiments of the
process steps a) to ¢) and the intermediates obtained in these, reference is made to the totality of what

has been said ghovey é‘gxﬂé éaé't?ébﬁﬁ%ﬁngwef i 892%9%%&%%##&9'%3&&&{&{%% the

hydroformylation in st nown and generally comprise a salt or a complex of an element of
transition group VIII gfﬁh@@%‘ﬁacﬁ%”?able The metal of transition group VIl is preferably selected from
among cobalt, ruthenium, 5iridium, rhodium, nickel, palladium and platinum. The process of the

invention is pretgrablsaiFiipdOsksisingrarite@nddn partsulesrortslpxes ebtbadiacosvLeabalt.
10 and subjecting it to a reaction with carbon monoxide and hydrogen in the
presence of a hydroformylation catalyst and

e)  hydrogenating the hydroformylation product.

15 A preferred embodiment is a process for preparing alcohols having from 7 to 19 carbon
atoms, which comprises

a)  providing a first olefin starting material which consists essentially of Cr-olefins
and providing a second otefin starting material which consists essentially of
20 Can-olefins, where n is an integer from 2 to 6,

b) feeding the first and second olefin starting materials into a first reaction zone and
subjecting them to an oligomerization over a heterogeneous olefin
oligomerization catalyst,

25
¢} separating off a stream enriched in Can-olefin codimers from the output from the
first reaction zone,
d) feeding the stream enriched in Ca.-olefin codimers into a second reaction zone
30 and subjecting it to a reaction with carbon monoxide and hydrogen in the

presence of a hydroformylation catalyst and
e) hydrogenating the hydroformylation product.
35  Asregards suitable and preferred embodiments of the process steps a) to ¢) and the
intermediates obtained in these, reference is made to the totality of what has been said

above.

Hydroformylation (step d))



Suitable salts are, for example, the hydrides, halides, nitrates, sulfates, oxides, sulfides or the salts
with alkylcarboxi¢,ghdiylgaoxylic acids or alkylsulfonic or arylsulfonic 10acids. Suitable complexes
are, for example, the carbonyl compounds and carbonyl hydrides of the metals mentioned and also
complexes with amines, amides, triarylphosphines, trialkylphosphines, tricycloalkylphosphines,
allylarylphosphines, olefins or dienes as ligands. The I&fands can also be used in polymeric or
polymer-bonded form. Catalyst systems can also be prepared in situ from the abovementioned 15salts

and the ligandsgnentignetAutanie,alkyhradicalmabing QM%@&%AB@@QR&%@%%@E?S&B@ or

branched Ci-Cm-alky! radicals, ticplar Cl-Cs-alkyl radical lkyl.i
C5-o-eycloahy LT Bah Ty DA A GRS LK Ny B ) AR b Bosubsiuted

by C1-C4-alkyl Gsabefl tragsitopreraradiyl iherfe(etty s¢raisatRomeRenheapdpliehamEBe substituted
by 1, 2, 3 0 4 GiidRanalkddiGhChorOpsIiIgnmEeib pitiratoges, eetarablyrehiovitionidydroxy
groups, with th%l@f&%ﬁl{ﬁ&’ah?éﬂ%&b&%mé §BR§%‘?{<&6\PPP5%9%IEQM%B€& SaRsiaR e Bpdiyncatalysts

or catalyst precursors are rhodium(ll) and rhodium(lil) salts such as rhodium(lll) chloride, rhodium(lll)
nitrate, rhodium(lIl) sulfate, potassium rhodium sulfate (rhodium alum), rhodium(ll) or rhodium(lll)
carboxylate, préjeiably shtelrre oy axerthledidmyiridestdreliden ditires sndaipddiieRs pulfides

2-ethylhexanoats tiBaaitmith) Mg isatis ©bregriib),aaitdantd isarymanitin drexqshlaraehodate(l1).

30 Furth it h i | |
XL D3 Tt RATHE, DIEFEay CHTE DA o ?Eﬁb%éhyfa“{’é%?f’““

arylcarboxylate "ARE4GE, CEBR S1E AN GRS RIS SOrrIaxes W BLAfi DR BREYKAsulfonate and
toluenesulfonattsianylghiogpbintse idigkg piptisibites dnikye|oateiehoErBB1e3, Byt phesphingependently of
one another, CQeairfibsdierelpataiipmdarafesaliyreciancirdienei{6RP hdilfhrmnzophpshrie,

benzonitrile, PR3 ot R3brn-BRGNY K dem@EAA0G LI Qe balbdin i FRGICAIE SLENHEL AL e
ky,cy)gg)g/k?ang a%" I(]:fc s m [(IJE@I%

identical or different) are a aryl ra , pre erab|y phenyl, p-tolyl,

p-ethylphdryl, patHANd Hlﬁl!iﬁﬂ'ﬂ%wg?ﬂ@dl-c4-alkoxyphenyl, preferably p-anisyl, xylyl, mesityl,
p-hydroxy- PF 0000058049 23 phenyl which may, if appropriate, also be in ethoxylated form,

isopropyl, C,-C4nlikap ANglenaniyd of exalgheaylar ifclabiidenivsdid=RiombenthBeeference is

givento L1, L2 anghL3 ing.,.l ly~of r )3, P(i-propyl)3,
P(anisy1)3, P(Oé(f%475?\?(,9!&%@?@%‘xﬁ%?@%ﬁ%%h@éﬁ%%% %]rg bgﬁ%ﬁum&s %SQ? glr%ég rably 5hydride,
chloride, bromide; aretAtABEy I8 BAHICHIHT FHSBREMY LATA S RISHERY IAFAL 2 SRIRPY BB AR hy dride,
chloride oB@cetstbstituted by C-Cs-alkyl groups. Aryl is preferably phenyl (Ph) or naphthyl, which may
optionally be substituted by 1, 2, 3 or 4 C4-Cs-alkyl, Ci-Cs-alkoxy, e.g. methoxy,
halogen, preferably chloride, or hydroxy groups, with the latter also being able, if

appropriate, to be ethoxylated.

