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‘operati on seapsurndanid enlfendidippnadowitiddich eper&lintmumnonbdshis ajar t
fromt hg_ paétdéﬁea.h@haeagl%e r&@tgﬂleggomm g@saasaﬁi o:uB@yrm?ééH fsto?ht he
surroundign y:.nat ura e
heat of rbeg.ﬁ?lpojf]{lfj?éti.zgko ?%éppc%fma Yo' LRD wa ) agg?%?{ g:a ggitgd‘L? Yhe

en y the reaction mx € an arri romt he
react or by2tHFE™® P*%¢6ftrast, in isothermal reaction conditions in the

engi neering sense, the heat of reaction is deliberately renmoved fromthe 10
react or byAhbermatifvedyoel thg mickelecompoand rgdf &bel st1lBs veppodnd hearddgr ee
to which i appbiddl Bie d p3thrbyinatds Ahphegiationdeebp®n Hitdicabchadf afiivn t he

heat of jpeagti Odkd1ysdeBeEahtdorf idbtllifed akEURaDY @ heat transfer medium
the coolant, before it is passed to the surroundings or, for exanple when

usi ng heat _15 exch ers, utilized for heating nmaterials or for energy
recovery (¢&ff ,‘j“f%?ra‘#qlﬂ‘?t hRcEDS \R5SR S5/ 1R¥ALonThEDS) ?‘Foﬂ'lé’r &£onpaurd ki ated in
a manner kABRAI§RIts&hecapurinyn pxidef paky jafitgr dpBligatdononf theparticul ar
to give theidkel reaunp2Ondct the alhwhidodecride fwhichi bas hdercltreeteé wbsth

starti ngsmaherhidicell @ompbandyid gfrereyhbly At ifedr bRESPSHAMD atherphasd itwd zer

al cohol s ngpgswl and tridecanol. Onng to the | ow branching of the starting
ol i goners, the higher al cohols prepared therefrom have excellent properties
for the pregg\ratj on of plasticizers and 25 surfactants, Exanples |.

Catal ysts 36PSHE R di§stUPHRIAIOIIRE tPGAPIHB 9% S GRTBX YUt
supports | i3t @dn3nperaknevwn pPer Heaufichkum 63 dasksagdewaBPthe 7@r 8de) * D10- 10"
from BASP or the 35 grade "Pural”™ from Condea. 40 45 0050/50932 9 Nr-1 A

b H~ ~ O trHe. impigrated chtalystNi@ dubséqientiyAdbiéa, preFeMably~in air
at from 50 to 200°C.

Calcination is carried out in an oxygen-containing atmosphere,

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 and temperatures of from 20 to 5000C, preferably from 100
to 2500C, to remove traces of moisture (for instance from 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.
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10 General 8 produci ng catal ysts (the associ ated nunerical val ues
may be found in Table 2 below) 5 The N (N03)2.6 HZO used was from Fl uka. To
produce the catal ysts, the respective support was inpregnated at room
tenperature with a solution conprisin§ the amounts indicated bel ow of 96~
strengt h HESOM1 iGomepuret M HEdryss ¢+FAHED pandemiat rvenitiiba $8irring. The
catal yst opéla&mﬂairnyt Bustawle wag Sik@ukrds) oFi b1&0ind havaugsSsasr 120~C and
cal ci ned ig m% NeUr s Asp QQQaﬁyTélﬂﬂ%?ige% QUonbeken (0N ") and

of sul fur caf.al yst .obt al ne and al so
t he nol ar r&hs‘c res'r b Pfls“f% otletff(nf’ip cargo't1 hatoné Ili}s? %chem“fg t hen
det er mi nddPYFFRE as‘iﬂ%? Lo Mhich EARPFiSR serQHtE‘é‘F a?‘}f’s/PrV\/&§bHE?‘é? fted by
quant i t at i Betang rande@ranassentsadfyt feee 9 f dsolhbanele indondaderenes @ngst i on”
of the catahysdrtiHbudami cketo coteers. ciwitthlle Bfdnecemtbicad slhyeb®- mass

spect r onet ¥mp2is iy 32e40ngdhaving 4 carbon atoms are, for example,
mixtures having the following composition:
10
butanes from 10 to 90% by weight
butenes from 10 to 90% by weight,

where the butene fraction may have the following composition:

15
l1-butene from 1 to 50% by weight,
cis-2-butene from 1 to 50% by weight,
trans-2-butene from 1 to 99% by weight,
isobutene from 1 to 5% by weight.
20

A particularly preferred starting material is raffinate II. This
is a butene-containing C4-hydrocarbon mixture as is obtained from
the C4 fraction of crackers after more highly unsaturated
hydrocarbons such as diolefins, in particular 1,3-butadiene, or

25 acetylene and then the isobutene present have been separated off.
A typical composition of raffinate II is, for example:

isobutane, n-butane 26% by weight,
isobutene 1% by weight,
30 1l-butene 26% by weight,
trans-2-butene 31% by weight,
cis-2~butene 16% by weight,

The C4s-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, for instance, DE-A 39 14 817 by selective hydrogenation
or absorption on molecular sieves.

