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METHOD FOR OLIGOMERIZING AN a-OLEFIN 

The present invention relates to a method for 

oligomerizing an a-olefin, particularly ethylene, by 

means of a catalyst comprising a specific chromium 

5 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 a-

olefin such as ethylene by means of a catalyst composed 

10 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 1-hexene and 

polyethylene from ethylene by a catalyst system 

15 comprising a Cr-containing Group VIB transition metal 

compound of the formula MXn and a polyhydrocarbyl 

aluminum oxide. Further, Japanese Unexamined Patent 

Publication No. 128904/1991 and V.W. Seidel and w. 

Reichardt, z. Anorg. Allg. Chem., 404, 225 (1974) . 

20 disclose a method for producing a chromium-containing 

I rn1s SHEET HAs-iriEN l 
L ' REPLACED I 

=~ ;d 



/' 

5 

- 2 -

compound having a chromium-pyrrolyl 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. 128904/1991 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 

10 in Japanese Examined Patent Publication No. 18707/1967 

has a problem that the amount of polyethylene formed 

simultaneously with 1-hexene is substantial, and if it is 

attempted to reduce the amount of the polyethylene, the 

overall activities tend to deteriorate. 

15 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 

20 compound, and that the catalytic activities are poor for 

25 

the oligomerization reaction of an a-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 

10 alkylaluminum compound, the selectivity of 1-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 

15 researches to solve the above-mentioned problems of the 

conventional ~ethods and as a result, have accomplished 

the present invention. 

The present invention provides a method for 

oligomerizing an a-olefin by means of a catalyst system 

20 comprising a chromium compound having at least one 

chromium-pyrrolyl bond and an alkylaluminum compound, 

wherein the a-olefin is contacted with the chromium 

compound and the alkylaluminum compound without 

preliminarily contacting the chromium compound to either 

25 the a-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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rn 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 

5 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 

10 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 

15 pyrrolide, as described hereinafter. In 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, 

20 1. 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. 

25 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 CrXn 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 carbony~ 

group, an alkoxy group, a carboxyl group, a p-diketonate 

group, a p-ketocarboxylic group, a p-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 

15 group, an aryl group, an alkylaryl group and an aralkyl 

20 

25 

group. The inorganic group may, for example, be a 

halogen, nitrate, sulfate or oxide. Preferablyr the 

chromium salt is a halide, such as chromous chlo:ider 

chromic chloride, chromous bromide, chromic bromide, 

chromous iodide, chromic iodide, chromous fluoride or 

chromic fluoride, particularly preferably chrornous 

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 complexr a phosphine complex 

or a thioether complex of a halogenated chromium, 
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specifically Crct3·3THF, Crct3·3dioxane, CrCR 3·(CH3C02n­

C4H9), CrCt3 ·(CH3C02C2H5), CrCf3·3(i-C3H70H), 

CrCf3 ·3[CH3(CH2 } 3CH(C2H5 )CH20H], CrCt3·3pyridine, 

CrCl3·2(i-C3H7NH2)r [CrCe3·3MeCN]·MeCN (MeCN = 
5 acetonitrile), CrCt3·3PPh3 (PPh3 =triphenylphosphine), 

CrCt 2 ·2THF, CrCt2 ·2pyridine, CrCt2 ·2[(C2H5 ) 2NH) 2 J, 

CrC! 2 ·2MeCN (MeCN = acetonitrile), CrCt2 ·2[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-tetrachloropyrrole, 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 

5 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 

10 hexamethylphosphor amide, hexamethylphosphorus triamide, 

triethylphosphite, tributylphosphine oxide or 

triethylphosphine. The sulfur-containing compound may, 

for example, be carbon disulfide, dimethylsulfoxide, 

tetramethylenesulfone, thiophene or dimethylsulfide. 

15 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 

20 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 

25 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 electron pair 

donor solvent is preferably removed. As a method for 

removing the electron pair donor solvent, it is possible 

5 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 

10 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, 

15 heptane or cyclohexane, an aromatic hydrocarbo~ 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 

20 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 

25 in the present invention, is a method of reacting a 

chromium salt and/or complex soluble 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. 

5 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 

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

nitrile complex, a phosphine complex or a thioether 

co~plex of a halogenated chromium, specifically 

Crce3·3THF, CrCP3·3dioxane, CrCt 3·(CH3C02n-C4H9 ), 

CrCt3·(CH3C02 C2H5 ), CrCt3·3(i-C3H70H), 

15 CrCt 3·3[CH3(CH2 ) 3CH(C2H5 )CH20H], CrCt 3 ·3pyridine, 

CrCe 3 ·2(i-C3H7 NH 2 ), [CrCe3·3MeCN]·MeCN (MeCN = 

acetonitrile), Crce3·3PPh 3 (PPh3 =triphenylphosphine), 

CrCt 2·2THF, CrCt2·2pyridine, CrCe 2·2[(C2H5 ) 2NH], 

CrCt2·2MeCN (MeCN = acetonitrile) or CrCt2·2[P(CH3)2Ph] 

20 (Ph= phenyl group). Further, it may be a chromium~-

diketonate, a chromium carboxylate, a chromium-carbonyl 

complex, various cyclopentadienyl complexes of chromium, 

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

specifically Cr[CH3COCH=C(O-)CH3] 3 , 

25 Cr(CH3(CH2) 3CH(C 2H5 )C02] 3, Cr(C0) 6 , CpCrCe 2 (Cp 

=cyclopentadienyl group), (Cp*crcecH3)2 (Cp* = 
pentamethylcyclopentadienyl group), (CH3) 2CrCt or 
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CrPhCt 2 ·THP3. 

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 

5 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 

10 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 is usually from 30 minutes to 48 hours. 

After completion of the reaction, by-products may be 

15 removed by filtration. However, without such removal, 

the reaction product may be used directly for the 

oligomerization reaction of an a-olefin. Further, 

without removing the solvent, the reaction product may be 

supplied directly for the oligomerization reaction of an 

20 a-olefin. When the reaction solvent is to be removed, it 

may be distilled of£ 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 

25 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 a-

olefin, particularly ethylene, in the present invention 

is that the reaction of a chromium salt with a compound 

5 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 

10 the reaction of a chromium salt with a metal pyrrolide is 

conducted in an electron pair donor one. When an a-

oleEin, particularly ethylene, is oligomerized on using 

such a chromium compound prepared in a hydrocarbon 

solvent, it is possible to obtain hexenes having a high 

15 selectivity of 1-hexene. Besides, in spite of the change 

in the reaction conditions such that the amount of the 

alkylaluminum compound is reduced1 the selectivity of 1-

hexene in the resulting hexenes can be maintained at a 

high level. 

20 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 

25 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 

5 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, 

10 a chromium p-diketonate, a chromium carboxylate, a 

chromium p-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. 

15 Particularly preferred is a chromium p-diketonate, a 

chromium-carboxylate or a chromium p-ketocarboxylate. 

More specifically, it may, for example, be Cr(C0) 6 , 

CpCrce2 (Cp =cyclopentadienyl group), {Cp*crCfCH3 ) 2 (Cp* 

= pentamethylcyclopentadienyl group), (CH 3 ) 2CrCf, 

20 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. 

25 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 1-hexene, cyclohexene and 

5 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 

10 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 a pyrrolyl group such as a metal 

15 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 a~d 

reacted usually under atmospheric pressure preferably in 

the absence of an oxygen molecule. The reactio~ 

20 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 

may be conducted under irradiation with ultrasonic waves. 

25 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 

5 a-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,_ 

10 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 

15 washing solution, the chromium compound is obtained. 

In the present invention, the specific chromiu~ 

compounds can be used as supported on a carrier such as 

an· inorganic oxide. However, in such a case, the arr.cunt 

of polymer formed tends to increase. Therefore, it :s 

20 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 

25 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 oligomerization of an 

a-olefin is conducted by the combination of the specific 

5 chromium compound thus obtained, with an alkylaluminum 

compound. The alkylaluminurn compound is preferably an 

alkylaluminum compound of the following formula: 

( 1) 

wherein each of R1 and R2 which may be the same or 

10 different, is a cl-15' preferably cl-8' hydrocarbon group, 

X is a halogen atom, O<m~3, O~n<3, 0~<3, O~q<3, a~d 

m+n+p+q=3. For example, alkylaluminum compounds o~ the 

15 

20 

25 

following formulas (2) to (7) may be mentioned: 

a trialkylaluminum compound of the formula: 

R1
3Ae ( 2) 

wherein R1 is as defined above; 

a halogenated alkylaluminum compound of the ~ -rorrr:u..!.a: 

( 3) 

wherein R1 and X are as defined above, and 1.S~rn<3; 

an alkoxyalkylaluminurn compound of the formula: 

( 4 ) 

wherein R1 and R2 are as defined above, and O<m<3, 

preferably l.5~m<3; 

an alkylaluminum hydride compound of the formula: 

( 5 ) 

wherein R1 is as defined above, and O<m<3, preferably 

l.5~m<3; 
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an aluminoxane of the formula: 

(6) or 

~ I OM'lm+2 I 
( 7 } 

5 Rl 

In the formulas (6) and (7), R1 is as defined above, 

and m is an integer of from O to 30, preferably at least 

10. Specifically, trimethylaluminum, triethylalurninum, 

triisobutylaluminurn, diethylaluminum chloride, 

10 diethylaluminurn ethoxide, diethylaluminum hydride, 

methylaluminoxane and isobutylaluminoxane may, for 

example, be mentioned. ftJnong them, a trialkylaluminum is 

preferred, since only a small amount of polymer formed as 

by-product. 

15 To conduct the oligomerization using the specific 

chromium compound obtained by the reaction in a 

hydrocarbon solvent, the amount of the alkylalurninum 

compound to be used per g of the chromium compound is at 

least 0.1 nunol, but preferably more than 5 mmol, so that 

20 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, 

25 the amount of the alkylalurninum compound to be used may 

be small, and yet the selectivity of the resulting l~ 

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, 

5 octane, cyclohexane, methylcyclohexane or decalin, an 

aromatic hydrocarbon such as benzene, toluene, xylene, 

ethylbenzene or tetralin, a chain chlorinated hydrocarbor. 

such as chloroform, methylene chloride, dichloroethane, 

trichloroethane or tetrachloroethane, or chlorinated 

10 aromatic hydrocarbon such as chlorobenzene or 

dichlorobenzene, may, for example, be used. A.i~ong these 

solvents, a linear or alicyclic saturated hydrocarbon is 

preferred. Further, the a-olefin as the starting 

material for the reaction itself, or an a-olefin other 

15 than the main starting material for reaction, may be used 

as the solvent. As such an a-olefin, the one having frc~ 

4 to 30 carbon atoms may be employed, but the one whic~ 

is liquid at room temperature, is particularly preferrec. 

In a case where the oligomerization of an a-olefin is 

20 conducted by specifying the contacting method of the 

catalyst 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 

25 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 

a-olefin having from 2 to 30 carbon atoms. Specific 

5 examples include ethylene, propylene,· 1-butene, 1-

pentene, 1-hexene, 1-octene, 3-methyl-l-butene and 4-

methyl-1-pentene. The present invention is particularly 

suitable for the oligomerization of ethylene, whereby 1-

hexene can selectively be obtained in good yield. 

10 The temperature for the oligornerization reaction is 

usually from O to 250°C, preferably from O to 150°C, and 

the pressure is usually from atmospheric pressure to 250 

kg/c~2 , but it may sufficiently be not more than 100 

kg/crn2 • The retention time is usually within a range of 

15 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. 

20 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 a-olefin to the chromium compound having at 

least one chromium-pyrrolyl bond and the alkylaluminum 

25 compound without preliminarily contacting the chromium 

compound to the a-olefin and the alkylaluminum compound, 

or to use the alkylaluminum compound in an amount at 

-------··· 
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// least 20 nunol 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. 

5 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 rrunol per g of the chromium compound or. 

10 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 a-olefin are simultaneously introduced thereto, or a 

15 method wherein firstly, the a-olefin and the 

alkylaluminum compound are contacted, and then the 

chrohlium compound is introduced thereto. The reactior. of 

continuous system can be conducted by a method wherein 

the respective components are supplied to the reactor 

20 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 

25 conditions of the present invention, the interaction 

between the alkylaluminum compound and the a-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 11 without 

preliminarily contacting 11 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 is 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 polymers, can 

be obtained. In the catalyst system of the prese~t 

invention, a solvent-soluble component formed by the 

15 reaction of the specific chromium compound and the 

alkylaluminum compound is considered to have 

oligomerizing activities. It is considered that when the 

a-olefin is contacted to the specific chromium compound 

and the alkylaluminum compound without preliminarily 

20 contacting the specific chromium compound to either the 

a-olefin or the alkylaluminum compound, the resulting 

active species are stabilized by e.g. coordination of the 

a-ole:in present, and the amount of the active species 

will increase. On the other hand, when the a-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 

r---·- .. ..,.~ -. 

l n-ns s.tiEET HAS'BEENJ 
.. REPLACED 

- . 



/ 

/ 

- 21 ·-

the above reason, and reduction of the chromium compound 

proceeds beyond a proper reduction degree before 

initiation of the oligomerization reaction upon contact 

of the a-olefin, which are believed to be factors for 

5 deterioration cif the catalytic activities. The catalytic 

activities deteriorate also in a case where the chromium 

compound and the a-olefin are preliminarily contacted and 

then the alkylaluminum compound is contacted thereto. In 

this case, it is considered that the chromium compoun9 

10 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 anc 

15 selectivity for trimer can be obtainer by adjusting t~e 

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, 

20 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 

25 catalytic activities tend to be low. 

By increasing the amount of the alkylaluminum 

compound to the chromium comp?und, 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 

5 above-mentioned contacting method is not employed. The:e 

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 

10 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 chro~iurn 

metal, more preferably 500 mmol per g of the chrom:urn 

15 compound or 2500 rrunol 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 inventio~ 

may not be particularly restricted by using the catalyst 

20 system which is comprised from the chromium compo~nd 

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 

25 alkylaluminum compound stated before are/is employed in 

the oligornerization of an a-olefin wherein the chromium 

compound is formed 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 

increasement of the activity and the selectivity for 

trimer is considered to be the same described 

5 hereinbefore. 

