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METHCD FOR OLIGOMERIZING AN ¢—-OLEFIN

The present invention relates to a method for
oligomerizing an «-olefin, particularly ethylene, by
means of a catalyst comprising a specific chromium
compound and an alkylaluminum compound, to selectively
obtain a product composed mainly of a trimer in good
yield,

Heretofore, it has been known to oligomerize an o~
olefin such as ethylene by means of a catalyst composed
of a combination of a chromium compound and an
organoaluminum compound.

For example, Japanese Examined Patent Publication No.
18707/1968 discloses a method for preparing l-hexene and
polyethylene from ethylene by a catalyst system
comprising a Cr-containing Group VIB transition metal
compound of the formula MXn and a polyhydrocarbyl
aluminum oxide. Further, Japanese Unexamined Patent
Publication No. 128904/1981 and V.W. Seidel and W.
Reichardt, Z. Anorg. Allg. Chem., 404, 225 (1974)

disclose a method for producing a chromium~containing

LT



10

15

20

25

....2_

compound having a chromiumwpyrrélyl bond by reacting a
chromium salt and a metal pyrrolide in tetrahydrofuran or
dimethoxyethane containing an oxygen atom as an electron
pair donor element. Further, Japanese Unexamined Patent
Publication No. 128804/1991 discloses a method for
trimerizing an a—-olefin by means of a catalyst obtained
by a combination of this chromium-containing compound
with a metal alkyl or a Lewis acid.

However, among the above methods, the one disclosed
in Japanese Examined Patent Publication No. 18707/1867
has a problem that the amount of polyethylene formed
simultaneously with l-hexene is substantial, and if it is
attempted to reduce the amount of the polyethylene, the
overall activities tend to deteriorate.

On the other hand, the method disclosed in Japanese
Unexamined Patent Publication No. 128904/1991 has
drawbacks such that the operation for isolating the
chromium compound is cumbersome, and it is extremely
difficult to selectively obtain a single chromium
compound, and that the catalytic activities are poor for
the oligomerization reaction of an e¢-olefin using the
chromium-containing compound as a catalyst.

Further, it has been known that a compound containing
an electron pair donor element forms a complex in
coordination with a transition metal element such as a
chromium element. In the process for producing the

above-mentioned chromium-containing compound, a chromium
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salt and a metal pyrrolide are reacted by using a
compound containing an electron pair donor element as a
solvent,-whereby the compound containing an electron pair
donor element tends to compete with the metal pyrrolide
in coordination with the chromium salt thereby to form a
mixture of complex products wherein the electron pair
donor compound ligand and the pyrrolyl group are
coordinated to the chromium element in various
proportions. Further, according to the amount of an
alkylaluminum compound, the selectivity of l-hexene among
hexenes produced tends to change, which is believed to be
attributable to the coordinated electron pair donor
compound contained in the chromium compound.

The present inventors have conducted extensive
researches to solve the above-mentioned problems of the
conventional methods and as a result, have accomplished
the present invention.

The present invention provides a method for
oligomerizing an «-olefin by means of a catalyst system
comprising a chromium compound having at least one
chromium~pyrrolyl bond and an alkylaluminum compound,
wherein the o-olefin is contacted with the chromium
compound and the alkylaluminum compound without
preliminarily contacting the chromium compound to either
the e-olefin or the alkylaluminum compound, and/or
wherein the alkylaluminum compound is used in an amount

of at least 20 mmol per g of the chromium compound.
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In the accompanying drawing, Figure 1 is an IR
spectrum of the powder of chromium compound 6 obtained in
Catalyst Preparation Example 6.

Now, the present invention will be described in
detail with reference to the preferred embodiments.

The chromium compound containing a chromium-pyrrolyl
bond, to be used in the present invention, may be the one
which contains a chromium atom and a pyrrolyl group, and
may have other organic or inorganic groups, and it may
further contain other metals. In the present invention,
such a chromium compound may be obtained as a mixture of
compounds of metals of Groups IA, IIA, IIIB or IVB of the
Periodic Table when such a chromium compound is prepared
by the reaction of a chromium salt with a metal
pyrrolide, as described hereinafter. 1In the present
invention, such a mixture is also included in the
chromium compound containing a chromium-~pyrrolyl bond.

In the present specification, a specific chromium
compound indicates the following each chromium compound,

l. a chromium compound having at least one chromium-
pyrrolyl bond,

2. a chromium compound prepared by the reaction of a
chromium salt with a compound containing a pyrrolyl
group in a hydrocarbon solvent.

In the present invention, the chromium compound
containing a chromium-pyrrolyl bond, can be obtained by

reacting a chromium salt and a compound containing a
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pyrrolyl group. Namely, for example, it can be obtained
by reacting the chromium salt with a compound containing
a pyrrolyl group in an electron pair donor solvent.
Here, the chromium salt may be represented by the
general formula CrX 6 wherein X is an organic or inorganic
group, and n is an integer of from 1 to 6, preferably 2
or 3, provided that when n is more than 1, the plurality
of X may be the same or different. The organic group
includes, for example, a hydrocarbon group, a carbonyl
group, an alkoxy group, a carboxyl group, a p-diketonate
group, a f-ketocarboxylic group, a B-ketoester group and .
an amide group. The carbon number of the organic group
is usually from 1 to 30, and the hydrocarbon group
includes, for example, an alkyl group, a cycloalkyl
group, an aryl group, an alkylaryl group and an aralkyl
group. The inorganic group may, for example, be a
halogen, nitrate, sulfate or oxide. Preferably, the
chromium salt is a halide, such as chromous chlecride,
chromic chloride, chromous bromide, chromic bromicde,
chromous iodide, chromic iodide, chromous fluoricde or
chromic fluoride, particularly preferably chromous
chloride or chromic chloride. Further, a complex
composed of such a chromium salt and an electron pair
donor, such as an ether complex, an ester complex, a
ketone complex, an aldehyde complex, an alcohol complex,
an amine complex, a nitrile complex, a phosphine complex

or a thioether complex of a halogenated chromium,
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specifically CrCé;-3THF, CrC¢,-3dioxane, CrCéy- (CH3CO.n-

C4Hg) s CrCe3-(CH,CO,C,Hg), CrCey-3(i~CyH,0H),

CrC€3-3[CH3(CH2)3CH(C2H5)CH20H], CrC¢;-3pyridine,
CrCe4+2(i~C4H,NH,), [CrCeéy-3MeCN]-MeCN (MeCN =

5 acetonitrile), CfC€3-3PPh3 (PPh, = triphenylphosphine),
CrCé,-2THF, CrC¢,-2pyridine, CrCe¢,-2[(C,Hy) ,NH), ],
CrCé¢,-2MeCN (MeCN = acetonitrile), Crcez-z[P(CH3)2Ph] (Ph
= phenyl group), may also be employed.

The compound containing a pyrrolyl group is the one

10 derived from pyrrole or a pyrrole derivative. The
pyrrole derivative includes,; for example, 2,5-
dimethylpyrrole, 3,4-dimethylpyrrole, 3,4~
dichloropyrrole, 2,3,4,5~tetrachlo£opyrrole, 2-
formylpyrrole, 2-acetylpyrrole and 2-acylpyrrole. The

15 compound derived from pyrrole includes, for example, a
metal pyrrolide. The metal is selected from Groups IA,
IIA, IIIB and IVB. A preferred metal pyrrolide may, for
example, be lithium pyrrolide, sodium pyrrolide,
potassium pyrrolide or cesium pyrrolide. Further,

20 instead of such a metal pyrrolide, pyrrole or a pyrrole
derivative itself, may also be employed.

The electron pair donor solvent may be selected among
nitrogen-, oxygen-, phosphorus- and sulfur-containing
compounds. The nitrogen-containing compound may, for

25 example, be a nitrile, an amine or an amide and may
specifically be acetonitrile, pyridine, dimethylpyridine,

dimethylformamide, N-methylformamide, aniline,
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nitrobenzene, tetramethyldiaminomethane,
hexamethyldisilazane or pyrrolidone. The oxygen~
containing compound may, for example, be an ester, an
ether, a ketone, an alcohol or an aldehyde and may
specifically be ethyl acetate, methyl acetate,
tetrahydrofuran, dioxane, diethyl ether, dimethoxyethane,
diglyme, triglyme, acetone, methyl ethyl ketone,
methanol, ethanol or acetaldehyde. The phosphorus-
containing compound may, for example, be
hexamethylphosphor amide, hexamethylphosphorus triamide,
triethylphosphite, tributylphosphine oxide or
triethylphosphine. The sulfur-containing compound may,
for example, be carbon disulfide, dimethylsulfoxide,
tetramethylenesulfone, thiophene or dimethylsulfide.
Among the foregoing electron pair donor solvents, ethers
are preferred. Among them, tetrahydrofuran, diethyl
ether and dimethoxyethane are more preferred.

As a method for reacting the chromium salt and the
metal pyrrolide in the electron pair donor solvent, the
chromium salt and the metal pyrrolide are mixed at an
optional ratio and reacted usually under atmospheric
pressure preferably in the absence of an oxygen molecule.
The reaction temperature may be at an optional level, but
the reaction is preferably conducted under reflux of the
solvent. If desired, the reaction may be conducted under
irradiation with ultrasonic waves. The reaction time is

usually from 30 minutes to 48 hours.
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After completion of the reaction, by-products are
removed by filtration, and then an excess glectron pair
donor solvent is preferably removed. BAs a method for
removing the electron pair donor solvent, it is possible
to employ a method of removing it under reduced pressure
or by circulating an inert gas at high temperature or at
ordinary temperature, or a method wherein a solvent other
than the electron pair donor solvent in which the
chromium compound is insoluble, is added, and then the
formed precipitate of the chromium compound is collected
by filtration and washed with the added solvent to remove
the electron pair donor solvent. As the solvent other
than the electron pair donor solvent, a linear or
alicyclic saturated hydrocarbon such as pentane, hexane,
heptane or cyclohexane, an aromatic hydrocarbon such as
benzene, toluene or xylene, a linear chlorinated
hydrocarbon such as chloroform, methylene chloride,
dichloroethane or tetrachloroethane, or a chlorinated
aromatic hydrocarbon such as chlorobenzene or
dichlorobenzene, may, for example, be mentioned.

However, it is preferred to employ a linear or alicyclic
saturated hydrocarbon.

Another method for obtaining the chromium compound
containing at least one chromium-pyrrolyl bond to be used
in the present invention, is a method of reacting a
chromium salt and/or complex scluble in a solvent other

than the electron pair donor solvent, with a metal
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pyrrolide.

As the solvent other than the electron pair

donor solvent, the one used for the removal of the

electron pair donor solvent as described above, may be

employed

The chromium salt and/or complex soluble in the

solvent other than the electron pair donor solvent may,

for example, be the above-mentioned complex of a

halogenated chromium and an electron donor, such as an

ether complex, an ester complex, a ketone complex, an

aldehyde complex, an alcohol complex, an amine complex, a

nitrile complex, a phosphine complex or a thioether

complex of a halogenated chromium, specifically

CrC¢,-3THF, CrC¢,;-3dioxane, CrC€3°(CH3C02n~C4H9),

CrCey- (CHyCO,C,Hg), CrCey-3(i-C3H,0H),

CrC€3-3[CH3(CH2)3CH(CZHS)CH20H], CrC¢5-3pyridine,

CrC€3~2(i“C3H7NH2), [CrC€3'3MeCN]'MeCN (MeCN =

acetonitrile), CrC¢;-3PPh; (PPh; = triphenylphosphine),

CrCé,-2THF, CrCé¢,-2pyridine, CrC¢,-2[(C,H¢),NH],

CrCeé,-2MeCN (MeCN = acetonitrile) or CrC82~2[P(CH3)2Ph]

(Ph = phenyl group).

Further, it may be a chromium j7-

diketonate, a chromium carboxylate, a chromium-carbonyl

complex, various cyclopentadienyl complexes of chromium,

a chromium-alkyl complex or a chromium-phenyl complex,

specifically Cr[CH;COCH=C(O~)CH;]5,

Cr (CH3(CH,) 3CH(C,Hs)CO,]5, Cr(CO)q, CPCrCe, (Cp

=cyclopentadienyl group), (Cp'CrC¢CH;), (Cp* =

pentamethylgyclqpentadienyl group), (CH3),CrC¢ or
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CrPhCl, - THF,.

As a method for reacting the chromium salt and/or
complex and the metal pyrrolide in the solvent other than
the electron pair donor solvent, the chromium salt and/or
complex and the metal pyrrolide are mixed at an optional
ratio and reacted usually under atmospheric pressure
preferably in the absence of an oxygen molecule. If
desired, the reaction may be conducted under irradiation
with ultrasonic waves. The reaction temperature may be
at a level from ~-100°C to the boiling point of the
solvent depending upon the types of the chromium salt
and/or complex and the metal pyrrolide. The reaction
time 1is usually from 30 minutes to 48 hours.

After completion of the reaction, by-products may be
removed by filtration. However, without such removal,
the reaction product may be used directly for the
oligomerization reaction of an «¢-olefin. Further,
without removing the sclvent, the reaction product may be
supplied directly for the oligomerization reaction of an
ea-olefin. When the reaction solvent is to be removed, it
may be distilled off under reduced pressure or by
circulating an inert gas at a high temperature or an
ordinary temperature, or a solvent in which the formed
chromium compound is insoluble, is added, and then the
precipitate containing the chromium compound is collected
by filtration and washed with the added solvent to remove

the reaction solvent.
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Another method for obtaining a specific chromium
compound, which catalyzes the oligomerization of «-
olefin, particularly ethylene, in the present invention
is that the reaction of a chromium salt with a compound
containing a pyrrolyl group is conducted in a hydrocarbon
solvent as the solvent other than the electron pair donor
solvent. In this method, the chromium compound can be
prepared in a good yield even without adopting the above-
mentioned cumbersome isolation operation compared when -
the reéction of a chromium salt with a metal pyrrolide is
conducted in an electron pair donor one. When an a«-
olefin, particularly ethylene, is oligomerized on using
such a chromium compound prepared in a hydrocarbon
solvent, it 1s possible to obtain hexenes having a high
selectivity of l-hexene. Besides, in spite of the change
in the reaction conditions such that the amount of the
alkylaluminum compound is reduced, the selectivity of 1-
hexene in the resulting hexenes can be maintained at a
high level.

In the present invention, it is essential that such a
chromium compound contains both chromium atom and
pyrrolyl group. The chromium compound prepared by the
reaction of a chromium salt with a Compound containing a
pyrrolyl group in a hydrocarbon solvent may be obtained
as a mixture of chromium atom, a pyrrolyl group, other
organic or inorganic groups, and/or metals of IA, IIA,

IIIB, or IVB of the Periodic Table. Such a mixture is
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also included in the chromium compound in the present
invention.

The chromium compound can be obtained by reacting a
chromium salt and a compound containing a pyrrolyl group
in a hydrocarbon solvent.

In detail, when the chromium salt and the compound
containing a pyrrolyl group are reacted in the
hydrocarbon solvent, the chromium salt is preferably
soluble in the hydrocarbon solvent. As such a compound,
a chromium f-diketonate, a chromium carboxylate, a
chromium fS-ketocarboxylate, a chromium-amide complex, a
chromium—-carbonyl complex, various cyclopentadienyl
complexes of chromium, a chromium-alkyl complex or a
chromium~-phenyl complex may, for example, be mentioned.
Particularly preferred is a chromium fg-diketonate, a
chromium~carboxylate or a chromium f-ketccarboxylate.
More specifically, it may, for example, be Cr(CO),,
CpCrC¢, (Cp =cyclopentadienyl group), (Cp*C:C€CH3)2 (Cp*
= pentamethylcyclopentadienyl group), (CH;),CrC¢,
chromium (III) acetylacetonate, chromium (III) 2,2,6,6-
tetramethyl-3,5~heptanedionate, chromium (III) 2-
ethylhexanoate, chromium (III) naphthenate, chromium
(III) methyl acetoacetate, or chromium (II)
bis(trimethylsilyl)amide.

As the hydrocarbon solvent, a hydrocarbon compound
and a halogenated hydrocarbon compound may, for example,

be mentioned as typical examples. More specifically, it
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includes, for example, aliphatic and alicyclic
hydrocarbon compounds such -as n~hexane, cyclohexane, n-
heptane and n~octane, aliphatic and alicyclic unsaturated
hydrocarbon compounds such as l-hexene, cyclohexene and
cyclooctene, aromatic hydrocarbon compounds such as
toluene, benzene and xylene, and halogenated hydrocarbon
compounds such as carbon tetrachloride, chloroform,
methylene chloride, chlorobenzene and dichlorobenzene.
Among them, aliphatic, alicyclic and aromatic
hydrocarbons are preferred.