25  Suitable rhodium catalysts or catalyst precursors are rhodium(ll) and rhodium(tll} salts
such as rhodium(lll) chloride, rhodium(li1} nitrate, rhodium(ill) sulfate, potassium
rhodium sulfate {rhodium alum), rhodium(il) or rhodium(ilt} carboxylate, preferably
rhodium(ll) and rhodium(lii) acetate, rhodium(ll) and rhodium(lll} 2-ethylhexanoate,
rhodium(lll) oxide, salts of rhodic(ill} acid and trisammonium hexachlororhodate(ll).

30
Further suitable rhodium compounds are rhodium complexes of the general formula
RhXmL'L2(L3),, where X is halide, preferably chloride or bromide, alkylcarboxylate or
aryicarboxylate, acetylacetonate, arylsulfonate or alkylsulfonate, in particular
phenylsulfonate and toluenesulfonate, hydride or the diphenyltriazine anion, where L*,

35 L2 L3 are each, independently of one another, CO, olefins, cycloolefins, preferably
cyclooctadiene (COD), dibenzophosphole, benzonitrile, PR3 or R:P-A-PRz, mis 1, 2 or
3and nis 0, 1 or 2. The radicals R (which may be identical or different) are alkyl,
cycloalkyl and aryl radicals, preferably phenyl, p-tolyl, m-tolyl, p-ethylphenyl, p-cumyl,
p-t-butylphenyl, p-C4-Cs-aikoxyphenyl, preferably p-anisyl, xylyl, mesityl, p-hydroxy-



Suitable cobalt compounds are, for example, cobalt(ll) chloride, cobalt(ll) sulfate, cobalt(ll) nitrate, their
amine or hydra@,;cg&e%g:obalt carboxylates such as cobalt 10acetate, cobalt ethylhexanoate,
.cobalt naphthenoate, and also the carbonyl complexes of cobalt, e.g. octacarbonyldicobalt,
dodecacarbonyltetracobalt and hexadecacarbonylhexacobalt. Preference is given to using the cobalt
carbonyl complexes and in particular octacarbonyldicobalt for the process of the invention. 15 The

abovementionegheampoiidiinef rhaghiopand cobaltiie dnoxiaiadiineliie pagidequateiodgscribed
those for the fn%‘r?%%@%ﬁ%%@%?%%}%%ﬁ%%%‘ﬁiﬂﬁgﬁggﬁéﬁﬁﬁ%&@ﬁ @he%%‘%“f’yiﬁauy
i ies aisB GBI L8 Be MR RUIK tha SRR ntGhéD, b5 RYaR>
e s T R R ST e
rhodium is gisechyitiizigenesaly, useshideancamme i Hidtoracetaatatpae opteéaipbbrifomznt 100 ppm.
The reaction tegmgﬁgmlrf%;% ¥ nggén%l%‘j@? 8@5%Ié(éﬁgased on rhodium is generally in the range
rably fr

from room 25 temperature to 200C, prefe om 50 to 170C. If a hydroformylation catalyst based
on cobalt is used, it is generally used in an amount of from 0.0001 to 1.0% by weight, based on the
amount of the offitableochbdiychoiormmdaiard, Theraapimrodniiershivader cobgitlfbfoviiaiation catalyst

based FnlCoba:cbb%%ﬁmfsﬂﬂﬁafﬁ%yﬂﬁbtgsrﬁmwhiﬁ%@@_ @b&hﬁl&i@s@%@ﬁglwgfséa%tégimoho&t@oBBQC, f
particularly pre r e reactio ar t re o
from aboul L0 19 S00 e e o e B e
preferably abou®feebaehd PRGFRRGANAICORHE e rcasrig R viiRiFete Rl e hexadageearhry s
capable of hydrbéaamgtiatingrifeancrcs golefits weingvib edeigit mayponiibooofneatdatnydties. PF
0000058049 24 Hydipieridation Radrlysht RAVING RJNEL BRBleFIERi@Fe known from the prior art.

They include complexes of metals of transition group VIII with bisphosphite and polyphosphite ligands,
as are described in US 4,668,651, US 4,748,261, US 4,769,498 5and US 4,885,401. They also include
complexeddf mgiﬁlétlﬁ”ﬁﬁ}‘?ﬁ?@??a&ﬂmpw?dﬁﬁf FiadivRtasHerH R IR KRB SR fgHa%hich have
a 1,1'-biphenylyerguatielgitesgribag ortbelijtttabiraphthgyybend&rdepacedimup passareskidsdribgkin WO
98/19985 and ER-Asfh§ 31 074s Hhaliganssmratiopes aie erearmistininsormerateskhyiafesance.
10The crude aldehydes O ISy IS/RICMR AR MRS R NGdd HaRi Y A FUNEARL to be

formed from the abovementioned compounds as catalyst precursors only under the

20  hydroformyiation conditions.

If a hydroformylation catalyst based on rhodium is used, it is generally used in an

amount of from 1 to 150 ppm, preferably from 1 to 100 ppm. The reaction temperature

for a hydroformyiation catalyst based on rhodium is generally in the range from room
25  temperature to 200°C, preferably from 50 to 170°C.

If a hydroformylation catalyst based on cobalt is used, it is generally used in an amount
of from 0.0001 to 1.0% by weight, based on the amount of the olefins to be hydro-
formylated. The reaction temperature for a hydroformylation catalyst based on cobalt is

30  generally in the range from about 80 to 250°C, preferably from 100 to 220°C,
particularly preferably from 150 to 200°C.

The reaction can be carried out at an elevated pressure of from about 10 to 650 bar.