The concentration of the chromium compound in the 

oligomerization of the a-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 e 

10 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 e of the solvent. However, by 

adjusting the concentration preferably to a level o: at 

most 150 mg of the chromium compound having at least one 

15 chromium-pyrrolyl bond or at most 30 mg of chromium 

metal, per e of the solvent, more preferably at most 100 

mg of the chromium compound or at most 20 mg of chromium 

metal, per e of the solvent, the catalytic activities (g 

olefin/g chromium·hr) and the catalytic efficiency (g 

20 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, 

25 the lower limit is usually at a level of 20 mg of the 

chromium compound or 4 mg of chromium metal, per e of the 

solvent. The mechanism qf the increase of the activities 

" , .. r~,fis SHEET HAS BEEN 
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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 

5 increase of effective active sites. 

Further, in the oligomerization of an a-olefin of the 

present invention, an improvement in the catalytic 

activities and selectivity for trimer is observed when 

hydrogen is present during the reaction. Especia~ly when 

10 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 improvec. In a 

case where the oligomerization reaction of an a-olefin, 

15 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, b~t 

20 the selectivity of 1-hexene among hexenes produced tends 

to decrease. A feature of the present invention resides 

in that when the oligomerization reaction is conducted by 

using a catalyst comprising the specific chromium 

compound obtained in a hydrocarbon solvent and an 

25 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-

·.f tm~;;~:;:-.::E=1~ ... -:::.T-l-.:ii.-S_B_f-:f-'.N--.. 
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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 

5 oligomerization of an a-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 

10 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 

particularly ethylene, and formation of polymers can be 

15 controlled. Thus, the present invention provides a 

significant industrial advantage. 

Further, by using as a catalyst the specific ct:omiuLl 

compound obtained by the reaction in a hydrocarbon 

solvent, when an a-olefin, particularly ethylene, is 

20 oligomerized, the selectivity of 1-hexene among hexenes 

produced will be improved, whereby purification of l-

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 

25 requiring a particularly precise purification operation, 

and the oligomerization reaction proceeds at a high 

catalytic actiyities. Therefore, the value of the method 

THIS St\EET HAS BEEN 
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of the present invention for industrial application is 

high. 

Now, the present invention will be described in 

further detail with reference to Examples. However, it 

5 should be understood that the present invention is by no 

means restricted by such specific Examples. 

CATALYST PREPARATION EXAMPLE 1 

Preoaration of chromium comQound 1 

To 0.815 g (20.3 mmol) of NaH, 15 ml of THF was 

10 added, and 1.4 me (20 mmol) of pyrrole dissolved in 5 me 

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 2 

suspended in 20 me of THF. After the dropwise addition, 

15 5 me of THF was added thereto, and the mixture was 

refluxed for 20 hours under heating. The precipitate was 

filtered off. Then, 100 ml 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 

20 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 

Preoaration of chromium compound 2 

25 To 19 me (30 mmol of n-BuLi) of a n-BuLi/n-hexane 

solution, 2.1 me (30 mmol) of pyrrole dissolved in 20 me 

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 CrCf3 was added in a powder form. Then, the 

5 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%. 

10 CATALYST PREPARATION EXAMPLE 3 

Preparation of chromium comoound 3 

To 0.79 g (16.5 mrnol) of NaH, 15 me of THF was added, 

and 1.0 me (15 rrunol) of pyrrole dissolved in 5 mt of TH? 

was dropwise added thereto. The mixture was stirred at 

:s room temperature for one hour, and then this solution was 

dropwise added to 0.79 g (5 mmol) of CrCP 3 suspended in 

25 mf 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 

20 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%.1 N: 10.5%. 

CATALYST PREPARATION EXAMPLE 4 

Preparation of chromium compound 4 

25 To 15 mP of a THF solution of pyrrole (10.l lTu~Ol), 

MeLi (7.5 me of a l.4M Et 2o 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 Crce2 (THF) 2 (1.33 g, 4.82 mmol) 

ir. 5 mf of THFr was added at room temperature, and the 

5 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 mf of 

toluene and 3 me of pyridine were added thereto, and the 

10 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 

15 brown needle-like crystals. The obtained crystals were 

pulverized and used for the oligornerization 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%. 

20 CATALYST PREPARATION EXAMPLE 5 

Preparation of chromium compound 5 

To 12 mt of a THF solution (0.5 M) of Na (pyrrolide), 

a TEF suspension (8 mt) of CrCt 3 ·3 pyridine (0.79 g 1 2 

mmol) was dropwise added at room temperature. The 

25 mixture was stirred for one hour and then refluxed for 5 

hours. After cooling the mixture to room temperature, 10 

me of THF was added thereto, and the supernatant was 

.r.,,.. • 
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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 

5 Pre2aration of chromium compound 6 

To a solution of chromium (III) acetylacetonate (2.55 

g, 7.3 nunol) in toluene (15 mt), a suspension of powdery 

lithium pyrrolide (1.60 g, 21.9 mmol) separately 

prepared, in toluene (5 mt), was added at room 

10 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 

temperature, and then the solvent was distilled off under 

15 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 

20 calculated from the analyzed value of Cr and the obtained 

amount, was 100%. The IR spectrum of this powder is 

shown in Figure 1. The measurement was conducted by a 

nujor method using 165 Model FT-IR, manufactured by 

Perkin Elmer. 

25 Cr: 9.1%, C: 57.0%, H: 5.9%, N: 7.4%. 

CATALYST PREPARATION EXAMPLE 7 

Preparation of chromium compound 7 

, ., ~~lS st4EET H~S jFEN 1 
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To a solution of chromium (III) (2-ethylhexanoate) 

(1.14 g, 2.36 rnmol) in ·toluene (15 m.e), a suspension of 

powdery sodium pyrrolide (0.65 g, 7.26 mmol) separately 

prepared, in toluene (5 mi), was added at room 

5 temperature under a nitrogen atmosphere. Ultrasor.ic 

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 supe:natant 

10 was withdrawn to remove unreacted chromium (III) (2-

ethylhexanoate). Then, the residue was washed wit~ 

heptane, and the supernatant was removed in the sa~e 

manner as above. The residual solid was vacuum-c:ied at 

room temperature to obtain 0.97 g of a deep green powde:. 

15 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%. 

20 EXAMPLE l 

A 300 mi 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 ml 

25 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 1 slurried in 1 me 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 

5 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 oligomerization of ethylene was initiated·. 

10 Ethylene was introduced until the total pressure became 

40 kg/cm2 , and thereafter oligomerization of ethylene was 

conducted for one hour while maintaining the total 

pressure at 40 kg/cm 2 • The internal temperature cf t~e 

autoclave became 90°C by the polymerization heat, a~c 

15 thereafter the reaction temperature was maintained at 

90°C. One hour later, ethanol was injected to term:nate 

the reaction, and the product was quantified by gas 

chromatography. The results are shown in Table 2. 

EXAMPLE 2 

20 Into the same autoclave as used in Example 1, 10 ~g 

of the chromium compound 1 and 0,4 mmol of 

triethylaluminum were charged in the same manner. 

Hydrogen was introduced to 3.5 kg/cm2 , and the 

autoclave was heated to 90°C. At such a time, the 

25 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 

-rms SHEET HAS REEN 
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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 

5 introduced until the total pressure became 40 kg/cm2 , and 

10 

15 

20 

thereafter polymerization of ethylene was conducted for 

0.5 hour while maintaining the total pressure at 40 

kg/cm2 • 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 

quantified by gas chromatograph, The results are shown 

in Table 2. 

EXP...MPLES 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 l. 

The results are shown in Table 2. 

EXAMPLE 9 

Into the same autoclave as used in Example 1, 10 mg 

of the chromium compound as used in Example 1 and then 62 

me of heptane, were charged. Then, the temperature was 

raised to 90°C, and ethylene was introduced to 35 kg/cm2 . 

25 No absorption of ethylene was observed. Therefore, O.~ 

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 

5 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 

10 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/cm2 • The reaction conditions 

are shown in Table lr and the results are shown in Table 

15 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. 

20 The results are shown in Table 3. 

EXAMPLE 15 

A 300 mi 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 

25 a catalyst feed tube equipped with a burst plate. 150 me 

of heptane and 0.2 mmol of triethylaluminum were charged 

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

rn:i:s SHf::ET HAS BEEN 
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mg of chromium compound 3 slurried in 1 me 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 

5 burst plate bursted by the ethylene pressure, whereupon 

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 becam.e 

10 35 kg/cm2 , and thereafter oligomerization of ethylene was 

conducted for one hour while maintaining the total 

pressure at 35 kg/cm2 • The internal temperature of the 

autoclave became 100°C by the polymerization heat, and 

thereafter the reaction temperature was maintained at 

15 l00°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 3. 

EXAMPLE 16 

Into the same autoclave as used in Example 15, 10 ms 

20 of chromium compound 4 prepared in Catalyst Preparation 

Example 4, 150 me of heptane and 0.4 m.~ol of 

triethylaluminum were charged. 

Hydrogen was introduced to 3.5 kg/cm2 , and the 

autoclave was heated to 90°C. Then, ethylene was 

25 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/cm2 , and thereafter polymerization of ethylene was 

5 conducted for 1.0 hour while maint~ining the total 

pressure at 40 kg/cm2 • 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. One hour later, 

10 ethanol was injected to terminate the reaction, and the 

product was quantified by gas chromatograph. The results 

are shown in Table 3. 

EXAMPLES 17 and 18 

The reaction was conducted in the same manner as in 

15 Example 15 except that as the chromium compound, chromium 

compound 5 obtained in Catalyst Preparation Example 5 was 

used, and the reaction conditions were changed as 

identified in Table 3. The results are shown in Table 3. 

EXAMPLE 19 

20 A 300 me 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 me 

of heptane and 0.4 rnmol of triethylaluminum were charged 

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

mg of chromium compound 6 obtained in Catalyst 

Preparation Example 6 slurried in 1 mt of heptane, was 
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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 

s chromium compouri~ and the triethylaluminum were contacted 

simultaneously to one anotherr and oligomerization of 

ethylene was initiated. Ethylene was introduced until 

the total pressure became 35 kg/cm2 , and thereafter the 

total pressure was maintained at 35 kg/cm2 , and the 

10 reactior. 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. 

EXP...MPLE 20 

15 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 in~roduced to 3.5 

kg/cm2 , and the autoclave was heated to 100°C. Then, 

20 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 

triethylalurninum were contacted simultaneously to one 

another, and oligomerization of ethylene was initiated. 

25 Ethylene was introduced until the total pressure became 

40 kg/cm2 , and thereafter the total pressure was 

maintained at 40 kg/cm2 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 

quantified by gas chromatograph. The results are shown 

in Table 4. 

5 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. 

1 O EXP...MPLE 2 2 

The reaction was conducted in the same manner as in 

Example 19 except that the amount of heptane was changed 

to 150 me. The results are shown in Table 4. 

COMPARATIVE EXAMPLE 1 

15 The reaction was conducted in the same manner as in 

Example 9 except that the amount of heptane was changed 

to 62 me and the amount of triethylaluminum was changed 

to 0.12 mmol. The results are shown in Table 2 

(continued). 

20 COMPARATIVE EXAMPLE 2 

The reaction was conducted in the same manner as in 

Comparative Example 1 except that 3.5 kg/cm 2 of hydrogen 

was introduced prior to the introduction of 

triethylaluminum, and the total pressure was 40 kg/cm2 • 

25 The results are shown in Table 2. 

COMPARATIVE EXAMPLE 3 

The reaction was conducted in the same manner as in 

TH!S SHEET HAS ~EJ'.N 
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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 90°C for 30 

minutes, and then ethylene was introduced, and the 

5 reaction temperature was changed to 100°C. The results 

are shown in Table 2. 
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No. 

Cr compound 

Amount of Cr compound 

Amount of solvent 

Concentration of Cr 
compound 

Amount of 
triethylaluminum 

Contacting method 

Amount of H2 

Total Pressure 

Reaction temperature 

Reaction time 

Solvent 

Table 1 

l 2 

1 1 

mg 10 10 

mt 50 50 

mg/e 200 200 

mmol 0.4 0.4 

mmol/chromium 40 40 
compound ( g) 

A A 

kg/cm2 0 3.5 

kg/cm2 40 40 

oc 90 100 

hr 1. 0 0.5 

Examples 

3 4 5 

1 1 1 

10 10 10 

50 50 50 

200 200 200 

0.4 0.2 5.0 

40 20 500 

A A A 

0 0 0 

35 35 35 

100 100 100 

0.5 1. 0 0.58 

Heptane 

6 

2 

10 

50 

200 

0.2 

20 

A 

0 

35 

100 

1.0 

7 

3 

10 

50 

200 

0.2 

20 

A 

0 

35 

100 

1.0 
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No. 

Cr compound 

Amount of Cr compound 

Amount of solvent 

Concentration of Cr 
compound 

.. Amount of 
. triethylaluminum 

Contacting method 

Amount of H2 

Total Pressure 

Reaction temperature 

Reaction time 

Solvent 

Table 1 (continued) 

Examples 

8 9 10 11 

1 1 3 3 

mg 10 10 10 10 

me 50 62 50 50 

mg/f 200 161 200 200 

mmol 0.12 0.4 0.2 0.4 

mmol/chromium 
12 40 20 40 compound ( g) 

A B A A 

kg/cm2 0 0 0 3.5 

kg/cm 2 35 35 35 40 

oc 90 90 100 100 

hr 1.0 0.5 1. 0 1.0 

Heptane Cyclohexane 

~ 
Comparative examples 

1 2 

1 l 

10 10 

50 50 

200 200 

0.12 0.12 

12 12 

B B 

0 3.5 

35 40 

90 90 

0.5 0.5 

Heptane 

3 

1 

10 

50 

200 

0.12 

12 

c 

0 

35 

100 

0.5 

,t>, 
0 

~ 
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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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No. 