The compound containing a pyrrolyl group is
exemplified as the same described hereinbefore.

As a method for reacting the chromium salt and the
compound containing & pyrrolyl group such as a metal
pyrrolide in the hydrocarbon solvent, the chromium salt
and the compound containing a pyrrolyl group such as a
metal pyrrolide are mixed at an optional ratio and
reacted usually under atmospheric pressure preferably in
the absence of an oxygen molecule. The reactién
temperature may be at a level of from -100°C to the
boiling point of the solvent depending upon the types of
the chromium salt and/or complex and the compound
containing a pyrrolyl group. If desired, the reaction
nay be conducted under irradiation with ultrasonic waves.
The reaction time is usually from 30 minutes to 48 hours.

After completion of the reaction, by-products may be

removed by filtration, but the chromium compound may be
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obtained by removing the solvent from the reaction
product without removing such by-products. Further,
without removal of the solvent, the reaction product may
directly be used for the oligomerization reaction of an\
e~olefin. As a method for removing the reaction solvent
or the washing solution, it is possible to employ a
method wherein the solvent for the washing solution is
distilled off under reduced pressure or by circulating an
inert gas at a high temperature or at room temperature,.
or a method wherein after completion of the reaction, the
product is left to stand still, followed by filtration or
removal of the supernatant, then the residue is washed
preferably with a hydrocarbon compound which has low
boiling point such as n-hexane. After removing the
washing solution, the chromium compound is obtained.

In the present invention, the specific chromiun
compounds can be used as supported on a carrier such as
an inorganic oxide. FHowever, in such a case, the amount
of polymer formed tends to increase. Therefore, it Is
preferably used simply in combination with the
alkylaluminum compound without employing such an
operation. ©Namely, according to the method of the
present invention, high catalytic activities can be
obtained without employing a cumbersome operation of
supporting on a carrier. Further, the method is £free
from such a problem that the total amount of the catalyst

used (the total amount of the carrier and the chromium
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catalyst and the alkylaluminum compound) is increased by
the use of the carrier.
In the present invention, the éligomerization of an
e-olefin is conducted by the combination of the specific
5 chromium compound thus obtained, with an alkylaluminum
compound. The alkylaluminum compound is preferably an
alkylaluminum compound of the following formula:
R* Ae(OR?) nEp¥q (1)
wherein each of R! and R? which may be the same or
10 different, is a C,;_;5, preferably C,_g, hydrocarbon group,
X is a halogen atom, 0<m<3, 0<n<3, 0<p<3, 0<g<3, and
m+n+p+g=3. For example, alkylaluminum compounds oZ the
following formulas (2) to (7) may be mentioned:
a trialkylaluminum compound of the formula:
15 R13AC (2)
wherein R! is as defined above;
a halogenated alkylaluminum compound of the formula:
- R} ReXy . (3)
wherein R! and X are as defined above, and 1.5m<3;
20 an alkoxyalkylaluminum compound of the formula:
R AZ(OR%), . (4)
wherein R* and R? are as defined above, and 0<m<3,
preferably 1.5<m<3;
an alkylaluminum hydride compound bf the formula:
25 RY ACH, (5)
wherein R! is as defined above, and 0<m<3, preferably

1.5<m<3;
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an aluminoxane of the formula:

Rlee(OAe)mQAeRlz , (6) or
w—('o‘?é)m+2' 7)
R1 |

In the formulas (6) and (7), R is as defined above,
and m is an integer of from 0 to 30, preferably at least
10. Specifically, trimethylaluminum, triethylaluminum,
triisobutylaluminum, diethylaluminum chloride,
diethylaluminum ethoxide, diethylaluminum hydride,
methylaluminoxane and isobutylaluminoxane may, for
example, be mentioned. Among them, a trialkylaluminum is
preferred, since only a small amount of polymer formed as
by-product.

To conduct the oligomerization using the specific
chromium compound obtained by the reaction in a
hydrocarbon solvent, the amount of the alkylaluminum
compound to be used per g of the chromium compound is at
least 0.1 mmol, but preferably more than 5 mmol, so that
the catalytic activities and the selectivity for the
trimer will be improved. The method for producing the
chromium compound in a hydrocarbon solvent has a merit in
that as compared with the case where a chromium compound
produced in an electron pair donor solvent is employed,
the amount of the alkylaluminum compound to be used may
be small, and yet the selectivity of the resulting 1-

hexene among hexenes produced will not decrease.
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In the present invention, the oligomerization
reaction is conducted usually by using a solvent. As
such a solvent, a linear or alicyclic saturated
hydrocarbon such as butane, pentane, hexane, heptane,
octane, cyclohexané, methylcyclohexane or decalin, an
aromatic hydrocarbon such as benzene, toluene, xylene,
ethylbenzene or tetralin, a chain chlorinated hydrocarbon
such as chloroform, methylene chloride, dichloroethane,
trichloroethane or tetrachloroethane, or chlorinated
aromatic hydrocarbon such as chlorobenzene or
dichlorobenzene, may, for example, be used. Among these
solvents, a linear or alicyclic saturated hydrocarbon is
preferred. Further, the ¢-olefin as the starting
material for the reaction itself, or an «-olefin other
than the main starting material for reaction, may be used
as the solvent. As such an o-olefin, the one having frecm
4 to 30 carbon atoms may be employed, but the one which
is-liquid at room temperature, is particularly preferrec.
In a case where the oligomerization of an «~olefin is
conducted by specifying the contacting method of the
catalysﬁ and the amount of the alkylaluminum compound to
be used, it is preferred to use an alicyclic hydrocarbon
among these solvents, since high catalytic activities can
thereby be obtained. Further, in a case where the
oligomerization reaction is conducted by prescribing the
concentration of the chromium compound, it is preferred

to use a chain saturated hydrocarbon such as butane,
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pentane, hexane, heptane or octane.

The a-olefin as the starting material to be used in
the present invention, is a substituted or unsubstituted
e-olefin having from 2 to 30 carbon atoms. Specific
examples include ethylene, propylene, l-butene, 1-
pentene, l-hexene, l-octene, 3-methyl-l-butene and 4-
methyl-l-pentene. The present invention is particularly
suitable for the oligomerization of ethylene, whereby 1-
hexene can selectively be obtained -in good yieild.

The temperature for the oligomerization reaction is
usually from 0 to 250°C, preferably from 0 to 150°C, and
the pressure is usually from atmospheric pressure to 250
kg/cm?, but it may sufficiently be not more than 100
kg/cm?. The retention time is usually within a range of
from 1 minute to 20 hours, preferably from 0.5 to 6
hours.

The reaction may be conducted by a batch system, a
semi-continuous system or a continuous system. The
apparatus for the reaction is not particularly limited.
For example, a tubular reactor or an agitation tank type
reactor may be employed.

In the present invention, it is necessary either to
contact the «-olefin to the chromium compound having at
least one chromium-pyrrolyl bond and the alkylaluminum
compound without preliminarily contacting the chromium
compound to the a-olefin and the alkylaluminum compound,

or to use the”a;kylaluminum compound in an amount at
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. least 20 mmol per g of the chromium compound. However,
when both of the above conditions are satisfied, the
largest effects can be obtained with respect to the
catalytic activities and the selectivity for trimer.

When the above-mentioned contacting method is
employed, the amount of the above alkylaluminum compound
to be used against the chromium compound having at least
one chromium-pyrrolyl bond may be at any level so long as
it is at least 5 mmol per g of the chromium compound or
at least 25 mmol per g of chromium metal. As a specific
contacting method, the reaction of batch system can be
conducted by a method wherein the alkylaluminum compound
is present in a solvent, and the chromium compound and
the e¢-olefin are simultaneously introduced thereto, or a
method wherein firstly, the e¢-olefin and the
alkylaluminum compound are contacted, and then the
chromium compound is introduced thereto. The reaction of
continuous system can be conducted by a method wherein
the respective components are supplied to the reactor
directly and independently, or a method wherein the
respective components are supplied and transported to a
reactor through e.g. pipes connected to the reactor, in
the order to realize the same contacting state as in the
above-mentioned method for batch system. Under the
conditions of the present invention, the interaction
between the alkylaluminum compound and the o-olefin is so

small that the above-mentioned various contacting methods
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/ can be regarded as substantially the same method.

In the present invention, the state of "without
preliminarily contacting" is accomplished by the above
contacting method at the initiation of the reaction.

5 Further, for the additional supply of the reaction
substrate and the catalyst during the reaction, the
supply method is not particularly limited so long as the
same contacting state 1s accomplished with respect to the
respective materials to be supplied afresh.

10 By employing the above contacting method, a
substantial improvement in the catalytic activities and
an effect of e.g. suppressing formation of pclymers, can
be obtained. In the catalyst system of the present
invention, a solvent-soluble component formed by the

15 reaction of the specific chromium compounéd and the
alkvlaluminum compound is considered to have
oligomerizing activities. It is considerec that when %he
a-clefin is contacted to the specific chromium compound
and the alkylaluminum compound without preliminarily

20 contacting the specific chromium compound tc either the
¢~olefin or the alkylaluminum compound, the resulting
active species are stabilized by e.g. coordination of the
e—olefin present, and the amount of the active species
will increase. On the other hand, when the «¢-olefin is

25 contacted after contacting the specific chromium compound
to the alkylaluminum compound in the absence of the a-

olefin, the amount of the active species decreases for
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the above reason, and reduction_of the chromium compound
.proceeds beyond a proper reduction degree before
initiation of the oligomerization reactiocn upon.contact
of the ¢-olefin, which are believed to be factors for
deterioration of the catalytic activities. The catalytic
activities deteriorate also in a case where the chromium
compound and the ¢—olefin are preliminarily contacted and
then the alkylaluminum compound is contacted thereto. 1In
this case, it is considered that the chromium compound
becomes to be hardly soluble, when reacted with the
alkylaluminum compound, by the preliminary contact with
the a—-olefin.

Even in a case where the above contacting method is
not employed, fairly high oligomerizing activities and
selectivity for trimer can be obtainef by adjusting the
amount of the alkylaluminum compound to the chromium
compound to a level of at least 20 mmol per g of the
chromium compound having at least one chromium-pyrrolyl
bond or at least 100 mmol per g of chromium metal,
preferably at least 30 mmol per g of the chromium
compound or at least 150 mmol per g of chromium metal.

If the amount of the alkylaluminum compound is less than
20 mmol per g of the chromium compound having at least
one chromium-pyrrolyl bond, selectivity for trimer and
catalytic activities tend to be low.

By increasing the amount of the alkylaluminum -

compound to the chromium compound, the solubility of the
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chromium compound is promoted, and the amount of active
species increases. This is believed to the reason why it
is possible to obtain fairly-high oligomerizing
activities and selectivity for trimer even when the
above-mentioned contacting method is not employed. There
is no particular restriction as to the upper limit for
the amount of the alkylaluminum compound. However, if
the alkylaluminum compound is used unnecessarily in a
large amount, the yield of the product per the
alkylaluminum compound decreases. The upper limit of the
amount of the alkylaluminum compound is preferably 1000
mmol per g of the chromium compound having at least one
chromium-pyrrolyl bond or 5000 mmol per g of chromium
metal, more preferably 500 mmol per g of the chromium
compound or 2500 mmol per g of chromium metal.

On the other hand, the contacting method and/cr the
amount of an alkylaluminum compound added in the
oligomerization of an e¢—-olefin in the present invention
may not be particularly restricted by using the catalyst
system which is comprised from the chromium compound
prepared by the reaction of a chromium salt with a
compound containing a pyrrolyl group in a hydrocarbon
solvent. However, when both of either the same
contacting method and/or thé same amount of an
alkylaluminum compound stated before are/is employed in
the oligomerization of an a-olefin wherein the chromium

compound is_f°Fm¢¢.in a hydrocarbon solvent, the activity
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and the selectivity for trimer can tend to increase.
{(Similarly mentioned hereinbefore.) The reason why the
increasément of the activity and the selectivity for
trimer is considered to be the same described
hereinbefore.

The concentration of the chromium compound in the
oligomerization of the e¢—-olefin in the present invention
is usually from 0.1 mg to 5 g of the specific chromium
compound or from 0.02 mg to 1 g of chromium metal, per ¢
of the solvent, preferably from 1 mg to 2 g of the
specific chromium compound or from 0.2 mg to 0.4 g of

chromium metal, per ¢ of the solvent. However, by

ct

adjusting the concentration preferably to a level of

n

0
03
®

most 150 mg of the chromium compound having at least
chromium-pyrrolyl bond or at most 30 mg of chromium
metal, per ¢ of the solvent, more preferably at most 100
mg of the chromium compound or at most 20 mg of chreomium
metal, per ¢ of the solvent, the catalytic activities (g
olefin/g chromium-hr) and the catalytic efficiency (g
olefin/g chromium compound) will substantially increase.
The lower limit of the concentration of the chromium
compound is not particularly limited. However, if the
concentration is too low, the yield of the product per
reactor will be low, such being undesirable. Therefore,
the lower limit is usually at a level of 20 mg of the
chromium compound or 4 mg of chromium metal, per ¢ of the

solvent. The mechanism of the increase of the activities
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is not yet clearly understood, but.it is considered that
by the decrease of the concentration of the chromium
compound, the solubility of the compound increases, or
the association degree decreases to bring about an
increase of effective active sites.

Further, in the oligomerization of an e-olefin of the
present invention, an improvement in the catalytic
activities and selectivity for trimer is observed when
hydrogen is present during the reaction. Especially when
the oligomerization reaction of the present invention is
conducted in an alicyclic hydrocarbon solvent and in the
presence of hydrogen, the catalytic activities and
selectivity for trimer can remarkably be improveéd. 1In a
case where the oligomerization reaction of an &—olefin,
especially ethylene, is conducted by using a catalyst
comprising the chromium compound having at least one
chromium-pyrrolyl bond and an alkylaluminum, an
improvement in the catalytic activities and selectivity
for trimer is observed by the presence of hydrogen, but
the selectivity of l-hexene among hexenes produced tends
to decrease. A feature of the present invention resides
in that when the oligomerization reaction is conducteé by
using a catalyst comprising the specific chromium
compound obtained in a hydrocarbon solvent and an
alkylaluminum, not only an improvement in the catalytic
activities and selectivity for trimer is obtainable, but

also no substantial decrease in the selectivity of 1-
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hexene among hexenes produced is observed by the presence
of hydrogen.

Formation of polymers (those insoluble in a
hydrocarbon solvent at room temperature) in the
oligomerization of an e-olefin according to the present
invention, is not more than 25% by weight of the total
product. According to a preferred method of the present
invention, formation of such polymers, is not more than
15% by weight. By employing the proper method, it can be
controlled to a level of not more than 5% by weight.

According to the method of the present invention, a
product composed mainly of a trimer can be selectively
obtained in good yield by oligomerizing an «-olefin,
particularly ethylene, and formation of polymers can be
controlled. Thus, the present invention provides a
significant industrial advantage.

Further, by using as a catalyst the specific chromium
compound obtained by the reaction in a hydrocarbon
solvent, when an o-olefin, particularly ethylene, is
oligomerized, the selectivity of l-hexene among hexenes
produced will be improved, whereby purification of 1-
hexene by e.g. distillation will be easy, and the costs
for the purification apparatus can be reduced. Further,
a product of a high purity can be obtained without
requiring a particularly precise purification operation,
and the oligomerization reaction proceeds at a high

catalytic activities, Therefore, the value of the method
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of the present invention for industrial application is
high.

Now, the present invention will bé described in
further detail with reference to Examples. However, it
should be understcood that the present invention is by no
means restricted by such specific Examples.

CATALYST PREPARATION EXAMPLE 1

Preparation of chromium compound 1

To 0.815 g (20.3 mmol) of NaH, 15 m¢ of THF was
added, and 1.4 m¢ (20 mmol) of pyrrole dissolved in 5 m¢
of THF was dropwise added thereto. The mixture was
stirred at room temperature for one hour, and then this
solution was dropwise added to 1.23 g (10 mmol) of CrCe,
suspended in 20 m¢ of THF. After the dropwise addition,
5 m¢ of THF was added thereto, and the mixture was
refluxed for 20 hours under heating. The precipitate was
filtered off. Then, 100 m¢ of pentane was added to the
filtrate, and the mixture was left to stand still at 5°C.
The formed precipitate was collected by filtration and
dried to obtain 0.506 g of a dark green powder. The
contents of elements in this powder were as follows.

Cr: 19.1%, C: 52.3%, H: 5.45%, N: 11.6%.