35  The molar ratio of H2:CO is generaliy from about 1:5 to about 5:1 and preferably about
1:1.

Step d) is preferably carried out using a hydroformylation catalyst which is capable of
hydroformylating linear monoolefins to give a high proportion of n-aldehydes.



can, if desired, be isolated and, if appropriate, purified by customary methods known to those skilled in
the art, prior to fhe dihesgiaation. Hydrogenation (step e)) 15 To carry out the hydrogenation, the
reaction mixtures obtained in the hydroformylation are reacted with hydrogen in the presence of a
hydrogenation catalyst. Suitable hydrogenation catalysts are in general transition metals such as Cr,
Mo, W, 20Fe, Rh, Co, Ni, Pd, Pt, Ru, etc., or mixtures &fereof which can be applied to supports such
as activated carbon, aluminum oxide, kieselguhr, etc., to increase the activity and stability. To increase
the catalytic actiyibyofemyRiRntRISIRIANMANCAR BISe Dauaee B ihe A ehiiRd ek gatalysts as
metal sponge h?wrgg a I\/%Q/Cryﬁh sgrfac - ar ?? ,& O/Mt?ocat% SLIS R etl;%bh){oléSEI ef% §repar|ng the
surfactant alcohol$’aCcordin opéﬁeeﬁﬁnveen o1, ﬁgsﬁy(ﬂg Shation of the OX0 & ehydes is,

depending on tReMeHoRRNEEH Bﬁ%a@%ﬁ@r‘é?é?ﬁbﬁﬁd&r‘ﬁgd*g@?é%le\}&éd 18ripéritarbs Gnaos
superatmosphesiediisss 1885, ik Mdyagen adthritero pelakeedtnpsadiarabin fiivrabaub80 lov2b0C, and

the pressure is preirraBIKHERBhGRRU IR ARAGHSAHRS ﬂL&mp'1mizﬁwr%ﬁ9@g.%r&;5@iﬁ§;§:v:;g?tg ,r

ially a C13-alcohol , ted i f th t
e nycragenatBTHS Thant OF COLDHMR) S E T S GRS Ho LR At i
particular by fraEffofydl 8%stiflddohabqansmventionesl seegroigbe 8yrinsenepialoe yatetstenesixture which

is obtained by subjecting an above-described alcohol mixture to (i) alkoxylation, (ii) glycosidization, PF

D0000580f§ 251418 iR Rty n SRREH{AR Ao AB MNRINED AR RPRAAE A bRIERHARRI )

alkoxylation and subsequent sphation.
y can, if dgsulred, %e?s lated and, if appropriate, purified by customary methods known to

those skilled in the art, prior to the hydrogenation.

Hydrogenation (step e))

15
To carry out the hydrogenation, the reaction mixtures obtained in the hydroformylation
are reacted with hydrogen in the presence of a hydrogenation catalyst.

Suitable hydrogenation catalysts are in general transition metals such as Cr, Mo, W,

20 Fe, Rh, Co, Ni, Pd, Pt, Ru, etc., or mixtures thereof which can be applied to supports
such as activated carbon, aluminum oxide, kieselguhr, etc., to increase the activity and
stability. To increase the cataiytic activity, Fe, Co and preferably Ni can also be used in
the form of the Raney catalysts as metal sponge having a very high surface area. A
Co/Mo catalyst is preferably used for preparing the surfactant alcohols according to the

25 invention. The hydrogenation of the oxo aldehydes is, depending on the activity of the
catalyst, preferably carried out at elevated temperatures and superatmospheric
pressure. The hydrogenation temperature is preferably from about 80 to 250°C, and
the pressure is preferably from about 50 to 350 bar.

30  The alcohol mixture according to the invention, especially a Cis-alcohol mixture, can be
isolated in pure form from the reaction mixture obtained after the hydrogenation by
means of customary purification methods known to those skilled in the art, in particuiar
by fractional distillation.

35  The invention also provides a functionalized alcohol mixture which is obtained by
subjecting an above-described alcohol mixture to

(i) alkoxylation,
(i)  glycosidization,



5 The alcohol mixture is especially a functionahzed C13-alcohol mixture. The alkoxylation of the
alcohol mixturepispfiggia@dy reaction with at least one alkylene oxide. The alkylene oxides are
-preferably selected from among compounds of 10the general formula | 0 CHr-CH -R1(l) where 15 R1
is hydrogen or a straight-chain or branched C1- C16-alkyl radical, and mixtures thereof. 20The radical
R1 in the formula | is preferably a straight-chain or brafhed Ci-C8-alkyl radical, in particular
ev-C4-alkyl radigal. Eofzaidey)ene oxides are preferably selected from among ethylene oxide, propylene
oxide, butylene( idep%%%wes thereof. 25 The reaction of the alcohol mixtures with the alkylene
oxide(s) is carri Rgout sin% custor(rj]ar methods ﬁp?.wn to those skilled in the art and in apparatuses
customary for t it pﬁ Q8L EWe MGan eé}nsfénag%noqrthe polyether chains of the alcohol mixtures
which have bediifunetiendrtien andhstragueah HesritatiRfined by the molar ratio of alcohol to alkylene
oxide. Prefgrence is given to preparing alkoxylated alcohol mixtures having from about 1 to 200,
preferably from-ghowt-dH9 ﬁﬁ&tméji%rggb%faﬂ?@f&nt&iéﬁaI&Igalé%ea%ﬂ& Hhilgra5The alcohol mixtures
can, if desired, be reacted with only one alkylene oxide or with two or more different alkylene oxides. In
the reaction of the alcohol mixtures with a mixture of two or more alkylene oxides, the resulting
alkoxylates conihésalpwyighigneridhesabodubdows Fedrided piteerriencsse atimnptraRtiom
distribution. If thkalkitenadexities fkgisse d:sepanialydiaRinbcessicad theniestilitocalkpsylaie f
comprise Ii?f] al%eé}%%il%rmﬁ polymerized in the form of blocks corresponding to the order of
5The alko [

addition. ylation can be catalyzed by strong bases such as alkali metal hydroxides and
/O\
CH;—CH—R1 ()

where
15
R1is hydrogen or a straight-chain or branched Cs- Cis-alky! radical,

and mixtures thereof.

