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PROCESS FOR PRCDUCING O—~OLEFIN OLIGOMERS

BACKGRQUND OF THE INVENTION
The present invention relates to a process for

preparing O-olefin oligomers. More particularly, it

relates to an industriallyladvantageous process of

formation of a—olefln ollgomers in which it 1s possible to
produce a-olefin ollgomers pr1nc1pally composed of 1-

hexene from ethylene w1th a high selectivity and in a high

- yield.

As an oligomerization process of 0-olefins such as

ethylehe; etc., methods are known in which a chromium-based

catalyst composed of a specific chromium compound and -a

specific erganoaluminum compound is used as a catalyst.

For lnstance, Japanese Patent Publlcatlon {KOKOKU) No. 43-

18707 discloses a process for produc1ng l-hexene from

ethylene by using a catalyst consisting of a chromium-
containing VIB Group transition metal compound end a
polyhydrocarbylaluminum oxide.

Also, in‘Japanese Patent Application Laid-Open (KOKAZ;

No. 3-128904 is disclosed a method for oligomerizing &-

-olefins by using a catalyst obtained by reacting a

chromium-containing compound having chromium-pyrrolyl bor:
with an alkyl metal or a Lewis acid. South Africa Paten:

Publication ZA93/0350 describes a process for producing

a-olefin oligomer using a catalyst system obtained by
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mixing a chromium compound, a pyrrole-containing compound,
a metal alkyl compound and a halide source in a mutual
solvent.

However, according to the prbcess of Japanése KOKOKU
No. 43-18707, the amount of the by-product polyethylene
which is produced with l-hexene is large, and if such
reaction is carried out under the conditipns which decrease
yield of ﬁhe by-prodﬁct polyethylene, the catalyst activity
is lowered. |

Also, the method of Japanese KOKAI No. 3-128904 has
the problem that the acgivity.of the catalyst is _
unsatisfactory} although the yield of the by-products such
as polyeﬁhylene, etc. is low.. Further, in this method,
there are required, in addition to the 0-olefin
oligomerization'process, a step for prgparing a chromium-
containing compound at least having chromium~pyrrolyl bond
from ; chromium salt and metal pyrrolide, aﬁd a step for
isolating the said chromium-containing compound, so that
not only the oligomerization operations becdme too
complicated but also the construction cost for the whole
proceés is elevated. _Mo-eéver, it is .very difficult to
handle the chromium-containing compounds at least having
chromium-pyrrolyl bond, since they are very sensitive to
air and to moisture.

South Africa Patent Za3%3/0350 discloses that whep an
unsaturated hydrocarbon fc:.improvinq a stabilitf of the

cataiyst-system is present in excess,. the selectivity
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and/or activity of the catalyst are lowered. Also, the
process described in South Africa Patent 2ZA93/0350 is
defective in that since it also requires a preliminary
preparation process of an unstable catalyst and an
isolation process.of the catalyst, the operation is not
only coﬁplicated but alsolfequires a high construction cost
for the entire process.

As a resultlof the present inventors' eérnest studies
in order to solve the_aboveéﬁentioned problems, it has been
found that by carrying out oligomerization of an a-o;efin -

in ‘a reaction solvent by reacting the o-olefin in a

catalytically effective amount of a chromium-based catalyst

system comprising a combination of at least a chromium

compound, a nitrogén-containing compound of at least.one
selected from the group consisting of an amine, an amide
and an imide, an alkylaluminum compound and a halogen-
containing compound, in a contacting modé_that the chromium
compound is not contacted with the alkylaluminum compound
each othér before each of the chromium compound, the
nitrogen-containing compound of at least one selected from
the group consisting 6f an amine, an amide and an imide,

the alkyialuminum compound and the halogen-containing

- compound and &~olefin coexist in the reaction solvent, and

the oligomerization of o-~olefin takes place, Q-olefin

oligomers are obtained in a high yield. On the basis of

this finding, the present invention has been attained.
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It is an object of the presént invention to provide a
process for producing an CG-olefin oligomer in which it is
possible to pfeparé an (¢-olefin oligomer such as i-hexene'
in a high selectivity and in a high yield Without requiring
any complicated operations. . |

Tt is another object of the present invention to
provide é process for producing aﬁ a-olefin oligomer which
realizes'the activatibn of a catalyst in a reaction system.

To achieve these endé, in a first aspect of the
present invention, there is pgovidéd a process for
producing an O0-olefin oligomer, which comprisés carrying
out oligomerization of an @-olefin in a solvent in the
presence of a catalytically effedtive amount of a chromium-
based catalyst system composed of a combination of at least
(a) é chromium compound, (b) a nitrogen-containing compound
of at least one selected froh the group cdnsistiné of an
amine, an amide and an imide, (c)lan alkylaluminum compound
and (d) a halogen-containing compound,

wherein each of the 0-olefin, the chromium compound
(é), the nitrégen-containing cqmpound (b) of at least one
seiectéd from thé group consisting of én amine, an amide
and an imide, the alkylaluminum compound (c¢) and the
halbgen-containing compound (d) is supplied to a reaction
system in a mode that the chromium compound (a) and the

allealuminum compound (c) do notrcontact each other before

each of said compounds (a) to (d) and the 0-olefin coexists
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in the reaction solvent and the oligomerization of an O~

olefin takes place. .According to the said process of the
present invention, it is not necessary to conduct a
formation of the chromium-based catalyst.