CATALYST PREPARATION EXAMPLE 2

Preparation of chromium compound 2

To 19 m¢ (30 mmol of n-BuLi) of a n-BuLi/n-hexane
solution, 2.1 m¢ (30 mmol) of pyrrole dissolved in 20 m¢

of THF was dropwise added at -78°C, and the mixture was
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stirred for 15 minutes. Then, the mixture was returned
to room temperature, and stirring was continued at room
temperature for 2 hours. To this solution, 1.58 g (10
mmol) of CrC¢3 was added in a powder form. Then, the
mixture was refluxed for 5 hours under heating. After
being left to cool, the formed precipitate was filtered
off. The filtrate was dried up to obtain a powder. The
contents of elements in this powder were as follows.

Cr: 6.6%, C: 69.2%, H: 7.3%, N: 15.1%.
CATALYST PREPARATION EXAMPLE 3

Preparation of chromium compound 3

To 0.79 g (16.5 mmol) of NaH, 15 m¢ of THF was added,
and 1.0 m¢ (15 mmol) of pyrrole dissolved in 5 m¢ of TEF
was dropwise added thereto. The mixture was stirred at
room temperature for one hour, and then this solution was
dropwise added to 0.79 g (5 mmol) of CrC¢; suspended in
25 m¢ of THF. After the dropwise addition, the mixture
was refluxed for 5 hours under heating. The precipitate

was filtered off. Then, the solvent was distilled off to

‘obtain 1.65 g of a black powder. The contents of

elements in this powder were as follows.
Cr: 6.5%, C: 58.0%, H: 6.6%, N: 10.5%.
CATALYST PREPARATION EXAMPLE 4

Preparation of chromium compound 4

To 15 m¢ of a THF solution of pyrrole (10.1 mmol),
MeLi (7.5 m¢ of a 1.4M Et,0 solution, 10.5 mmol) was
dropwise added at -78°C. After dropwise addition, the
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mixture was stirred at room temperature for 30 minutes.
To the lithium pyrrolide thus obtained, a solution
obtained by dissolving CrC¢, (THF), (1.33 g, 4.82 mmol)
in 5 m¢ of THF, was added at room temperature, and the
mixture was stirred for 3 hours, whereby the reaction
solution turned black. The reaction solution was
filtered through a G3 filter, and the filtrate was
concentrated to obtain a black powder. Then, 10 m¢ of
toluene and 3 m¢ of pyridine were added thereto, and the
mixture was heated by an oil bath and filtered through a
G3 filter while it was still hot. The obtained filtrate
was slowly cooled to room temperature. The supernatant
of precipitated needle-like crystals was removed, and the
crystals were washed with toluene to obtain 593.6 g of
brown needle~like crystals. The obtained crystals were
pulverized and used for the oligomerization reaction.
The contents of elements in the needle-like crystals were
as follows.

Cr: 10.0%, C: 69.2%, H: 6.06%, N: 13.7%.
CATALYST PREPARATION EXAMPLE 5

Preparation of chromium compound 5

To 12 m¢ of a THF solution (0.5 M) of Na (pyrrolide),
a TEF suspension (8 m¢) of CrC¢5-3 pyridine (0.79 g, 2
mmol) was dropwise added at room temperature. The
mixture was stirred for one hour and then refluxed for 5
hours. After cooling the mixture to room temperature, 10

m¢ of THF was added thereto, and the supernatant was
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transferred by a syringe. This operation was repeated
twice, and the obtained brown solution was concentrated
to obtain 340 mg of a brown powder. ——

CATALYST PREPARATION EXAMPLE 6

Preparation of chromium compound 6

To a solution of chromium (III) acetylacetonate (2.55
g, 7.3 mmol) in toluene (15 m¢), a suspension of powdery
lithium pyrrolide (1.60 g, 21.9 mmol) separately
prepared, in toluene (5 m¢), was added at room
temperature under a nitrogen atmosphere. The reaction
mixture was gradually heated to 100°C, and the stirring
was continued for 25 hours while maintaining the
temperature. The reaction mixture was cooled to room
emperature, and then the solvent was distilled off under
reduced pressure from the reaction mixture, to obtain
4.15 g of a reddish brown powder. For the
oligomerization reaction of ethylene, this powder was
used as it was. The results of the elemental analysis cf
this powder was as shown below. The yield per Cr as
calculated from the analyzed value of Cr and the obtained
amount, was 100%. The IR spectrum cf this powder is
shown in Figure 1. The measurement was conducted by a
nujor method using 165 Model FT-IR, manufactured by
Perkin Elmer.
Cr: 9.1%, C: 57.0%, H: 5.9%, N: 7.4s.

CATALYST PREPARATION EXAMPLE 7

Preparation of chromium compound 7
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To a solution of chromium (III) (2-ethylhexanoate)
(1.14 g, 2.36 mmol) in toluene (15 m¢), a suspension of
powdery sodium pyrrolide (0.65 g, 7.26 mmol) separately
prepared, in toluene (5 m¢), was added at room
temperature under a nitrogen atmosphere. Ultrasonic
waves were irradiated to the reaction mixture for 17
hours. During this period, the water temperature of the
ultrasonic wave cleaning apparatus rose to a level of
40°C. After completion of the reaction, the supernatant
was withdrawn to remove unreacted chromium (III) (2-
ethylhexanoate). Then, the residue was washed with
heptane, and the supernatant was removed in the same
manner as above. The residual solid was vacuum-céried at
room temperature to obtain 0.97 g of a deep green powder.
The results of the elemental analysis of this powcer were
as follows. The yield per Cr as calculated from the
analytical value of Cr and the obtained amount, was
83.7%.

Cr: 7.5%, C: 58.1%, H: 7.4%, N: 7.2%.
EXAMPLE 1

A 300 m¢ autoclave heat-dried by a drier at 150°C,
was assembled while it was still hot, and flushed with
nitrogen under vacuum. This autoclave was provided with
a catalyst feed tube equipped with a burst plate. 50 m¢
of heptane and 0.4 mmol of triethylaluminum were charged
to the body side of the autoclave. On the other hana, 10

mg of chromium compound 1 slurried in 1 m¢ of heptane was
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charged to the catalyst feed tube. At such a time, the
chromium compound and the triethylaluminum were not in
contact to each other.

The autoclave was heated to 80°C, and ethylene was
introduced at 80°C through the catalyst feed tube. By
the ethylene pressure, the burst plate bursted, whereupon
the ethylene, the chromium catalyst and the
triethylaluminum were simultaneously contacted to one
another, and oligomefization'of ethylene was initiated.
Ethylene was introduced until the total pressure became
40 kg/cm?, and thereafter oligomerization of ethylene was
conducted for one hour while maintaining the total
pressure at 40 kg/cm?. The internal temperature cf the
autoclave became 90°C by the polymerization hea%t, ané
thereafter the reaction temperature was maintained at

90°C. One hour later, ethanol was injected to terminate

the reaction, and the product was quantified by cgas

chromatography. The results are shown in Table 2.
EXBMPLE 2

Into the same autoclave as used in Example 1, 10 mg
of the chromium compound 1 and 0.4 mmol of
triethylaluminum were charged in the same manner.

Hydrogen was introduced to 3.5 kg/cm?, and the
autoclave was heated to 90°C. At such a time, the
chromium compound and the triethylaluminum were not in
contact with each other. Then, ethylene was introduced

at 90°C through the catalyst feed tube. The burst plate

This Sheet Has Been Replaced

i =




10

20

25

_32_

bursted by the ethylene pressure, whereupon the ethylene,
the chromium compound and the triethylaluminum were
contacted simultaneously to one another, and
polymerization of ethylene was initiated. Ethylene was
introduced until the total pressure became 40 kg/cm?, and
thereafter polymerization of ethylene was conducted for
0.5 hour while maintaining the total pressure at 40
kg/cm?. The internal temperature of the autoclave became
110°C by the polymerization heat. The autoclave was
cooled and thereafter the reaction temperature was
maintained at 100°C. 0.5 Hour later, ethanol was
injected to terminate the reaction, and the product was
guantified by gas chromatograph. The results are shown
in Table 2.
EXAMPLES 3 to 8

The reaction was conducted in the same manner as in
Example 1 except that the reaction conditions and the
chromium compound were changed as identified in Table 1.
The results are shown in Table 2.
EXAMPLE ©

Into the same autoclave as used in Example 1, 10 mg
of the chromium compound as used in Example 1 and then 62
m¢ of heptane, were charged. Then, the temperature was
raised to 90°C, and ethylene was introduced to 35 kg/cm?.
No absorption of ethylene was observed. Therefore, 0.4
mmol of triethylaluminum was injected, whereupon

absorption of ethylene started. 30 Minutes later,
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ethanol was injected to terminate the reaction. The
reaction temperature was maintained.at 90°C. The results
are shown in Table 2.
EXAMPLE 10

Oligomerization of ethylene was conducted in the same
manner as in Example 7 except that the reaction solvent
was changed to cyclohexane. The reaction conditions are
shown in Table 1, and the results are shown in Table 2.
EXAMPLE 11

Oligomerization of ethylene was conducted in the same
manner as in Example 10 except that the amount of
triethylaluminum was changed to 0.4 mmol, and hydrogen
was introduced to 3.5 kg/cm?. The reaction conditions
are shown in Table 1, and the results are shown in Table
2.
EXAMPLES 12 to 14

The reaction was conducted in the same manner as in
Example 1 except that the reaction conditions and the
chromium compound were changed as identified in Table 3.
The results are shown in Table 3.
EXAMPLE 15

A 300 m# autoclave heat-dried by a drier at 150°C,
was assembled while it was still hot, and flushed with
nitrogen under vacuum. This autoclave was provided with
a catalyst feed tube equipped with a burst plate. 150 m¢
of heptane and 0.2 mmol of triethylaluminum were charged

to the body side of the autoclave. On the other hand, 10
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mg of chromium compound 3 slurried in 1 mé of heptane was

charged to the catalyst feed tube.

The autoclave was heated to 90°C, and ethylene was
introduced at 90°C from the catalyst feed tube. The
burst plate bursted by the ethylene pressure, whereupoﬁ
the ethylene, the chromium catalyst and the
triethylaluminum were contacted simultaneously to one
another, and oligomerization of ethylene was initiated.
Ethylene was introduced until the total pressure became
35 kg/cm?, and thereafter oligomerization of ethylene was
conducted for one hour while maintaining the total
pressure at 35 kg/cmz. The internal temperature of the
autoclave became 100°C by the polymerization heat, and
thereafter the reaction temperature was maintained at
100°C. One hour later, ethanol was injected to terminate
the reaction, and the reaction product was guantified by
gas chromatograph. The results are shown in Table 3.
EXAMPLE 16

Into the same autoclave as used in Example 15, 10 mg
of chromium compound 4 prepared in Catalyst Preparation
Example 4, 150 mZ of heptane and 0.4 mmol of
triethylaluminum were charged.

Hydrogen was introduced to 3.5 kg/cm?, and the
autoclave was heated to 90°C. Then, ethylene was
introduced at 90°C from the catalyst feed tube. The
burst plate bursted by the ethylene pressure, whereupon

the ethylene, the chromium compound and the
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triethylaluminum were contacted simultaneously to one

another, and polymerization of ethylene was initiated.

Ethylene was introduced until the total pressure became

40 kg/cm?, and thereafter polymerization of ethylene was

conducted for 1.0 hour
pressure at 40 kg/cm?.

autoclave became 110°C

while maintaining the total
The internal temperature of the

by the polymerization heat. The

autoclave was cooled, and thereafter the reaction

temperature was maintained at 100°C. One hour later,

ethanol was injected to terminate the reaction, and the

product was quantified
are shown in Table 3.

EXAMPLES 17 and 18

by gas chromatograph. The results

The reaction was conducted in the same manner as in

Example 15 except that
ccmpound 5 obtained in
used, and the reaction
identified in Table 3.
ZXAMPLE 19

A 300 m¢ autoclave
was assembled while it

nitrogen under wvacuum.

as the chromium compound, chromium
Catalyst Preparation Example 5 was
conditions were changed as

The results are shown in Table 3.

heat-dried by a drier at 150°C,
was still hot, and flushed with

This autoclave was provided with

a catalyst feed tube eqguipped with a burst plate. 50 m¢

of heptane and 0.4 mmol of triethylaluminum were charged

to the body side of the autoclave. On the other hand, 10

mg of chromium compound 6 obtained in Catalyst

Preparation Example 6 slurried_ip 1l m¢ of heptane, was

i
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charged to the catalyst feed tube. The autoclave was
heated to 100°C, and ethylene was introduced at 100°C
from the catalyst feed tube. The burst plate bursted by
the ethylene pressure, whereupon the ethylene, the
chromium compound and the triethylaluminum were contacted
simultaneously to one another, and oligomerization of
ethylene was initiated. Ethylene was introduced until
the total pressure became 35 kg/cm?, and thereafter the
total pressure was maintained at 35 kg/cmz, and the
reaction temperature was maintained at 100°C. One hour
later, ethanol was injected to terminate the reaction,
and the reaction product was quantified by gas
chromatograph. The results are shown in Table 4.
EXAMPLE 20

Into the same autoclave as used in Example 19, 7 mg
of chromium compound 6 obtained in Catalyst Preparation
Example 6 and 0.28 mmol of triethylaluminum were charged
in the same manner. Hydrogen was introduced to 3.5
kg/cm?, and the autoclave was heated to 100°C. Then,
ethylene was introduced at 100°C from the catalyst feed
tube. The burst plate bursted by the ethylene pressure,
whereupon the ethylene, the chromium compound and the
triethylaluminum were contacted simultaneously to one
another, and oligomerization of ethylene was initiated.
Ethylene was introduced until the total pressure became
4Q kg/cmz, and thereafter the total pressure was

maintained at 40 kg/cm? and the reaction temperature was
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maintained at 100°C. One hour later, ethanol was
injected to terminate the reaction, and the product was
guantified by gas chromatograph. The results are shown
in Table 4.
EXAMPLES 21, 23 and 24

The reaction was conducted in the same manner as in
Example 19 except that the reaction conditions and the
chromium compound were changed as identified in Table 4.
The results are shown in Table 4.
EXAMPLE 22

The reaction was conducted in the same manner as in
Example 19 except that the amount of heptane was changed
to 150 m¢. The results are shown in Table 4.
COM?ARATIVE EXAMPLE 1

The reaction was conducted in the same manner as in
Example 9 except that the amount of heptane was changed
to 62 m¢ and the amount of triethylaluminum was changed
to 0.12 mmol. The results are shown in Table 2
(continued).
COMPARATIVE EXAMPLE 2

The reaction was conducted in the same manner as in
Comparative Example 1 except that 3.5 _kg/cm2 of hydrogen
was introduced prior to the introduction of
triethylaluminum, and the total pressure was 40 kg/cm?.
The results are shown in Table 2.
COMPARATIVE EXAMPLE 3

The reaction was conducted in the same manner as in
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Comparative Example 1 except that into the autoclave,
triethylaluminum and the chromium compound were charged
in a heptane solvent and heat-treated at 20°C for 30

minutes, and then ethylene was introduced, and the
reaction temperature was changed to 100°C. The results

are shown in Table 2.
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Table 1

Solvent

Examples
No.
1 2 3 4 5 6 7
Cr compound 1 1 1 1 1 2 3
Amount of Cr compound mg 10 10 10 10 10 10 10
Amount of solvent mé 50 50 50 50 50 50 50
Concentration of Cr
compound g/ 2 200 200 200 200 200 200 200
mmol 0.4 0.4 0.4 0.2 5.0 0.2 0.2
Amount of
triethylaluminum i
o mmol/chromium |/, 40 40 20 500 20 20
compound (g)
Contacting method A a A A A . A
Amount of H, kg/cm? 0 3.5 0 0 0 0 0
Total Pressure kg/cm? 40 40 35 35 35 35 35
Reaction temperature °C 90 100 100 100 100 100 100
Reaction time hr 1.0 0.5 0.5 1.0 0.58 1.0 1.0
Heptane

1
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Table 1 (continued)

Examples Comparative examples
No. :
8 9 1o 11 1 2 3
Cr compound 1 i 3 3 1 1 1
Amount of Cr compound mg 10 10 10 10 10 10 190
|Amount of solvent me 50 62 50 50 50 50 50
: ggg;ggggation of Cr mg/ ¢ 200 | 161 | 200 ! 200 | 200 | 200 | 200
1 Amount of mmol 0.12 0.4 0.2 0.4 0.12 0.12 0.12
jtriethylaluminum ﬁi;iiiﬁi?ii;? 12 40 20 40 12 12 12
Contacting method A B A A B B C
Amount of H, kg/cm? 0 0 0 3.5 0 3.5 0
Total Pressure kg/cm? 35 35 35 40 35 40 35
Reaction temperature °cC 30 Sg 160 160 30 S0 100
Reaction time hr 1.0 0.5 1.0 1.0 0.5 0.5 0.5
Solvent Heptane Cyclohexane Heptane
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Note: Contacting methods

A: Three components of ethylene, chromium compound
and triethylaluminum are contacted
simultaneously.

