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(57) ABSTRACT

The invention provides a process for oligomerization of
n-butenes using a nickel-containing aluminosilicate catalyst
to produce a product mixture whose ratio of 4,4-dimethyl-
hexene to 3,4-dimethylhexene is determined and monitored.
The invention further relates to a process for determining the
ratio of the amount of the formed 4,4-dimethylhexene or of
the formed 3-ethyl-2-methylpentene to the amount of the
formed 3,4-dimethylhexene.
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PROCESS FOR OLIGOMERIZATION OF
BUTENE WITH DETERMINATION OF THE
PROPORTION OF ACIDIC CATALYSIS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a 35 U.S.C. § 119 patent appli-
cation which claims the benefit of European Application No.
18185533.9 filed Jul. 25, 2018, which is incorporated herein
by reference in its entirety.

FIELD

[0002] The present invention relates to a process for
oligomerization of n-butenes using a nickel-containing alu-
minosilicate catalyst to produce a product mixture whose
ratio of 4,4-dimethylhexene to 3,4-dimethylhexene is deter-
mined and monitored. The invention further relates to a
process for determining the ratio of the amount of the
formed 4,4-dimethylhexene or of the formed 3-ethyl-2-
methylpentene to the amount of the formed 3,4-dimethyl-
hexene.

BACKGROUND

[0003] Oligomerization is generally understood as mean-
ing the reaction of unsaturated hydrocarbons with them-
selves to form correspondingly longer-chain hydrocarbons,
the so-called oligomers. Thus, for example, an olefin having
eight carbon atoms (octene) can be formed by oligomeriza-
tion of two olefins having four carbon atoms (butene). The
oligomerization of two molecules with one another is also
referred to as dimerization.

[0004] The resulting oligomers are intermediates that are
used, for example, for producing aldehydes, carboxylic
acids and alcohols. The oligomerization of olefins is carried
out on a large industrial scale either in the homogeneous
phase using a dissolved catalyst or heterogeneously over a
solid catalyst, or else with a biphasic catalyst system.
[0005] In the case of the heterogeneously catalysed pro-
cesses, oligomerization over acidic oligomerization cata-
lysts has long been known. Systems employed industrially
include acidic catalysts, for example zeolites or phosphoric
acid, on a support. Isomeric mixtures of more or less
branched olefins are obtained here. The designation acidic
catalysis or acidic catalysts here describes Bridnsted acidity,
i.e. the catalyst provides catalytically active protons. Often
employed for non-acidic, heterogeneously catalyzed oli-
gomerization of olefins with high dimer selectivity in the art
are nickel compounds on support materials, wherein the
nickel does not provide protons but rather acts as an electron
pair acceptor (Lewis acid). Thus WO 95/14647 A1 describes
a nickel catalyst comprising a support material consisting of
the components titanium oxide and/or zirconium oxide,
silicon oxide and optionally aluminium oxide for olefin
oligomerization. Over these catalysts, mixtures of linear
butenes are oligomerized to C8-olefins with a selectivity of
below 75%. It is thought that the catalytic activity of
nickel-based, heterogeneous catalysts for oligomerization of
olefins is based on the interaction between nickel cations and
surface aluminium atoms.

[0006] In the case of the oligomerization there are various
mechanisms by which the oligomerization may proceed.
These include acidic catalysis where the olefins form with
the acid centre of a catalyst a carbenium ion which can react
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with the double bond of a further olefin, thus forming a new
C-C bond. Since the carbenium ion is best stabilized at the
most highly branched point of the cation, highly branched
oligomers which are relevant almost exclusively for the
production of fuels are formed. Oligomers having a rela-
tively high linearity in particular are required industrially for
further processing to afford chemical end products such as
plasticizers or surfactants. A further mechanism is the coor-
dinative mechanism where the first olefin bonds to the
catalyst coordinatively. A further olefin can become attached
there and lead to the formation of a new C-C bond and thus
to the formation of an oligomer. The products of this
mechanism are typically less highly branched.