Amount of 
formed olef ins 

Composition 
(wt%) 

! 

Catalytic 
efficiency 

Catalytic 
activity 

Table 2 

1 2 

g 10.99 17.9 

C4 19.2 11. 5 

Total 55 •. 4 75.8 
C5 l-C 6 92.6 88.5 

content 

Ca 9.7 5.1 

C10-C20 11. 2 6.7 

C22-C30 0 0.1 

PE 4.5 0.8 

g olefin/ 
1,100 1,790 

g Cr compound 

g olefin/ 
g Cr·hr 

5,760 18,700 

Examples 

3 4 5 

8.84 7.65 11. 7 

23.6 19.0 20.3 

55,5 58.4 55.8 

91. 0 85.9 90.0 

9.0 7,7 9.9 

10.2 9.7 13.7 

0.2 0.4 0.2 

1. 5 4.8 0.1 

884 765 1,170 

9,260 4,000 10,500 

6 

6.66 

22.0 

61.9 

86.3 

a.a 

8.0 

0.1 

0 

666 

10,100 

7 

4.27 

23.3 

56.7 

92.2 

8.2 

10.5 

0.4 

0.9 

427 

6,570· 

"" 

"" N 

'· 

~ 
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No. 

Amount of 
formed olef ins 

g 

C4 

Total 

c6 1-C 
Composition 6 

content 
(wt%) 

Ca 
' 

1! 
I 

C10-C20 i 

C22-C30 

PE 

Catalytic !g olefin/ 
efficiency g Cr compound 

Catalytic g olefin/ 
activity g Cr·hr 

Tahlc 2 (continued) 

Examples 

8 9 10 11 

4. 24 3.69 8.16 24.10 

15.7 11. 8 18.5 5.9 

58.5 58.6 64.7 86.9 

87.8 87.5 93.l 85.3 

6.2 3.8 7.8 3.2 

6.8 3.0 8.2 3.7 

0.1 0 0.2 0.1 

12.7 22.8 0.6 0.3 

4 2 it 369 816 2,410 

2,220 3,860 12,550 37,080 

Comparative Examples 

1 2 3 

0.79 0.98 0.60 

1. 40 3.10 8.26 

24.3 48.2 78.7 

91. 7 88.3 85.0 

0.3 1.1 tr. 

tr. l. 7 tr. 

0 0.5 0 

74.0 45.4 5.1 

79 98 60 

830 1,030 628 

.i:.. 
w 

,, 
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'l'able 3 

-

No. 
12 

Cr compound 4 

Amount of Cr compound mg 30 

Amount of solvent me 50 

Concentration of Cr 
mg/f 600 compound 

Amount of triethyl-
mmol l. 2 aluminum : 

Amount of H2 kg/cm 2 0 

Total Pressure kg/cm 2 35 

Reaction temperature oc 100 

Reaction time hr l. 0 

Examples 

13 14 15 

5 5 3 

·30 30 10 

50 150 150 

600 200 67 

1. 2 1. 2 0.2 

0 0 0 

35 35 35 

100 100 100 

1. 0 1.0 1.0 

16 17 

4 5 

10 10 

150 150 

67 67 

0.4 
I 

0. 4 

3. 5 0 

40 35 

100 100 

1.0 1.0 

1.8 

5 

5 

150 

33 

0.2 

0 

35 

100 

1.0 

I 

.i::. 
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~' 
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No. 

Amount of 
formed olef ins 

g 

C4 

C5 

Composition Ca 
(wt%} 

C10-C20 

C22-C30 

PE 

Catalytic g olefin/ 
efficiency g Cr compound 

Catalytic g olefin/ 
activity g Cr·hr 

~able 3 [continued) 

12 13 14 

13.82 10.06 16.6 

17.2 16.6 15.5 

60.9 65.7 66.3 

10.2 8.8 8.8 

11. 5 8.9 9.3 

0. 2 0.1 tr. 

tr. tr. tr. 

460 335 553 

4,590 - -

Examples 

15 16 

7.43 33.17 

16.8 12.5 

64.4 75.9 

8.8 5.7 

9.3 5.9 

0.2 0.1 

0.5 0 

743 3,320 

ll,'100 33,100 

17 

11. 21 

15.5 

65.8 

8.9 

9.7 

0.1 

tr. 

1,120 

-

18 

6.38 

17.2 

64.5 

8.9 

0.1 

tr. 

tr. 

1,276 

-

'", 
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Table 4 

No. 
19 

Cr compound 6 

Amount of Cr compound mg 10 

Amount of triethyl-
mmol 0.4 

aluminum 

Amount of H2 kg/cm2 0 

Total Pressure kg/cm 2 35 

Reaction temperature oc 100 

Reaction time hr 1 

Examples 

20 21 22 

6 6 6 

7 10 10 

0.28 0.8 0. 4 

3.5 0 0 

40 35 35 

100 100 100 

1 1 1 

23 

6 

10 

0.2 

0 

35 

100 

1 

24 

7 

10 

0. 4 

0 

35 

100 

1 
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No. 

Amount of 
formed olef ins 

Composition 
(wt%) 

i 

I 

Catalytic 
efficiency 

Catalytic 
activity 

.~ ..... -.. 

Table 4 (continued) 

19 20 

g 4.70 7.23 

c., 10.l 6.3 

Total 55.0 67.6 
C5 

l-C 6 93,7 92.2 

Ca 8.9 6.3 
I 

C10-C20 21.1 15.5 

C22-C30 2.8 2.5 

PE 2.1 1.8 

g olefin/ 
470 1,033 

g Cr compound 

g olefin/ 
5,165 11,352 

g Cr·hr 

Examples 

21 22 

4.07 4.71 

13.5 11.8 

64.5 57.3 

93.6 93.7 

0.6 9.3 

12.9 19.6 

0.4 2.0 

0.1 tr. 

407 471 

4,460 5,176 

23 

1.03 

9.2 

62.5 

93.5 

3.9 

8.8 

2.4 

13.l 

103 

1,131 

24 

1.90 

10.3 

77.4 

93.B 

5.1 

4.8 

0 

2.4 

190 

2,533 

'· 
',~ 

.t:. 
-.:i 

~ 
'· 
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CLAIMS: 

1. A method for oligomerizing an a-olefin in the 

presence of a catalyst comprising a chromium compound 

having at least one chromium-pyrrolyl bond and an 

5 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 a-olefin according to 

10 Claim 1, wherein the chromium compound, the a-olefin and 

the alkylaluminum compound are supplied to a reaction 

system. 

3. The method for oligomerizing an a-olefin accordi~g tc 

Claim 2, wherein the supply of the chromium compound, tte 

15 c-olef in and the alkylaluminum compound to the reaction 

system is conducted directly and independently. 

4. The method for oligomerizing an a-olefin according to 

Claim 1, wherein the chromium compound is contacted to a 

mixture of the alkylaluminum compound and the u-olefin. 

20 5. The method for oligomerizing an a-olefin according to 

Claim 1, wherein the chromium compound, the alkylaluminum 

compound and the a-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 

25 system. 

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

presence of a catalyst comprising a chromium compound 
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having at least one chromium-pyrrolyl bond and an 

alkylalurninum compound, wherein the alkylaluminum 

compound is used in an amount of at least 20 mmol per g 

of the chromium compound. 

5 7. The method for oligornerizing an a-olefin according to 

Claim 1, wherein the alkylaluminum compound is used in an 

amount of at least 5 rrunol per g of the chromium compounc. 

8. The method for oligomerizing an a-olefin according to 

Claim 1, wherein the concentration of the chromium 

10 compound is from 0.1 mg to 5 g per R of the solvent. 

15 

20 

9. The method for oligomerizing an a-olefin according to 

Claim 1, 6 or 8, wherein as the catalyst, a catalyst 

comprising a chromium compound obtained by reacti~s a 

chromium salt and a compound containing a pyrrolyl group 

or radical in a hydrocarbon solvent, and an alkyl 

aluminum compound, is used. 

10. The method for oligomerizing an a-olefin accord:ng to 

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 CrXn wherein X 

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

from l 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 

25 solvent. 

11. The method for oligomerizing an a-olefin according to 

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

~HEETHAS~ 
~EPLACED f 

=------...!! 
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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 a-olefin according to 

5 Claim 1 1 6, 9 or 10, wherein the oligomerization reaction 

is conducted in the presence of hydrogen. 

··~. :am•iil.·?il@QdM 
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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 

5 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 HEEN 

~~PLACED 
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METEOD FOR OLIGOMEa:zING AN a-OLE:-r-N~~=-~~-=-~"~~~=~ 
The present inve~tion relates to a method for 

oligornerizing an a-olefin, particularly ethylene, by 

means of a catalyst comprising a specific ch:omium 

compound and an alkylaluminum compound, ~c selectively 

obtain a product composed mai~ly of a trimer in geed 

yield. 

Heretofore, it has been known to oligome:ize an ~-

olefin such as ethy:ene by means o: a catalyst conposed 

o: a combination of a chromium conpounc and an 

organoaluminum compound. 

For example, Japanese Examined Patent Publicat:on No. 

18i07/1968 discloses a method for preparing 1-~exene and 

polyethylene from e:hylene by a catalyst system 

comprising a Cr-containing Group VIB t:ansitio~ metal 

compound of the formula MXn and a polyhydrocarbyl 

aluminum oxide. Further, Japanese Unexamined Pate~t 

Publication No. 128904/1991 and v.w. Seidel and W. 

Reichardt, Z. Anorg. Allg. Chem., 404, 225 (1974) 

disclose a method for producing a chrornium-contai~ing 
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ccrnpound hav1· .... -g a c:-- .. om; "m-ov-'.'" ..... , ..,,.1 - ... .. . .. ... --· .. - ...... ""' -... -
chromium salt and a metal pyrrcli~e ·- tetrahyd:cfu:an ~~ 

dimethoxyethane ccntaining a~ oxygen a~ora as an electro~ 

pair donor element. Fu:the:, Japanese Cnexami~ed ?ate~t 

?ublication No. 128904/1991 ciscloses a methoc 

t::ri:ne:izing , -. ' - .. an a-c~e:i:i oy means o: a cata~yst obtainec 

by a combination of this chromium-c~r.tai~i~g ccmpcu~d 

with a metal alkyl or a Lewis acid. 

Eowever, among the above methods, ~~e one disclosec 

in Japanese Examined Patent Publication No. 18707/1967 

siffiu~taneously with 1-hexene is substantial, a~d if it:: is 

atte~~ted to reCuce the amou~t of t~e ;olyethylena, the 

cve:all activities tend to deteriorate. 

:nexamined Patent ?ublication No. 128904/199: has 

c:awbacks such that tte c9e:aticn for isolati~g the 

chromium cornoound is cumbersome, and it is ext:emelv 
~ ~ 

difficult to selectively obtain a single ch:ornium 

compound, and that the catalytic activities a:e pocr fc: 

the oligomerization reaction of an c-ol:f in usi~g the 

cnromium-containin; compound as a catalyst. 

Further, it has bee~ known that a compounc containi~g 

an e~ectron pair donor element forms a complex in 

coordination with a transition metal element such as a 

ch:cmium element. In the process for producing the 

above-mentioned chromium-containing com~ound, a chromiu~ 

... 



- 3 -

r==-=-=~""t>'- _ . ....,.. ·.:.:~ I REPU\CEMENT SHEET I 
:,. I £ 4 JUL 1996 l 
i i l 

l~ I 
1.:f,L. µ~;J,Jl~-L , = ..:.==l salt and a metal py=rolide are reacted 

compound containing an electron pai: dona: element as a 

solvent, whereby the compound containing an electron pair 

donor element tends to comoete with the metal ov::olide 
~ --

in coordination wi~h 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 1-hexene among 

hexenes produced tends to change, which is believed to be 

att:ibutable to the coordinated electro~ pai: do~o: 

compound contained i~ the chromium compound. 

The present inventors have co~ductec extensive 

:esearches to solve the above-me~tioned problems of the 

cor.ventional methods and as a result, have accomp:ished 

the present inventio~. 

The present invention provides a method for 

oligomerizing an a-olefin by means of a catalyst system 

comprising a chromium compound having at least one 

chromium-pyrrolyl bond and an alkylalumin~~ compound, 

wherein the a-olefin is contacted with the c~romium 

compound and the alkylaluminum compound without 

preliminarily contacting the chromium compound to either 

the a-olefin or the alkylaluminum compound, and/or 

wherein the alkylaluminurn compound is used in an amount 

of at least 20 mmol per g of the chromium compound. 
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..... gu __ .... -~ an _ ·-----_J In the accompanying drawing, 

spectrum of the powder of chromium ccmpcund 6 obtained in 

Catalyst Preparation Example 6. 

Now, the present invention will be 
. . . .. . c.esc::..oec in 

detail with reference to the preferrec embodiments. 

The chromium compound containing a ch:omi~~-py:rolyl 

bone, to be used in the present invec~icn, may be the one 

whicn contains a chrcmiurn atom and a ;y::clyl group, and 

may have other organic or inorganic g::ups, a~c it may 

further contain other metals. In the present invention, 

sue~ a c~romium compound may be obtainec as a ~lx~ure a: 

compounds of metals of Groups IA, !IA, ::ra o: IV3 of the 

?e:iodic Table when such a chromium ccw;ound is p:epa:ed 

by t~e reaction of a chromium salt wit~ a meta: 

py::=lide, as desc:ibed hereinafte:. =~ the p:esent 

inve~tion, such a mixture is also inc:~dec in the 

chromium compound containing a chrcmi~~-?y:rclyl bond. 

r~ the present specification, a specific c~:omium 

compound indicates the following each ch:omium compound, 

l. a chromium compound having at least one c~:omium-

pyrrolyl bond, 

2. a chromium compoun~ prepared by the reaction cf a 

chromium salt with a compound contai~ing a ?yr:olyl 

g:oup in a hydrocarbon solvent. 