B: Ethylene and chromium compound are contacted and
heated, and then, triethylaluminum is contacted.

C: Chromium compound and triethylaluminum are heat-

treated and then contacted to ethylene.
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Table 2
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Examples
No.
3 1 2 3 4 5 6 7
*é Amount of
22 ) g 10.99 17.9 8.84 7.65 11.7 6.66 4,27
-E formed olefins
t C4 19.2 11.5 23.6 19.0 20.3 22.0 23.3
Bel
fuu}
gg Total 55,. 4 75.8 55.5 58.4 55.8 61.9 56.7
¥ % | 1-c '
2 . i ) >
- Composition content | 92-6 | 88.5 | 91.0 | 85.9 | 90.0 | 86.3 | 92.2 o
(wt%) '
Cq 9.7 5.1 9.0 7.7 9.9 8.0 8.2
C10-C20 11.2 6.7 10.2 9.7 13.7 8.0 10.5
? C,,-C3p 0 0.1 0.2 0.4 0.2 0.1 0.4
@ PE 4.5 0.8 1.5 4.8 0.1 0 0.9
H 1
o
o Catalytic g olefin/
5 1LY 1,100 | 1,790 884 65 1,170 666 427
; efficiency g Cr compound ’ 7
o
] . - .
w Catalytic g olefin/ 5,760 18,700} 9,260 | 4,000 {10,500{10,100} 6,570 -
& activity g Cr-hr
Z
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Table 2 (continued)
Examples Comparative Examples
No.
8 g 10 11 1 2 3
Amount of
4,24 3.69 8.16 24.190 0.79 0.98 0.60
formed olefins 9 7
C4 15.7 11.8 18.5 5.9 1.40 3.10 8.26
Total 58.5 58.6 64.7 86.9 24.3 48,2 78.7
C
° 1-Cg 87.8 87.5 93.1 85.3 91 8
Composition content 7. 7. : .3 .7 | 88.3 5.0
(wtg)
CB 6.2 3.8 7.8 3.2 0.3 1.1 tr.
C10-Cso 6.8 3.0 8.2 3.7 tr 1.7 tr.
C»2-C30 0.1 0 0.2 0.1 0 0.5 0
PE 12.7 22.8 0.6 0.3 74.0 45.4 5.1
Catalytic g olefin/
. 424 369 816 2,410 79 28 60
efficiency g Cr compound
Catalytic g olefin/ 2,220 | 3,860 {12,550137,0801 830 | 1,030 | 628
activity g Cr-hr

'Sb-
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Tabhle 3

Examples
No.
12 13 14 15 16 17 18
“ICr compound 4 5 5 3 4 5 5
Amount of Cr compound mg 30 30 30 10 10 10 5
Amount of solvent mée 50 50 150 150 150 150 150
Concentration of Cr
compound mg/é 600 600 200 67 67 67 33
Amount of triethyl-
aluminum mmo 1 1.2 1.2 1.2 0.2 0.4 0.4 0.2
Amount of H, kg/cm? 0 0 0 0 3.5 0 0
Total Pressure kg/cm? 35 35 35 35 40 35 35
Reaction temperature °C 100 100 100 100 100 100 100
Reaction time hr 1.0 1.0 1.0 1.0 1.0 1.0 1.0

- -
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Table 3 (continued)
Examples
No.
12 13 14 15 16 17 18
Amount of g 13.82 | 10.06 | 16.6 | 7.43 | 33.17 | 11.21 | 6.38
formed olefins
Cy 17.2 l16.86 15.5 16.8 12.5 15.5 17.2
Cq 60.9 65.7 66.3 64.4 75.9 65.8 64.5
Composition Cq 10.2 8.8 8.8 8.8 5.7 8.9 8.9
(wt%)
C;0-Ca0 11.5 8.9 9.3 9.3 5.9 9.7 0.1
C»,-C1g 0.2 0.1 tr. 0.2 0.1 0.1 er.
PE tr. tr. tr. 0.5 0 tr. tr.
Catalytic g olefin/ 460 335 553 743 | 3,320 | 1,120 { 1,276
efficiency g Cr compound
Catalytic g olefin/ 4.590 _ B 11.400 1 33.100 _ _
activity g Cr-hr ' r '
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Table 4
Examples
No.
18 20 21 22 23 24
Cr compound 6 6 6 6 6 7

Amount of Cr compound mg 10 7 10 10 10 10

Amount of triethyl-

aluminum mmol 0.4 0.28 0.8 0.4 0.2 0.4
Amount of H, kg/cm? 0 3.5 0 0 0 0
Total Pressure kg/cm? 35 40 35 35 35 35
Reaction temperature °oC 100 100 100 100 100 100
Reaction time hr 1 1 1 1 1 1

_gv..
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Table 4 (continued)
Examples
No.
19 20 21 22 23 24
Amount of
formed olefins g 4.70 7.23 4.07 4,71 1.03 1.90
C, 10.1 6.3 13.5 11.8 9.2 10.3
c Total 55.0 67.6 64.5 57.3 62.5 77.4
6
1-Cg 93.7 92.2 93.6 93.7 83.5 93.8
Composition
(wt%) Cg 8.9 6.3 8.6 9.3 3.9 5.1
Cy0-Ca0 21.1 15.5 12.9 19.6 8.8 4.8
PE 2.1 1.8 0.1 tr. 13.1 2.4
Catalytic g olefin/
T4 470 1,033 4907 471 103 190
efficiency g Cr compound
Catalytic g olefin/ -
activity g Cr-hr 5,165 111,352} 4,460 5,176 { 1,131 2,533

-Lb_
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CLAIMS:

1. A method for oligomerizing an g—-olefin in the
presence of a catalyst comprising a chromium compound
having at least one chromium-pyrrolyl bond and an
alkylaluminum compound, wherein the a—olefin is contacted
to the chromium compound and the alkylaluminum compound
without preliminarily contacting the chromium compound to
either the a=-olefin or the alkylaluminum compound.

2. The method for oligomerizing an «-olefin according to
Claim 1, wherein the chromium compound, the a~olefin énd
the alkylaluminum compound are supplied to a reaction
system.

3. The method for oligomerizing an «—-olefin according tc
Claim 2, wherein the supply of the chromium compound, the
e-olefin and the alkylaluminum compound to the reaction
system is conducted directly and independently.

4, The method for oligomerizing an «-olefin according to
Claim 1, wherein the chromium compound is contacted to a
mixture of the alkylaluminum compound and the «-olefin.
5. The method for oligomerizing an «-olefin according to
Claim 1, wherein the chromium compound, the alkylaluminum
compound and the «—-olefin are preliminarily contacted
under the conditions as defined in Claim 1 to form a
mixture, and the mixture is then supplied to a reaction
system.

6. A method for oligomerizing an e-olefin in the

presence of a catalyst comprising a chromium compound

This Sheet Has Been Replaced
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having at least one chromium-pyrrolyl bond and an
alkylaluminum compound, wherein the alkylaluminum
compound is used in an amount of at least 20 mmol per g
of the chromium compound.

7. The method for oligomerizing an e¢-olefin according to
Claim 1, wherein the alkylaluminum compound is used in an
amount of at least 5 mmol per g of the chromium compouné.
8. The method for oligomerizing an a-olefin according to
Claim 1, wherein the concentration of the chromium
compound is from 0.1 mg to 5 g per ¢ of the solvent.

9. The method for oligomerizing an e~olefin according to
Claim 1, 6 or 8, wherein as the catalyst, a catalyst
comprising a chromium compound obtained by reacting a
chromium salt and a compound containing a pyrrolvl group
or radical in a hydrocarbon solvent, and an alkyl
aluminum compound, is used.

10. The method for oligomerizing an «-olefin according %o
Claim 1 or 6, wherein the chromium compound having at
least one chromium-pyrrolyl bond is a compound obtainec
by reacting a chromium salt of the formula CrX, wherein X
is an organic or inorganic group, and n is an integer of
from 1 to 6, provided that when n is more than 1, the
plurality of X may be the same or different from one
another, and a metal pyrrolide in an electron pair donor
solvent.

11. The method for oligomerizing an ¢-olefin acceording to

Claim 1, 6, 9 or 10, wherein the_pligomerization is

This Sheet Has Been Relaced !‘
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conducted in a solvent selected from the group consisting
of a chain saturated hydrocarbon and an alicyclic
hydrocarbon.
12. The method for oligomerizing an e¢—olefin according to
5 Claim 1, 6, 9 or 10, wherein the oligomerization reaction

is conducted in the presence of hydrogen.
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ABSTRACT

A method for oligomerizing an g-olefin in the
presence of a catalyst comprising a specific chromium
compound including chromium atom and pyrrolyl group and
an alkylaluminum compound, wherein the e-olefin is
contacted to the chromium compound and the alkylaluminum
compound without preliminarily contacting the chromium
compound to either the e~olefin or the alkylaluminum

compound .
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METHOD FOR OLIGOMERIZING AN o~OLEZFTHN

The present invention relates to a method for
oligomerizing an «-olefin, particularly ethylene, by

means of a catalyst comprising a specific chromium

*.-‘

Y

-

compouné and an alkylaluminum compouﬁd,_;c selective
cbtain a product composed mainly of a trimer in geed
vielid.

Heretofore, it has been known to oligomerize an e-
oclefin such ag ethylene by means of a catalyst composad
of a combination of a chromium compouné and an
organoaluminum compound.

For example, Japanese Examined Patent Publication No.
18707/1968 discloses a method for preparing l-hexens and
polyvethylene from ethylene by a catalyst system
comprising a Cr~containing Group VIB transition metal
compound of the formula MXn and a polyhydrocarbyl
aluminum oxide. Further, Japanese Unexamined Patent
Publication No. 128904/1981 and V.W. Seidel and W.
Reichardt, Z. Anorg. Allg. Chem., 404, 225 (1974)

disclose a method for producing a chromium=-containing
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cempound having a chremium-pyrrolvl berdd by reacting a

chromium salt and a metal pyrrolide in fstrahvdrofuran o

~

cimethoxyethane ccntaining an oxygan atcm as an elsctron

palr denor element. Further, Japanese Unexaminsd 2atan:

Publication No. 128904/1591 discloses a mebthod for
rimerizing an e~cleiin by means ol a catalyst obtained
bv & combination of this chromium~containing ccmpound
with a metal alkyl cor a Lewis acid.

However, among the above methceds, the one disclosed

Publication Nc. 18707/1967

3
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in Japanese Examined

has a problem that the amount 0f polyethvlans Zormed
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chircemium compound

Glifficult to selectively obtain a single chromium

compound, andé that the catalytic activitisg are pocr EZer

the oligomerization reaction of an ¢—-olsfin using the

chrcmium—containing comgouné as a catalvst.

--.No

Further, it has been known that a compouné containing

an elactron pair donor elament forms a complax in
coordination with a transition metal elsment such as a

chremium element. In the process for producing the

above-mentioned chromium-containing compound, & chromium
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sait and a metal pyrrolide are reacted by using &
compound containing an electron pair donor element as a

-
i

electron pair

o3

sclvent, whereby the compound containing a
donor element tends to compete with the metal pyrrolide
in coordination with the chromium salt therebv to form a
mixture of complex products wherein the electren pair
donor compound ligand and the pyrrolyl group are
coordinated to the chromium element in various
proportions. Further, according to the amount of an
alkvlaluminum compound, the selectivity of l-hexene among

nexenes produced tends to change, which is belisved to be

)

attributable to the coordinated electron pair dono:

compound contained in the chromium compound.

3

The present inventors have conducted extensive

¥

a

o
b

researches to solve the above-mentioned problems of
conventional methods and as a result, have accomplished
the present invention.

The present invention provides a method for
oligomerizing an «—olefin by means of a catalyst system
comprising a chromium compound having at lsast one
chromium-pyrrelyl bond and an alkylaluminum compound,
whersin the e-clefin is contacted with the chromium
compound and the alkylaluminum compound without
preliminarily contacting the chromium compound to either
the ¢—olefin or the alkylaluminum compound, and/or

wherein the alkylaluminum compound is useé in an amount

cf at least 20 mmol per g of the chromium compound.
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In the accompanying drawing, Figuzs L is an"IR™ '
snectrum of the powder of chromium ccmpeund § cbtained in

Preparation Example 6.

cr
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Now, the present invention will b
detail with reference to the preferrec smbodiments.

The chromium compound containing a chremium—-pyrrolyl
poné, to be Lsed in the present invenitiicn, may be the one
which contains a chremium atom and a zZvrrelyl group, and
may have other organic or inorganic g¢rcups, andéd it may
further contain other metals. In the prasent invention,
such a chromium compound may be obtainad as a mixture of
cormzcunds of metals of Groups IA, IZIA, IIIB or IVB of the
Feriodic Table when such a chromium ccmgpouné is prepared
oy the rsaction of a chromium salt with a2 metel
pvrrslide, as degscribed hereinafter.
nvention, such a mixture is also includsd in

remium compound conrtaining a chremium~pyvrrolvl bend.

In the present specification, a spescific chromium
compound indicates the following each chromium compound,

1. a chromium compound having at least ones chromium-

oyrrolyl bond,

2. a chromium compounc prepared by ths reaction ¢f a
chromium salt with a compound containing a pyvrrolyl
group in a hydrocarbon solvent.

In the present invention, the chromium compouﬁd
containing a chromium-pyrrolyl bond, can be obtained by

reacting a chromium salt and a compound containing a
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pvrrelyl group. Namely, for example, it jcan be obtained]

bv reacting the chromium salt with a compouné—conigdning—
a pvrrolyl group in an electren pair donor sclvent.

Here, the chromium salt mav be represented zv the
general formula CrX, wherein X is an organic or inorganic
group, ané n is an integer of from I to 6, prafarably 2
cr 3, provided that when n is more than 1, the plurality
cf X may be the same cor diffarent. The organic ¢roud
includes, for example, a hydrccarbon group, & carbenvl
group, an alkoxy group, a carboxyl group, a fB-diketcnate
group, a B-ketocarboxylic group, a f-ketoester group and
an amide group. The carbon number of the organic group

is usually from 1 to 30, ané the hydrocarbon ¢roud

includes, for exampls, an alkvl group, a2 cycloalkyl
grouz, an arvl group, an alkvlarvl group and an aralkvl
group. The inorganic group mav, for example, s 2

halocen, nitrate, sulfats or oxide. Preferably, the

chrcmium salt is a halide, such as chromous chlcride,

chronic chloride, chromous bremide, chromic hromide

~

in

3+
[¢1

chromous iodide, chromic iodide, chromous flucri

g or
chremic fluoride, particularly prefarably chromous

chloride or chromic chloride.

I;i
Lh

urther, a comple

a3

compcsed o0f such a chromium salt and an electren pair
doner, such as an ether complex, an ester complsx, &
ketore complex, an aldehyde complex, an alcohcl complex,

an amine complex, a nitrile complex, a phogphine complex

or a thiosther complex of a halogenated chromium,
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specifically Cr(C¢,-3TEF, CrCé,-3dioxane,]CrlZ,- (CH3C0,n~

C4Hg), CrCéy- (CH,C0,C,Hg), CrCey-3(i-C4E.0H),
CrCé4-3[CH4(CHE,)4CH(C,E;)CE,0R], CrCéy-3pyridine,
CrCé4-2(i~C4H,NE,), (CrCéy-3MeCN]-MeCN (MeCN =
dcetonitrile), CrC€3 3PPh, (PPhy = triphenylphosphine),
CrCe,-2THF, CrCé,-2pyridine, CrCé,-2[(C,E,),NE),],
CrCé,-2MeCN (MeCN = acetonitrile), Crcez-Z[P(CH3)zPh] (Ph
= phenyl group), may also be employed.

The compound containing a pyrrolyl ¢roup is the one
derived from pyrrole or a pyrrole derivative. The
pyrrole derivative includes, for example, 2,5-

methylpyrrole, 3,4-dimethylpyrrole, 3,4-

£ .
}J

ichloropyrrole, 2,3,4,5-tetrachloropyrrole, 2-

~h

}-+
Y]
=3
5
[£1]

formylpyrrole, 2~acetylpyrrole and 2-acylpyrro

i

compound derived f£rom pyrrcole includes, for example, a

8
+3

metal py lice. he metal is selected Zrcm Groups IA,
IIA, IIIB ané IVB. A preferred metal pyrreclide mav, for
example, be lithium pyrrolide, sodium pvrrolide,
potassium pyrrolide or cesium pyrrolide. Further,
instead of such a metal pyrrolide, pyrrole or a pvrrole
derivative itself, may also be employed.

