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30 fraction. Thus, for example, n-octenes with 0, methylheptenes
with 1 and dimethylhexenes with 2 contribute to the ISO index of
a fraction. The lower the IS0 index, the more linear the
molecules in the respective fraction. The higher the linearity,
i.e. the lower the IS0 index, the higher the yields in the
35 hydroformylation and the better the properties of the plasticizer
prepared therewith. A low ISO index results in plasticizers, for
example, -being less volatile, and PVC containing such
plasticizers displays improved fracture behavior when cold.

40 The oligomerization is carried out industrially in the presence
of either homogeneous or heterogeneous catalysts.

For the heterogeneously catalyzed oligomerization, nickel- and
sulfur-containing aluminum oxide catalysts are already known in

45 the prior art. JP-B 74/3489 (Nippon 0il Co. Ltd.) describes the
use of nickel sulfide on aluminum oxide as catalyst for the
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sul fur al umlnum ox1de is ‘doped with the sulfate ions before it is doped
30 with the nickel oxide.

EP-B 272 970 (Institut Francais du Pétrole) discloses a process
for the dimerization of monoolefinic hydrocarbons, in which an
aluminum oxide having a particular content of sulfate ions and

35 containing from 0.5 to 15% by weight of nickel is used.
Furthermore, the molar ratios of sulfur to nickel in the catalyst
are from €.4:1 to 0.8:1. In the production of this catalyst, the
source of sulfate ions and the source of nickel ions are allowed
to act simultaneously on the aluminum oxide, followed by drying

40 and calcination, or, alternatively, the aluminum oxide is treated
with a nickel salt which can be decomposed by heat and the doped
support is dried and calcined, followed by application of the
sulfate ions.

45 The dimer selectivity and the degree of branching of the alkyl
chains in the olefin oligomers prepared using the known catalysts
based on sulfur- and nickel-containing aluminum oxides is,
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0.4 mM/g Y3 a %EJF ?mPiﬁc%yarea of nore than 150 nR/g. Furthernore,
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constituents are present in dissolved form: the precipitate

is washed, dried, shaped and calcined {(cf., for instance,

DE-A 43 39 713), or

b) impregnation of the aluminum oxide, which is in the form of
powder or has already been shaped, with a solution of the
nickel compound and the sulfur compound and subsequent drying
and calcination of the product obtained.

The catalysts of the present invention are preferably produced by
variant b} using prefabricated shaped aluminum oxide bodies, for
example spheres and especially extrudates or star extrudates
having a largest diameter of from 1 to 3 mm. The above indication
of size is merely by way of example and does not restrict the
scope of the present invention. The aluminum oxide support is
obtained in discrete, shaped form by shaping the aluminum oxide
precursor or the powder obtained therefrom by calcination in a
manner known per se so as to meet the respective requirements
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(cf., forthestigked, cERp@RY 2nd70he 2l fihe compoegddiyedmpatghysion vith
subsequenéddutdionedof ptRésy aldmpoud@l r at from 50 to 200C. Calcination is
carrieggout in an oxygen-containing atnosphere, 25 preferably in air. The
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are preferably used as their solution, in particular in water and
less preferably in organic polar solvents, e.g. alcohols such as
methanol and ethanol, or mixtures of the suitable solvents.
30
Suitable sulfur compounds are sulfates and all compounds of
sulfur which can be converted into sulfate on heating in the
presence of oxygen or of oxygen-containing gas mixtures such as
air under the calcination conditicns, for example the sulfides.
35 Preference is given to using water-soluble sulfates such as
ammonium sulfate which decomposes at about 250°C and especially
sulfuric acid.
Suitable nickel compounds are all compounds of nickel which can
40 be converted into an oxidic form of the metal on heating in the
presence of oxygen or of oxygen-containing gas mixtures such as
air under the calcination conditions. As nickel compound,
preference is given to using water-soluble nickel salts, for
example those having an organic anion such as the formate,
45 oxalate, acetylacetonate or the 2-ethylhexanoate and especially

hydrated or anhydrous nickel nitrate.



active oxidic nickel- and sulfur-containing conposition is forned fromthe
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25 preferably in air. The calcination temperature is normally in the
range from 300 to 600°C. During the calcination, the catalytically
active oxidic nickel- and sulfur-containing composition is formed

from the nickel compound and the sulfur compound.

30 If, contrary to the invention, firstly the sulfur compound and
then the nickel compound are allowed to act on the aluminum
oxide, undesirably high ISO indices are obtained in the
oligomerization. '

35 The novel catalysts produced in this way are advantageously
conditioned in a stream of dry nitrogen, e.g. at atmospheric
pressure end temperatures of from 20 to 5000C, preferably from 100
to 2500C, to remove traces of moisture (for instance ffom the air)
from the catalyst prior to use in the oligomerization.