SUMMARY

[0007] Compared to known oligomerization processes
there is an ongoing need to develop novel process
approaches which result in an improvement in conversion
and/or selectivity when used in the oligomerization of
olefins to afford linear products. It is accordingly an object
of the present invention to provide an oligomerization
process which makes it possible, with the oligomerization to
achieve higher selectivities and higher conversions to more
highly linear products, wherein this is monitored using
certain product isomers.

[0008] It is a further object of the invention to be able to
quantify the saturation of the catalyst acid centres with
nickel to be able to achieve improved prediction of the
suitability of a catalyst for oligomerization on a large
industrial scale. It is a further object of the present invention
to be able to interpret the catalytic data to identify formation
processes of the catalyst and the deactivation of specific
catalytic centres during the reaction. Since the oligomeriza-
tion is performed as a continuous operation under elevated
pressure the withdrawal of catalyst samples during operation
is difficult if not impossible. For estimation of the further run
time and assessment of the product spectrum to be expected
it is therefore of great importance to be able to ascertain the
state of the catalyst using the products formed.

[0009] The underlying object of the present invention was
achieved with the process for oligomerization according to
claim 1 and with the process for determining saturation
according to claim 7. Preferred embodiments are specified in
the subsidiary claims.

DETAILED DESCRIPTION

[0010] The process according to the invention is a process
for oligomerization of n-butenes using a mesoporous,
nickel-containing aluminosilicate catalyst over which a
reactant stream containing the n-butenes is passed to form a
product mixture, characterized in that the ratio of the amount
of the formed 4,4-dimethylhexene to the amount of the
formed 3,4-dimethylhexene in the product mixture is moni-
tored and the catalyst is replaced upon exceedance of a
threshold value for the ratio (amount of 4,4-dimethylhexene/
amount of 3,4-dimethylhexene), wherein the threshold value
for the ratio (amount of 4.,4-dimethylhexene/amount of
3,4-dimethylhexene) is not more than 0.05, preferably not
more than 0.01, particularly preferably not more than 0.005.
[0011] Determining the ratio comprises initially determin-
ing the amounts of the individual isomers preferably by gas
chromatography and determining the ratio therefrom. To
achieve a better separating efficiency the sample to be
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analyzed (product mixture) may be hydrogenated over a
heterogeneous Pd-containing catalyst in the liner with
hydrogen as the carrier gas before reaching the separating
column. The alkanes obtained therefrom are more readily
distinguishable than the C8 olefin isomers formed in the
oligomerization.

[0012] The ratio (amount of 4,4-dimethylhexene/amount
of 3,4-dimethylhexene) may be determined continuously,
i.e. uninterruptedly during the running process, or discon-
tinuously, i.e. by regular withdrawal of a sample of the
product mixture from the process during operation. It is
preferable when the ratio (amount of 4,4-dimethylhexene/
amount of 3,4-dimethylhexene) is determined discontinu-
ously by sample withdrawal from the product mixture
carried out at regular intervals. The intervals between the
regular sample withdrawals are freely choosable and depend
on the plant being operated. The intervals between the
sample withdrawals in the discontinuous determination of
the ratio may in principle be effected in intervals of 1 to 59
minutes, 1 to 23 hours, 1 to 6 days or 1 to 20 weeks. The
intervals may also vary, i.e. for example may be longer after
installation of a fresh catalyst and become shorter over time.
[0013] It has been found that, surprisingly, monitoring of
the ratio of 4,4-dimethylhexene to 3.4-dimethylhexene
makes it possible to achieve particularly good product
qualities and a higher conversion and/or a higher selectivity
toward linear products upon use in the oligomerization
process according to the invention. The smaller this ratio, the
lower the proportion of acidic catalysis in the oligomeriza-
tion and thus the lower the amount of more highly branched
oligomers formed. However, if there is an increase in the
ratio of 4,4-dimethylhexene to 3,4-dimethylhexene a forma-
tion has occurred on the catalyst surface. This makes it
possible to determine for further operation the average
degree of branching that the formed oligomers will have. If
a particular threshold value is exceeded during the process
the catalyst must be replaced. It is therefore possible to
achieve a high linearity of the formed oligomers virtually
uniformly since by establishing a suitable threshold value
for the ratio the process may be prematurely interrupted and
the catalyst replaced before relatively large amounts of
branched byproducts are even formed.