In the present invention, the ch:omium compound 

containing a chromium-pyrrolyl bond, can be obtained 9y 

reacting a chromium salt and a compound containir.g a 
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for example, it lc~~~:~e1:~c . pyrrolyl group. Namely, 

by reacting the chromium salt ;.; i th a com;J~.~~::..t~...,:i.;-4-=-J 
a py::olyl group in an electro~ pai: done: solvent. 

=Qrp ~~e ch~ami·w- sa1~ m-v be -~~~esQ~~~a.~ ~ .. -~~ 
-- -t l..J.J. • .. " --- • c:::._ --=-"' -··-- -:: ...... _ 

gene:al formula CrXn wherein X is an o:ganic a: inorganic 

g:oup, and n is an integer of f:om _ to 6, 

o: 3, provided that when n is more ~han 1, the plu:ality 

cf x may be the same c: dif!e:ent. T~e organic s:oup 

incl~des, for example, a hydrocarbon group, a ca:bcny~ 

g:oup, an alkoxy group, a carboxyl group, a p-di~etonate 

g:oup, a p-ketoca:boxylic g:oup, a p-ketoeste: g:oup and 

an anide group. The carbon number o: the orga~ic g:~up 

is usually from l to 30, and t~e hyc:oca:bon g:oup 

includes, for example, an alkyl group, a cycloal~yl 

g:ou;. The i~o:ganic g:oup illay, fa: example, be a 

halosen, nitrate, sulfate o: oxide. Prefe:ably, the 

chromium salt is a halid~, such as ch:omo~s chloride, 

chromic chloride, chromous brcrnide, ch:omic b:omide, 

chromous iodide, chromic iodide, chromous fluc:ide o: 

chrclliic fluoride, particularly preferably ch:omous 

chlo:ide or chromic chloride. Fucther, a complex 

compcsed of such a chromium salt and an elect:c~ pai: 

dona:, such as an ether complex, an este: comp:ex, a 

ketor.e complex, an aldehyde complex, an alcohol complex, 

an amine complex, a nitrile complex, a phos?hine complex 

or a thioether complex of a halogenated chromium, 



C4E9)1 CrCe3·(CE3COzC2H5)1 CrCl3·3(i-C3E70E), 

CrCt3·3[CH3(CE2}3CH(C2E5)CE20H], CrCt3·3pyridine, 

CrCt3·2(i-C3B7NE2), [CrC23·3MeCN]·MeCN (MeCN = 

acetonitrile), CrCR 3·3?Ph3 (PPh3 = triphenylphosphi~e), 

CrCR2·2THF, CrCi2·2pyridine, CrCR2·2[(CzE5)2NE)zl1 

CrC!2·2MeCN (MeCN = acetonitrile), CrC!2·2[P(CE3)2?~] (Ph 

=phenyl group), may also be employed. 

The compound containing a pyrrolyl group is t~e one 

derived from pyrrole or a pyrrole derivative. The 

pyrrole derivative includes, for example, 2,5-

di~ethylpyrrole, 3,4-dimethylpyrrole, 3,4-

dichloropyrrole, 2,3,4,5-tetrachloropyrrole, 2-

formylpyrrole, 2-acetylpyrrole and 2-acyl9yrrole. T~e 

compound derived from pyrrole includes, for example, a 

metal pyrrolide. The metal is selected :rem Groups IA, 

!IA, IIIB and IVB. A preferred metal pyr:olide may, for 

example, be lithium pyrrolide, sodium pyr:o~ide, 

potassium pyrrolide or cesium pyrrolide. Further, 

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-contai~ing 

compounds. The nitrogen-containing compou~c may, for 

example, be a nitrile, an amine or an a~ide and may 

specifically be acetonitrile, pyridine, dimethylpyridine, 

dimethylformamide, N-methylformamide, a~iline, 

·•:, 
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nitrobenzene, tetramethyldiaminometha~e, 
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hexamethyldisilazane c: pyrrolidone. T~e oxygen-

containing compound may, for exarnnle, 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 

hexamechylphosphor amide, hexamethylphospharus triamide, 

triethylphosphite, tributylphosphine oxide er 

triethylphosphine. The sulfur-containing compcur.d lliay, 

fo: example, be carbon disulfide, dimethylsulfcx~de, 

tet:amethyler.esulfone, thiophene o: dimet~ylsulfice. 

Amc~g the foregoing elect:on pair donor solvents, ethe:s 

are preferred. Among them, tetrahvd:ofu:an, diethvl - -
e:he: and dimethoxyetha~e are more preferred. 

As a method for :eacting the ch:omium salt and ~he 

metal pyrrolide in the electron pai: dc~o: solvent, the 

chromium salt and the metal pyrrolice a:e mixed at an 

optional ratio and reacted usually ~nder atmospheric 

pressure preferably in the absence of an oxygen molecule. 

~~e reaction temperature may be at an optional level, but 

the reaction is preferably conducted under reflux of the 

solvent. If desired, the reaction mav be conducted under - . 
i:raciation with ult:asonic waves. The reaction time is 

usually from 30 minutes to 48 hours. 
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After completion of t:ie ·.reaction, by-~rloD.J; .. c.;.s,_ __ a:e :==j_ 

removed by filtration, a::C. then an excess
1
---e±-ee-t:GR-p.a . ...,,,.i..;;o:-~ 

donor solvent is preferably removed. As a method fo: 

removing the electron pair donor solvent, it is pcssi~le 

to employ a method of removing it under reduced pressure 

or by circulating an i~ert gas at high temperatu:e or at 

ordinary temperature, o: a method wherein a solvent ot~e: 

than the electron pair doncr solvent in which the 

chromium compound is insoluble, is added, and then the 

formed precipitate of the chromium compound is collected 

by filtration and was~ed with the added solvent to remove 

the electron pair done: solvent. As the solvent ot~e: 

than the electron pair donor solvent, a linear c: 

alicyclic saturated hyd:ocarbon such as pentane, hexane, 

heptane or cyclohexane, an aromatic hydrocarbon such as 

benzene, toluene or xyler.e, a linear chlorinated 

hydrocarbon such as chlo:oform, methylene c~loride, 

dichloroethane or tetrachloroethane, or a chlo:ina:ed 

aromatic hydroca=bon such as chlorobe~zene or 

dichlorobenzene, may, fo: example, be mentionec. 

Sowever, it is preferred to employ a linear or alicyclic 

saturated hydrocarbon. 

Another method for obtaining the chromium ccmpcu~d 

containing at least one chromium-pyrrolyl bond tc be used 
.. 

i~ the present invention, is a method of reacting a 

c~romium salt and/or complex soluble in a solvent other 

than the electron pair donor solvent, with a metal 

·:.: 
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pyrrolide. As the solvent ether t.ha:. the ere e·tT'OTl·~~ ,_ · J 

donor solvent, the one used for the removal of the 

electron pair donor solvent as cesc:i~ed above, may be 

emoloyed - . 
The chromium salt and/or complex soluble in the 

solvent other than the electron pa:r donor solvent may, 

for example, be the above-mentioned complex of a 

halogenated chromium and an electror. donor, such as an 

ether complex, an es te: complex, a !<etone complex, ·an 

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

nit:.ile complex, a phosphine complex er a thioether 

complex of a halogenated chromium, s9ecif ically 

C:Ct 3 ·(CH3C02C2E5 ), CrCt3 ·3(i-C3E70E), 

C:Ct3 ·3[CE3 {CH2 ) 3CE(C2E5 )CH20E], CrC!3 ·3py:idine, 

C:Ct3·2(i-C3H7NH 2), (CrCt 3·3MeCN]·MeCN (MeCN = 
acetonitrile), CrCt 3 ·3?Ph3 (PPh 3 = t:iphenylphosphine), 

C:Ct2·2TEF, CrCt2·2pyricine, CrCf2·2[(CzE5)zNE], 

C:Ct2·2MeCN (MeCN = acetonit=ile) c: CrCt 2·2[P{CE3) 2Phj 

(Ph= phenyl group). Further, it xay be a chromium~-

ciketonate, a chromium carboxylate, a chromium-carbo~yl 

ccmplex, various cyclopentadienyl ccmplexes of chromium, 

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

specifically Cr(CH3COCH=C(O-)CH3 ] 3, 

Cr(CH3(CH2)3CH(C2H5)C02J31 Cr(C0)51 CpCrC!z (Cp 

=cyclopentadienyl group), (Cp*CrCICE3 ) 2 (Cp- = 
pentamethylcyclopentadienyl group), (CH3 ) 2CrCt or 
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CrPhCe'2 ·TEF3 • 

complex and the metal py::-rolide in th.e solvent other than 

t~e electron pair dor.or solvent, the chromium salt and/a: 

complex and the ·metal py:rolide are mixed at an optional 

ratio and reacted usually under atmospheric pressure 

preferably in the absence of an oxygen molecule. If 

cesired, the reaction may be conducted under irradiation 

with ultrasonic waves. ~he reaction temoerature mav be - .. 
at a level from -l00°C to the boiling point of the 

sc:vent depending upon the types of the chromium salt 

and/or complex a~d the metal pyrrolide. The reaction 

ti~e is usually from 30 minutes to 48 hcurs. 

After completion of the reaction, by-products may be 

removed by filtration. Eowever, without sue~ removal, 

the reaction prod~ct raay be used directly for the 

oligornerization reaction of an a-olefin. furthe:, 

Hit~out removing the solvent, the reaction product 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 unde: reduced pressure or by 

circulating an i~ert gas at a high tempera~u:e or a~ 

ordinary temperature, or a solvent in which the formed 

ch:omium 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 sp c1::= c~rom1~~~__J 

compound, which catalyzes the oligomerizatic~ of a-

clefin, particularly ethylene, in the present inventior. 

is that the reactior. of a chromium salt with a compound 

containing a pyr:olyl group is conducted i~ a hydrocarbon 

solvent as the solvent other than the electron pair done: 

solvent. In this method, the chromium compound can be 

;repared in a good yield even without adopting the above-

mer.tioned cumbersome isolation operation compared when 

the reaction of a chromium salt with a metal py:rolide is 

c~nducted in an electron pair donor one. Wher. an a-

clef in, particularly ethylene, is oligomerized on using 

such a chromium compound prepared in a hycroca:bon 

"! ,.., &.. • 4-. 
SO .J. Ve •• 1.., l1.. is possible to obtain hexenes having a high 

se:ectivity of 1-hexene. Besides, in spite of the change 

in the reaction conditions such that t~e amount of the 

al~y:aluminum compound is reduced, the selectivity O ;: , -- -
texene 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 

py::olyl group. The chromium compound prepared by the 

reaction of a chromium salt wit~ a compound containing a 

pyrrolyl group in a hydrocarbon solvent may be obtained 

as a mixture of chromium atom, a pyrrolyl g:oup, other 

organic or inorganic groups, and/or metals of IA, IIA, 

::rs, or IVB of the Periodic Table. Such a mixture is 



invention. 

The chromium compou~d can be obtained by reacting a 

chromium salt and a compound containing a py::cly: c:ouo 
J -

in a hydrocarbon solvent. 

In detail, when the chromium salt and the cornpou~d 

containing a pyrrolyl group are reacted in the 

~ydrocarbon solvent, the chromium salt is preferably 

soluble in the hydrocarbon solvent. As such a conpcu~dr 

a chromium ,B-diketonate, a chromium carboxylate, a 

chromium ,B-ketocarboxylate, a chromium-anide ccmplex, a 

chromium-carbonyl complex, various cyclcpentadie~y: 

complexes of chromium, a chromium-alkyl :omplex or a 

chro~ium-phenyl complex may, for example, be rne~tio~ed. 

?a:tic~la:ly preferred is a chromium p-diketonate, a 

chromium-ca:boxyiate or a chromium ~-ketccarboxyla:e. 

More specifically, it may, for example, be Cr(C0) 6 , 

CpC:Ct 2 (Cp =cyclopentadienyl group), (Cp*crCiCS3 ) 2 (Cp* 

= pentamethylcyclopentadienyl group), (C~3 ) 2 CrCi, 

chromium (III) acetylacetonate, chromium (I:I) 2,2,6,6-

tetramethyl-3,5-heptanedionate, chromium (II:) 2-

ethy:hexanoate, chromium (III) naphthenate, ch:omiu~ 

(II:) methyl acetoacetate, or chromium (II) 

bis(trimethylsilyl)amide. 

As the hydrocar~on solvent, a hydrocarbo~ compound 

and a halogenated hydrocarbon compound may, for exa~ple, 

be mentioned is typical examples. More specifically, it 
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includes, for example, aliphatic and l~ic;~l~.c -~~~ 
hydrocarbon compounds such as n-hexane, cyclohexa~e, n-

heptane and n-octane, aliphatic and alicyc:ic ~nsa:u:atec 

hydrocarbon compounds such as 1-hexene, cyclchexene and 

cyclooctene, aromatic hydrocarbon comnou~ds such as 

toluene, benzene and xylene, and halogenated tydrcca:bo~ 

compounds such as carbon tetrachloride, c~loroform, 

methylene chloride, chlorober.zene and eichlor~benzene.-

P..monc; them, aliphatic, alicyclic and aroma t i.c 

hydrocarbons are preferred. 

~he compound containing a pyrrolyl group is 

exemplified as the S?me desc:ibed herei~befc:e. 

As a method for reacting the chro~ium salt and the 

compound containing a pyrrolyl group such as a metal 

;yr:clide in the hyd:oca:bon solvent, cte ch:omium salt 

and tje compound containing a pyrrolyl s:oup s~c~ as a 

meta: py::olide are mixed at an optiona: :atic and 

reacted usually under atmospheric pressu:e p:s:e:ably in 

the absence of an oxygen molecule. The :eaction 

temperature may be at a level a: from -l00°C to the 

boiling point of the solvent depending upon the ~ypes of 

the chromium salt and/or complex and the ccrnpou~d 

containing a pyrrolyl group. !f desiredr the reaction 

may be conducted under irradiation with ultrasonic waves. 