20  The radical R in the formula | is preferably a straight-chain or branched C+-Cs-alkyl
radical, in particular C4-Cs-alkyl radical.

The alkylene oxides are preferably selected from among ethylene oxide, propylene
oxide, butylene oxide and mixtures thereof.

25
The reaction of the alcohol mixtures with the alkylene oxide(s) is carried out using
customary methods known to those skilled in the art and in apparatuses customary for
this purpose.

30 The mean chain iength of the polyether chains of the alcohol mixtures which have been
functionalized in this way can be determined by the molar ratio of alcohol to alkylene
oxide. Preference is given to preparing alkoxylated alcohol mixtures having from about
1 to 200, preferably from about 1 to 50, in particular from 1 to 10, alkylene oxide units.

35 The alcohol mixtures can, if desired, be reacted with only one alkylene oxide or with
two or more different alkylene oxides. In the reaction of the alcohol mixtures with a
mixture of twa or more alkylene oxides, the resulting alkoxylates comprise the alkylene



alkaline earth metal hydroxides, Bransted acids or Lewis acids such as AlIC13, BF3, etc. The
alkoxylation is pefgsabhsagiged out at temperatures in the range from about 80 to 250C, preferably
from about 100 to 220C. The pressure is preferably in the range 10from ambient pressure to 600 bar.
If desired, the alkylene oxide can comprise an addition of inert gas, e.g. from about 5 to 60 %. The
functionalized alcohol mixtures obtained by alkoxylatic#Pdisplay a very good surface activity and can
advantageouslykieigeitk &s monsseidisiiyfaciants disitaniyd. Sajelishiiens, exgeassurstant,

dispersant, papgs alxlign did-dissoling ?&%ﬁﬂnﬁ%ﬁk@ﬂ@é&é@@&%ﬁs@%@%ﬁy gh&lishgesigns or
encrustation inhibjtor. The gﬁy osT,|d|zat%%rl1 of the acohol(jmlxguc@s IS ffe(ftaegd %gmgle, double or
multiple reactioR< 'ﬂ%‘%ﬁgo 6I?n8{fﬂr%s a%:cgra?ﬁﬁa%%e”? ver |%r?rw'|et11°mon(')sac'charides,

20disaccharides or polysaccharides. The reaction is carried out by customary methods known to those
skilled in the arTHEhaiRexyiatitdecdirsitycateaigzedtblyzieshipbationswith asithidatiwat aifhyeiertidSsitakle acids

are, for exampleREAACIHBSHAMASHE AU Qdaereclgsaedirrideshoning 2 gadon

chain length distribution are generally obtained. The average degree of oligomerization is preferably
from 1 to 3 saccharide 25radicals. According to a further suitable process, the saccharide can firstly be
acetalized by rebislkaitiatiorois prfRreblacafdrfho@latieraneiabiresdh s mhembpprepaidbicbutanol.

The acetalizatiarss rpfefatalypeishrtataly € tHEecuting @hasidie préferbbjawtreolesgtar weight
alcohol Cagbsu%&ﬂﬁ@g%ﬁ%%&%qwg&%%ﬂ'%%%h@?‘%%&g&%"&9?‘9é?ﬁ Bifhianyfp form the

corresponding glyco queous saccharide solutions are generally also suitable for this
reaction. In a fFIfIAL BRI &S, R aie®lah firstly be converted into the corresponding 0-

acetylhalosaccharide by reaction with a hydrogen halide and subsequently be glycosidized by means
of an alcohol mixierRiRtRAIEIPEIILBRINYBAGIRE Bbthndl esemksphasitddripding eompesids. 35 The
glycosidization ig, 5%@5@9%35 F{de&R%HU&H?%%%RFE‘&Q&%H%%Sndﬂimﬁt%&éﬁ@ i Maqe of hexoses

such as glucose, fructose, actose, mannose etc:, and pentoses such as arabinose, xylose, ribose,

etc. Particlfar prRPURgHERS SR TY Ry HIEBeS 27h @ RRIHATIRNE i saNpiAiitiually or in the
form of mixturesotrotiendakibitslr, RFXDIBOOTHE 83482 BR Ot BatWS AtiRtUNEEitivcosides having randomly
distributed sugar radicals generally result. In the case of addition of a plurality of saccharide units onto

an alcoholic The glycosidization of the alcohol mixtures is effected by single, double or multiple

reaction of the alcohol mixtures according to the invention with monosaccharides,

20 disaccharides or polysaccharides. The reaction is carried out by customary methods
known to those skilled in the art. These inciude, firstly, acid-catalyzed reaction with
withdrawal of water. Suitable acids are, for example, mineral acids such as HCl and
H:S0.4. Here, oligosaccharides having a random chain length distribution are generally
obtained. The average degree of oligomerization is preferably from 1 to 3 saccharide

25 radicals. According to a further suitable process, the saccharide can firstly be
acetalized by reaction with a low molecular weight C+-Cg-alkanol such as ethanol,
propanol or butanol. The acetalization is preferably acid-catalyzed. The resulting
glycoside with the low molecular weight alcohol can subsequently be reacted with an
alcohol mixture according to the invention to form the corresponding giycosides.

30  Aqueous saccharide solutions are generally also suitable for this reaction. In a further
suitable process, the saccharide can firstly be converted into the corresponding O-
acetylhalosaccharide by reaction with a hydrogen halide and subsequently be
glycosidized by means of an alcohol mixture according to the invention in the presence
of acid-binding compounds.