[0014] If catalyst replacement is required due to excee-
dance of the threshold value the used catalyst is replaced by
a fresh catalyst. Depending on the construction of the plant
this proceeds in a manner known to those skilled in the art.
The fresh catalyst may be a newly produced catalyst or a
used but regenerated catalyst.

[0015] The reactant stream containing the n-butenes may
also be a stream of pure n-butene though this is scarcely
feasible industrially. Industrial mixtures containing
N-butenes and employable as the reactant stream are light
petroleum fractions from refineries, C, fractions from FC
crackers or steam crackers, mixtures from Fischer-Tropsch
syntheses, mixtures from the dehydrogenation of butanes,
and mixtures formed by metathesis or from other industrial
processes. Mixtures of n-butenes suitable for the process
according to the invention are obtainable for example from
the C, fraction of a steam cracker. Butadiene is removed in
the first step here. This is accomplished either by extraction
or extractive distillation of the butadiene or by selective
hydrogenation thereof. In both cases a virtually butadiene-
free C,-cut is obtained, namely raffinate 1. In the second
step, isobutene is removed from the C,-stream, for example
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by production of methyl tert-butyl ether (MTBE). Other
options include the reaction of the isobutene from the
raffinate I with water to afford tert-butanol or the acid-
catalysed oligomerization of isobutene to afford diisobutene.
As desired, the now practically isobutene-free C4-cut, raf-
finate II, contains the n-butenes and possibly butanes.
[0016] In a preferred embodiment the raffinate I (butadi-
ene-free C4 cut from the steam cracker) or raffinate II
(butadiene- and isobutene-free C4 cut from the steam
cracker) are supplied to the process as the reactant stream.
[0017] A further option for producing a suitable olefin
mixture is that of subjecting raffinate I, raffinate II or a
similarly constituted hydrocarbon mixture to hydroisomer-
ization in a reactive column. This may afford inter alia a
mixture consisting of 2-butenes, small proportions of
1-butene and possibly n-butane and also isobutane and
isobutene.

[0018] Depending on the origin and workup of the reactant
stream compounds comprising heteroatoms, in particular
nitrogen-, sulfur- and/or oxygen-containing compounds,
may be present in the stream.

[0019] The oligomerization process according to the
invention is preferably carried out at a temperature in the
range from 50° C. to 200° C., preferably in the range 60° C.
to 180° C., particularly preferably in the range from 60° C.
to 130° C. The pressure in the process according to the
invention is preferably in the range from 10 to 70 bar,
particularly preferably in the range from 15 to 42 bar.
[0020] In a further preferred embodiment the reactants are
present in the liquid phase in the process according to the
invention. If the oligomerization is to be carried out in the
liquid phase the parameters pressure and temperature must
to this end be established such that the reactants are in the
liquid phase.

[0021] In the process according to the invention for oli-
gomerization the weight-based space velocities (reactant
mass per unit catalyst mass per unit time; weight hourly
space velocity (WHSV)) are preferably in the range between
1 g of reactant per g of catalyst and per h (=1 h™) and 190
h~!, preferably between 2 h™* and 35 h !, particularly
preferably between 3 h™' and 25 h™'.

[0022] The oligomerization catalyst used according to the
invention comprises at least nickel oxide and an alumino-
silicate as the support material, preferably an amorphous
aluminosilicate. In the context of the present invention
“amorphous” is to be understood as meaning the property of
a solid which results from the fact that the solid has no
crystal structure, i.e. no long-range order. However, it cannot
be ruled out in the context of the present invention that the
amorphous silica-alumina support material has small crys-
talline domains. The amorphous silica-alumina support
material is not a crystalline material, for example not a
zeolitic material.

[0023] The nickel-containing aluminosilicate catalyst
employed in the process according to the invention is
mesoporous, i.e. comprises at least mesopores. The average
pore diameter of the employed aluminosilicate catalyst is
preferably at least 0.7 nm. The average pore diameter may
be determined by mercury porosimetry according to DIN
66133 (1993-06 version).