The reaction time is usually from 30 mi~utes 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 r::-:orn 

p:cduct without removing such by-p:od~cts. ?u:the:, 

wit!:out removal of the solvent, the reaction product 

directly be used for the oligomerizaticn reaction of an 

a-olefin. As a met~od for removing t~e :eactic~ solvent 

c: the washing solutior., it is . . . 
poss.::.~-e to ernp:.oy a 

method where~n the solvent for the was~i~g sol~tion is 

distilled off ur.der reduced press~re c: by circulatins an 

inert gas at a high temperature er at room temperature,_ 

o: a method wherein afte: completion cf the reac~ion, the 

product -;~- 1 e=• to s•a~c.· s•;ll fo' 1 ow-~ ~v .... :... \... ""' .. "" - , .... ...:...· :::::.... """ .. f ilt:a:ior:. or 

:emoval of the supernatant, then t~e resicue is was~e~ 

with a hyd:ccarbon ccmpcund ... 
;./:! 1. en tas lcw 

. , . :emov:ng -ens 

waS~lng solutio~, the ch:omium ccm;c~nc is obtai~ed. 

:n the present invention, the speci!ic ch:omiu~ 

compounds can be used as supported en a ca::ie: su:~ as 

an· inorganic oxide. Eoweve:, in such a case, the a~ount 

of polymer formed tends to increase. T~e:efc:e, it is 

pre:erably used simply in combination with the 

alkylalu:ni~um compound without employi::·:; such an 

operation. Namely, acco:ding to the rr.e:hod of t~e 

~~~~~~- inve~c· l·~n ~;g~ cataly~l·c ac~;,,;~;es c=~ ~a !:'----·•\.. _,. •" wl. 1 ......... \. \._v_""'_ -·" ..,,_ 

obtained without employing a cumbersome operation oE 

supporting on a car:ie:. Fu:ther, the ~ethod is ::ee 

f :om sue~ a problem that the total amc~~t of the catalyst 

used {the total amount of the carrier and the chromium 
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ca-talyst and the al!<ylal:.iminum comnound) i 
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the use of the carrier. 
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In the prese~t invention, the oligcmerizatic~ cf an 

a-olefin is conducted by the combination of the specific 

chromium compound thus obtained, with an alkylaluminu~ -

compound. The alkylaluminum compound is preferablv a~ 

alkylalurninum compound of the following formula: 

( l) 

wherein each of R1 and R2 which may be the same c: 

dif£erent, is a C1 _15 , preferably C1 _8 , hydrocarbon group, 

X is a halogen atom, O<m~3, O~n<3, O;.p<3, O~q<3, a~d 

m+n+p+q==3. For exa~ole, alkvlaluminum-comoouncs cf the - .. -
following formulas (2) to (7) may be mentioned: 

a trialkylaluminum compound of the formula: 

( 2) 

w~erei~ R1 is as defined above; 

a halogenated alkylaluminurn compound of the for~u:a: 

( 3 ) 

wherein R1 and X are as defined above, and l.5~m<3; 

an alkoxyalkylaluminum compound of the formula~ 

( 4 ) 

wherein R1 and R2 are as defined above, and O<m<3, 

preferably l.5<m<3~ 
= 

an alkylalurninum hydride compound of the formula: 

( 5} 

whe:ein R1 is as defined above, and O<m<3, preferably 

l. 5~:n<3; 
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an aluminoxane of the fo=~~la: 

( 7) 

In the formulas (6) and (7), R1 is as defined above, 

and m is an integer 0£ :ram 0 to 30, preferably at ~east 

10. Specifically, t:imethylaluminum, t:iethylalumi~uill, 

c:iisobutylalumi~um, diethylaluminurn chloride, 

diethylaluminum ethoxide, diethylaluminum hydride, 

wethylaluminoxane anc isobutylaluminoxane may, for 

example, be mentioned. P..mong them, a t: ialkylalumi.::tirr. is 

;referred, since only a small amount of polyme= fo:rned as 

To conduct the oligome:ization usir.g t~e specific 

c::::or::ium compound obtained by the reaction in a 

hydrocarbon solvent, the amo~nt of the alkylalurninu~ 

compound to be used pe: g of the chromiu~ compound is at 

least 0.1 rnmol, but preferably more than 5 rrunolr so that 

the catalytic activities and the selectivity for the 

-~rimer will be improved. The method fa: producing t~e 

c~rornium compound in a hydrocarbon so:vent has a merit irr 

that as compared with the case where a chromium compound 

p:od~ced in an electron pair donor solvent is ern?loyed, 

t~e amount of the alkylaluminum compound to be ~sed may 

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

hexene among hexenes produced will not decrease. 
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In the pre~ent invention, the 

:eaction is conductec ~sually by using a solvent. As 

such a solvent, a linear or alicyclic saturated 

hydrocarbon such as butane, pentane, hexane, heptar.e, 

cctane, cyclohexane, ~ethylcyclchexane o: deca::n, an 

a:omatic hydroca:~on such as benzene, toluene, xylene, 

ethylbenzene or tetralin, a chai~ chlori~ated hydrocarbor. 

s~ch as chloroform, methylene c~lc:ide, cichlo:oethane, 

t:ichloroethane or tet:achloroetha~e, o: c~lori~ated 

a:oraatic hydroca:bon sue~ as chlo:obenzene or 

cichlorobenzene, may, for example, be used. fuucng these 

solve~ts, a linear o: alicyclic sat~rated hydrcca:bcn is 

~ate:ial for the reaction itself, o: a~ a-olefin other 

mai~ sta:ting mate:ial fo: :sa:~icn, u.ay be used 

as t~e solvent. As such an ~-olefin, t~e cne having f:cm 

~ to 30 carbon atoms may be emplcyed, ~ut the one which 

:s lia_uid at room temcerature, is carticularlv =:efe::ed. - ... "" -
In a case where the oligomerization o: ar. c-olefin is 

conducted by specifying the contacting method o: the 

catalyst and the amou~t of the alkylaluminum co~pound to 

be used, it is preferred to use an alicyclic hyd:ocarbon 

a~o~g these solve~ts, .since high catalytic activities ca~ 

the:eby be obtained. :~:ther, in a case where the 

oligomerization reaction is conducted by presc:ibing the 

concentration of the ch:omium corn9ound, 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 sta:ting mate i.sl....J:.o bt:.'Psiid :J 
the present invention, is a substituted er unsubstituted 

a-olefin having from 2 to 30 carbon atoms. Specific 

examples include ethylene, propylene, 1-butene, l-

pentene, 1-hexene, 1-octene, 3-methyl-l-butene ar.d 4-

methyl-1-pentene. The present invention is particularly 

suitable for the oligomerization of ethylene, whereby i-

~exene can selectively be obtained in good yield. 

The temperature for the oligomerization reaction is 

usually from O to 250°C, preferably from O to l50°C, a~d 

the pressure is usually f:ora atmospheric p:essure to 250 

kg/c~2, but it may sufficiently be not more than :co 

kg/c~2. The retention time is usually within a range of 

frcn 1 minute to 20 hours, p:eferably f:orr. 0.3 to 6 

r:ou:s. 

The reaction may be conducted by a ~atch syste~, a 

semi-continuous system or a contin~ous system. The 

apparatus for the reaction is not particularly li~ited. 

For example, a tubular reactor or an agitation tank ty?e 

reactor may be employed. 

In the present invention, it is necessary either to 

contact the a-olefin to the chromium compound having at 

least one chromium-pyrrolyl bond and the alkyla:uminum 

compound without preliminarily contacting the chromium 

compound to the a-olefin and the alkylaluminum compound, 

or to use the alkylaluminum compound in an amount at 



ieas: 20 mrnol per g of the chromium 

whe~ both of the above conditions are satisfied, the 

:a:sest effects can be obtained with respect to the 

catalytic activities and the selectivity fc: t:irne:. 

When the above-mentioned contacting meth~d is 

employed, the amount of the above alkylalurninum compound 

to be used against the chromium compound having at least 

one chromium-pyrrolyl bone may be at any level so long as 

it is at least 5 rnmol per g 0£ the chromium compou:'ld or· 

at least 25 m.mol per g of chromium metal. As a specific 

co~tacting method, the reaction o: batch system can be 

co~d~cted by a method wherein the alkylalumi~um co~pound 

is p:esent in a solvent, and the chromium ccrn?ound and 

the a-o:efin are simultaneously introduced thereto, or a 

- ,_. . h . .:: ; ... , t"" , .:: . . ... 
:a::!i..Z1GO w erein .1. ... rs1..~y, .. e a-o ... e;..1n anc. 1.ne 

a:kylaluminum compound are contacted, a~d then the 

chro~ium compound is introduced thereto. The reaction c! 

continuous system can be conducted by a methoc w~erein 

the :espective components are supplied to the :eactor 

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 c:der to realize the same contacti~g 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 a-olefin is so 

small that the above-mentioned various ~ontacting methods 
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can be regarded as substantially the 

In the present invention, the state cf "without 

c:eliminarilv contacting'' is acccmclishe~ bv the a~ove - ... ... .. 
contacting method at the initiation of the :eacticn. 

Further, for the additional supply of the :eactior. 

su~strate and the catalyst during the reaction, the 

supply method is not particularly limited so long as the 

same contacting state is accomplished wit~ respect to the 

res?ective materials to be supplied afresh. 

By employing the above contacting method, a 

substantial improvement in the catalytic activities and 

a~ effect of e.g. suppressing formation cf ~c:ymers, can 

be obtained. In the catalyst system of the present 

invention, a solvent-soluble component fc:~ed by the 

:eac:io~ of the specific chromium compoun~ and the 

alkylaluminum compound is conside:ed to have 

oligcmerizing activities. It is considerec that when the 

a-clef in is contacted to the specific chrc~ium compound 

and the alkylaluminum compound without preli~inarily 

contacting the specific chromium compound to either the 

a-olefin or the alkylaluminum compound, the resulti~g 

a=tive species are stabilized by e.g. cocrci~ation of the 

a-o:efin present, and the amount of the active species 

will increase. On the other hand, when the a-olefin is 

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 c~:ami~m co~pound 

proceeds beyond a proper reduction degree befo:e 

initiation of the oligornerization reacticr. upon ccntact 

of the a-olefin, which are believed to be facto:s for 

deterioration of the catalytic activities. The catalytic 

activities deteriorate also in a case where the ch:ornium 

compound and the a-olefin are preliminarily contacted anc 

then the alkylaluminum compound is contacted thereto. In 

this case, it is considered that the ch:omium compoun4 

becomes to be hardly soluble, when reacted with the 

alkylaluminum compound, by the prelimina:y contact with 

t!'le a-olefin. 

Even in a case where the above contacting illeth=d is 

not employed, fairly high oligomerizing activities and 

selectiv:ty for trimer can be obtaine: by adjustin~ the 

a~o~~t of the alkylaluminum compou~d to :he chromi~3 

compound to a level of at least 20 mmol per s of the 

chromium compound having at least one chromiurn-pyrrolyl 

bone or at least 100 mmol per g of chrom:um metal, 

preferably at least 30 mmol per g of the chromium 

compound or at least 150 mmol per g of c~rornium metal. 

~~ the amount of the alkylaluminum compound is less than 

20 m.r:iol 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 

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/or the 

amount of an alkylaluminum compound added in the 

oligomerization of an a-clef in 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 fc: trimer can 

(Simila=ly mentioned he:einbefcre.) 

f .. 
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i~c:easement of the activity and the se:ectivi:y fo: 

trimer is considered to be t~e same desc:ibed 

hereinbefore. 

The concentration of the chromium ccmpound in t~e 

cligome:ization of the a-olefin in the present invention 

~ 1 1 l: .... s usua __ y . .1.. ram 0.1 mg to 5 g of the specific ch:omi~m 

compound or from 0.02 mg to l g of chrorr.ium metal, p~r l 

cf the solvent, preferably from l mg to 2 g of the 

specific chromium compound er from 0.2 x; to 0.4 g c: 

chromium metal, per t cf the solvent. =Qweve:, by 

adjusting the concentration preferably to a level of at 

~est 150 mg of the chromium compound having at least c~e 

c~:omium-pyrrolyl bond or at most 30 m; of chromium 

~e:al, per e of t~e solvent, more preferably at most 100 

rng c! the ch:omium cornpou~d or at mcst 2J mg of ch:c~ium 

~etal, per t of the solvent, the catalytic activities (g 

olefin/g chramium·h:) and the catalytic efficiency (; 

olefin/g chromium compound} will su~star.:ially increase. 

The lower limit of the concentration of the c~romiu~ 

compound is not particularly limited. Eowever, if the 

concentration is too low, the yield of the procact 'D Q,.. 
'- -

reactor will be low1 s~cr. being undesira~le. Therefore, 