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 liquid 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,
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7
from the top downward. The oligomerization process of the present
invention can be carried out to the desired final conversion of
the butenes in a single reactor, in which case the
oligomerization catalyst may be arranged in one or more fixed
beds in the reactor. Alternatively, the process of the present
invention can be carried out using a reactor cascade comprising
two or more, preferably two, reactors connected in series; it is
possible for the oligomerization of the hydrocarbons in the
reaction mixture to be carried out to only a partial conversion
when passing through the reactor or reactors upstream of the last
reactor of the cascade and for the desired final conversion to be
achieved only when the reaction mixture passes through the last
reactor of the cascade. In the individual reactors of the reactor
cascade, the oligomerization catalyst can be arranged in one or
more fixed catalyst beds. Furthermore, different reaction
conditions in respect of pressure and/or temperature within the
abovementioned pressure and temperature ranges can be set in the
individual reactors of the reactor cascade. It is also possible
to use different oligomerization catalysts in the individual
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
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
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
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
recirculated in a manner known per se (cf., for instance, WO-A
95/14647).

The oligomerization process of the present invention can be
carried out adiabatically or isothermally.
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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
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
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 coolant, before it is
passed to the surroundings or, for example when using heat
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
octene and dodecene fractions which serve as starting materials
for the hydroformylation for preparing the plasticizer alcohols
nonanol and tridecanol. Owing to the low branching of the
starting oligomers, the higher alcohols prepared therefrom have
excellent properties for the preparation of plasticizers and
surfactants.

Examples
I. Catalysts

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
grade “Pural” from Condea.
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General method of producing catalysts (the associated numerical
values may be found in Table 2 below)

The Ni(NO3),-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 H,0
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
then determined.

The sulfur content of the finished catalyst was determined by
quantitative infrared analysis of the sulfur dioxide formed on
“combustion” of the catalyst. The nickel content could be
measured by ICP-mass spectrometry.

N ~
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~ O ~n WA 7 Z UUWU MOT-1 Ab H 0050/50932 12 Conparative

cat al yst %é’sﬂ%e appl i ed before nickel) 380 g of support A were

i npregnated at roomtenperature with 5 171 m of a solution conprising 184
nmmol of H2SOg (96$ strength) and water while stirring. The product was
dried in air for 3 hours at 120C and1&alcined in air for 2 hours at 500C.
The catal yst obtained in this way was subsequently inpregnated at room

tenperat urnpatritidd depfyst sebul é@@a&@”ﬁﬁbﬁié& b ramRicrd1yl0 Ni (NO3) 2. 6
H2O (97~ pure) and water whlle stlrrlng The catalyst obtained in this way

was t hen ed in air for hour s nsa% g ctned in_air f. 2 hours
at 500C. THY Fef eﬁPaa%rtofA HFEEe’r“‘%%Q Sélea SR, CFRPEF REFS He o 01 by
wei ght ghdlthal &f 3uPelntigss caBPEIFAMed 8B4s™oU A BlpSQei Gift &fgepaRhol ar

rati o of sand wate¥ wbibé citElrrimg. f Dhangpriodubt @aQE&irueId i@ agonkay zati ons The
feed stocks usaisf at LhecmlangosRI¢#idd dn afirbfsemehosas 20 s5oetli onée |1
of the f ol '@altalq;~%0899§tﬁéd3&n e8i8 J@é/y \t@dsgfahbgéqdérmﬂye&ﬁ\ 3&«;3&4&/ awel ght of

| Sobut opg 150 skt gtfwwt By %EG@l&ﬁh&T%trlsoﬁ; ohd lOfy

wei ght 9 I\”sﬁi?éﬁ?aﬁtéh o{Fhe RUEEet PB V\%%erc d Btﬁr’tf’(?ntl ofRF3 Y

t her nost atertaingd deathdy Walvowasr bben iBiedubr abd £9F i2nbernsl a‘alle?fPé’Fer of
30 mMm Theandactlicinepr s saine foli 2 hhavas alto¥80¢the Thet pensextggeeofundéchélt he
raffinate Jyds Wampsgqaeral gdidterienssd &f AN 18PEY M waigiteagdothaeeskt punFuand
was regul ataegﬂ &@téﬁaﬂéd@ts Cl“%%@”ﬁ?Ywé‘ig@ﬁlSl&h@ 8Re U IULRARES JEVdLIGRY

downstr mo e .react rd 1/h of dry nitrogen were firstly
passed gger 1%5: rﬁl ist}El)eurt:d(}tt 3l ?ételn%éi't he reaction tube for 24 hours at