35
The glycosidization is preferably carried out using monosaccharides. In particular, use
is made of hexoses such as glucose, fructose, galactose, mannose etc., and pentoses
such as arabinose, xylose, ribose, etc. Particular preference is given to using glucose.
The saccharides can be used individually or in the form of mixtures. In the case of



hydroxide group, polyglycosides of the alcohol mixtures according to the invention result. For
polyglycosidizatignptppoadelisality of saccharides can be used in succession 5or as a mixture, so that
the resulting functionalized alcohol mixtures comprise the saccharides incorporated in the form of
blocks or randomly distributed. Depending on the reaction conditions, in particular the reaction
temperature, furanose or pyranose structures can restdf’ 10Suitable processes and reaction conditions
for glycosidizatieacaradesarikecsSogleoainpehavikiimadorslEdieydhapatisagdr| ralisiksad beestiistry, Sth
edition, vol. A23 {4994, e CA¢e/FHRULHE Q%Mmﬁmff cechihrielinits I BnsiigRaiized alcohol
mixtures obtained 9b¥ fg cosidizati n dIS ﬁg Xﬁ%g go Fj. 58 rfgce a(ég Atx a# can a \{antageously be
used as nonlon et Pr? é%) =i ‘% ST ouneg'rap orsp Radon of the

above- descnbeaeawbﬁ@rmgh@@@ﬁlaﬁétwm@awﬁlavmimﬁfé@a@éﬁééfeaw@datﬁsm&ﬁw%|furic
acid or sulfgric agidste mnatiive sstot2eforarexidirdkyhsttiadiscor Aot thatselataaisbytreaction with

phosphoric acid.gf AasRRTHSASISLARY PHRA P AR ALY ERAPBIMES0H SRS on

phosphates. Suitable processes for the sulfation of alcohols are the Customary processes which are
Known to those WEIIEATHPINEPAATE /8 PRRCHEEA 6P SR TE A 'S, J21558 CS8Y"9520,875 or
US 3,524,864, whitHuage eanigbsftilly incorporated by reference. Suitable sulfation processes are also
described in UIImann s Encyclopedia of Industrial Chemistry, 5th edition, vol. A25 (1994), pp. 779-783,

and the refyyenespsiiecbinasein. auuinanicinieed for e sulistng clibnaloalel pxures

accordlng to the OInV thI’] it pre era as a concentra

from 7 %7 0% by weight, in
particular from §520'8%s41y/ I\W@@hf Eél?é’ﬁ QRRRiA CLRA RS R R Y nafE AL gs“@é’gcentrated
sulfuric acid and‘r&%%bpy@ﬁ@té% lanfetiredocusioigarniet tikieint can be used for sulfation by means of
sulfuric acid. 35Suitable solvents are, for example, those which form an azeotrope with water, e.g.

foluene. In @ sugle EnBRgIIEI oL F RIGRRIn ALI RIS A AIBORHIT ISP gy plgalpl miure

is placed in a reaction vesse e sulfating agent is a e mixin
surface activity and can advantageously be used as nonionic surfactants in many

applications.

The sulfation or phosphation of the above-described alcohol mixtures or alkoxylated

alcohol mixtures is effected by reaction with sulfuric acid or sulfuric acid derivatives to
20 form acid alkyl sulfates or alkyl ether sulfates or by reaction with phosphoric acid or

phosphoric acid derivatives to form acid alkyl phosphates or alkyl ether phosphates.

Suitable processes for the suifation of alcohols are the customary processes which are
known to those skilled in the art, as are described, for example, in US 3,462,525,

25 US 3,420,875 or US 3,524,864, which are hereby fully incorporated by reference.
Suitable sulfation processes are also described in Ullmann's Encyclopedia of Industrial
Chemistry, 5th edition, vol. A25 (1994), pp. 779-783, and the references cited therein.

If sulfuric acid is used for the sulfation of the alcohol mixtures according to the

30  invention, it preferably has a concentration of from 75 to 100% by weight, in particular
from 85 to 98% by weight. Such sulfuric acid is obtainable under the names
concentrated sulfuric acid and monohydrate.

If desired, a solution or diluent can be used for sulfation by means of sulfuric acid.
35 Suitable solvents are, for example, those which form an azeotrope with water, e.g.
toluene.

In a suitable embodiment of the preparation of sulfated alcohol mixtures, the alcohol
mixture is placed in a reaction vessel and the sulfating agent is added while mixing



28 continually. To achieve very complete esterification of the alcohol mixture, the molar ratio of &keno'
to sulfating agepiHggnefesiaidy from about 1:1 to 1:1.5, in particular from 1:1 to 1:1.2. If desired, the
sulfating agent can also be used in a molar deficit, e.g. in the sulfation of alkoxylated alcohol mixtures,
when mixtures of nonionic and anionic 5surface-active compounds are to be prepared. The sulfation is
preferably carried out at a temperature in the range frofft ambient temperature to 80C, in particular
from 40 to 75C.deutitheriguitalsiehsaéaty ayepistarsdofieiampiehs ditotwionitdersulfamiiexide
10complexes, sefsiengid sy iianiiedgeryilipereib (olRwbsHarasylionis acikhrasliyrytahloride,
amidosulfonic agi etc. When:sullur fiexide rgised assuliaing agenty e leaclion.an .
advantageously be carried out'in an a aﬂlng filFh aporator, preferably in countercarteny. _Jﬂ]e reaction

can be carried 80 BEfetiRn< aikesnatiurisRhol TrikhEGe ABH RidHRE STERNIA ARk AiRifon are
worked up by custtanewactivethodsduraly iz e tthibs @relid el 11T Hees alfatibhes erigfehatily, farrexiampls,

neutralization, remaayiad At RBYSE g4 188MH Sibient IHFRRASRNR B €f B ARAYS-deRsubgd alcohol