the lower limit is usually at a level of 20 mg of the 

chromium compound or 4 mg of chromium metal, per t cf the 

solvent. The mechanism of the increase of the activities 
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is not yet clearly understood, but it 
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is cc .side:ec that . J 
by t~e decrease of the ccncent:aticn c~ the chrcmi~~ 

compound, the solubility cf the compou~6 i~creases, or 

the association degree decreases to bri~g abo~t a~ 

increase of effective active sites. 

Further, in the oligomerizatio~ o! an a-o:efin == the 

present inventio~, an improvement in the catalytic 

activities and selectivity for trimer is observec when 

hydrogen is present ~uring the reaction. Especially when 

the oligomerization :eaction of the present inventi:n is 

conducted in an alicyclic hydroca:bon solvent and i~ t~e 

prese~ce of hyd:ogen, the catalytic activities and 

case whe:e the cligone:ization reactio~ o: a~ ~-cle::n, 

especially ethylene, is conduc~ed by using a catalys: 

comprising the ch:omi~m compound ~aving at least c~e 

C~-c~;um-py~~olv·~ bc~c~ -~c.· a~ a 11K'1,a 1 u~;~,,~ a~ ..... au- LL ... ,,. .. _ ... c::,..... •• - .. - ..- .. n- •. ~.o.H 1 •• 

improvement in t~e catalytic activities and selectivity 

for trimer is observed by the presence of hydrogen, but 

the selectivity of 1-hexene among hexenss prod~cec tends 

to decrease. A featu:e cf the present inve~ticn resides 

in that when the oligome:ization reactio~ is ccnduc:ed by 

using a catalyst comprising the specific chromium 

compound obtained in a hydrocarbon solvent and an 

alkylalurninurn, not o~ly an improvement i~ the cataly:ic 

activities and selectivity for trimer is obtai~able, but 

also no substantial decrease in the selectivity of :-



of hydrogen. 

?ormation of polymers (those insoluble i~ a 

hydrocarbon solvent at room temperatu:e) i~ :~e 

oligomerization of an a-olefin according to t~e p:esent 

invention, is not more than 25% by weight of the tctal 

prod~ct. According to a preferred method of the present 

invention, formation of such polymers, is not more t~an 

15% by weight. By employing the proper methcc, it can be 

controlled to a level of not more than 5% by weig~t. 

According to the method of the present i~venticn, a 

product composed mainly cf a trimer can be selectively 

obtained in good yield by oligomerizing an a-~~e::~, 

pa:tic~larly et~ylene, d - . . -an r:or:nat::on o: polyme:s ca:: be 

ccnt:olled. ~hus, the present invention provides a 

si~ni£icant industrial advantage. 

?urther, by using as a catalyst the specific ct:crnium 

compound obtained by the reaction in a hyd:oca:bo~ 

solvent, when an a-olefin, particularly ethy:ene, is 

oligomerized, the selectivity of 1-hexene among hexenes 

produced will be improved, whereby purificaticn oa ~-

hexene by e.g. distillation will be easy, and the costs 

for the purification appa:atus can be reduced. =~rther, 

a product of a high purity can be obtained without 

requiring a particularly.precise purification operatior., 

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 l~,?;>li._c:._~J:._o:: is·~ 

high. 

Now, the present i~vention will be describec i~ 

further detail with reference to Examples .. Howeve::-, :~ 

should be understciod that the present invention is cy no 

means restricted by such specific Examples. 

CATALYST PREPARATION EXAMPLE 1 

?renaration of chromium comnound l 

To 0.815 g (20.3 mmol) of NaE, 15 mt of TE2 was 

added, and 1.4 mi (20 m.~ol} of py:role dissolvec :~ 5 mt 

of TE? was d:opwise added the:eto. T~e mixture ~as 

stirred at room ternperat~re for one hour, and :he~ :~is 

s~lution was dropwise added to 1.23 g (10 :nmol) of C:Ct 2 

s~spe~ded in 20 mi of T~F. Af te: the crcpwise ....... 
.... -- .. - .. "".., Cl,,..;,\.....;.. - -'-'••I 

3 mi of THF was added thereto, a~d the mixture was 

refluxed for 20 hours u~cer heating. The precip:ta:e was 

filtered off. Then, 100 mt of pentane was adde~ ~c :~e 

filtrate, and the mixture was left to sta~d stil: at 5°C. 

~~e formed precipitate was collected by filtraticn a~d 

d:ied to obtain 0.506 g of a dark green powde=. T~e 

ccntents of elements in this powde: were as follows. 

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

CATALYST PRE?A?.ATION EX.~~PLE 2 

Preoaration of chromium comoound 2 

To 19 me (30 mmol of n-BuLi) of a 

solution, 2.1 me (30 mrnol) of pyrrole dissolved in 20 mt 

of THF was dropwise added at -7S°C, and the mixture was 
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stirred for 15 minutes. Then, tr:.e ooLL- t- """'.,. - - \,. ~ .._ .., ,. '"-

! .. . _ ....... _ . . 

to room temperature, a~c stirring was co~ti~ued at room 

temperature for 2 hours. To this solution, l.58 g (10 

mmol) of CrCt3 was added ir. a powder for~. The~, the 

mixture was refluxed for 5 hours under heati~g. After 

b . 1 s:"" t 1 '-' t:: • • • ... . -·. • eing _e~~ o coo_, ~ne ~ormec prec:pi~a~e was riiterec 

off. The filtrate was dried up to obtai~ a powder. T~e 

contents of elements in this powder were as follows. 

Cr: 6.6%, C: 69.2%, E: 7.3%, N· 15.1%. 

CATALYST PREPARATION EXAMPLE 3 

Preoaration of chromium comoound 3 

To 0.79 g (16.5 mmcl) of NaE, 15 mt cf T~? ~as added, 

ar.d 1.0 me (15 mmol) of py:role dissolvec :~ 5 rr.i of m""'!'-. --
~as dropwise added thereto. The mixture was sti::ed at 

:ocw temperature for one hour, and then :~is sol~tion was 

c:opwise added to 0.79 g (5 :nmol) cf C:C! 3 s~spended i~ 

25 mt of TEF. Afte: t~e d:opwise addi~i~n, :he ~ixture 

~as refluxed for 5 hours under hea:ing. The precipitate 

was filtered off. Then, the solvent was distil:ed off ~o 

obtain 1.65 g of a black powder. The contents cf 

elements in this powder we:e as fellows. 

C r : 6 • 5 % , C : 5 8 . 0 % , E : 6 • 6 % _, N : l O . 5 % • 

CA~A~YST PREPARATION EXAMPLE 4 

?renaration of chromium co~~ound 4 

To 15 mt of a TEF sol~~ion of pyrrole (lO.l mmol), 

MeLi (7.5 mt of a l.4M Et 20 solution, 10.5 rn.m.ol) was 

cropwise added at -78°C. After dropwise addition, the 
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a sol'..~': ic:-:. 

' ' . . . d . 1 . c c /1 ( ,..,.,-. - ) ( , ... "' I! 8 "' , ) c:::n:a:.nec oy isso v1ng r ~ 2 .... ::.!' 2 _ • .Jj g, .. t. m.m.o.l.. 

i~ 5 ml of TSP, was added at :oom temperature, and the 

mixture was stirred for 3 ho~rs, whereby the :eaction 

solution turned black. The reaction solution was 

filtered through a G3 :ilter, and the filtrate was 

concentrated to obtain a black powde:. Then, 10 mt of 

tol~ene and 3 me of py:idine were added thereto, and the 

wixture was heated by an oil bath and filtered through a 

G3 filter while it was still hot. The obtained filtrate 

~as slowly cooled to room temperature. The supernatant 

cf precipitated needle-like c:ystals was removed, and the 

crystals were washed with toluene to obtai~ 593.6 g of 

brow~ needle-like crys~als. ~he obtained crystals were 

pulverized and used for the oligomerization rea:ticn. 

:je contents of eleme~ts in the needle-like crystals were 

as follows. 

Cr: 10.0%, C: 69.2%, H: 6.06%, N: 13.7%. 

CATALYST PREPA..T<ATION EX.~~?LE 5 

?:eca:atior. of chromium comoo~nd 5 

To 12 me of a TEF solution (0.5 M) cf Na (pyrrolide), 

a TH? suspension (8 mt) of C:C! 3 ·3 pyrid:ne (0.79 g, 2 

::mr.ol) was dropwise added at ::oom tempera tu re. ':'he 

~ixture was stirred for one hour and then refluxed for 5 

~ours. After cooling the mixture to room temperature, 10 

ml of THF was added thereto, and the supernatar.t was 
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transferred by a syringe. This j 
twice, and the cbtained brown solution 

___.....,,. . 

·was co:-tcen t ::a tee 

to obtain 340 mg of a brown powder. 

CATALYST PREPARATION EX~~~?LE 6 

?reca:ation of chromium compound 6 

To a solution of chromium (III) acety:acetonate (2.55 

Sr 7.3 m.mol) in toluene (15 mt), a suspension of powdery 

:ithium pyrrolide (1.60 g, 21.9 rnmol) se?a:ately 

prepared, in toluene (5 ml), was addec at room 

temperature under a nitrogen atmosphere. T~e reaction 

mix~ure was gradually heated to l00°C, and the stirring 

~as continued £or 25 hours while maintaining t~e 

temperature. The reaction mixture was cooled to :com 

te~pe:atu:e, and then the solvent was distilled off under 

reduced pressure from the reaction mixt~:e, to obtain 

4e:5 g of a reddish brown powder. ?c: ~~e 

c:igo~erization reaction of ethylene, this powder was 

used as it was. The results of the elerne~tal analysis c~ 

th:s ?Owde: was as shown below. The y:elc pe: Cr as 

calculated from the analyzed value of C: and t~e obtaine~ 

a~o~nt, was 100%. The IR spectrum of this powder is 

s~ow~ in Figure 1. The measurement was co~cucted by a 

nujo: method using 165 Model FT-IR, man~factu:ed by 

Pe:kin Elmer. 

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

CATALYST PRE?ARATION EXAMPLE 7 

P:eoaration of chromium comoound 7 
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To a solution of chromium (III) 

(l.14 g, 2.36 mmol) in toluene (15 mt), a susper:si·::::n cf 

~owdery sodium pyrrolide (0.65 g, 7.26 amcl) sepa:ately 

prepared, in toluene (5 ml), was added at room 

temperature under a nitrogen atmosphere. Ult:asc~ic 

waves were irradiatec to the reaction mixture :o: 17 

hours. During this period, the water ·temperature of cne 

~ltrasonic wave cleaning apparatus rose to a . . -.:.eve.:.. o: 

40°C. After completion of the reaction, the super~atant 

was withdrawn to remove unreacted chromium (II:) (2-

et~ylhexanoate). Then, the residue was washed ~ith 

hepta~e, anC the supe:natant was removeC :n the sa~e 

~a~~er as aoove. The residual solid was vacuu~-d:ied at 

:oom temperature to obtain 0.97 g of 

7he results of the elemental analysis of this powde: we:e 

as follows. The yield per Cr as calculated f:c2 the 

analytical value of Cr and the obtained arncu~t, was 

83.7%. 

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

EXP...M:?LE l 

A 300 mt autoclave heat-dried by a drier a: l50°C, 

was assembled while it was still hot, and flushe~ wit~ 

nitrcgen under vacuum. This autoclave was prcvidec with 

a catalyst feed tube equipped with a burst plate. SO mt 

of heptane and 0.4 mmol of triethylaluminum were =ha~ged 

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

mg of chromium compound l slurried in 1 me of ~eptane was 
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charged to the catalyst feed tube. " ... .c"'. I.. 

chromium compound and t~e· triethylalurninum were not i~ 

contact to each other. 

The autoclave was heated to 80°C, and ethylene was 

i~t:oduced at 80°C through the catalyst feed tu~e. By 

the ethylene pressure, the burst plate burstec, whereupon 

the ethylene, the chromium catalyst and the 

triethylaluminum were simultaneously contacted to one 

another, and oligorne:ization of ethylene was initiated~ 

Ethylene was introduced until the total pressure became 

40 kg/cm2 , and thereafter oligomerization of ethylene was 

conducted for one hour while maintaining t~e total 

The internal temperature cf 

autoclave beca~e 90°C by the polymerization heat, an~ 

thereafter the reaction temperature was maintai~ed at 

One hour late:, e:hanol was injec~ed to te:minate 

:he :eaction, and the product was quantified by ~as 

chromatography. The :es~lts are shown in Table 2. 

EXAMPLE 2 

Into the same autoclave as used in Exa~ple ~, 10 mg 

of t~e chromium compound l and 0.4 mmol of 

t:iethylaluminum were charged in the same manner. 

Eydrogen was introduced to 3.5 kg/cm2 , and the 

autoclave was heated to 90°C. At such a ti~e, the 

c~:omium compound and the triethylaluminu~ we=e ~o: in 

contact with each other. Then, ethylene was introduced 

at 90°C through the catalyst feed tube. The burst plate 
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Oursted by the ethylene pressure, whereufa~_ece, J 

the chromium compound and the triethylalumin~m we:e 

contacted simultaneously to one ancthe:, and 

polymerization of ethylene was initiated. Ethy:ene ~as 

i~troduced until the total pressu~e became 40 kg/cm 2 , a~d 

thereafter polymerization of ethylene was conducted 

0.5 hour while maintaining the total pressure a~ 40 

kg/cm2 • The internal·temperature of the autoclave became 

ll0°C by the polymerization heat. The autoclave was 

cooled and thereafter the reaction temperature was 

mair.tained at l00°C. 0.5 Hour later, ethanol was 

i::jected to terminate the reaction, and the product was 

~~a::tified by gas chromatograph. ~he results are st~w:: 