The electron palr donor solvent may be selectsd among
nitrogen~, oxygen—, phosphorus- and sulfur-containing
compounds. The nitrogen-containing compound may, for
example, be a nitrile, an amine or an amicde and may

specifically be acetonitrile, pyridine, dimethylpyridine,

dimethylformamide, N~methylformamide, aniline,
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nitrobenzene, tetramethvlidiaminomethane,

hexanethyldisilazane ¢r pyrrolidone. The cxygen-
containing compound may, f£for example, be an ester, an
ether, a ketone, an alcohol or an aidehvcée ané may
specifically be ethyl acetate, methyl acstate,
tetrahydrofuran, dicxane, diethyl ether, dimethoxyethane,
diglvme, triglyme, acetene, methyvl ethyl ketone,
methanol, ethanol or acstaldehyde. The phosphorus-
containing compound may, for example, be
hexamethylphosphor amide, hexamethylphosphorus triamide,
triethylphosphite, tributylphosphine oxide or

triethylphosphine. The sulfur-~containing compcund mayv,

1Zicde, dimethylsulicxide,

,.4.

or axample, be carbon dis

5

iene or dimethvlsulfide.

ﬁ}

tetramethylenesulfons, thiop

are preferred. Among them, tetrahyvdrefuran, diethyl
ether and dimethoxvethane are more preferred.

As a method for reacting the chromium salt and the
metal pyrrolide in the electron palr denor solvent, the

chromium salt and the metal pyrrolide are mixed at an

optional ratio and reacted usually under atmospharic

t

pressure preferably in the absence cf an oxygen molecule.

-

The reaction temperature may be at an opticnal level, but

»>

-~

the reaction is preferably conducted under reflux of the

4

solvent. If desired, the reaction may be conducted unde:
irradiation with ultrasconic waves. The reaction time is

usually from 30 minutes to 48 hours.
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After completion of the reaction, bV*%roducts ara

-

. , . E
removed by filtration, ané then an excess-eleets B8 e

e

donor solvent is preferably removed. As a methced for
removing the electron palr donor solvent, 1t is pcssible
to employ a method of removing it under reduced pressure
or by circulating an inert gas at high temperature or at
ordinary temperature, or a method wherein a solvent cthar
than the electron pair doncr solvent in which the
chromium compound is insoluble, is added, and then the
formed precipitate of the chromium compound 1s ccllectec
y £il

1
v -~

ration and wasned with the added solven:t tc remove

o
s

§—

ne elect

f2)

"

on pair doncr solvent. As the solvent other

ct
o)
1]

nan electron pair donor solvent, a linear cr

[£3

-t

sclic saturated hyvérocarbon such as pentane, heaxane,

fu
!.—l
*‘
3]

¥

ane or cyclohexane, an aromatic hydrocarbon such &as

>
r

8D

benzene, toluene or xvlsne, a linear chlorinated

~

hyérocarben such as chlcroform, methylene chloride
dichloroethane or tetrachloroethane, or & chlorinated
aronatic hydrocarbon such as chlorobenzens or
dichlorobenzene, may, for example, be mentionec.

Yowever, it is preferredé to employ a linear or alicyclic
saturated hydrocarbon.

Another method for obtaining the chromium ccmpound
containing at least one chromium-pyrrolyl bond tc be used
in the pfesent invention, is a method of reactingAa
chromium salt and/or complex soluble in a éoiveht other

than the electron pair donor solvent, with a metal
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TR

pvrrolide. As the solvent cther than thle—edestrom<par=-
éonor solvent, the cne us2d for the removal of the
electron pair donor solvent as described above, mayv be
employed

The chromium salt and/or complex soluble in the
solvent other than the electron pair doncr solvent may,
for example, be the above-mentioned complex of a
halogenated chromium and an electron donor, such as an
ether complex, an ester complex, & ketone complex, an
aldehyde complex, an alcchol complex, an amine complex, a
nitzile complex, a phosphine complex or & thioether
complex of a.halogenated chremium, specifically
C:Cé4-3THF, CrCéy-3dioxane, CrCe;-{CE;C0,n~C Hy),
C:CZy- (CH3C0,C,Hs), CrCey-3(i~C4H,0H),
C:C€3-3[CE3(CHZ)3CH(CZH5)CHZOH], CrCZ;-3pyridine,
CzC2y-2(i-CqH,NH,), [CrC¢,-3MeCN]-MelN (MaCN =
acetonitrile), CrCe,-32Ph,; (PPh, = triphenylphosphine),
CzC¢,-2THF, CrCé,-2pyridine, CrCé,-2[(C,H.),NH],
C:zCl,-2MeCN (MeCN = acetonitrile) or CrCe¢,-2(P(CH,;),2n]
(®n = phenyl group). Further, it may be a chromium 2-
ciketonate, a chromium carboxylate, a chromium~carbonyl
cemplex, various cyclopentadienyl ccmplexes of chromium,
a chromium—-alkyl complex or a chremium-phenyl complex,
specifically Cr({CH,COCH=C(0-)CH,l;,
Cr(CH3(CH,)4CH(C,H;)C0,1;5, Cr(CO)g, CpCrCe, (Cp
=cyclopentadienyl group), (Cp CrCeCE,), (Cp” =

pentamethylcyclopentadienyl group), (CH,),CrCé or
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As a method for reacting the chromium. salt and/oc:

L

ccmplex and the metal pyrrolide in the solvent other than
the electron pair donor solvent, the chromium salt and/or

ional

r

complex and the metal pyrrolide are mixed at an op
ratio and reacted usually under atmospheric pressure
preferably in the absence of an oxygen molecule. IZ

sired, the reaction may be conducted under irradiation

1
(1]

with ultrasonic waves. The reaction temperature may be
at a level f£rom -~100°C to the boiling point of the
sclvent depending upon the types of the chromium salt
and/cr complex and the metal pyrrolide. The reaction
time is usually from 30 minutes to 48 hcurs.

After completion of the reaction, bv-products mayv be
remcved by f£iltration. However, without such removal,
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oligomerization reaction of an e-olefin. Further,
without removing the solvent, the reaction procduct may be
supplied directly for the oligomerization reaction of an
a-olefin. When the reaction solvent is to be removed, it
may be distilled off under reduced pressure or by

circulating an inert

L]

W1

as at a high temperature or an
ordinary temperature, or a solvent in whicnh the formed
chromium compound is insoluble, is added, andé then the
precipitate containing the chromium compcund is collected
by filtration and washed with the added solvent to remove

the reaction solvent.
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Another method for obtaining a spdcific chromium

compound, which catalvzes the oligomerizaticn of «—
ciefin, particularly ethylene,.in the present invention
is that the reaction of a chromium salt with a compound
containing a pyrrolyl group is conducted in a hvérocarbon
solvent as the solvent other than the electron pair donor
solvent. In this method, the chromium cocmpound can be
zrepared in a geod yieléd even without adogting the above-
mentioned cumbersome isolation operation compared when
the reaction of a chromium salt with a metazl pvrrolide is
conducted in an electron pair donor one. When an e~
clefin, particularly ethvlene, is oligomerized on using

such a chromium compouné prepared in a hvérocarbon

is possible to obtain hexenes having a high

et

Lvent, 1

wn
O
i._.l

l-nexene. Besides, in spite ¢f the change

n
}_J
1

[§4]

vLit

ot
[

c Qi

'3

-
-

tn
[11]

(o

o2

the reaction conditions such that thes amount of the

~
a¢

$-

v

(PN

-
-

-2

alkylaluminum compound is reduced, the se ty of 1-
nexene in the resulting hexenes can be maintained at a
nigh level.

In the present ianvention, it is essential that such a
chromium compound contains both chromium atom and
pyrzolyl group. The chromium compound prepared by the
reaction of a chromium salt with a compound containing a
pyrrolyl group in a hydrocarbon solvent may be obtained
as a mixture of chromium atem, a pyrroiyl group, other
organic or inorganic groups, and/or metals of IA, IIA,

-

<2IB, or IVB of the Periodic Table. Such a mixture is
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also included in the chremium compoundi in the present

invention.

The chromium compound can be obtaineé >

g
(3¢
]
fu
(9]
[4
H
s ]

[Ta]
s

chromium salt and a compound containing a p

[~
(81
e
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’_‘

<
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e}
1281
O
[

0w

in a hydrocarbon solvent.

In detail, when the chromium salt and the compound
containing a pfrrolyl group are reacted in the
aydrocarbon solvent, the chromium salt is preferably
soluble in the hydrocarbon solvent. As such a compound,
a chromium g-diketonate, a chromium carboxylate, a
chromium f-ketocarboxylate, a chromium-amide ccmplex, a
chromium—carbonyl complex, various cyclcpentadienvl
complexes of chromium, a chromium-alkyl complex or a

carcmium—phenyl complex may, for example, be menticned.

[{H]

Particularlv preferrad is a chromium fg-ciketonate,
chromium~carboxylate or a chromium f-ketccarboxylate.
More specifically, it may, for example, be Cr(CO)g4,
CoCrCe¢, (Cp =cyclopentadienyl group), (Cp*C:C€CH3)2 (Cp”
= pentamethylcyclopentadienyl group), (CzZy),CrC¢,
chromium (III) acetvlacetonate, chromium (IZI) 2,2,8,6-
tetramethyl-3,5~heptanedionate, chromium (IIX) 2~

vihexanoate, chromium (III) naphthenate, chromiun
(1iZ) methyl acetoacatate, or chromium (II)
bis(trimethylsilyl)amide.

As the hydrocarbon solvent, a hydrocarbon compcund

ané a halogenated hydrocarbon compound may, for example,

be mentioned as typical examples. More specifically, it
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...'73..,

i

includes, for example, aliphatic andlaiicvcliic

<«

var ocarbon compounds such as n- nexaﬁe, cvclchexane, n-
heptane and n-octane, aliphatic and alicyclic unsaturated
hydrocarbon commounas such as 1mhexene, cvcichexeane and

cyclooctene, aromatic hydrocarbon compounds such as
toluene, benzene and xylene, ané halogenated nvdérccarbon
compounds such as carbon tetrachloride, chloroform,
methvlene chloride, chlorobenzene and dichlorobenzensa. .
Among them, aliphatic, alicyclic and arcmatic
hvdrocarbons are preferred.

The compound containing a pyrrolyl group Iis

[£1]

xemplified as the same described hereinbeicgre.
As a method for reacting the chromium salt and the

compcuné containing & pyvrrolyvl group such as a metal

vrrclide in the hydrocarbon solvent, the chromium salt

0w

néd the compound containing a pyrrolyl group such as a

(11

al pvrrolide are mixed at an optional ratic and

%3

ne

-

reacted usually under atmospheric pressurs preferably in
the absence of an oxygen molecule. The rsaction
temperature may be at a level of f£rom -100°C t¢ the
boiling point of the solvent depending upon the tvpes of

-

the chromium salt and/or complex and the ccmpound

-~

containing a pyrrolyl group. I£ desired, the reaction
may be conducted under irradiation with ultrasonic waves.
The reaction time is usually from 30 minutes to 48 hours.

After completion of the reaction, by-products may be

removed by filtration, but the chromium ccompoundé may be
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without ramoval of the sclvent, the reacticn preduct may
directly be used for the oligomerizatica reaction of an

e-0lefin. As a method for removing tha reactica sclvan:z
cr the washing solﬁtion, it is possible to employ a

method wherein the solvent for the washing scluticn is

éistilled off under reduced prassures ¢

te
L¢)

<
0
’,.l
rf
Y]
=
}-e
o
(%3
34

el
fu
v

inert gas at & high temperature or at room temparature,
cr & method wherein aster completion ¢f the reaction, the

product is left to stand still, followsd by filtraiion or

2

compeounds can be used as supported cn & carrisr such as

fn
O
f
w
W
-
v
e
u
fu
5
O
P

an inorganic oxide. However, in such
cf polymer formed tends to increasa. Therefors, it is
preferably usedé simply in combinaticn with the

alkvlaluminum compound witho

I:

¢ emploving such an
cperation. Namely, according to the mathod of th

invention, high catalytic activities can be

e
1y
o

i
T

obtained without emploving a cumberscme operation ci
supporting on a carrier. Further, the method is ZIrze
from such a problem that the total amcunt of the catalyst

used (the total amount of the carrisr and

53
o 3
1]
2]
o
i
o
=1
o
=
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catalyst and the alkylaluminum compound) lgmfﬁﬁfﬁiﬁﬁﬁ“ﬁg

the use of the carrier.

In the present invention, the oligemerizaticn c¢f an
e~olefin is conducted by the combination of the specific
chromium compound thus obtained, with an alkylaluminum -
compound. The alkylaluminum compound is preferablv an
alkylaluminum ccmpound of the following formula:

Rl _AZ(OR?) nEpXy (1)
wherein each of R! and R? which may be the same cr
different, is a C, s, preferably C;_ 4, hydrocarbon group,
X is a halogen atom, 0<mg3, 0<n<3, 0gp<3, 02g<3, and
m+tn+n+g=3. For example, alkylaluminum compounds cf the
following formulas (2) to (7) may be mentioned:

a trialkylaluminum compound of the formula:

R*;A¢ (2)
wherain R} is as defined above;

a halogenated alkylaluminum compoundé of the Zormula:

R AKXy o (3)
wherein R* and X are as defined above, and 1.5<m<3;

an alkoxyalkylaluminum compound of the formula:

R AZ(OR?), (4)
wherein R* and R? are as defined above, and (<m<3,
preferably 1.5<m<3; |

an alkylaluminum hydride compound df the formula:

RUACHy ., (5)

&

wherein R is as defined above, and 0<m<3, preferably

-

1.5<m<3;
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an aluminoxane of the formula: 24 JUL
R*,82 (0A¢) 0A¢RY, (6) pr
(0?57542 (7)
Rl

In the formulas (6) and (7), R* is as defined ahove,
and m is an integer of from 0 to 30, preferably at la=ast
10. Specifically, trimethylaluminum, triethylaluminum,
criisobutylaluminum, diethylaluminum chloride,

thylaluminum ethoxide, diethylaluminum hydride,

[N
i_'.
2]

i
r

hylaluminoxane and isobutylalumincxane may, for

ne

-

f_
je
n

mLon

[

example, be mentioned. Among them, a &trialkylal

[y

H

[\ H
w

raferred, since only a small amount c¢f polymer formed

[ 3

i

sv-product.

f
1
}4
O
s
o
i
' I
)
X8,
et
1]
1)
n
e
]
O
'.a
(BN
H
€}

To concuct the oligomeriz

g reactiién 1Ln a

chromium compouné obtained by

]
T
&)

.hydrocarbon solvent, the amount of the alkylaluminum
compcund to be used per ¢ of the chremium compound is at
leas% 0.1 mmol, but preferably more than 3 mmol, so that
the catalytic activitias and the selectivity for the
~crimer will be improved. The method for producing the
chromium compound in a hydrocarbon solvent has a merit in
that as compared with the case where a chromium bomgdund
produced in an electron pair donor sclvent is emploved,
the amount of the alkylaluminum compound to be used may

pe small, and yet the selectivity of the resulting 1-

nexene among hexenes produced will not decrease.
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In the present inventicn, the oligemezization

reaction is conducteé usually by using a sclvent. As
such a solvent, & linear or alicvclic saturated
nydrocarbon such as butane, pentare, haxane, heptarne,
cctane, cyclohexané, nethylcyclcnhexane or decalin, an
aromatic hydrocarbon such as benzans, tcluene, xylane,
ezhvlbenzene or tetralin, a chain chlerinated hydrccarben
such as chloroform, methylene chlcride, dichlorsethane,

»»ichloroethane or tatrachloroethane, ©or chlorinated

[
o
0
T
[o N
)
)
O
o3
19}
[§
vy
o
wn
@

cichlorobenzene, may, for exampls, b
solvents, a linear or alicyclic saturated hydrccarbon is

~ ” ) ) = . % - .:
prefarred. Further, the g-olefin as ths starting

[#)
[}
i
ot
2]
i
[}
*__I
{0
in
'Y
]
0
r
o3
M
a1

ial for the reaction itself

as -“me2 solvent. AS such an e-olafin, the cne having frem

4 to 30 carbon atoms may be emplovad, ut the cna which

is liguid at room temperature, is particularly preferred.

In a case where the oligomerization of an g-oleiin is

conducted by specifying the contacting methed of the

catalyst and the amount of the alkylaluminum compound to

e usad, it is praferrad to use an alicvclic hydrocarbon

o

among these solvents, . since high catalytic activities can
thereby be obtainsd. Further, 1In a case where the
oligomerization reaction is conducted by prescriding the
concentration of the chromium compound, it is preferred

to use a chain saturated hydrocarbon such as bhutane,
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pentane, hexaneé, heptane or octane.