40
The molar ratio of sulfur to nickel in the catalyst of the
present invention determined by means of elemental analysis is
preferably from 0.28:1 to 0.35:1. Above this range, the dimer
selectivity normally decreases significantly, while below this

45 range, the catalyst activity generally decreases significantly.



The C4-hydrocarbon streans can, for exanple, be freed of 35 butadiene,
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the individual reactors of the reactor cascade, the oligonerization

catal yst LaRUHPSrranged | AFYRel g PEPnBY ¥43dlEd catal yst beds.

Fur t her nog&s-iytenent rearomnl teoB@Rt boriveightrespect of pressure and/ or
t enper at uteans+dributiehe abdvementdiconed Py eesigha,and tenperature ranges can

be set inisdwsutdridi vidual geators Obst B we@ptQr cascade. It is also
possi bhg to use different oli gorreri zation catalysts in the individual 20

reactors t ho t he. use sane talyst_in_ all
reactors fp?ﬂ .cci_lgffg?fepf%% etsf'gﬁgl%\g s"fa% ré‘agt?i erﬁééﬁ‘[al% LonERis
spoken of1%\/(1%rP%Feé’ierfﬁPEtab‘H‘tﬁ)ﬁérhi‘é%‘i"?ﬂ?q‘:’é‘a@f-ﬁ“% afsdd ePtakeer u‘s"é’“i s
made of atheddt dragsiemseadwackerhostterasirer Bighlty smmatokagederi zati on

catal yst hgdratsedonisf sdihfey enfolelfigspein zairtaputat al ysitabeesspleyed in
the ipgiyésispledecantiotBe®tida soBaCaRE pidbeht! ﬁa{f@f@éé@%etpgrase@ o),
mul tistagg { géloglofoggitimme & &QQ@%#E@HPQSC&@OP _pr out under

supercritica con ons 1 n respect t he stértln r|aI i n which
case it s preferred that no addltlonal sol vent s V\/mch are not in the 35
super cri t 122U EAR e PaPBEMDI oyed. After 26 #§igRE: si ngl e- st age- or

mul ti st ageselstarnieon zone, the ol i goneritfhy medghte separated in a manner

known perlsientfemem t he 26% by weight,
trans-2-butene 31% by weight,
cis-2-butene 16% by weight.

The C4-hydrocarbon streams can, for example, be freed of

35 butadiene, sulfur-containing and oxygen-containing compounds such
as alcohols, aldehydes, ketones or ethers in a manner known per
se from, ¥or instance, DE-A 39 14 817 by selective hydrogenation
or absorption on molecular sieves. B

40 The oligomerization reaction preferably takes place at from 30 to
140°C, in particular from 30 to 120°C, and a pressure of
preferably from 15 to 100 bar and in particular from 20 to
70 bar. The pressure is advantageously selected so that the
hydrocarbon feed mixture is present in a liguid or supercritical

45 state at the temperature set. The reactor is generally a
cylindrical reactor which is charged with the catalyst and
through which the liquid reaction mixture flows, for example,



unreact ed hydrocarbons and all or nost of these hydrocarbons are 40
recirculated in a nmanner known per Be (cf., for instance, WO-A 95/ 174%2117\3 1004
The ol igonerization process of the present invention can be carried out
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(C O co to use different oligomerization catalysts in the individual
20 reactors of the cascade, although the use of the same catalyst in
all reactors of the cascade is preferred.

A single-stage reaction zone is spoken of when a single
oligomerization reactor is used or when use is made of a reactor

25 cascade in whose reactors the same oligomerization catalyst is
used. - '

If different oligomerization catalysts are employed in the
individual reactors of the cascade, this is referred to as a
30 multistage reaction zone.

The oligomerization can be carried out under supercritical
conditions in respect of the starting material, in which case it
is preferred that no additional solvents which are not in the

35 supercritical state are employed.

After leaving the single-stage-or multistage reaction zone, the
oligomers formed are separated in a manner known per se from the
unreacted-hydrocarbons and all or most of these hydrocarbons are

40 recirculated in a manner known per se (cf., for instance, WO-A
95/14647).

The oligdmerization process of the present invention can be
carried out adiabatically or isothermally.
45
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8
In the engineering sense, adiabatic reaction conditions or mode
of operation means reaction conditions or mode of operation in
which, apart from the part of the heat of reaction which passes
from the reactor to the surroundings by natural heat conduction
5 and heat radiation, all of the heat of reaction is taken up by
the reaction mixture and carried from the reactor by this.