[0024] The nickel-containing aluminosilicate catalyst
according to the invention preferably comprises nickel in an
amount of 0.1% to 51% by weight, preferably 1% to 42% by
weight, particularly preferably 5% to 33% by weight, based
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on the total composition of the mesoporous nickel-contain-
ing aluminosilicate catalyst. In a particularly preferred
embodiment of the present invention, the oligomerization
catalyst is substantially free from titanium dioxide and/or
zirconium dioxide, the oligomerization catalyst in particular
comprising less than 0.5% by weight, preferably less than
0.1% by weight, particularly preferably less than 0.01% by
weight, of titanium dioxide and/or zirconium dioxide in its
total composition.

[0025] According to the invention the nickel-containing
aluminosilicate catalyst may have a specific surface area
(calculated according to BET) of 150 to 700 m?/g, prefer-
ably 190 to 600 m*/g, particularly preferably of 220 to 550
m?/g. The BET surface area is measured by nitrogen phy-
sisorption according to DIN ISO 9277 (2014-01 version).
[0026] In a further preferred embodiment the nickel-con-
taining aluminosilicate catalyst has a silicon-aluminium
ratio (Si/Al) of 1 to 100, preferably 2 to 80, particularly
preferably 3 to 50.

[0027] Reactors that may be used and are suitable for
performing the process according to the invention include
reactors known to those skilled in the art in which an
oligomerization may be performed continuously or discon-
tinuously. In a preferred embodiment a fixed bed reactor or
a slurry reactor in continuous or discontinuous operation is
used for performing the oligomerization process according
to the invention. The process is in particular performed
under heterogeneous catalysis.

[0028] In a preferred embodiment the degree of dimeriza-
tion (also referred to as “percentage selectivity based on
dimerization”) for the product/product stream obtained from
the oligomerization based on the converted reactant is at
least 60%, more preferably at least 75%, particularly pref-
erably at least 80%.

[0029] The linearity of an oligomerization product/of the
dimers formed is described by the ISO index and represents
a value for the average number of methyl branches in the
dimer. For example (for butene as the reactant), n-octenes
contribute 0, methylheptenes contribute 1 and dimethylhex-
enes contribute 2 to the ISO index of a Cg fraction. The
lower the ISO index, the more linear the construction of the
molecules in the respective fraction. The ISO index is
calculated by the following general formula:

( singly branched dimers (% by weight) + ]
2 xdoubly branched dimers(% by weight)
100

[0030] Accordingly, a dimer mixture having an ISO index
of 1.0 has an average of exactly 1 methyl branch per dimeric
molecule.

[0031] The ISO index of the product from the oligomer-
ization process according to the invention is preferably 0.8
to 1.2, more preferably 0.8 to 1.15.

[0032] The oligomers produced by the process according
to the invention are utilized inter alia for producing alde-
hydes, alcohols and carboxylic acids. Thus for example the
dimerizate of linear butenes affords a nonanal mixture by
hydroformylation. This provides either the corresponding
carboxylic acids by oxidation or a C, alcohol mixture by
hydrogenation. The C, acid mixture may be used for pro-
ducing lubricants or siccatives. The Cq alcohol mixture is a
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precursor for the production of plasticizers, particularly
dinonyl phthalates, or DINCH.

[0033] The present invention also further provides a pro-
cess for determining the ratio of the amount of the formed
4,4-dimethylhexene or of the formed 3-ethyl-2-methylpen-
tene to the amount of the formed 3,4-dimethylhexene,
wherein the process comprises the steps of:

[0034] a) performing an oligomerization of n-butenes
using a mesoporous nickel-containing aluminosilicate cata-
lyst;

[0035] b) quantitative analysis of the product stream
obtained from the oligomerization to determine the amounts
of the C8 isomers, in particular n-octene, 3-methylheptene,
3,4-dimethylhexene, 4,4-dimethylhexene, 2,3-dimethylhex-
ene and 3-ethyl-2-methylpentene, formed in the oligomer-
ization; and

[0036] c¢) determining the ratio of the amount of the
formed 4,4-dimethylhexene or of the formed 3-ethyl-2-
methylpentene to the amount of the formed 3,4-dimethyl-
hexene, wherein the ratio is not more than 0.05, preferably
not more than 0.01, particularly preferably not more than
0.005.