The e—~olefin as the starting matebial f£o he . used-is
the present invention, is a substituted cr unsubstituted
e—olefin having from 2 tc 30 carben atoms. Specifi
examples include ethylene, propylene, l~buteﬁe, 1-
pentene, l-hexene, l~octene, 3-methyl—-l-butene ané 4-
methyl-l-pentene. The present invention is particularly

suitable for the oligomerization of ethyvlene, wheraby i~

§-2

hexsne can selectively be obtained in gooé vield.

The temperature for the oligomerization reaction is

o

usually from 0 to 250°C, preferably from 0 to 130°C, and
the pressure is usually from atmospheric pressure to 250

kg/cm?, but it may sufficiently be not more than 100

e
¥

-y

an

Y8}
1]
O
[N

tin a

it

kg/cm%. The retention time is usually wi

i

n 0.3 te 6

G

frem 1 minute to 20 hours, preferably Iro

s

The reaction may be conducted by a hatch svstem, a
semi~continuous system or a continuous system. The
apparatus for the reaction is not particularly limited.
For example, a tubular reactor or an agitation tank type
reactor may be emploved.

In the present invention, it is necessary either to
contact the e¢—-olefin to the chromium compound having at
least one chromium-pyrrolyl bond and the alkylaluminum
compound without preliminarily contacting the chromium
compound to the o-olefin and the alkylaluminum compound,

or to use the alkylaluminum compound in an amount at
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ieast 20 mmol per g of the chromium colpounsd. Hewewer

when both of the above conditicns are satisfied, the

'J
1]

iargest effects can be obtained with respect to th

bl
-

§o
£

B

]

(23

catalytic activities and the selectivity for

When the above-mentioneé contacting method is

employed, the amount of the above alkylaluminum ccnvound

dee

0 be used against the chromium compound having at leash

cne chromium—-pyrrolyl boné may be at any level so long as

o

‘s at least S mmol per g of the chromium compound or

cr

¥
or
§e

fu
et

st 25 mmol per ¢ of chromium metal. As a specific

contacting method, the reaction of batch system can be

e S

nducted by a methoé wherein the alkylaluminum ccmpound

(]
Q

is present in a solvent, and the chromium ccmpound anc

e~0lefin are simultaneously introccduced thersto, or

e o

”.
™
o

mathed wherein f£irstly, the e-olelin and the
alkylaluminum compound are contacted, and then the
chromium compdund is introduced thereto. The resaction cif
continuous system can be conducted by a method wherein

respective components are supplied to the resactor

ct
.
&
1

irectly and independently, or a method wherein the

fo P

g

espective components are supplied and transported to a
reactor through e.g. pipes connected to the reactor, in
tne créer to realize the same contacting state -as in the
anove-mentioned method for batch system. Uncer the
conditions of the present invention, the interaction

between the alkylaluminum compound and the e-olefin is so

small that the above-mentioned various contacting methods
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can be regarded as substantially the sime mashod
In the present invention, the state cf "without
preliminarily contacting" is acccmplished v the above

contacting method at the initiation of %he rsacticn.

h
oF
3
ki
b
o
Q
ot
’.4
O
3

Further, for the additional supply o

substrate and the catalyst during the reaction, the

o

upply method is not particularly limited sc long as the

th
c

same contacting state is accomplished with respect to the
respective materials to be supplied afresh.
By employing the above contacting methed, a

substantial improvement in the catalvtic activities and

fu
3
[44]
h
ra

gct of e.g. suppressing formation ¢f pclivmers, can
Se chtained. In the catalyst system of the prasent

-y

D

ation, a solvent-soluble component fcrmed by the

Joan

3
e
]
o %
1
'3
']

=93
- S

zicn ¢f the specific chromium compoun

(]

alkyialuminum compound is considered to have

D
L )
(44}
(28
§

cligemerizing activities. It is consid that when the
«~clefin is contacted to the specific chremium compeund

v

l_zl

and the alkylaluminum compound without preliminari
contacting the specific chromium compouné tc either the
e-0lefin or the alkylaluminum compound, the resulting

gcies are stabilized by e.g. cocrdination cf the

(1Y
)
It
,a.
<
b
n
RS,

e~o.afin present, and the amount of the active species
will increase. On the other hand, when the c¢-clefin is
contacted after contacting the specific chromium compound
to the alkylaluminum compound in the absence of the «-

olefin, the amount of the active species decreases for
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the above reason, and reduction of the chromium compound

be:

[N
i

L3

o
<

[14)

proceeds beyond a proper reducticn deg: ore
initiation of the oligomerization reacticn upoen ccntact
0f the ¢-olefin, which are believed to e factors for
deterioration of the catalytic activities. The catalytic
'activities deteriorate also in a case where the chromium
compound and the e¢-olefin are preliminarily contacted and
then the alkylaluminum compound is contacted thereto. In
this case, it is considered that the chromium compound

becomes to be hardly soluble, when reactaé with the

lkvialuminum compound, by the preliminazy contact with

fu

the ¢-olefin.

Even in a case where the above contacting methed is
not smploved, fairly high oligomerizing activities and
selectivity for trimer can be obtainer v adjusting the
amount of the alkylaluminum compound to the chromiun
compound to a level of at least 20 mmol per ¢ of the
chremium compound having at least one chromium-pyrrelyl
bond or at least 100 mmol per ¢ of chromium metal,
oreferably at least 30 mmol per g of the chromium
compound or at least 150 mmol per g of chromium metal
Zf the amount of the alkylaluminum compcound is lass than
20 mmol per g of the chromium compound having at least
one chromium-pyrrolyl bond, selectivity Zor trimer and
catalytic activities tend to be low.

By increasing the amount of the alkylaluminum

compound to the chromium compound, the solubility of the
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chromium compound is promoted, and the—s
species increases. This is believed to the reason why it
is possible to obtain fairly high oligomerizing
activities and selectivity for trimer even when the
above-mentioned contacting method is not employed. There
is no particular restriction as to the upper limit for
the ambunt of the alkylaluminum compound. However, if
the alkylaluminum compound is used unnecessarily in a
large amount, the yield of the product per the
alkylaluminum compound décreases. The upper limit of the
amount of the alkylaluminum compound is preferably 1000
mmol per g of the chromium compound having at least one
chromium-pyrrolyl bond or 5000 mmol per g of chromium
metal, more preferably 500 mmol per g of the chromium
compound oxr 2500 mmol per g of chromium metal.

On the other hand, the contacting method and/or the
amount of an alkylaluminum compound added in the
oligomerization of an a-olefin in the present invention
may not be particularly restricted by using the catalyst
system which is comprised from the chromium compound
prepared by the reaction of a chromium salt with a
compound containing a pyrrolyl group in a hydrocarbon
solvent. However, when both of either the same
contacting method and/or the same amount of an
alkylaluminum compound stated before are/is employed in
the oligomerization of an a-olefin wherein the chromium

compound is formed in a hydrocarbon solvent, the activity
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and the selectivity fcr trimer can tand =g irTrosse:
(Similarly mentioned hereinbefcre.) Thz reascon why o

increasement of the activitv and the salectivitv for
trimer is consi de ed tc be the same described
herzinbefore.

The concentration c¢f the chromium ccmpounéd in the

cligomerization ¢f the ~~olefin in the present invention

is usually. from 0.1 mg tc 5 g of the specific chromium

}.l

cempouné or from 0.02 mg to

“a

g of chromium metal, per

ci the solvent, preferably from 1 mg t$ 2 g of the

-~ -

o

specific chremium compouné cr from 0.2 mg to 0.4 ¢ cf

(V3]

chrcmium metal, per ¢ ci the solvent. Zowever, by

usting the concentration preferably to a level of a

mromium-pyrrolilvl bonéd or at most 30 mg of chromium

i

metal, per ¢ of the solvent, the catalytic activities

clefin/g chromium-hr) ané the catalytic z2fficiency (g

1, per ¢ of the solvent, more preferably at most 100

mg ¢f the chromium compound or at mest 2ZJ3 mg cf chromium

olefin/g chromium compound) will substartially increase.

The lower limit ¢f the concentration ¢ the chromium

compound is not particularly limited. However, if the
concentration is too low, the yield of thes procduct per
reactor will be low, such being undesiradle. Therelfor
the lower limit is usually at a level of 20 mg of tha

-

chromium compounéd or 4 mg of chromium metal, per ¢ cf

golvent. The mechanism of the increase of the activiti
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is not yet clearly understood, but it is ccfisidersé that

4 1 P o E < qeem
cencraclen CcI g ghrsmiuT

pa

by the decrease of the co
compeund, the solubility of the compound increases, or

the association cdegree decreases to bring about an

increase of effective active sites.

Purther, in the oligomerization ol an e-olefin 27 the
present invention, an ilmprovement in the catalytic
activities and selectiviity for trimer is observad whan

:'1

g the reacticn. EHspeciazlly when

hyérogen is present curi
the oligomerization rsaction of the present inventicn is
conducted in an alicyclic hydrocarbon scolvent ané in the

tha catalytic activities and

o
ri
[§H)
wn
h
o3
(9]
4]
[¢]
h
T3
G
n.l
L
G
a3
2]
o]

selactivity for trimer can remarkably be improved. In a

cemprising the chromium compound naving at least cons
carcamium~pyrrolyl bend and an alkylaluminum, an

improvement in the catalvtic activities and selechivigy

44

for trimer is observad by the presence of hyvdrogen, but

-
]

the selectivity of l-hexene among hexenes produced

2
tH
U3
[e])
n

vy
1)
o
]
{1
4
L]

to decrease. A feature cf the present inventiocn

in that when the olicomerization reaction is cconductzdé by

&

FI'

using a catalyst comprising the specific chromium
compound obtained in a hydrocarbon solvent and an
alkylaluminum, not orly an improvement Iin the catalvtic
activities and selectivity for trimer is obtainable, but

also no substantial decrease in the selectivity of -
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hexene among liexenes produced is obsefved by the grasenge

cf hydrogen.

Formation of polymers (those inscluble in

A7)

hydrocarbon solvent at room temperature) in the
cligomerization of an «-olefin acccrding to the present
invention, is not more than 23% by weight cf the tctal
product. According to & preferred method of the present
invention, formation of such polymers, is nct more than
15% by weight. By emploving the proper method, it can be
controlled to a level of not more than 5% by weight.
According to the method of the present inventicn, a

roduct composed mainly ¢f & trimer can be selsactively

cbtained in good yield by oligemerizing an a-clefin,
particularly ethvlene, and formation of polymers can be
centrolled. Thus, the present invention provides a

significant industrial advantage.

-~
=

urther, by using as a catalyst the specific chremium

1;}

compound obtained by the reaction in a hvdrocarbon
solvent, when an g-olefin, particularly ethylens, is
oligomerized, the selectivity of l-hexene among hexanes

produced will be improved, whereby purificatica of I~

hexene by e.g. distillation will be easy, and the costs
for the purification apparatus can be reduced. Further,
a product of a high purity can be obtained witheout
reguiring a particularly precise purification operation,
and the oligomerization reaction proceeds at a high

catalytic activities. Therefore, the value of the method



of the present invention for

high.

)

Now, the present invention will

further detail

should be understcood that the present invention

-
de

means restricted by such

w
v

CATALYST PREPARATION EXAMPL

b5

1

-

Preparation of chromium compouncé

1

-

To 0.815 ¢ (20.3 mmol) of NaE,

added, and 1.4 mé¢ (20 mmol) of pyrrol

oW
s dertow

of was dropwise added thereto.

o>
b

stirred at room temperature fo

sclution was dropwise

suspended in 20 mé of

mé of THF wasg added

rafiluxed for 20 hcurs
filterad off.
iltrate, and the mixture was left

formed precipit

dried to obtain 0.306 g of a dark green powder.

£ elements in this powder w

o

Cr: 19.1%, C 2

52.3%, H: 5.45%, N:

CATALYST PREPARATION EXAMPLE 2

Preparation of chromium comoound 2

To 19 m¢ (30 mmol of n-BuLi) of a n-Buli

solution, 2.1 m¢ (30 mmol) of pyrrole

of THF was dropwise added at ~78°C, a

with reference to Zxamples..

5 mé of

The mixture

one h

ate was collected by filtratic:

RZPLACEMENT SHEET
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Howeavy

specific Examples.

mTw e

n ncio

ias

S n

e dissolve
was

cur, angd %“hen

*

Tk
ere as follows.

11.6

e

={igxan

e
dissolved in 20 m¢

nd the mixture was
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stirred for 15 minutes. Then, the mixkuF8 wasg recurned

o room temperature, ané stirring was éontinued at récm
temperature for 2 hcurs. To this solution, 1.58 ¢ (10
mmol) of CrCé3 was added in a powder form. Then, the
mixture was refluxed for 5 hours under heating. After
being left to cool, the formed precipitate was filtered

off. The filtrate was dried up to obtain a powcer. The

n

contents of elements in this powder were as Zollows.
Cr: 6.6%, C: 69.2%, E: 7.3%, N: 15.1%.
CATALYST PREPARATION EXAMPLE 3

Preparation of chromium ccmpound 3

To 0.79 g (16.5 mmcl) of Na¥, 13 mf cf TEF was added,
and 1.0 m¢ (15 mmol) of pyrrole dissolveé in 5 mZ of TH
was dropwise added thereto. The mixture was stirred at

room temperature for one hour, and then this solution was

i

ropwise added to 0.79 g (5 mmol) c¢I CrC¢; suspsndad in
25 mé¢ of THF. After the déropwise addiction, the mixturse
was refluxed for S hours under heating. The precipitate
was filtered off. Then, the solvent was distilled off to
cbtain 1.63 g of a black powder. The contents cf
alements in this powder were as follows.

Cr: 6.5%, C: 58.0%, H: 6.6%, N: 10.5%.
CATALYST PREPARATION EXAMPLE 4

Preparation of chromium compoung 4

To 15 m2 of a TEF soluzion of pyrrole (10.1 mmol),
“eLl (7.5 mf of a 1.4M Et,0 solution, 10.5 mmol) was

dropwise added at ~78°C. Aafter dropwise addition, the
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mixture was stirred at room temperatureijfor 30 minutes.

2 4 JUL 1996

7o the lithium pyrrolide thus obtained, a soluticn
cotained by dissolving CrCé, (TEF), (1.33 g, £.82 mmol)
in 5 mé of THEF, was added at room temperature, andé the
mixture was stirred for 3 hours, whereby the rsaction
solution turned black. The resaction sclution was
filtered through a G3 Zilter, and the filtrate was
concentrated to obtain a black powder. Then, 10 m¢ of
toluene and 3 m¢ of pyridine were added theretc, and the
mixture was heated by an o0il bath and £iltered thrcough &

3 filter while it was still hot. The obtaineé filtrate

()

was slowly cooled to room temperature. The

wn
[
¢!

[iH]
ry
[#}
s
ct
1)
3
%

cf precipitated neecle~like crystals was removed, and the
crystals were washed with toluene to obiain 353.6 g ©
crown needle-like crystals. The obtainsd crystals wera

ized and used for the oligomerization reacticn.

. i
culve

LR 1

The contents of elements in the needla-like cryvstals were
&s follows.

r: 10.0%, C: 69.2%, H: 6.06%, N: 13.7s%.
CATALYST PREPARATION EZEXAMPLE 5

Preparation of chromium compeund 5

To 12 mé of a THF solution (0.5 M) ¢f Na (pvrrolide),
a TEF suspension (8 m¢) of CrC¢,-3 pyridine (0.79 g, 2
mmol) was dropwise added at room temperature. The
mixture was stirred for one hour and then refluxed for 5
hours. After cooling the mixture to room temperature, 10

m¢ of THF was added thereto, and the supernatant was
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transferred by a syringe. This operatich WZE TEpEatec
twice, and the cbtained brown soluticn was concentrated

To a solution of chromium (III) acetylacetonate (2.35
g, 7.3 mmol) in toluene (15 m¢&), a suspension of powderv
~ithium pyrrolide (1.60 g, 21.9 mmol) separatsly
prepared, in toluene (S5 m¢), was added at rcom
temperature under a nitrogen atmosphere. The reaction
mixture was gradually heated to iOO°C, and the stirring
was continued for 25 hours while maintaining the
tamperature. The reaction mixture was coocisd o room
temperature, and then the solvent was distilled oZf unéar
raduced pressure from the reaction mixture, to obtain
£.15 g of a reddish brown powder. For ihe
cligomerization reaction of ethylene, this powder was
used as it was. The results of the elemental analvsis ci

this powder was as shown below. The vield per Cr as

j—

iculated from the analyzed value 0f Cr and the obtained

(4
m

amount, was 100%. The IR spectrum of this powdar is
shown in Figure 1. The measurement was conducted by a
nujor method using 165 Model FT-IR, manufactured by
Perkin Elmer.

Cr: 9.1%, C: 57.0%, E: 5.9%, N: 7.4%.