160C. The reaction tube together with the catal yst were subsequently

al | owed t oIkooPligrmarigptiern®n to 20C. The tenperature was then increased
to 80C 40 over a period of 24 hours at a raffinate Il pressure of 20 bar
and the refgd i HedVatoERIMis&l fu tHEAST iddiryaza0D6h tdOmtands awaei ght hourly

space vghouifyr Hatd 32-KkGeHe RNALAMS ddmpRRithbher of catalyst and hour.
The reaction product was | sol ated and the proportion of isoners having 8

car bon atomsné sel.ectivity") and 45 the 1SO index of the C8 fraction
were deterff béﬁlwﬁéahg ¥F GXLtERAP ot ography. Table 3 shows the results.
0050/ 509323137y ANepght 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 isobutane
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 1/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 nitrogen 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 catalyst and hour. The reaction product was isolated and the
proportion of isomers having 8 carbon atoms (“Cg selectivity”) and

45 the ISO index of the Cg fraction were determined by means of gas
chromatography. Table 3 shows the results.
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UHHHHUUUUU O z~Ncr 1crtc)~noOrn 0050/50932 14 Clains 1. A process for
produci ng an oligonerization catalyst for 5 olefins having from2 to 6
carbon atons, in which alum num oxi dd4is treated with a nickel conpound and
a sul fur conpound, either sinultaneously or firstly with the nickel
conpound aig@itgen with the sul fur conpound, and the resulting catalyst is
subsequently dried and cal cined, wherein a nolar 10 ratio of sulfur to
nickel in the finished catalyst of from0.25:1,t0 0.38:1 (s sef in this
way. 2. AlprodefEOCEFS pt ¥ RANYCIRT ofF g‘?ﬂf@f’f“?ﬁf‘?%}?'ll%tc&lt?lsws? O’erbl efins
havi ng ¥ om 2 alefdnsahavinatfde® 2i ho vhicarbanuatemen 15 yhigh akuminawg ed
si mul t aneous| yoxiideh ia hreitsdd eutpoanuickel zospbhnd awhpospdifend t he
resul ting cat algnfdound, Sebeesiuennhy thédrk1an@rcai £4 €180 wiwhetRe mickEl ar
ratio of sul furodRuRaCKRE dvbd RAthi PhSNAA 3t BbYSsuR, fah@Mfe ZReduiltdn 38: 1
's set in trns%gﬁgiyst is subsequently dried and calcined, wherein a molar

10 ratio 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 2 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 2 to 6 carbon atoms, in which aluminum
oxide is treated firstly with a nickel compound and then with
a 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 to 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 n-aluminum oxide
35 or a mixture thereof.

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

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 2 to

6 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.



20 3. A propgpysipesproducing an oligonerization catalyst for olefins
having from2 to 6 carbon atons, in which alumnumoxide is treated firstly
wi th a nickel conmpound and then with a sulfur conpound and the resulting
catal yst is subsequently 25 dried and_ cal cined, wherein a nolar ratio of
sulfur to nickel in the finished cata §st of from0.25:1 to 0.38:1 is set
in this way: 42 Profetess glaired g Glaimng, otheslednnthe okefinswheedi n a
nol ar 30 ratiohavesdldwrs carhonketonsn the finished catalyst of fromO0.28:1
to 0.35:1 is set. 5. A process as clained in any of clainms 1 to 4, mherein

the al um nym, oxi 9?0(‘:@@&1 dsS cY afhadn {101 P de, herqu Pg&%

m xture ushereo ?h OCGSS as_cl ai I'TE |n cla m rern t%he a Um num
um n

oxi de uséd is hoxi de T HdF OknloPt éPFoﬁ ~hufiene, apd

obt ai nabl e by ?B%é?gié%ecFﬁFﬁ%RFQ¥4Yaﬁ§eﬁf°§ﬂ%ﬁOPEtEH?oa¥P weda process
for preparing oligoners of olefins having from2 to 6 carbon atons or of

m xtures 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 clained in claim7. 0050/50932
15 9. Ajprocess as clainmed in claim@8, wherein the olefins used have 3 or 4
carbon atonms. 10. A process as clainmed in claim9, wherein hydrocarbon
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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