mixtures and all%g%lated alcohol 20mixtures is generally carried out in a manner analogous to
sulfation. Suitablé processes for the phosphation of alcohols are the customary processes known to
those skilled in the art, as are described, for example, in Synthesis 1985, pp. 449- 488, which is
hereby fully inc@rmat@_ditablaeﬁemmﬁog.@r&m&a@lmpbmpbﬁimglﬂgmﬁsimes@umam, phos_phoric
acid, polyposphgriciacid, aharahosdseRiAXidse R Cid(BRIROSHIS s MRsHe: thedremaining
acid chloride funé:}ﬁo&?%{{e h%/drorlﬁég%ﬂter the stfrw;gatlon. O0The lgventlon furthe%@rowdes for the
use of the functfhAZ e 3lE ?16’] AP 5 ?'E'J_%LH S _lﬁ’fg, %éﬁpté_?e(gtﬁalﬁ‘ﬂ"i ',ngirt-dissolving
agents, corrosiciathil®reasipilicatcadeiningsersivrie excrietdhanfbrbne. fmekarshaien is
illustrated by the-dtsidearingn roohtitingepxarnplesciorxantielearbxamplbaictadsorstingrivnirignyention)
PF 0000058049 29
15  The reaction mixtures formed in the sulfation are worked up by customary methods
known to those skilled in the art. These include, for example, neutralization, removal of

any solvents used, etc.

The phosphation of the above-described alcohol mixtures and alkoxylated alcohol
20  mixtures is generally carried out in a manner analogous to sulfation.

Suitable processes for the phosphation of alcohols are the customary processes known
to those skilled in the art, as are described, for example, in Synthesis 1985, pp. 449-
488, which is hereby fully incorporated by reference.

25
Suitable phosphating agents are, for example, phosphoric acid, polyphosphoric acid,
phosphorus pentoxide, POCIs, etc. When POCI; is used, the remaining acid chloride
functions are hydrolyzed after the esterification.

30  The invention further provides for the use of the functionalized alcohol mixtures as
surfactants, dispersants, paper auxiliaries, dirt-dissolving agents, corrosion inhibitors,
auxiliaries for dispersions, encrustation inhibitors.

The invention is illustrated by the following, nonlimiting examples.
35

Examples

Example 1 (according to the invention)



An aoil-heated double-walled tube reactor (d (internal) = 6 mm, | = 70 cm) was filled with 8 ml of
crushed catalyspglptmdogdnam diameter). The catalyst used was an H-f3-zeolite shaped using
aluminum oxide (boehmite) as binder (molar ratio of Si02:Al203 = 24). Activation was carried out at
250C in a stream of nitrogen for 18 hours. The reaction 5 was carried out at a pressure of 25 bar. 12
g/h of a mixture of 64% by weight of Ca-olefin and 36%%by weight of Ca-olefin were metered in as
feed. The Ca-ol&finihagigdatolbE-inaled obie08atigi(dedeittt) a Butené difderization faled sitmprised
3- methy'heptem%mﬁﬁgmafmﬂgﬂbq %qmﬁ%mé} “T'ﬁe%@ tmg@ﬁu@a%f%%zedmgene

(37%), 2-butene (420/) iSO ugjen)%SZO&d%é% ne. g mg i % Oyg.ga%h V%gs he feed

stream, a recyc(fg%?rea?ﬁ g?? was pas roug e rea e exgerl ‘aluated by

means of on- Ilnécyaét@ﬁrb‘ﬁﬁaf@{iﬂ%wt(ééﬂ?j% a’Ff‘é‘?ﬁ@‘lBﬁ”ﬂé@i%Pd@Té& P%ﬁtﬂ-hﬁe’%@ﬁﬂ%smon of
feed and reactoramutputidieng steiemised didiidat. sSBatsdhe differendeofihe @«€ghbdiy area values

(reactor output i [BfehAs @e%wwe@mteﬁcﬁm% AREHER AR EEPIRRolRRARgY be

seen that both but nd oc S are r uts were collected a (%glstl led

Cl2- compnsmgaﬂ aﬁé%{/éb %’&15 Flocfncﬁeb %%5"? W%ﬁgoﬁjﬁ aa@Rff§ ermined by
1H-NMR ZOspe@I‘i?HBd@?ﬁienﬂ/Wm qepere MR e peewaRiien ¢idhe 12-olefin warmsisiiywaction has
an area integrahajitdfe (Erseyl pmikentotad iofcgtalesaa (pothadegiemef seherigahsife from 0.3 to
1.05 ppm85 TaRyitoh G LEMARAINTS fedyoR SAaT e RPGIRIRR [BEalhRIh Mhdisdtrar by [A

% by

The experiment was evaluated by means of on-line gas chromatography (GC) using a
flame ionization detector, with the composition of feed and reactor output being
determined. Table. 1 shows the difference of the GC-% by area values (reactor output

15 - feed) as a function of the time of aperation and the temperature. It can clearly be
seen that both butenes and octenes are reacted.

The outputs were collected and distilled. The Cs2-comprising fraction was
hydrogenated and the 1SO index was subsequently determined by 'H-NMR
20  spectroscopy. It was 2.1.

The 'H-NMR spectrum of the Ciz-olefin-comprising fraction has an area integral of 51%
based on the total integral area in the region of a chemical shift 8 from 0.3 to 1.05 ppm.

25 Tab.1
Time of Temperature | Cq Ce Ciz Cis
operation [°C] A % by {A % by [A % by A % by
[h] area] area] area) area]
100 60 -3.87 -4.29 6.25 1.98
160 80 -5.89 -5.73 8.59 3.01

Comparative example:

This was carried out in a manner analogous to example 1. 8 ml of a supported

30  NiO/SIO; catalyst were used as catalyst. Table 2 shows the difference of the GC-% by
area values (reactor output — feed) as a function of the time of operation and the
temperature. In contrast to example 1, only the butenes are reacted.