CATALYST PREPARATION EXAMPLE 7

v ]
1

eparation of chromium compound 7
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<2

3

To a solution of chromium (III) (2-ethVihexano

m
{
~

(L.24 g, 2.36 mmol) in toluene (15 m¢), a suspensicn o

i

powcery sodium pyrrolide (0.65 g, 7.26 mmcl) separateslv
pfepared, in toluene (5 m¢), was added at room
temperature under a nitrogen atmosphere.
waves were irradiated to the reaction mixture for 17
nours. During this period, the water temperatura of the
ultrasonic wave cleaning apparatus rose tc a Lavel of
40°C. After completion of the reaction, the supernatant

was withdrawn to remove unreacted chromium (III) (2~

[£)]

thvlhexanocate). Then, the residue was washed with

o
nowneg ganmse

ox
‘l-

aptane, ancé the supernatant was removed

mannsr as above. The residual solid was vacuum~driaéd az
scom tamperature to obtain 0.97 g of a cdesep grzsn pewder

The results of the elemental analysis of tnis powder wers

&s fcllows. The yield per Cr as calculated freom the

analviical value of Cr and the obteinred amouni, wW:is

Cr: 7.5%, C: 58.1%, E: 7.4%, N: 7.2%.
EXAMPLE 1

A 300 m¢ autoclave heat—dried bv a drier at 130°C,
was assembled while it was still hot, ané flushed with
nitrcgen under vacuum. This autoclave was provicdad with
& catalyst feed tube equipped with a burst plate. 30 m?
of heptane and 0.4 ﬁmol of triethylaluminum wers charged
to the body side of the autoclave. On the other hané, 10

mg of chromium compound 1 slurried in 1 mé¢ of heptane was
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j IR
arged to the catalvst feed tube. At sugh.a :;mET'tné
chromium compouné and the triethylaluminum werse no:s in
contact to each other.

The autoclave was hegted to 80°C, ancd ethvliene was
introduced at 80°C through the catalyst feed tube. B2y
the ethylene pressure, the burst plate bursted, whereupon
the ethylene, the chromium catalyst and the

iethylaluminum were simultaneously contacited tc one
another, and oligomerization of ethylene was initiated.
Ethylene was introduced until the total pressurs became
40 kg/cm?, and thereafte:r oligomerization of ethvlane was

=
[~

concducted for one hour while maintaining the tod

fl

ih

pressure at 40 kg/cmz. The internal temperature cf the

-y
-

[+
s )

autoclave hecame $0°C bv the polymerizatlion hea:z,

thereafter the reaction temperature was maintained a

(23

ed o

¥
ot
1]
iy
=
3
[+1]
ot
[£]

$d°C. One hour later, ethanol was injec

tne reaction, and the product was quantified by

(24
2
fu
174]

N

e

$-s

chromatography. The results are shown in Tab
EXAMPLE 2

Into the same autoclave as used in Example 1, 10 ng
0f the chromium compound L and 0.4 mmol of
triethylaluminum were charged in the same manner.

Evdrogen was introduced to 3.5 kg/cm?, and the
autoclave was heated tc 90°C. At such a time, the
chromium compound and the triethvlaluminum were no: in
contact with each other. Then, ethylene was introduced

at 90°C through the catalyst feed tube. The burst plate
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bursted by the ethylene pressure, whereupcll The ethylane,

the chromium compound and the triethylaluminum were
contacted simultaneously to one ancther, and

olvmerization of ethylene was initiated. Ethyiene was

[ §]

introduced until the total pressure became 40 kg/cmz, and

shereafter polymerization of ethylene was conducted Zor

.

O
i
$H]
I_‘

¢.5 hour while maintaining the t pressure at 40

-

e autoclave beczane

(%3
e

xg/cm?. The internal temperature of &}
110°C by the polymerization heat. The autcclave was
cooled and thereafter the reaction temperature was

maintained at 100°C. 0.5 Hour later, ethancl was

injected to terminate the reaction, and the product was

The reachion was conducted in the same mannar as in
Txample 1 except that the reaction condéitions and the
cnromium compound were changed as identified in Table .

~“ne results are shown in Table 2.

EXAMPLE 9
Into the same autoclave as used in Example 1, 10 mg
o2 the chromium compound as used in Example 1 and then 62

=Z of heptane, were charged. Then, the temperature was
raised to 90°C, and ethylene was introduced to 33 kg/cmz.
No abgorption of ethylene was observed. Therefore, 0.¢
zmol of triethylaluminum was injected, whereupon

absorption of ethylene started. 30 Minutes later,
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ethanol was injected te tarminate the reactidn. The
rsaction temperature was maintained at 90°C. Thea results
zze shewn in Table 2.

-

Oligomerization ol ethyl

D
jos
1
£
o
0
O
4]
s ]
N
'
[#]
s
4]
Qs
‘ L
03
I'ei
9]
m
n
fu
S |
't

manner as in Example 7 excepdt that the rsaction solvant
was changed to cvclohexane. The rsaction ceonditions are
shown in Table 1, andé the results are shown in Table 2.
EXamPLE L1

Oligomerization cf ethvleane was conducted in the same

£

anner as in Example 10 excapt that the amount of

o

(%)
LR
-

. . . : . . s e
igrhvialuminum was changed to 0.4 mmel, and nmvdrcgen

introduced to 3.5 kg/cm?. The resacticon conditicns

%
1]
i

) . - : L 1.
shown in Tahle 1, ancé tha resu!

™
3
1]

y
TXAMPLES 12 to 14

The reaction was conductad in the same manner as in

1 except that the regaction conditizns and ths

24
N

-
-

<am

3

-

cmium compound wera changad as identl

Q

t4

ults are shown in Table 3.

+3
pet )
D
"
m
w

b
s
=
3]
{ £
[

13

5 300 m¢ autoclave heat-dried bv a cdrier at 130°C,

was assembled while it was s:zill hot, andéd Zlushed wiih

o3

,...
ot
1y
Q

N
14

n under vacuum. This autoclave was provided with

fu
—

a catalyst fead tube equipped with a burst plata. 150 m¢
ci heptane and 0.2 mmol of triethylaluminum were charged

to the body side of the autcclave. On the other hand, 10
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ng of chromium compound 3 slurried in I mé (cf heptane was

charged to the catalvst feed tube.

The autoclave was heated to $0°C, ané ethvlene was
introduced at 90°C frem the catalvst feed tube. The
burst plate bursted by the echylene pressure, whereupon
the ethylene, the chromium catalyst and the

triethvlaluminum were contacted simultaneously to cne

pae

tiatad.

ﬁ}
[§3]

i,.a.

another, and olicomerization of ethylene was in

Ethyiene was introduced until the total pressure became

35 kg/cmz, and thereaftesr oligomerization of ethvlene was
conducted for one hour while maintaining the tctal
pressure at 35 kg/cm?. The internal htemparature cof zhe
autcclave became 100°C by the polymerizaticn heat, and
tharsafter the reacticn temperature was maintained at
100°C. One hour later, ethanol was injectad to tesrminats
the reaction, and the reaction product was guantified by
gas chromatograph. The results are shown in Table 3.
ZAAMPLE 16

Into the same autcclave as used in EZxample 15, 10 mg

>

cf chromium compound

1y

prepared in Catalyst Preparation
Ixample 4, 150 m¢ of heptane anéd 0.4 mmcl of
triethylaluminum were charged.

Evércgen was introduced to 3.5 kg/cm?, and the
autoclave was heated tc 90°C. Then, ethylene was
introduced at 90°C from the catalyst feed tube. The
burst plate bursted by the ethylene pressure, whereupen

the ethylene, the chromium compound and the
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R RS

ethylaluminum were cuncac @c¢ simultanecuslv ¢ ¢Ré

another, and polymerizaticn ci ethvliens was initliazagd,

[ S

thvliene was introduced until the total gressurs becams

cted for 1.0 hour while maintaining the total

1

ondt

Q

i
[ 4

3

ressure at 40 kg/cm®. The internal temperature of the

"y
e

autoclave became 110°C bv the peclvmarization neat. The

autoclave was cooled, and thersafter the reachion

srocéuct was quantified by gas chrcmatograph. The rasulis

Zxanple 15 except that as the chromium cempound, chromium

nitrogen under vacuum. This autoclave was provided with

& catalyst feed tube equipped with & burst plata. 30 m¢s

of heptane and 0.4 mmol of triethvlaluminum were charged

(41
¥
i1

bedy side of the autoclave. On the other hand, 10
mg ¢ chromium compound 6 obtained in Catalyst

paration Example 6 slurried in L m¢ of heptane, was

w3
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charged to the catalyst fged tube. The gutcclave was
heated to 100°C, and ethvlene was introduced at 100°C
from the catalyst feed tube. The bu:ét piate bursted by
the ethvlene pressure, whereupon the ethvlienes, the
chromium compound and the triethylaluminum were contacted
simul:zaneously to one ancther, and oligomerization cf

thylene was initiated. Ethylene was introduced until

o

he

r
ot

otal pressure became 35 kg/cm?, ané thereafter th
total pressure was maintained at 35 kg/cm®, andé the
reaction temperature was maintained at 100°C. Cne hcur
later, ethanol was injected to terminate the reacticn,
and the reaction product was qguantifi

chromatograph. The resulis are shcown in Table 4.

o

Into thz same autoclave as used in EZxample 19, 7
of chromium compound 6 obtained in Catalilvst Precaration
Example 6 and 0.28 mmol cf triethylaluminum were charged

n the same manner. Hvdrcgen was introduced teo 3.5

xg/cm?, and the autoclave was heazed to 100°C. Then,

-

trietnvlaluminum were contacted simultaneously to one

another, and oligomerization of ethylene was initiated.

o
(4]
£}
O
[p]
O
A1)
=
4]

thylene was intreocduced until the total press

40 kg/cm?, and thereafter the total pressure was

maintained at 40 kg/cm? and the reaction temperature was
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EYAMPLES 21, 23 and 24

mhe reaction was conducted in the same manner as in
Zxample 19 except that the reactlion conditions ancd the
caromium compounéd were changed as idsntified in Table 4.

mhwa rasults are shown Ln Table 4.

saction was conducted in the same manner as in

ts 1350 m¢. The results ar2 shown in Table 4.
COMPAZATIVE EXAMPLI 1

Tha raaction was concducted in tha same manner &8s Lo
Zxaenple § sxcept that tne ancu ¢f naptans was changad
o 57 m2 and the amoun:z of triethvlaluminum was changzé

£5 0.12 mmol. The results are shown in Table 2

COMPARATIVE EXAMPLE 2

The results are shewn in Table 2.
CHMPARATIVE EXaAMPLE 3

The reaction was ccnducted in the same manner as in
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comparative éxample -
ylaluminum and the ¢
n a heptane solvent and
minvtes, and then stihvliene was int
was changed to 100°C.

reaction temperature w

are shown in Table 2.



Pable

1

Examples
No.
1 2 3 4 5 6 7
Cr compound 1 1 1 1 1 2 3
Amount of Cr compound mg 10 10 10 io 10 10 10
Amount of solvent mé 50 50 50 50 50 50 50
Concentration of Cr
compound mg/ e 200 200 200 260 200 200 200
mmo1l 0.4 | 0.4 } 0.4 | 0.2 | 5.0 | 0.2 | 0.2 o
Amount of @
triethylaluminum i ‘
y mmol/chromium 40 40 40 20 500 20 20
compound {g})
Contacting method A A A A A A A v
Amount of H, kg/cm? 0 3.5 0 0 0 0 0
Total Pressure kg/cm? 40 40 35 35 35 35 5 -
[
Reaction temperature °oC 90 100 100 100 100 100 100 o |
s 13
Reaction time hr 1.0 0.5 8.5 1.0 8.58 1.0 1.0 & =
~ =
Sclvent HleplLane - =
R |2
1
7
P}




Table 1

{continued)

Examples Comparative examples
No.
8 9 10 11 i 2 3
Cr compound 1 1 3 3 1 1 1
Amount of Cr compound mg io0 10 10 i 10 10 10
Amount of solvent me 50 62 50 50 50 50 50
Concentration of Cr
compound mg/?¢ 200 i61 200 200 200 200 200
]
mmol 0.12 0.4 0.2 0.4 0.12 0.12 0.12 -
Amount of g
triethylaluminum . ; '
yld mmol/chromium 12 40 20 40 12 12 12
compound {g)
Contacting method A B A A B B C
Amount of H, kg/cm? 0 0 0 3.5 0 3.5 0
Total Pressure kg/cm? 35 35 35 40 35 40 35 2
h*)
Reaction temperature . e 90 g0 100 100 50 90 100 ;ﬁ: ;:E
. . <. f__ﬁ:ﬂ
Reaction time hr 1.0 0.5 1.0 1.0 0.5 0.5 0.5 c &
=
Solvent Heptane Cyclochexane Heptane % ;:
o
Bl
)
e
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Contacting methecds

Three ccmponents of ethylene, chromium compound
and triethylaluminum are ccntacted
simultaneously.

Ethylene andé chromium compcund are contacted and
heated, ané then, &triethylaluminum is contacted.
Chromium compound and triethylaluminum are heat-

treated ané then contacted to ethylens.



Table 2

FExamples
No.
1 2 3 4 5 6 7
Amount of g 10.99  17.9 | 8.84 | 7.65 | 11.7 | 6.66 | 4.27
formed olefins
c, 19.2 | 11.5 | 23.6 | 19.0 | 20.3 | 22.0 { 23.3
Total 55.4 | 75.8 | 55.5 | 58.4 | 55.8 | 61.9 | 56.7
¢ 1-C
- i ¢ ;
Composition cond .| 92.6 | 88.5 | 91.0 | 85.9 | 90.0 | 86.3 | 92.2
{wt3)
Cq 9.7 5.1 9.0 7.7 9.9 8.0 8.2
C,0-Cog 11.2 6.7 10.2 9.7 13.7 8.0 10.5
CpyCag 0 0.1 0.2 0.4 0.2 0.1 0.4
PR 4.5 0.8 1.5 4.8 0.1 0 0.9 |
Catalytic g olefin/ 1,100 | 1,790 | 884 765 | 1,170 | 666 427
efficiency g Cr compound
Catalytic g olefin/ 5,760 {18,700] 9,260 | 4,000 {10,500110,100] 6,574
activity g Cr-hr

966l N v 2

133HS INIWI0VIdIY




Table

‘)

2 {continued)

Examples Comparative Examples
No. .
8 9 i0 11 i 2 3
- of
Amount of g 4.24 | 3.69 | 8.16 {24.201 0.79 | 0.98 | 0.60
formed olefins
C, 15.7 11.8 18.5 5.9 1.40 3.10 8.26
Total 58.5 58.6 64,7 86.9 24.3 48.2 8.7
“ |1-c '
I it - -~
Composition contant 87.8 | 87.5 | 93.1 | 85.3 | 91.7 | 88.3 | 85.0 &
{wts) '
Cs 6.2 3.8 7.8 3.2 0.3 1.1 tr.
Ci0-Cag 6.8 3.0 8.2 3.7 tr 1.7 tr.
C,,-Cag 0.1 0 0.2 0.1 0 0.5 0
PR 12.7 22.8 6.6 6.3 74.0 45.4 5.1
Catalytic g olefin/
.t 424 169 816 2,410 79 98 60 B2
efficiency g Cr compound ’ > ! ’ S
€
Yoy - e - 3 £y o
Catalytic y olelin/ 2,220 | 3,860 [12,550{37,080) 830 | 1,030 | 628 - ~
activaity g Cr-hr 3
£
o

1Y

133HS INFWIVd




Table 3
Examples .
No.
12 i3 i4 15 16 17 18
Cr compound 4 5 5 3 4 5 5
Amount of Cr compound mg 36 30 30 10 10 10 5
Amount of solvent me 50 50 156 | 150 | 150 150 150
Concentration of Cr ) i '
compound mg/é 600 600 200 67 67 67 33 0
Amount of triethyl-
aluminum mmol 1.2 1.2 1.2 0.2 0.4 8.4 0.2
Amount of i, kg/cm? 0 0 0 0 3.5 0 U
- ‘L m
Total Pregsure kg/oem? 35 35 35 35 40 35 3% EE
b
Reaction temperature e 100 100 100 100 100 100 100 éﬁ
Reaction time hr 1.0 1.0 1.0 1.0 1.0 1.0 1.8 -
=
M
L4 5]
—d




Tabhle 3

{continued)

Examples
No.
12 13 14 15 16 17 18
Amount of g 13.82 | 10.06 | 16.6 | 7.43 | 33.17 | 11.21 | 6.38
formed olefins .
Cy 17.2 16.6 15.5 16.8 12.5 15.5 17.2
Cq 60.9 65.7 66.3 64.4 75.9 65.8 64.5
Composition Cy 10.2 8.8 8.8 8.8 5.7 8.9 8.9
(wts)
C,0-Co0 11.5 8.9 9.3 9.3 5.9 9.7 0.1
C,,-Cag 0.2 0.1 tr. 0.2 0.1 0.1 tr
PE tr. Ly tr. 0.5 0 tr. tr
Catalytic g olefin/ 460 335 5573 743 | 3,320 ] 1,120 } 1,276
efficiency g Cr compound
Catalylic g olelfin/ 4,590 - - 11,400 {33,100 - -
activity g Cr-hr

o
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1
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Table 4

Examples
No.