[0037] The oligomerization in step a) is preferably carried
out at a temperature in the range from 50° C. to 200° C.,
preferably in the range 60° C. to 180° C., particularly
preferably in the range from 60° C. to 130° C. The pressure
in the oligomerization in step a) is preferably in the range
from 10 to 70 bar, particularly preferably in the range from
15 to 42 bar.

[0038] In a further preferred embodiment the reactants are
in the liquid phase in step a) of the method of determination
according to the invention and the oligomerization is carried
out in the liquid phase. If the oligomerization is to be carried
out in the liquid phase the parameters pressure and tempera-
ture must to this end be established such that the reactants
are in the liquid phase.

[0039] Instep a) of the method of determination according
to the invention the weight-based space velocities (reactant
mass per unit catalyst mass per unit time; weight hourly
space velocity (WHSV)) are preferably in the range between
1 g of reactant per g of catalyst and per h (=1 h™) and 190
h™', preferably between 2 h™' and 35 k™', particularly
preferably between 3 h™' and 25 h ~*.

[0040] The inventive oligomerization catalyst for the oli-
gomerization in step a) of the method of determination
comprises at least nickel oxide and an aluminosilicate as
support material, preferably an amorphous aluminosilicate.
In the context of the present invention “amorphous” is to be
understood as meaning the property of a solid which results
from the fact that the solid has no crystal structure, i.e. no
long-range order. However, it cannot be ruled out in the
context of the present invention that the amorphous silica-
alumina support material has small crystalline domains. The
amorphous silica-alumina support material is not a crystal-
line material, for example not a zeolitic material.

[0041] The nickel-containing aluminosilicate employed in
step a) of the process according to the invention is mesopo-
rous, i.e. comprises at least mesopores. The average pore
diameter of the employed aluminosilicate catalyst is prefer-
ably at least 0.7 nm. The average pore diameter may be
determined by mercury porosimetry according to DIN
66133 (1993-06 version).

[0042] The inventive nickel-containing aluminosilicate
catalyst for the oligomerization in step a) preferably com-
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prises nickel in an amount of 0.1% to 51% by weight,
preferably 1% to 42% by weight, particularly preferably 5%
to 33% by weight, based on the total composition of the
mesoporous nickel-containing aluminosilicate catalyst. In a
particularly preferred embodiment of the present invention,
the oligomerization catalyst in step a) is substantially free
from titanium dioxide and/or zirconium dioxide, the oli-
gomerization catalyst in particular comprises less than 0.5%
by weight, preferably less than 0.1% by weight, particularly
preferably less than 0.01% by weight, of titanium dioxide
and/or zirconium dioxide in its total composition.

[0043] The nickel-containing aluminosilicate catalyst
used for determining the saturation may be produced in
particular by impregnation of an aluminosilicate with a
solution containing a nickel salt or by coprecipitation from
a single solution. In both cases this is followed by calcina-
tion of the nickel-containing aluminosilicate catalyst at at
least 450° C. in an air stream or nitrogen stream or a mixture
of both.

[0044] According to the invention the nickel-containing
aluminosilicate catalyst for the oligomerization in step a)
may have a specific surface area (calculated according to
BET) of 150 to 700 m*g, preferably 190 to 600 m?*/g,
particularly preferably of 220 to 550 m?/g. The BET surface
area is measured by nitrogen physisorption according to
DIN ISO 9277 (2014-01 version).

[0045] In a further preferred embodiment the nickel-con-
taining aluminosilicate catalyst used for the oligomerization
in step a) has a silicon-aluminium ratio (Si/Al) of 1 to 100,
preferably 2 to 80, particularly preferably 3 to 50.