.'..:: Table 2 . 

.::X.iL'-'l?LES 3 to 8 

The :-eaction was coi:ducted in the same manr.e:- as -·· 

Example 1 except that the reactio~ conditio~s a~d tte 

ch:ornium compound were chansed as identified in Table :. 

:he results are shown in Table 2. 

EXAMPLE 9 

Into the same autoclave as used in Example 1, 10 ~g 

== the chromium compound as used in Example 1 a~d then 62 

~i of heptane, were charged. Then, the temperat~re was 

:aised to 90°C, and ethy:ene was introduced to 35 kg/cili 2 . 

No absorption of ethyle~e was observed. Therefore, O ! 

~:.-.ol of triethylaluminurn was injected, whereupon 

absorption of ethylene started. 30 Minutes later, 
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I~ 
the reac::.:..::::n. -':'he -ethanol was injected to te:=inate 

:eaction te~peratu:e was ma:ntained at 90°C. The results 

a:e shewn in ~able 2. 

Oligome:ization of ethylene was concuc~ed in tte sa~e 

manner as in Exanple 7 exce?t tha~ the reaction solvent 

was changed to cyclohexane. ~he reaction conditions a~Q 

s~own in Table l, and the results are shown in ~able 2. 

Oligomerization cf et~ylene was conductec in the sa~e 

~anne: as in Exanple 10 except that the a~ount c: 

t: iethylalu:nin:.:m was cr.angei::! t.::i 0. 4 ::::::cl, a:::: r.::·c:::c;en 

~as introduced to 3.5 ka/cill2 . The :;action conditicr.s 

shown £:;, ':!:ab!.e l, and tr.e resi.:lts a:e s~own in Table 

.:: . 

:::<A.M?:.Es 12 to 14 

T~e reaction was cond~cted in t~e sa=e ffianne: as ·-

l except that the reaction c~nditi~ns anc 

c~:c~iu~ compound we:e cha~ged as identifiec i~ Table 3. 

T~e results are shown in ~able 3. 

EX.!\M?LE 15 

A 300 ml autoclave heat-dried by a d:i;: at 150°C, 

~as assembled while it was still hot, anC flusheC wit~ 

~i::osen unde: vacuum. ~his autoclave was p:ovi=ed wit~ 

a catalyst feed tube equipped with a bu:st plate. 150 mt 

c: he?tane a~d 0.2 mmol o: t:iethylalurni~um we:e cha:gec 

t~ the body side of tr.e autoclave. On t~e other hand, 10 
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~g cf chromium compou~d 3 s:u:=ied in _ 

c~arged to the catalyst feed tube. 

~he autoclave was heated to 90°C, anc ethylene was 

introduced at 90°C frcn the catalys~ feed tube. Tte 

burst plate bursted by the ethylene pressu:e, whereupon 

the ethylene, the c~romium catalyst and the 

triethylaluminum were =ontacted simulta~eously to c~e 

anothe:, and oligome:i:ation of et~ylene was initiated. 

Ethylene was introducec u::itil the total pressure becam_e 

35 kg/crn2 , and thereafter oligomerization of ethylene was 

conducted for one hour while maintainin~ the total 

pressure at 35 kg/cm2 . The internal temperatu:e cf 

autoclave became l00°C by the polyme:ization heat, and 

thereafter the reactic~ ternpe:atu:e was ~air.tained at 

l00°C. One hour later, ethanol was injected to terminate 

t~e reaction, and t~e reaction product was qua~tif ied by 

sas chromatograph. The results a:e show~ i~ Table 3. 

I~to the same autoclave as used in Example 15, :o rr.g 

cf c~romium compound 4 prepared in Catalyst ?reparation 

2xam?le 4, 150 mi o: ~eptane a::id 0.4 mmcl of 

t:iet~ylaluminurn were charged. 

Eyd:cgen was introduced to 3.5 kg/cm2 , and the 

autoclave was heated to 90°C. Then, ethyle~e was 

i~t:oduced at 90°C from the catalyst feed tu~e. The 

burst plate bursted by the ethylene pressure, whereupon 

the ethylene, the chromium compound and the 

. ·-
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t:iethylaluminum we:e contacted ;..., .. , ... ~et"~~,.. ... ~ s __ .. .__ 1.a .. '""us _y ........ c .. e 

a::ot:::-.e:, and polymerization cf ethy::.ene was ir:i:iated. 

Ethylene was . t d . . . . . . . . . in ro ucec unt1i :ne coca~ p:ess:.ir:e became 

cf ethylene was 

conducted for 1.0 hour W~i1o mai~~~;~;..,M ........ __ .. - ... ...,. __ .......... ':: the total 

pressure at 40 kg/cm2 • lj'li..e ; ..... ai,.. ... a· '" 0 --e-::i'"" .... e o= 
-·· -•'-"'- ..... -:.. - \,,,-.;.·l~ ..... \.,._.;.. .:.. the 

autoclave became ll0°C by the pcly~erizatian heat. The 

a~~oclave was cooleC, a~C thereafte= the :eac:ion 

temperature was maintained at ioocc. One hour later, 

etha~ol was injected to terminate the reaction, a~d the 

;:ac-..:.ct was - • ... • • t I ' I quan1.1:1ea oy gas cnroma~cg:apn. The ::sults 

a:e shown in Ta~le 3. 

reacticn. was .. . .. . concuc-cec. l:: 

Exa~9le 15 except that as the ch:omi~m ccmpou~d, c~:omium 

corn?c~nd 5 obtained in Catalyst ?reparation Example 5 was 

~sec, and the reaction conditions we:e :~a~ged as 

ide~tified in Table 3. The results are s~ow~ i~ Table 3. 

A 300 mt autoclave heat-d:ied by a c:ie: at 150°C, 

was assembled while it was still hot, a~d flushed wit~ 

~it:ogen under vacuum. This autoclave was provided with 

a catalyst feed tube equipped with a bLl:st p~ate. 50 m! 

o~ heptane and 0.4 IT~ol of triethylalu~i~um we:e charged 

~c the body side of the autoclave. o~ the othe: ha~d, 10 

~g cf chromium compound 6 obtained in Catalyst 

Pre9aration Example 6 slurried in l ~! of heptane, was 
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charged to the catalyst feed tube. 

heated to l00°C, and ethylene was 

from the catalyst feed t~be. The ~u:st ;:ate b~rsteC bv .. 
the ethylene pressure, whereupon t~e ethylene, the 

chromium compound and the triethylaluminum were contacted 

si~u::aneously to one another, a~d oligcne:ization cf 

ethylene was initiated. Ethylene was int:oduced until 

the total pressure became 35 kg/cm2 , and thereafter the 
~ 

total pressure was maintained at 35 kg/c=.~, and the 

reactior. temperature was maintained at l00°C. One hcu: 

late:, ethanol was injected to terminate the reactic~, 

a~c the reaction product was quant:f iec =: gas 

ch:omatog:aph. The results a:e shewn in Table 4. 

!nto the same autoclave as used in Example 19, 7 mg 

of c~romium compound 6 obtained in Cata~yst ?re;a:ation 

Example 6 and 0.28 mmol cf triethylal.u:ni::um we:e c::a:ged 

i~ the same manner. Eydrcgen was i~~:oduced to 3.5 

kg/cw2 , and the autoclave was heated to ~G0°C. Then, 

ethylene was introduced at 100°C f:om the catalyst feed 

tube. The burst plate bursted by the ethylene p:ess~:e, 

w~ereu;on the ethylene, t~e chromium com~ound and the 

t:iethylaluminum were coctacted simultaneo~sly to one 

a::othe:, and oligornerization of ethylene was icitiated. 

Et~ylene was introduced until the total pressure becailie 

40 kg/cm2 , and thereafter the total ?ress~re was 

maintained at 40 kg/cm2 acd the reaction tempecatu(e was 

..... 
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hour late:::, i ... _ ~ 
reaction, a!".C:-t!'it! l'"fc-c:'..lc: -w-as 

mai~tained at 100°C. :Jne 

injected to termi~ate :he 

~uantified by gas ch:cmatog:aph. The results a:e show~ 

i~ '.!:able 4. 

~x.~~?:Es 21, 23 and 24 

T~e reaction was c~nducted in the same ma~ne: as :n 

Exanple 19 except that the reaction conditions and the 

ch:omiu~ ccmpounc we:e changec as identified in Table 4. 

T~e results are shown :n Ta~le 4. 

~~= reaction was c~~ducted in the same man~e: as ,~ 

except ttat the arnou~t cf ~epta~e was . . 
c::a~;ec. 

to 150 =t. The results a:e shown :n Table 4. 

·~~Q -··- :eaction was c~nCucted same manna: as :~ 

Exa~ple 9 except t~a: t~e anount cE he9tane was changed 

t~ 62 me and the a~c~n: of t:iethy:al~minum was c~an~ed 

to ~ .12 .rn...1101. The :es'-llts a:e sho·..1i'. in Table 2 

(c:o:::i'1ued.). 

COM?AR.~T!VE EXAMP~E 2 

~he reaction was cc~cuctec in the saMe ~anne: as :~ 

Ccrn?arative Example l except that 3.5 kg/cm2 of ~y~:ogen 

··::i- ;,., .. r"'c·ul""'c.d or;,....~ "'" ""he ;.., .. ro..:i,,c-.;on l'""l_,. 
w-::. ....... ,... ~ -- .. _...., ....... .....,, 1...1.. -··\.. ~~ --- • -

t:iethylaluminum, a'1c t~e total p:ess~:e was 40 kg/c~2 • 

T~e resu~ts are shcwr. i~ Table 2. 

The reaction was conducted in the same manner as ln 
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comparative !xarnple ' except tha: 

tr!et~ylalurninum and t~e ch:omiu~ compcu~d we:e c~a:gec 

in a ~e9tane solvent a~d ~eat-t:eat2d at 90°C E=: 30 

~inutes, and then ethylene was i~t:oc~cec, a~c t~e 

reaction temperatu:e was changed to 100°c. :esults 

a:e shown in Table 2. 
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No. 
l 2 3 

Cr compound 1 1 1 

Amount of Cr compound mg 10 10 10 

Amount of solvent me 50 50 50 

Concentration of Cr 
mg/e 200 200 200 compound 

mmol 0.4 0.4 0 . '1 
Amount of 
triethylaluminum mrnol/chromium 

'10 40 40 
compound ( g} 

I 

Contacting method A l\ A 

Amount of H2 kg/cm2 0 3.5 0 

Total Pressure kg/cm2 1) 0 4 () 35 

Reaction temperature oc 90 100 100 

Reaction time hr 1. 0 0.5 0.5 

Solvent Heptane 

gxamples 

4 5 6 

1 1 2 

10 10 10 

50 50 50 

200 200 200 

0.2 5.0 0.2 

20 500 20 

A A A 

0 0 0 

35 35 35 

100 100 100 

1.0 0.58 1. 0 

7 

3 

10 

50 

200 

0.2 

20 

A 

0 

35 ! 
100. 

1. 0 

-

I 

w 
tO 

I 

~ 

~
l :::0 

~ 1'~ ' ~ > 
("") 

Co.. rn 
C n 5: 
- ft!Ti 

I ~ij 



'l'able l (continued) 

Examples Comparative examples 
No. 

B 9 10 11 1 2 3 

Cr compound 1 1 3 3 1 l 1 

Amount of Cr compound mg 10 10 10 10 10 10 10 

Amount of solvent me 50 62 50 50 50 50 50 

Concentration of Cr 
mg/f 200 161 200 200 200 200 200 compoun_d 

I 

mmol 0.12 0.4 0.2 0.4 0.12 0.12 0.12 
""' Amount of C> 

triethylaluminum mmol/chromium I 

12 40 20 40 12 12 12 
compound ( 9) 

Contacting method A B A A B B c 
Amount of H2 kg/cm 2 0 Q 0 3.5 0 3.S 0 

- ~~-: ===~. ~I 'l'ota l Pressure kg/cm2 35 35 35 40 35 40 35i 
~·- ! N 1~1 Reaction temperature . oc 90 90 100 100 90 90 100 

.;i:.. I f'; u c... n-1 
Reaction time hr 1. 0 0.5 1.0 1.0 0.5 0.5 0. 5'' ~$ c: . : ~~ Solvent Heptane Cyclohexane Heptane ~ ! en 

°" ::t: ' . rn rn. 
-f. 
_J 
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Note: Contacting methods 

A: Three components of ethylene, ch:omiu~ compou~~ 

and triethy:al~rninum are ccntactec 

simultaneously. 

3: Et_hylene and chromium compound are contacted and 

heated, and the~, triethylalu~inum is contacted. 

C: Chromium compound and triethylalurninum a:e heat-

treated anc then contacted to et~y:ene. 



'1'.::1 bl e 2 

F.xamples 
No. . 

1 2 3 4 5 6 7 

Amount of 
g 10.99 17.9 0.84 7.65 11.7 6.66 4 . 27 formed clef ins 

cit 19.2 11. 5 23.6 19.0 20.3 22.0 23.3 

•rot al 55 .. 4 75.8 55.5 58.4 55.8 61. 9 56.7 
-

I c6 
1-C6 86.3 92.2 ''" 92.6 88.5 91. 0 85.9 90.0 1·.;, Composition content 

' (wt%} 

Ca 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. ~) 
-

C22--C)Cl 0 O.l () . 2 {) . ./\ 0.2 O.l 0 . '1 

·-I 
PI~ 4 • 5 o.u l ,- 4.0 0.1 0 0. 9 ! 

,~ 
• J 

I mi 
I . ,, . CJ olcf in/ N r-Catalytic 

l,100 l,790 HB4 7 6 ~) 1,.1.70 666 112"11 .l;'>. ~ efficiency <J Cr compound 

I c_ 'rn c: s:: r- m Catalytic g olefin/ 
6' r._j 7 ( 

2 ~),760 lB,700 9,260 4,000 10,500 10,100 -' --1 

"'° activity g Cr·hr 
~ en 

::t: 
rn 
rn 
-; 
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No. 

Amount of 
formed olef ins 

c 6 

g 

c<t 

'l'ota 1 

1-C 6 
content 

'l'al.>Je :~ (continued) 

Examples 

8 9 10 

4 • 2 ti 3.69 8.16 

15.7 11. 8 lB.5 

58.5 50.6 64.7 

87.0 n·1. 5 I 93. 1 

Comparative Examples 

11 1 2 3 

24.10 0.79 0.98 0.60 

5.9 1. tlO 3.10 8.26 

86.9 24.3 48.2 78.7 

85.3 91.7 08.3 85.0 Composition 
(wt%) I- ·------·J t • - I· I 

Catalytic 
efficiency 

Ca 

C10-C20 

C22-C30 

Pc: 

g olefin/ 
g Cr compound 

6.2 ].8 7.8 

6.0 3.0 0.2 

0.1 0 0.2 

] 2. 7 22.B 0.6 

4 2 tl 369 Ul6 

3.2 0.3 1. 1 t r . 

3.7 tr. 1. 7 tr . 

0.1 0 0.5 0 

0.3 74.0 4 5. ti 5.1 il--___ L 

2,410 79 9B 60 
} ·I 1------i I • l I l .I 

Catalyl ic y olef·in/ 

activity gCr·l1r !----~---~--------~-------~----
2,/.20 3,060 12,5~)0 37,0130 830 1,0]0 62B , 

""' w 

1·= ~ 

\ 

N ;-

~ ~ 
!I C- !'Tl 

ullJC ~ -I 

(/) 
::::t: 

. m 
!'Tl 
--! 



'.l'ahle 3 

--

No. 
12 13 14 

Cr compound 4 5 5 

A.mount of Cr compound mg 30 ·30 30 

Amount of solvent me 50 50 150 

Concentration of Cr 
mg/f 600 600 200 compound 

Amount of triethyl-
mmol 1. 2 l. 2 1. 2 aluminum 

Amount of 1! 2 kq/cm2 0 0 0 
-- - ·--· 

'l'otal Pref.if.;t1re kq/cm 2 35 ]5 35 

neact:ion t:.emperal11re oc 100 100 100 

Reaction time hr .!. • 0 l.O 1. 0 

Examples . 

15 16 17 

3 4 5 

10 10 10 

150 150 150 

67 6 -, 67 

0.2 0. 4 0.4 

0 3.5 0 

]5 4 {) 35 

100 100 100 

l.O 1. 0 l. () 

18 

5 

5 

150 

33 

0.2 

0 .-· 
I 

]~ . 

~\ ~ 1il 
\> ~ \ 

l! 1.. J ~ 
. ...c.> 
. . O" 

I 

i C'> 
11~ 

~\ 
~1 __. ....; 

... 



'l'able 3 (continued) 

No. 
12 13 14 

Amount of 
13.82 10.06 16.6 

formed olef ins 
g 

C4 17.2 16.6 15.5 

c6 60.9 65.7 66.3 