19 20 21 22 23 24
Cr compound 6 6 6 6 6 7
Amount of Cr compound mg 10 7 10 10 10 10
’;‘;‘S;‘gtugf triethyl- mmol 0.4 {0.28) 0.8 | 0.4 | 0.2 | 0.4
Amount of H, kg/cm? 0 3.5 0 0 0 0
Total Pressure kg/cm? 35 40 35 35 35 35
Reaction temperature oC 160 100 100 1060 100 100
Reaction Lime hr 1 1 1 1 1 1

]

>
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Table 4

{continued)

Examples
NG.
19 20 21 22 23
Amount of
formed olefins q 4.70 7.23 4.07 4.71 1.03
C4 10.1 6.3 13.5 i1.8 9.2
o Total 55.0 67.6 64.5 57.3 62.5
6
l*CG 93.7 92.2 93.6 93.7 93.5
Composition
(wt3) Cy 8.9 6.3 8.6 9.3 3.9
Cy0-Cyo 21.1 | 15.5 | 12.9 | 19.6 | 8.8
Cy,-Cap 2.8 2.5 0.4 2.0 2.4
PE 2.1 1.8 0.1 tr. 13.1
Catalytic g olefin/ a70 | 1,033 ] 407 471 103
efficiency g Cr compound
‘|Catalytic g olefin/ 5,165 111,352 4,460 | 5,176 | 1,131
ackbivity g Cr-hr

986, MF¥Z |
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CLAIMS:

L. A method for oligomerizing an e¢~clefin in the
presence of & catalvs:t comprising a chromium compeun
having at least one chromium-pyrrolyl bond and an

alkyilaluminum compound, wherein the g-olefin is contact

(4]
£

to the chromium compound and the alkylaluminum compound
witheut preliminarily contacting the chrcmium compound to
either the ¢~olefin cor the alkylaluminum compound.

2. The method for oligeomerizing an g—olefin according =c
Claim 1, wherein the chromium compound, the e-olefin and

the alkylaluminum compcund are supplied tc a reaction

5YS \.
3. The methcd for oligomarizing arn «-clefin acceriing zc¢

Claim 2, wherein the supply cf the chromium compouné, ths
e=-ci2fin andé the alkyvlaluminum compound to ths rsac:iicn
system is conducted directly and independsntly.

4. The method fcr oligemerizing an e¢—clefin according tc

Claim 1, wherein the chromium compouné is contacted o a

_a
lh

mixture of the alkylaluminum compound and the ¢-

i

ol

5. The method for oligcmerizing an «—olefin according

-

”~
~

ot

Claim 1, wherein the chromium compound, the alkylaluminum
compeund and the e«—olefin are preliminarily centacized
under the concditions as defined in Claim 1 to form a

mixture, and the mixture is then supplied to a reaction

6. A method for oligomerizing an e-olefin in the

presence of a catalyst comprising a chromium compound

Sheet Has Been Replaced THIS SHEET HAS BEEN

T — A
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having at least one chrcmium-pyrrolyl bdné ané an

alkylaluminum compounc, wherein the alkylaliuminum
compound is used in an amount of at least 20 mmcl per ¢
of the chromium compounc.

7. The method for oligomerizing an e~olefin zcocording tc
Claim 1, wherein the alkylaluminum compound is useé in an

amount of at least 5 mmol per g o

- o

[
:J
o
o
o
0
E
'5
O
Q
5
o
o
=
23
r)l

8. The method for cligcmerizing an a-olefin écco:ding to
Claim 1, wherein the cecncentration of the chremium.
compound is from 0.1 ng to 5 g per ¢ of the sclvent.
9. The method for oligemerizing an e—olefin according 4o
Claim 1, 6 or 8, wherein as the catalyst, & catalvs:

coma’*s*ng a chromium cempound obtained by rzaciing &

1
(181

chromium salt and a compound containing a pvrroly
or radical in a hydrocarben solvent, and an alkyvi
a.uminum compound, is used.

<0. The method for oligomerizing an e¢—olefin according e
Ciaim 1 or 6, wherein the chromium compouné having at
least cne chromium~pyrrolyl bond is a compcund cbtained
by reacting a chromium salt of the formula CrX, wherein X

is an organic or incrganic group, and n is an integer of

n

from 1 to &, provided that when n is more than 1, the

lurality of X may be the same cr different Ircm cne

{ )

another, andé a metal pyrrolide in an electren palir denor
solvent.
11. The method for oligomerizing an e-olefin according to

Claim 1, 6, 9 or 10, wherein the oligomerizaticn is

This Sheet Has Been Replaced

L

THIS SHEET HAS BEEN
REPLACED
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conducted in a solvent selected from the

Qroyun ome ol me |

of a chain saturated hydrocarbon and an alicyelic

hydrocarbon.

12. The method for olicomerizing an e-olefin according &
Claim 1, 6, 9 or 10, wherein the oligomerizatzion razcti

is conducted in the presence of hydrdgen.

0 Replaced

"

(&

-

9]

1
-

THIS SHEET HAS BEEN
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METHOD FOR QOLIGOMERIZING AN a-OLEFIN
ABSTRACT

A method for oligomerizing an a-olefin in the
presence of a catalyst comprising a specific chromium
compound including chromium atom and pyrrolyl group and
an alkylaluminum compound, wherein the a-olefin is
contacted to the chromium compound and the alkylaluminum
compound without preliminarily contacting the chromium
compound to either the a-olefin or the alkylaluminum
compound.

This Sheet Has Been Replaced

WA
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METHOD FOR OLIGOMERIZING AN a-OLEFIN

ABSTRACT

A method for oiigomerizing an a-olefin in the
presence of a catalyst comprising a specific chromium
compound including chromium atom and pyrrolyl group and
an alkylaluminum compound, wherein the a-olefin is
contacted to the chromium compound and the alkylaluminum
compound without preliminarily contacting the chromium
compound to either the a-olefin or the alkylaluminum
" compound.
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What is claimed is:

1. A method for oligomerizing an «-olefin in the presence
of a catalyst comprising a chromium compound having at
least onc chromium-pyrrolyl bond and an alkylaluminum
compound, comprising the steps of:

(2) contacting the o-olefin with the chromium compound
and the alkylaluminum compound simultaneously
without preliminarily contacting the chromium com-
pound with either the a-olefin or the alkylaluminum
compound,

(b) oligomerizing the a-olefin at a temperature of from 0°
to 250° C. under a pressure from atmospheric pressure
to 250 kg/cm?, and the concentration of the chromium
compound is frorn 0.1 mg to 5 g perliter of solvent, and
the alkylaluminum compound is in an amount of at
least 5 mmol per gram of the chromium compound.

2. The method for oligomerizing an c-olefin according to
claim 1, wherein the chromium compound, the a-olefin and
the alkylaluminum compound are supplied to a reactor.

3. The method for oligomerizing an o-olefin according to
claim 2, comprising supplying to a reactor the chronuum
compound, the a-olefin and the alkylaluminum compound
directly and independently.

4. The method for oligomerizing an a-olefin according to
claim 1, comprising contacting the chromium compound, -
the alkylaluminum compound and the c-olefin to form a
mixture, and the mixture is then supplied to a reactor.

5. The method for oligomerizing an a-olefin according to
claim 1, wherein the alkylaluminum compound is present in
an amount of at least 5 mmol per g of the chromium
compound.

6. The method for oligomerizing an o-olefin according to
claim 1, wherein the alkylaluminum compound is present in
an amount of at least 25 mmol per g of chromium atoms.
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7. A mmethod for oligomerizing an «-olefin in the presence
of a catalyst comprising a chromium compound having at
least one chremium-pyrrolyl bond and an alkylaluminum
compound, comprising contacting the a-olefin with the
chromium compound and the alkylaluminum compound
without preliminarily contacting the chromium compound
with either the o-olefin or the alkylaluminum compound,
and wherein as the catalyst, a catalyst compnsing a chro-
mium compouad obtained by reacting a chromium salt and
a compound containing a pyrrolyl group or radical in a
hydrocarbon solvent, and an alkyl aluminum compound, is
used wherein the oligomerization is conducted at a tempera-
ture of from 0°to 250° C. under a pressure from atmospheric
pressure to 250 kg/cm?, and the concentration of the chro-
mium compound is from 0.1 mg to 5 q per liter of the
solvent, and the alkylaluminum compound is in an amount
of at least 0.1 mmol per gram of the chromium compound.

8. The method for oligomerizing an a-olefin according to
claim 7, wherein the chromium salt is selected from the
- group consisting of a chromium B-diketonate, 2 chromium

carboxylate, a chromium B-ketocarboxylate, a chromium-
amide complex, a chromium-carbonyl complex, a chro-
mium-cyclopentadienyl complex, a chromium-alkyl com-
plex and a chromium-phenyl complex.

9. The method for oligomerizing an a-olcfin according to
claim 7, wherein said solvent is selected from the group
consisting of a hydrocarbon compound and a halogenated

hydrocarbon compound.
10. A method for oligomerizing an a-olefin in the pres-

ence of a catalyst comprising a chromium compound having
at least one chromium-pyrrolyl bond and an alkylaluminum
compound, comprising contacting the o-olefin with the
chromium compound and the alkylaluminum compound
without preliminarily contacting the chromium compound
with either the a-olefin or the alkylaluminum compound,
and wherein the chromium compound having at least one
chromium-pyrrolyl bond is 2 compound obtained by react-
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ing a chromium salt of the formula CrX, wherein-X—s-ap——
organic or inorganic group, and n is an integer of from | to
6, provided that when n is more than 1, the plurality of X
may be the same or different from one another, and a metal
pyrrolide in an electron pair donor solvent, comprising
oligomerizing the e-olefin at a temperature of from 0° to
250° C. under a pressure from atmospheric pressure to 250
kg/cm?, and the concentration of the chromium compound is
from 0.1 mg to 5 g per liter of the solvent, and the
alkylaluminum compound is an amount of at least 5 mmol
per gram of the chromium compound.

11. The method for oligomerizing an «-olefin according
to claim 10, wherein the alkylaluminum compound is
present in an amount of at least 20 mmol per g of the
chromium compound.

12. The method for oligomerizing an «-olefin according
to claim 10, wherein the organic group is selected from the
group consisting of a C,_,, hydrocarbon group, a carbonyl
group, an alkoxy group, a carboxyl group, a B-diketonate
group, a J-ketocarboxyl group, a B-ketoester group and an
amide group.

13. The method for oligomerizing an o-olefin according
to claim 10, wherein the inorganic group is selected from the
group consisting of a halogen, nitrate, sulfate and an oxide.

14. The method for oligomerizing an ot-olefin according
to claim 10, wherein the chromium salt is a halogenated
chromium.

15. The method for oligomerizing an x-olefin according
to claim 10, wherein the metal pyrrolide is a pyrrolide of a
metal selected from the group consisting of elements of

“Groups 1A, TIA, ITIB and IVB of the Periodic Table.

16. The method for oligomerizing an a-olefin according
to claim 10, wherein the electron pair donor solvent is a
solve_:nt. containing an element selected from the group
comsisting of N, O, P and S.

17. The method for oligomerizing an t-olefin according

to claim 10, wherein the electron pair donor solvent is an
ether.
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18. The method for oligomerizing an «-olefin according
to clatm 1 or 7, wherein the alkyl aluminum compound is a
compound of the formula (1):

R', A{OR?),H,X, (D

whercin each of R' and R? which may be the same or
different, is a C,_, 5 hydrocarbon group, X is a halogen atom,

O0<m=3, 0=n<3, 0=p<3, 0=q<3, and m+nt+p+g=3.

19. The mcthod for oligomerizing an o-olefin according
to claim 1 or 7, wherein the o-olefin has from 2 to 30 carbon
atoms.

20. The method for oligomerizing an «-olefin according
to claim 19, wherein the o-olefin is ethylene, and the main
product is 1-hexene.

21. The method for oligomerizing an ¢-olefin according
to claim 1 or 7, wherein the oligomerization is conducted in
a solvent selected from the group conmsisting of a chain
saturated hydrocarbon and an alicyclic hydrocarbon.

22. The method for oligomerizing an a-olefin according
to claim 1 or 7, wherein the oligomerization reaction is
conducted in the presence of hydrogen.

23. A method for oligomerizing an «-olefin in the pres-
ence of a catalyst comprising a chromium compound and an
alkylaluminum compound, wherein as the catalyst, a catalyst
~ comprising a chromium compound obtained by admixing a
chromium salt and a compound containing a pyrrolyl group
or radical in a hydrocarbon solvent, and an alkyl aluminum
compound, is used, and comprising the steps of:

(a) contacting the ct-olefin with the chromium compound
and the alkylaluminum compound simultaneously
without preliminarily contacting the chromium com-
pound with either the a-olefin or the alkylaluminum
compound,
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(b) oligomerizing the a-olefin at a tertiperature of from 0°
to 250° C. under a pressure from atmospheric pressure
to 250 kg/cm?, and the concentration of the chromium
compound is from 0.02 mg to 1 g of chromium metal
per liter of solvent, and said alkylaluminum compound
is in an amount of at least 0.1 mmol per gram of the
chromium compound.

24. A process according to claim 1, wherein the molar
ratio of (2) a chromium salt, to (b) a compound containing
a pyrrolyl group or radical is 1:2 to 1:3.

25. A method for oligomerizing an «-olefin in the pres-
ence of a catalyst comprising a chromium compound having
at least one chromium-pyrrolyl bond and an alkylaluminum
compound, comprising the steps of:

(a) contacting the a-olefin with the alkylaluminum com-
pound without preliminarily contacting the chromium
compound with either the at-olefin or the alkylalumi-
num compound,

(b) contacting the chromium compound with the a-olefin
and the alkylaluminum compound, and

(c) olisomerizing the ct-olefin at a temperature of from 0°
to 250° C. under a pressure from atmospberic pressure
to 250 kg/cm?, and the concentration of the chromium

compound is from 0.1 mg to 5 g per liter of solvent, and
the alkylaluminum compound is in an amount of at
least 5 mmol per gram of the chromium compound.
26. A method for oligomerizing an «-olefin in the pres-
ence of a catalyst comprising a chromium compound and an
alkylaluminum compound, wherein as the catalyst, a catalyst
comprsing a chromium compound obtained by admixing a
chromium salt and a compound containing a pyrrolyl group
or radical in a hydrocarbon solvent, and an alkyl alurminum
compound, is used, and comprising the steps of:
(a) contacting the c-olefin with the alkylaluminum com-

pound without preliminarily contacting the chromium
compound with either the w-olefin or the alkylalumi-

num compound,
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(b) contactifig the chromium compouitid with thet=oletin
and the alkylaluminum compound, and

(c) oligomerizing the c-olefin at a temperature of from
0°to 250° C. under a pressure from atmospheric pres-
sure to 250 kg/cm® and the concentration of the
chromium compound is from 0.02 mg to 1 g of chro-
mium metal per liter of solvent, and said alkylalumi-
num compound is in an amount of at least 0.1 mmol per
gram of the chromium compound.

27. The methed for oligomerizing an «-olefin according
to claim 23, wherein the chromium compound, the ct-olefin
and the alkylaluminum compound are supplied to a reactor.

28. The method for oligomerizing an ot-olefin according
to claim 23, comprising supplying to a reactor the chrominm
compound the a-olefin and the alkylaluminum compound,
directly and independently.

29. The method for oligomerizing an «-olefin according
to claim 23, comprising contacting the chromium com-
pound, the alkylaluminum compound and the a-olefin to
form a mixture, and the mixture is then supplied to a reactor.

30. The method for oligomerizing an a-olefin according
to claim 25, wherein the chromium compound, the c-olefin
and the alkylaluminum compound are supplied to a reactor.

31. The method for oligomerizing an «-olefin according
to claim 25, wherein contacting step (b) forms a mixture, and
the mixture is supplied to a reactor.

32. The method for ohoomcnzmcr an o-clefin according
to claim 26, wherein the chromium compound, the ¢t-olefin
and the alkylaluminum compound are supplied to a reactor.

33. The method for oligomerizing an c-olefin according
to claim 26, wherein contacting step (b) forrs a mixture, and
the mixture is then supplied to a reactor.