[0046] Reactors that may be used and are suitable for
performing the determination process according to the
invention include reactors known to those skilled in the art
in which an oligomerization may be performed continuously
or discontinuously. In a preferred embodiment a fixed bed
reactor or a slurry reactor in continuous or discontinuous
operation is used for performing the method of determina-
tion according to the invention. The process is in particular
performed under heterogeneous catalysis.

[0047] After the oligomerization in step a) the obtained
product/the obtained product stream is quantitatively ana-
lyzed for its composition, in particular for n-octene, 3-meth-
ylheptene, 3,4-dimethylhexene, 4,4-dimethylhexene, 2,3-di-
methylhexene and 3-ethyl-2-methylpentene. This may be
achieved using gas chromatography methods known to those
skilled in the art. Further methods, known to those skilled in
the art, for structural identification of eluting hydrocarbons
such as IR spectroscopy or other spectroscopic methods may
likewise be employed to determine the amounts of the
individual isomers.

[0048] Before the products/the product stream from step a)
are sent for quantitative analysis, in particular gas chroma-
tography, in step b), the products/the product stream may
subjected to a hydrogenation to achieve better separation
efficiency in the analysis by gas chromatography. This may
be achieved in particular using a palladium-containing cata-
lyst. The hydrogenation may in particular also be effected
using gas chromatography in the form of hydrogenolytic gas
chromatography, in particular with hydrogen as the carrier
gas. Hydrogenation of the injected sample drastically
reduces the number of isomers to be determined. Double
bond isomers are no longer distinguished here and only
skeletal isomers are identified. This information is sufficient
for determining the average degree of branching of the
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products and for determining the ratio of 4,4-dimethylhex-
ene to 3,4-dimethylhexene. The injected sample is separated
by means of a commercially available nonpolar column. The
temperature program is optimized such that effective base-
line separation of the octene skeletal isomers is effected.
Detection is via a flame ionization detector, FID for short.
Assignment of the isomers may be via the retention time of
the respective pure substance under identical measurement
conditions and through the use of a mass spectrometer as the
detector.

[0049] When the changing of an oligomerization catalyst
is to be monitored via the process according to the invention
the method of determination should be calibrated before-
hand. The employed catalyst must be a nickel-free alumi-
nosilicate to determine how high the ratio of the amount of
the formed 4,4-dimethylhexene or of the formed 3-ethyl-2-
methylpentene to the amount of the formed 3,4-dimethyl-
hexene is when no nickel is present (=zero value) and the
oligomerization proceeds virtually exclusively by acidic
catalysis. The calibration process which is performed before
the inventive process for determining saturation comprises
in particular the following steps:

[0050] aa) performing an oligomerization of n-butenes
using a mesoporous, nickel-free aluminosilicate catalyst at
different temperatures and/or loadings (different WHSV);
[0051] bb) quantitative analysis of the product stream
obtained from the oligomerization to determine the amounts
of the C8 isomers, in particular n-octene, 3-methylheptene,
3,4-dimethylhexene, 4,4-dimethylhexene, 2,3-dimethylhex-
ene and 3-ethyl-2-methylpentene, formed in the oligomer-
ization; and cc) determining the ratio of the amount of the
formed 4,4-dimethylhexene or of the formed 3-ethyl-2-
methylpentene to the amount of the formed 3,4-dimethyl-
hexene.

[0052] Optionally step aa) or step a), i.e. the oligomeriza-
tion of the inventive method of determination, may be
performed with addition of oxygen-, sulfur- and/or nitrogen-
containing compounds such as for example water, carbon
monoxide, carbon dioxide, alkylamines having 1 to 5 carbon
atoms, aldehydes and ketones having 1 to 6 carbon atoms,
alcohols, carboxylic acids having 1 to 6 carbon atoms and
ethers and esters having 1 to 8 carbon atoms and sulfides,
disulfides, thioethers and/or mercaptans having 1 to 4 carbon
atoms. The addition should not exceed 10 ppmw based on
the elemental O, S and/or N present in the compounds.
Based on the development of the product spectrum, in
particular of the ratio of 4,4-dimethylhexene and 3,4-dim-
ethylhexene, this makes it possible to identify formation and
deactivation processes brought about by oxygen-, sulfur-
and/or nitrogen-containing compounds or else by sintering
of nickel species due to long uptimes.