In contrast, in isothermal reaction conditions in the engineering
sense, the heat of reaction is deliberately removed from the

10 reactor by means of cooling or thermostating facilities beyond
the degree to which it would be lost by natural heat conduction
or heat radiation; the heat of reaction is generally firstly
taken up by a heat transfer medium, the cooclant, before it is
passed to the surroundings or, for example when using heat

15 exchangers, utilized for heating materials or for energy recovery
(cf., for instance, WO-A 95/14647).
The oligomers are separated in a manner known per se, especially
by fractional distillation, in particular to give the desired

20 octene and dodecene fractions which serve as starting materials
for the hydroformylation for preparing the plasticizer alcohols
nonanol™d¥Nd tridecanol. Owing to the low branching of the
starting oligomers, the higher alcohols prepared therefrom have
excellent properties for the preparation of plasticizers and

25 surfactants.

Examples
I. Catalysts
30
The catalysts were produced using the y-aluminum oxide supports

listed in Table 1.

y-aluminum oxide used was the grade “D10-10" from BASF or the
35 grade “Pural” from Condea.

40

45
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General method of producing catalysts (the associated numerical
values may be found in Table 2 below)

5 The Ni(NO3)2-6 H;0 used was from Fluka.

To produce the catalysts, the respective support was impregnated
at room temperature with a solution comprising the amounts
indicated below of 96% strength H,S04, 97% pure Ni(NO3); * 6 H30

10 and water while stirring. The catalyst obtained in this way was
dried in air for 10 hours at 120°C and calcined in air for 2 hours
at 500°C. The percentages of nickel (“Ni”) and of sulfur (“S*)
based on the total weight of the catalyst obtained and also the
molar ratio of sulfur to nickel (“S:Ni“) in the catalyst were

15 then determined.

The sulfur content of the finished catalyst was determined by
gquantitative infrared analysis of the sulfur dioxide formed on
“combustion” of the catalyst. The nickel content could be

20 measured by ICP-mass spectrometry.

25
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.1z O(n 0.GAU r--LNnd" z uUUO 26MW?u4' 12 Conparative catal yst CC5

(sul fate applied before nickel) 380 g of support A were inpregnated at room
tenperature with 5 171 m of a sol utf®n conprising 184 mol of H2SO4 (96%
strength) and water while stirring. The product was dried in air for 3

hours at dafartdveakatapgstd s [(shDfae NpplSedt nbEKe nllkrelgat al yst
obtained in this vvay was subsequent I y [ rrpr egnat ed at room tenperature with

171 m of @]sol ion compyi s ng t cg %20“)&97% pure)
and vvater PP?ﬁgp THe & éf"gfﬁg?a o) ta§| 688“‘ ’fﬁer? then dried
in air “h]o&’rfs aat5°1‘2'9’€9n &?H‘Pé'éﬁéilgme]cﬁﬁ Amgily of of250ah 686 % 9&‘%’-“95’@(5@) The
per cent ag@d)fwateakerhllwast:smmanuehel prabiotr weRedr dasd An) d¥rbyomei ght and
t hat of SBJH‘ders \6&s 1dederaidied1asndd 4oy Bk gMthalitd fakesomdar That i o of
sul fur 15,80 1YKkehtWaged OMNEHLQ BEy QwdS subseqhbh O BIARLLAPSd at
room temperature with 171 ml of a scolution comprising 644 mmol of
10 Ni(NO3)2'6 Hp0 (97% pure) and water while stirring. The catalyst
obtained in this way was then dried in air for 2 hours at 120°C
and calcined in air for 2 hours at 500°C. The percentage of nickel
was subsequently determined as 9.01% by weight and that of sulfur
was determined as 1.40% by weight and the molar ratioc of sulfur
15 to nickel was found to be 0.28.

II. Oligomerizations

The feed stock used for the oligomerizaticon of butenes was
20 “raffinate II“ ofthe following composition:

29.8% by weight of l-butene

31.7% by weight of trans-2-butene

17.8% by weight of cis-2-butene
25 2.1% by weight of isobutene

15.3% by weight of n-butane

3.1% by weight of isocbutane

0.2% by weight of isopentane

30 The reaction was carried out continuously in a thermostated tube
reactor whose reaction tube had an internal diameter of 30 mm.
The reaction pressure which was above the intrinsic pressure of
the raffinate II was generated by means of an upstream reactor
feed pump and was regulated by means of customary pressure

35 maintenance devices downstream of the reactor. 1500 standard 1l/h
of dry nitrogen were firstly passed over 165 ml of the catalyst
in the reaction tube for 24 hours at 160°C. The reaction tube
together with the catalyst were subsequently allowed to cool
under nitfogen to 20°C. The temperature was then increased to 80°C

40 over a period of 24 hours at a raffinate II pressure of 20 bar
and the reaction was carried out under these conditions and a
weight hourly space velocity of 3.35 kg of raffinate II per liter
of catalfsf and hour. The reaction product was isolated and the
proportion of isomers having 8 carbon atoms (“Cg selectivity”) and