[h] area] area] area] area] 100 60 -3.87 -4.29 6.25 1.98 160 80 -5.89 -5.73 8.59 3.01 Comparative
example: This wWas gg@tigEse4Ein @ manner analogous to example 1. 8 ml of a supported 30NiOISi02
catalyst were used as catalyst. Table 2 shows the difference of the GC-% by

30
Tah. 2
Time of Temperature | Cs Cs Ciz Cis
operation [°C] [A % by [A % by area] | [A % by [A % by
h] area) area) area)
24 61 -17.95 8.47 7.27 212
61 80 -19.80 9.89 7.9 1.90




area values (reactor output - feed) as a function of the time of operation and the temperature. In
contrast to example 1, only the butenes are reacted. PF 0000058049 30 Tab. 2 Time of Temperature
C4 08 012 016 operation [C] [A A by [A % by area] [A % by [A % by [h] area] area]

31
Claims
1. A process for codimerizing olefins, which comprises
a) providing afirst olefin starting material which consists essentially of Cy-olefins

and providing a second olefin starting material which consists essentially of Cp-
olefins, where n and m are, independently of one another, two different integers
from 2 to 12, and

b) reacting the first and second olefin starting materials over a heterogeneous olefin
oligomerization catal yst.

2. The process according to claim 1, wherein, in step a), afirst olefin starting
material which consists essentially of C,-olefinsis provided and a second olefin
starting materia which consists essentially of Cah-olefins, where nis an integer
from 2 to 6, is provided.

3. The process according to claim 2, wherein nis 4.

4. The process according to any of the preceding claims, wherein the first olefin
starting materia has a proportion of branched ol efins of not more than 20% by
weight, particularly preferably not more than 10% by weight, in particular not
more than 5% by weight, especially not more than 3% by weight, based on the
total olefin content.

5. The process according to any of the preceding claims, wherein an industrialy
available olefin-comprising hydrocarbon mixture from a cracking processis used
asfirst olefin starting material.

6. The process according to claim 5, wherein araffinate |1 is used asfirst olefin
starting material.

7. The process according to any of the preceding claims, wherein the second olefin
starting materia has a degree of branching of the olefins, determined as the ISO
index, in the range from ato 1.8, preferably from 0.5 to 1.5, in particular from 0.8
to 1.3.



area] 24 61 -17.95 8.47 7.27 2.12 61 80 -19.80 9.89 7.91 1.90 31 Claims 1.A process for codimerizing
olefins, which comprises a) providing a first olefin starting material which consists essentially of
C.-olefins and providing a second olefin starting material which consists essentially of olefins, where n
and m are, independently of one another, two different integers from 2 to 12, and b) reacting the first
and second olefin starting materials over a heterogg&neous olefin oligomerization catalyst. 2.The
process according to claim 1, wherein, in step a), a first olefin starting material which consists
essentially of C.-olefins is provided and a second olefin starting material which consists essentially of

C211-olefing; wherEhg PsagsasheeeiElifferie 2y &, GoipRevide d. SIEFRipiitcsesonttelsftirfatt daim 2,

wherein nis 4.

10.

11

12.

13.

14.

15.

16.

17.

material is obtainable by dimerization of araffinate 11 in the presence of a nickel-
comprising oligomerization catalyst.

The process according to any of claims 1 to 7, wherein the second olefin starting
material is obtained by the DIMERSOL process or by the Octol process.

The process according to any of the preceding claims, wherein the reaction of the
olefin starting materials in step b) is carried out continuously.

The process according to any of the preceding claims, wherein the reaction
product from step b) is separated into a first substream and a second substream,
the first substream is subjected to a work-up to give afraction comprising
essentially the codimerization product and the second substream is recirculated 15
to step a).

The process according to any of the preceding claims, wherein the molar ratio of
Chrolefinsto Ch-olefins, in particular the molar ratio of Car-olefinsto Cp-olefins,
based on the olefins fed in step b), isin the range from 0.25:1 to 4:1, preferably in
therange from 0.5: 1to 3: 1.

The process according to any of the preceding claims, wherein the first olefin
starting materia and the second ol efin starting material are reacted over a
heterogeneous ol efin oligomerization catalyst based on a sheet and/or framework
silicatein step b).

The process according to claim 13, wherein the oligomerization catalyst used in
step b) comprises at least one porous silicate having a mean pore diameter of at
least 0.5 nm.

The process according to any of claims 13 to 14, wherein the oligomerization
catalyst used in step b) comprises at least one zeolite or consists of a zeolite.
An olefin codimer obtainable by a process as defined in any of claims 1 to 15.

The olefin codimer according to claim 13 whose *H-NMR spectrum has an area
integral of from 38 to 62%, preferably from 44 to 56%, particularly preferably



4.The process according to any of the preceding claims, wherein the first olefin starting material has a
proportion of branched olefins of not more than 20% by weight, particularly preferably not more than
10% by weight, in particular not more than 5% by weight, especially not more than 3% by weight,
based on the total olefin content. 5.The process according to any of the preceding claims, wherein an
industrially available olefin-comprising hydrocarbor33nixture from a cracking process is used as first
olefin starting material. 6.The process according to claim 5, wherein a raffinate Il is used as first olefin
starting material. 7.The process according to any of the preceding claims, wherein the second olefin
starting material hASB dedaess, hasad Rimthetalekibledith AR d reebeR eRSNBOdiIFRNSR, in the range
from a to 1.8, preferakiy Beon®S ppri. batadaticuintditnigeto 1.3. 32 8. The process according to
any of claims 3 to 7, wherein the second olefin starting material is obtainable by dimerization of a
raffinate Il in the presence of a nickel-comprising oligomerization catalyst. 9. The process according to
any of claim&1 to 7 Wﬂﬁﬁﬁqﬂmmﬁm%ﬂ?ﬂ CHERETET is obtained by the DIMERSOL process
or by the Octol pro@esspi®idihg dfiveedsfaraert npataig vihilkh gregadiessaithhhs ovBerein the
reaction of the olefin stayignadaataiioladihgiesetona 6rfTieePting PREBUQUEH e dorldgsprocess
according to any of the %ggfﬁgo?léi%%r%%&%emtgg pﬁq%&‘td%%y BF%QMBtﬁgparated into a
first substream and a second substréam, the' first substream 1S subjected td a wor -up to give a
fraction comprising ess&NAI FRECHLAFEZ90bA Brdfluct and the second substream is recirculated 15
to step a). 12. The process according to any of the preceding claims, wherein the molar ratio of