[0053] These data make it possible to make predictions
about the oligomerization in continuous operation. Depend-
ing on the origin of the reactant stream heteroatom-contain-
ing compounds which may be present in very small amounts
in industrial reactant streams result in changes in the catalyst
during the reaction which may be better predicted by the
method of determination according to the invention.

EXAMPLE

Catalyst Synthesis

[0054] Employed as the catalyst was an amorphous, acidic
and mesoporous aluminosilicate in the form of granulates
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having an average particle diameter of 1 to 2 mm, an average
pore diameter of 11 nm (determined using average pore
diameter and mercury porosimetry) and a pore volume of 1
g/l. This aluminosilicate (without nickel) is used for deter-
mining the product distribution of the acid catalyzed reac-
tion of n-butenes and for calibrating the methods of deter-
mination according to the invention.

[0055] The aluminosilicate was further impregnated with
an aqueous Ni(NO,), solution to introduce nickel. The
impregnation employed a volume of solution just large
enough to fill the pore volume. This method is known to
those skilled in the art as incipient wetness impregnation.
The concentration of nickel in the solution was adapted such
that the incipient wetness impregnation afforded alumino-
silicate catalysts having a nickel content of 1%, 6% and 14%
by weight. These catalysts were subsequently calcined in a
nitrogen stream at 550° C. for 10 h.

Product Distribution for the Produced Catalysts

[0056] The oligomerization of n-butenes was performed
continuously in a tubular reactor with a loading (WHSV) of
7.5 g of olefins per hour per gram of catalyst. The reaction
was performed at 100° C. and a pressure of 30 bar. This
ensured that the reactants and the products were in the liquid
phase. The output from the reactors was analyzed by gas
chromatography and the proportion of individual octene
isomers in the product spectrum was determined. The pro-
portions of n-octene (n-O), 3,4-dimethylhexene (3,4-DMH)
and 4,4-dimethylhexene (4,4-DMH) are summarized in
table 1.

TABLE 1

Proportions of n-octene (n-O), 3,4-dimethylhexene
(3,4-DMH) and 4,4-dimethylhexene (4,4-DMH) in product
spectrum and ratio of 4.4-DMH to 3.4-DMH.

Ratio of 4,4-DMH to

Aluminosilicate n-O 34-DMH 44-DMH 3,4-DMH
without Ni 0.0 26.3 1.7 0.06

1% by wt Ni 1.8 13.0 0.3 0.02

6% by wt Ni 1.9 9.6 0.1 0.01

14% by wt Ni 2.9 5.1 0 0

[0057] The aim of the present process is the formation of

octene isomers that are as linear as possible. The catalyst
comprising 14% by weight of nickel shows the highest
amount of n-octene formed and thus also the highest selec-
tivity for the linear dimer. As the nickel proportion decreases
n-butene is increasingly converted via an acid-catalyzed
mechanism, thus increasing the proportion of branched
products. This is also reflected in the ratio of 4,4-DMH to
3,4-DMH. The higher the proportion of acid catalysis the
greater the above ratio. A ratio of less than 0.05 characterizes
the onset of coordinative catalysis and the highest proportion
of desired n-octene is found at a ratio less than 0.01.

1. A process for oligomerization of n-butenes using a
mesoporous, nickel-containing aluminosilicate catalyst over
which a reactant stream containing the n-butenes is passed
to form a product mixture, wherein the ratio of the amount
of the formed 4,4-dimethylhexene to the amount of the
formed 3,4-dimethylhexene in the product mixture is moni-
tored and the catalyst is replaced upon exceedance of a
threshold value for the ratio (amount of 4,4-dimethylhexene/
amount of 3,4-dimethylhexene),
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wherein the threshold value for the ratio (amount of
4,4-dimethylhexene/amount of 3,4-dimethylhexene) is
not more than 0.05.