Composition Ca 10.2 8.0 8.8 
(wt%) 

C10-C20 11. 5 B.9 9.3 

C22-C30 0.2 0.1 tr. 

PE: l r. l r . tr. 

Catalytic CJ olef i.n/ 460 3) ~) 553 eff .iciency g Cr compound 

Catalyl"ic y olefin/ 4,S90 - -
activity g Cr·hr 

Examples 

15 16 17 

7.43 33.17 11.21 

16.8 12.5 15.5 

64.4 75. 9 65.8 

8.8 5.7 8.9 

9.3 5.9 9.7 

0.2 0.1 0.1 

0.5 0 tr. 

743 3,320 1,120 

11,400 33,100 -

18 

6.38 

17.2 

64.5 

8.9 

0.1 

tr. 

t r . 

1,276 

-· 

.~ 
Ul 

'-----1 :0 
'1 ~:i N C 

J!,. 0 c=; 
c.. iTTI 

~· ...... 
~·, 

'5 I -t. 
-o en 

•! a- It ::c: 

c: • 
~ !r'Tl ,, 
t___J ~ 



'1'able 4 

No. 
19 20 

Cr compound 6 6 

Amount of Cr compound mg 10 7 

Amount of triethyl-
mmol 0.4 0.20 aluminum 

Amount of 11 2 kg/cm 2 0 3.5 

Total Pressure kg/cm2 35 40 

Reaction temperature oc 100 100 

Heacti.on l: .ime hr l l 

Examples 

21 22 

6 6 

10 10 

o.o 0 . '1 

0 0 

35 35 

100 100 
---

l l 
-

23 

6 

10 

0.2 

0 

35 

100 

l 

24 

7 

10 

0 . '1 

0 

35 

100 

l 

"" m 

r
-~~-1 ?g 

N ~~ 
.tia. u::;;, 

ll
l1 ~ ~~ 

I ~ 
l ~I __ :_] 



'l'able t1 (continued) 

No. 
19 20 

Amount of 
9 t1. 7 0 7.23 

formed olefins 

C4 10.l 6.3 

'l'ota 1 55.0 67.6 
c6 

1-C 93.7 92.2 
Composition 

6 

(wt%) Cn 0.9 6.3 

C10-C20 21.1 15.5 

C22-C30 2.B 2.5 
.. , -

PE 2 .1 1.0 

Catalytic g olefin/ 
t170 1,033 

efficiency I 

g Cr compound 

Catalytic g olefin/ 
1) I ] () ~l ll,352 activity g Cr·hr 

Examples 

21 22 

4.07 4.71 

13.5 11.8 

64. 5 57.3 

93.6 93.7 

0.6 9.3 

12.9 19.6 

0.4 2.0 

0.1 t r . 

407 471 

4,460 5,176 

23 

1.03 

9.2 

62.5 

93.5 

3.9 

8.0 

2. 4 

13.1 

103 

l, Ln 

24 

l. 90 

10.3 

77.4 

93.8 

5 .1 

4.0 

0 

2.4 

190 

. 2,5J] 

·""' -1 

~~=a,··;i 

! ! ~' 

L" r=n .m 
--i 

~-· 
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CLAIMS: 

l. A method for oligamerizing ar. a-olefin i~ the 

presence of a catalys: cornp:ising a chromium compc~nd 

having at least one chromium-pyrrolyl bond and an 

alkvlaluminum com~ou~d, wherein the a-clef in is con:actec 
d -

to the chromium compound and the alkylaluminum com;cund 

without preliminarily contacting the c~rcmium cornpo~nd t= 

eithe: the a-olefin er :he alkylaluminum compound. 

2. T~e method for oligomerizing an a-olefin acco:~ing :o 

Clai~ 1, wherein the chromium compour.d, t~e ~-olefin anc 

the a:kylaluminum compound are supplied tc a reaction 

system. 

3. ~he rnethcd for o:igomerizing a~ a-clefi~ acco:c:ns ~~ 

Claim 2, wherein the supply of the chro~ium co~po~n~, the 

c-clef in and the alkylaluminum compound to the :eac~icn 

if'l.depender.t:.y. 

4. The method fer oligcmerizing an a-olefin accordi~g tc 

Claiili 1, wherein the chromium compound is co~tacted to a 

rnixtu:e of the alkylalumi~um compou~d and the ~-clefi~. 

5. The method for oligcmerizing an a-olefin according to 

Claim l, wherein the chromium compound, the alkyla:.~~inu~ 

compound and the a-olefin are preliminarily ccntactec 

u~der the conditions as defined in Clai~ l to fo:m a 

mixture, and the mixture is then supplied to a reaction 

syster.1. 

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

presence of a catalyst comprising a chromium compound 

I THIS SHEET HAS BEP.J 
'L REPLACED= 

~-===----><= ==- -
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having at least one ch:cmium-pyrrolyl 

alkylaluminum compound, wherein the alkylaluni~~~ 

compound is used in an amount of at least 20 ::-:.o~.::l pe: g 

of the chromium cornpo~nd. 

7. The method for oligomerizing an a-olefi~ ac~o:~i~; tc 

Claim 1, wherein the alkylaluminum compound is used in a~ 

amm.:.nt of at least 5 m.-nol per g of t.he chromiur:-~ ccmpou~C.. 

8. The method for oligcmerizing an a-olefin acco:C.ing to 

Claim 1, wherein the ccr.centration of the ch:cmium. 

compound is from 0.1 ~g to 5 g per t of the sclve~t. 

9. The method for oligcmerizing an a-olgfin accordi~g tc 

Claim l, 6 or 8, whe:ei~ as the catalyst, a catalys~ 

comprising a ch:omiurn compound obtained by reacti~g a 

ch:omiu~ salt and a conpound containing 

or radical in a hydroca:bcn solvent, and an alkyl 

a:u~inurn compound, is used. 

:o. The method for oligomerizing an a-ole~in a:co:c:ns to 

Claim l or 6, wherein t~e chromium compound having at 

least one chromi~m-pyrrolyl bond is a compound cbtai~ed 

by reacting a ch:omium salt of the formula CrX~ whe:ein X 

is an organic or inorganic group, and n is an in~eser c: 

from 1 to 6, provided that when n is more thar. :, the 

plurality of X may be the same or different f :cn one 

another, and a metal pyrrolide in an electrc:i _ ..... ,,,.. 
!-'c: - .&.. dono:::-

solvent. -

ll. The method for oligomerizing an a-olefin acc~rdi~g to 

Claim 1, 6, 9 or 10, wherein the oligornerizaticn ~s 

This Sheet Has Been Replaced 

I IHllll IHill Ill! I!! IHI t HIS SHEET HAS BEEN 
REPLACED .. 

~-



l IHIHI 111111 Hiil lrnll II IHI 
* C L M S * 

- 50 -

conducted in a solvent selected from 

of a chain saturated ·hydrocarbon and an alicyc:i: 

hydrocarbon. 

12. T~e method for oligomerizing an ~-olefin acc=:c:~g to 

Claim l, 6, 9 or 10, wherein the oligomerizatic~ :eactio~ 

is conducted in the presence of hydroger. . 

. . · ~.. . .. 

. -,., 

nus SHEET HAS BEEN J 
REPLACED 

.,_ m ==· 
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METHOD FOR OLIGOMERIZING AN a-OLEFI_N 

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. 
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METHOD FOR OLIGOMERIZING AN a-OLEFIN 

ABSTRACT 

I ~~~MOO SH~ET 
1 I 0 3 JUN 1'197 

1~· ..l 
~........-...c-==~-.=~ 

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. 
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What is claimed is: 
1. A method for oligomerizing an a-olefin in the presence 

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 chromium compound 
and the alkylalurninum compound simultaneously 
without preliminarily contacting the chromium com­
pound with either the a-olefin or the alkyialuminum 
compound, 

(b) oligomerizing the a-olefin at a temperature of from 0° 
to 250° C. under a pressure from atmospheric pressure 
to 250 kg/cm2

, and the concentration of the chromium 
compound is from 0.1 mg to 5 g per liter of solventy 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 a-olefin according to 
claim 1, wherein the chromium compound, the a-olefin and 
the ailcy laluminum compound are supplied to a reactor. 

3: The method for oligomerizing an a-olefin according to 
claim 2, comprising supplying to a reactor the chromium 
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 a-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 rnmol per g of the chromium 
compound. . 

6. The method for oligomerizing an a-olefin according to 
claim 1, wherein the alkylaluminum compound is present in 
an amount of at least 25 nunol per g of chromium atoms. 
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7. A method for oligomerizing an a-olefin in the presence 
of a catalyst comprising a chromium compound having at 
least one chromium-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 a-olefin or the alkylaluminum compound, 
and wherein as the catalyst, a catalyst comprising a chro­
mium compound 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/cm2

, and the concentration of the chro­
mium compound is from 0.1 mg to 5 q per liter of the 
solvent, and the alky~aluminurn 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 ~-diketonate, a chromium 
carooxylate, a chromium ~-ketocarboxylate, a chrornium­
amide complex, a chromium-carbonyl complex, a chro­
mium-cyclopentadienyl complex, a chromium-alkyl com­
plex and a chromium-phenyl complex. 

9. Tnc 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 oligomcrizing 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 a-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 
chromiwn-pyrrolyl bond is a compound obtained by react-

J 
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ing a chromium salt of the formula CtXn whe eia 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 sol vent, comprising 
oligomerizing the e-olefin at a temperature of from 0° to 
250° C. under a pressure from atmospheric pressure to 250 
kg/cm2

, and the concentratiori of the chromium compound is 
from 0.1 mg to 5 g per liter of the solvent, and the 
alkylaluminwn compound is an amount of at least 5 mmol 
per gram of the chromium compound. 

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

12. The method for oligomerizing an a-olefin according 
to claim 10, wherein the organic group is selected from the 
group consisting of a C 1_30 hydrocarbon group, a carbonyl 
group, an alkoxy group, a carboxyl group, a ~-dilcetonate 
group, a ~-ketocarboxyl group, a ~-ketoester group and an 
amide group. 

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

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

· Gro~ps IA, IIA, IlIB and IVB of the Periodic Table. 

16. The method for oiigomerizing an a-olefin according 
to claim 10, wherein the electron pair donor solvent is a 
solvent containing an element selected from the group 
consisting of N, 0, P and S. 

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

(1) 

wherein each of R 1 and R2 which may be the same or 
different, is a cl-15 hydrocarbon group, xis a halogen atom, 

O<rn.<3, Q<n<3, Q<p<3, Q<q<3, and m+n+p+q 3. 
19. The method for oligomerizing an ex-olefin according 

to claim 1 or7, wherein the a-olefin has from 2 to 30 carbon 
atoms. 

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

21. The method for oligomerizing an ex-olefin according 
to claim 1 or 7, wherein the oligomerization is conducted in 
a sol vent selected from the group consisting 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 a-olefin in the pres­
ence of a catalyst comprising a chromium compound and an 
alkylaiuminum 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 a-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) oligomenzing the a-olefin at a tertiperature -..,.fra.io:;:;.::m:=..:::::.0° ___ ..........J 

to 250° C. under a pressure from atmospheric pressure 
to 250 kg/cm2

, and the concentration of the chromium 
compound is from 0.02 mg to 1 g of chromium metal 
per liter of solvent, and said alkylaluminurn 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 (a) 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 a-olefin in the pres­
ence of a catalyst comprising a chromium compound having 
at least one chromium-pynolyl bond and an alkylaluminum 
compoun4 comprising the steps of: 

(a) contacting the a.-olefin with the alkylaluminum com­
pound without preliminarily contacting the chromium 
compound with either the a-olefin or the alk:ylalumi­
num compound, 

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

.(c) oligomerizing the· a-olefin at a temperature of from 0° 
to 250° C. under a .pressure from atmospheric pressure 
to 250 kg/cm2

, and the concentration of the chromium 

compound is from 0.1 mg to 5 g per liter of solvent, and 
the a1ky lal uminum compound is in an amount of at 
least 5 mmol per gram of the chromium compound. 

26. A method for oligomerizing an a-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 a-olefin with the alkylaluminum com­
pound without preliminarily contacting the chromium 
compound with either the ex-olefin or the alk.ylalwni­
num compound, 
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(b) contacting the chromium compotifid with 
and the alkylalurninum compoun~ and 
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(c) oligomerizing the a-olefin at a temperature of from 
0°to 250° C. under a pressure from atmospheric pres­
sure to 250 kg/cm2

, 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 method for oligomerizing an ex-olefin according 
to claim 23, wherein the chromium compoWld, the a-olefin 
and the alkylaluminum compound are supplied to a reactor. 

28. The method for oiigomerizing an ex-olefin according 
to claim 23, comprising supplying to a reactor the chromium 
compowid the a-olefin and the alkylaluminwn compound, 
directly and independently. 

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

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

31. The method for oligomerizing an cc-olefin according 
to c1aim25, wherein contacting step (b) forms a mixture, and 
the mixture is suoplied to a reactor. --- ~ - --·--· 

32. Tne method for oligomerizing an a-olefin according 
to claim 26, wherein the chromium compound, the a-olefin 
and the alk:ylaluminum compound are supplied to a reactor. 

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