45 the IS0 index of the Cg fraction were determined by means of gas
chromatography. Table 3 shows the results.
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process for producing an oligomerization catalyst for 5 olefins having from
4 to 6 carbon atons, in which alum num oxide is treated with a nickel
compound HRW @1&HMF ur conpound, either simultaneously or firstly with the
ni ckel compound and then with the sul fur conpound, and the resulting

catal yst s smbpequesy | sbrdpredudisy G glaegmeiﬂbﬂﬁda @a@i atio of
sul fur o ni CB@gfiﬂstmu 'gn'f?:taﬁd cal 3 )é%&bgnl?%gn}n%ér Il?ar%ﬁf%%g’&%&ln s set

in this way. 2, roduc 0 for

ol efi ns havi ngxf‘d%nﬁl Er(?aéega?’gﬁ% %4t i fonprEnd Angnndwd 8% oxi de i s
treated sinul FERBROWRFy %tthﬁrashm%k@ne@é‘ﬁ%um Sinstdy wikhuthe onjekedd and
the resul ti ngcempeunydtands thebseitienttiey sullfie deaiptbundl, ChAE Ot he\iQIs@1R i Ag NI ar
rati o of sul f oatéDyst GeelsubbBqhéer Iy MrsBadag@t @ Nshed! HHORG: 20mb15P
0.38:110S setrhPio of sulfur to nickel in the finished catalyst of from

0.25:1 to 0.38:1 is set in this way.

2. A process for producing an oligomerization catalyst for
olefins having from 4 to 6 carbon atoms, in which aluminum
15 oxide is treated simultaneously with a nickel compound and a
sulfur compound and the resulting catalyst is subsequently
dried and calcined, wherein a molar ratio of sulfur to nickel
in the finished catalyst of from 0.25:1 to 0.38:1 is set in
this way.
20
3. A process for producing an oligomerization catalyst for
olefins having from 4 to 6 carbon atoms, in which aluminum
oxide is treated firstly with a nickel compound and then with
a2 sulfur compound and the resulting catalyst is subsequently

25 dried and calcined, wherein a molar ratio of sulfur to nickel
in the finished catalyst of from 0.25:1 to 0.38:1 is set in
this way.

4. A process as claimed in any of claims 1 te 3, wherein a molar

30 ratio of sulfur to nickel in the finished catalyst of from

0.28:1 to 0.35:1 is set.

5. A process as claimed in any of claims 1 to 4, wherein the
aluminum oxide used is y-aluminum oxide or m-aluminum oxide
35 or a mixture thereof.

6. A process as claimed in claim 5, wherein the aluminum oxide
used is y-aluminum oxide. B

40 7. An oligomerization catalyst obtainable by a process as
claimed in any of claims 1 to 6.

8. A process for preparing oligomers of olefins having from 4 to

& carbon atoms or of mixtures of these olefins at from 20 to

45 280°C and a pressure of from 10 to 300 bar in the presence of
a catalyst as claimed in claim 7.



this way. 20 3. A process for producing an oligonerization catalyst for

ol efins having from4 to 6-carbon atons, in which alum num oxide is?§MAY 2004
treated firstly with a nickel conpound and then with a sulfur conpound and
the resulting catalyst is subsequentl,x 25 dried and cal ci ned, wherein a

mol ar ratio of sulfur to nickel in the finished catalyst of fromO0.25:1 to
0.38:1 is set ¥ RFOTFFS dRaylaamed 1 sId® 8 ¢heneigy the ahgfiis cisgdns 1 to

3, wherein a ABF&r4 Sorhos @gows-sul fur to nickel in the finished catal yst

of from 0.28:1 to 0.35:1 is set. 5. A process as clained in any of clains

| to 4, whelehrnpideesAlddNcumheX! f¢ S8 bS YndteiH AYELBXAAGP st Fedlym num
oxi de 35 or @hﬁl‘:ﬁ(t&;@ e §0f i xBurd ¥ qggg&as ¢l meg #n claim.5, wherein
the al um num 8x}gde used is é-a u%ﬂm oxi de - A0 RA 6rPYSHS P4t i on

catal yst obt aPh&BPe &T6r GERSREIR LY F2rRetl i fPohnFege 2TRiMASdL to 6. 8. A
process for preparing oligoners of olefins having from4 to 6 carbon atons
or of m xtures of these olefins at from20 to 45 28000 and a pressure of
from10 to 300 bar in the presence of a catalyst as claimed in claim?7. 2
6 MAY 32804 15 9. A process as clained in claim8, wherein the ol efins used
have 4 carbon atonms. 10. A process as clained in claim9, wherein

hydr ocarbon streans 5 which conprise a m xture of 1-butene and/or 2-butene
and butane and are essentially free of isobutene are used. 10 15 20 25 30
35 40 45
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