Cm-olefins to C-'Oﬁ?zinsfé&i tiseHastBerBeiand dlidinfstadi-g AlalinRioi foalafasekaspd on the olefins

fed in step b), is in the range from 0.25°1 to 4:1. preferably in the range from 0.5: 1t9 3; 1. 13. The
process according to anzy(/)_ 0 ?ﬂé)spjr%(%%?ﬁ {Rarg}]ﬁqs?anﬁg?)ermé%gﬁ f?r%tg e ef”f‘rt{1 %{%rﬂ%ger%% é%lllnand the

second olefin starting nfAtepraearaiRaeaddYSver a heterogeneous olefin oligomerization catalyst based
on a sheet and/or framework silicate in step b). 14. The process according to claim 13, wherein the

oligomerization caglystddsgesin (eEMBH3E%AT RSt e RRESYPaligaie RRY gt mean pore
diameter of at least 0.5 nm. 15. The process according to any of claims 13 to 14, wherein the
oligomerization catalyst b"é@éﬁ@%%%f%%%ﬁﬂ%es at least one zeolite or consists of a zeolite. 16. An
olefin codimer obtainable by a process as defined in any of claims 1 to 15. 17. The olefin codimer

according to claimd3 wieedind thd\ivimpacihed ineS.ap aletia tudigreisihfoansssBrid eactkomreferably
from 44 to 56%, particulpyly Br6& 1IR3t to a reaction with carbon monoxide and hydrogen in

the presence of a hydroformylation catalyst and
€) hydrogenating the hydroformylation product.

19. A processfor preparing alcohols having from 7 to 19 carbon atoms, which
comprises
a) providing afirst olefin starting material which consists essentially of Cy-
olefins and providing a second ol efin starting material which consists
essentially of C2n-olefins, where nis an integer from 2 to 6,

b) feeding thefirst and second olefin starting materials into afirst reaction
zone and subjecting them to an oligomerization over a heterogeneous ol efin
oligomerization catalyst,

Cc) separating off astream enriched in Csy-olefin codimers from the output
from the first reaction zone,



from 47 to 53%, based on the total integral area, in the chemical shift 6 range from 0.3 to 1.05 ppm,
based on tetramethylsilane. 18.A process for preparing alcohols, which comprises a) providing a first
olefin starting material which consists essentially of Cm-olefins and providing a second olefin starting
material which consists essentially of C.-olefins, where n and m are, independently of one another, two
different integers from 2 to 12, b) feeding the first agd second olefin starting materials into a first
reaction zone and subjecting them to an oligomerization over a heterogeneous olefin oligomerization
catalyst, c) separating off a stream enriched in C.,,olefin codimers from the output from the first
reaction zone, d) fékdinigeHiagthesrcamnyRiEhed 0 (oletitito aatiare s Gasecond reeaitaon zone and
subjecting it to a reactiofométheaubfutting Mo @e otionyEiegeroththeivdseRee Byd@digioformylation
catalyst and e) hydrogeﬂ%tBnggﬁgmwmﬁHg&gﬁg&g 9Aprocess for preparing alcohols
having from 7 to 19 carbon atoms, which comprises a) prO\X Ing a first olefin starting material which
consists essentially of C11-olefins and providing a second olefin starting material which consists
essentially of C2n-@)lefirtydidgenstinisthe Hydsoformgiati onpredugtieeding the first and second olefin
starting materials into a first reaction zone and subjecting them to an oligomerization over a
heterogeneaps olefin qli jzati , ' (ﬁ! i iC in C311-olefin
codimers fr?r“;i the%ﬂt%é%@?gr%ﬁ %@%&@%@%ﬁéﬁ%gﬁe&%%%% eé@?ﬁé&@? éﬁ%%arﬁﬁ'riched in C311-olefin
codimers into a second reaction zone and subjecting it to a reaction with carbon monoxide and
hydrogen inZhe prédembeobdlarhytirefacooydingto ciaaty20 svidob) hadigepteciivhgniktuieydroformylation
product. 20. An alcohol mixture obtainable by a process as defined in claim 18 or 19. 21. The alcohol
mixture accoing jo caim 20 uhich s Glielcelialmadure, 24 A Hacliogaliad lsghol mixure

ol mi rdi PaYm 6or 3115 aIKk

obtainable by subjec ma an alcohol mixture according 1o clal pxﬁ]’;‘ltlon, glycosidization,

sulfation, phosphafefPrdiRg X9 =—avh Zher fldect e A M shyrer drdignaadfeae subsequent
phosphation. 23. Tleossetodrtha Koxydtboa kinddublsaiuehhaxfiatiaoc atkimgl thi ateand 22 as surfactant,

dispersant, paper aypilianédhisiisseiving agent, corrosion inhibitor, auxiliary for dispersions or
encrustation inhibitor.
23.  Theuse of the functionalized a cohol mixture according to claim 22 as surfactant,
dispersant, paper auxiliary, dirt-dissolving agent, corrosion inhibitor, auxiliary for
dispersions or encrustation inhibitor.
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