2. The process according to claim 1, wherein the process
for oligomerization is performed at a temperature in the
range from 50° C. to 200° C.

3. The process according to claim 1, wherein the process
for oligomerization is performed at a pressure in the range
from 10 bar to 70 bar.

4. The process according to claim 1, wherein the mes-
oporous  nickel-containing  aluminosilicate  catalyst
employed in the process for oligomerization contains nickel,
calculated as nickel oxide NiO, in an amount 0of 0.1% to 51%
by weight based on the total composition of the mesoporous
nickel-containing aluminosilicate catalyst.

5. The process according to claim 1, wherein the mes-
oporous  nickel-containing  aluminosilicate  catalyst
employed in the process for oligomerization has an Si/Al
ratio of 1 to 100.

6. The process according to claim 1, wherein the mes-
oporous nickel-containing aluminosilicate catalyst contains
no titanium dioxide and/or no zirconium dioxide.

7. A process for determining the ratio of the amount of the
formed 4,4-dimethylhexene or of the formed 3-ethyl-2-
methylpentene to the amount of the formed 3,4-dimethyl-
hexene, wherein the process comprises the steps of:

a) performing an oligomerization of n-butenes using a

mesoporous nickel-containing aluminosilicate catalyst;

b) quantitative analysis of the product stream obtained

from the oligomerization to determine the amounts of
the C8 isomers, in particular n-octene, 3-methylhep-
tene, 3,4-dimethylhexene, 4,4-dimethylhexene, 2,3-di-
methylhexene and 3-ethyl-2-methylpentene, formed in
the oligomerization; and

¢) determining the ratio of the amount of the formed

4,4-dimethylhexene or of the formed 3-ethyl-2-meth-
ylpentene to the amount of the formed 3,4-dimethyl-
hexene, wherein the ratio is not more than 0.05.

8. The process according to claim 7, wherein the oli-
gomerization in step a) is performed at a temperature in the
range from 50° C. to 200° C.

9. The process according to claim 7, wherein the oli-
gomerization in step a) is performed at a pressure in the
range from 10 bar to 70 bar.

10. The process according to claim 7, wherein the mes-
oporous  nickel-containing  aluminosilicate  catalyst
employed in step a) contains nickel, calculated as nickel
oxide NiO, in an amount of 0.1% to 51% by weight based
on the total composition of the mesoporous nickel-contain-
ing aluminosilicate catalyst.

11. The process according to claim 7, wherein the mes-
oporous  nickel-containing  aluminosilicate  catalyst
employed in the oligomerization in step a) has an Si/Al ratio
of 1 to 100.

12. The process according to claim 7, wherein the mes-
oporous nickel-containing aluminosilicate catalyst in step a)
contains no titanium dioxide and/or no zirconium dioxide.

13. The process according to a claim 7, wherein the
oligomerization is performed at a weight hourly space
velocity (WHSV) of between 1 h-1 and 190 h-1.

14. The process according to claim 7, wherein the quan-
titative analysis in step b) is performed by gas chromatog-
raphy.
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15. The process according to claim 1, wherein the process
for oligomerization is performed at a temperature in the
range from 60° C. to 130° C.

16. The process according to claim 1, wherein the process
for oligomerization is performed at a pressure in the range
from 15 bar to 42 bar.

17. The process according to claim 1, wherein the mes-
oporous  nickel-containing  aluminosilicate  catalyst
employed in the process for oligomerization contains nickel,
calculated as nickel oxide NiO, in an amount of 1% to 42%
by weight based on the total composition of the mesoporous
nickel-containing aluminosilicate catalyst.

18. The process according to claim 1, wherein the mes-
oporous  nickel-containing  aluminosilicate  catalyst
employed in the process for oligomerization has an Si/Al
ratio of 2 to 80.

19. The process according to claim 7, wherein the oli-
gomerization in step a) is performed at a temperature in the
range from 60° C. to 130° C.

20. The process according to claim 7, wherein the oli-
gomerization in step a) is performed at a pressure in the
range from 15 bar to 42 bar.
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