In a second aspect of the present invention, there is

provided a process'for broducing'an o-olefin oligomer,

which comprises carrying out oligomerization of an -olefin

in a solvent in the presence of a chromium-based catalyst

system composed of a combination of at least (a) a chromiuﬁ
compound, (b) a nitrogen—containing compound of at ieast 7
one selected from the group cQnsisting of an amine, an
amide And an imide; {(c} an alkylaluminum compound and (d) a
halogen-containing compound,

wherein catalyst components composed of at least the_
alkylaluminum compound (c) and the halogen-containing
compound (d) withouﬁ the chromium compound (a), are heated
to not lower than 100°C in a reaction solvent in advance
and the treated catalyst c:mponents are contacted with the
rest of the catalyst comc-r=rnzs and the a-olefin in the

reaction solvent.

In a third aspect <: °° - present invention, there is
provided a prbcess for ¢: . .ng an a-oléfin oligomer,
which comprises carryinz .- -.igomerization of an o~-olefin
in a reaction solvent i~ - - zca2sence of a chromium-based
catalyst system composed R sombination of at least (a) a
chromium compound, (b) a .. .-r>gen-containing compound of at

least one selected from the group consisting of an amine,



an amide and an imide, (c) anlalky;aluminuﬁ compound and
(d) a halogen-containing compound,

wherein the oligomerization of the Q-olefin in a
reaqtion solvent is_conducted by a semi-batch process or by
a continuous proceSs, and at least one catalyst component
selected from the group consisting of the nitrogen-
containing compound(b), the.alkylaluminum compound (c) and
the halogen-containing compound {(d) is added as supplement
to a reaction system. |
BRIEF EXPLANATION OF THE DRAWING:

Fig. 1 shows a change.of the catalytic efficiency with

passage Of time.

DETAILED DESCRIPTION OF THE INVENTION

In the present invenﬁion, é catalyst comprising a
combinatioh of at least (a) a chromium compound, (b) a
nitrogen-containing compqund of at least one selected from
the'gfoup cdnsisting of an amine, an amide and an imide,
(c) an alkylaluminum compouhd énd_(d) a haloqen—containing
compound is used as chromium-based catalyst.

The chromium cdmpound_(a) uséd in the present
invention is.represented bylthe formula: CrXn, wherein X i:
an o:ganic_group, an inorganic group or an anionic atom; -
is aﬁ integer of 1 to 6, and when n is not less than 2, i

may be the same or different from each other. The valer :



of chromium is 0 to 6. Also, n in the above formula is
preferably not less than 2.

The Srganic groups represented by X in the above
formula include various kinds of groﬁps having usually 1 to
30 carbon atoms. .Typical examples 6f such'organic groups
having 1 to 30 carbon atoms are hydrocarbon groups,
carbonyl groups, élkoxy groﬁps, carboxyl groups, B-
diketonate groups; B-ketocafboxyl,groups, B-ketoester
groups and amide groups. .As the hydrocarbon groups having
1 td 30 carbon atoms, an alkyl group} a cycloalkyl group,
an ar&l group, an alkylaryi gfoup, an aralkjl group and a
cyclopentadien&l Qroup may be exemplified. The inorganic
groups inaclude chromiuﬁ salt-forming groups such as ﬁitrate
group and sulfate éroup. The ahionic {negative) atoms
include-ogygen and halogens.

The preferred chromium compbunds used in the present
invention are chromium alkoxides, chromium carboxylates,
chromium P-diketonates, salts of chromium with anioﬁs of B-
ketoesters, and chromium halides. Specifically, chromium
(IV) tert-butoxide, chromium (IIIi acetylacetonate,
chromiuﬁ (III) trifluorocacetylacetonate, chromium (III)
hexafluoroacétylacetonate, chromium (III) (2,2,6,6-
tetramethyl—3,§—heptanedicnate), Cr(PhCOCHCOPh)3'(wherein
.Ph represénts phenyl group), chromium (iI) acetate,
chromium (III) acetate, éh:omium (ITI) 2-ethylhexanoate,
chromium (III) benzoate, z=nromium (III) naphthenate,

Cr(CH3COCHCOOCH3)3, chromous chloride, chromic chloride,
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chromous bromide, chfomic bromide, chromous iodide, chromic
iodide, chromous fluoride and chromic fluoride may be
exemplified.

Complexes composed of the above-mentioned chromium
compounds and an electron donor can alsa be favorably used
in the present invention. . As the electron donor, a
nitrogen-containing compound, an oxygen-contqining
compound, a phosphorus—containing compound and a sulfur-
contaiﬁing compound may be cited.

The nitrogen—containing-compounds include nitriles,
amines and amides. As typical examples thereof,
acetonitrile, pyfidine, dimetgylpyridine,
dimethylformamide, N-methylformamide, aniline,
nitrobenzene, fetrémethylethylenediamine, diethylamiﬁe,
isopropylaﬁine, hexamethyldisilazane and pyrrolidone may be
exemplified.

The oxygen-containing compounds include estérs,
ethers, ketones, alcohols and aldehydes. As typical
examples thereof, ethyl acetate, methyl acetate,
tetrahydrofuran, dioxane, diethyl ether, dimetﬁoxyethane,
diethylene glycol dimethyl ether, triethylene glycol

dimethyl ether, acetone, methyl ethyl ketone, methanol,

ethanol and acetaldehyde may be exemplified.

As the phosphorus-containing compounds,
hexamethylphosphoramide, hexamethyl phosphorus triamide,
triethyl phosphite, tributylphosphine oxide and

triethylphosphine may be exemplified.
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As the suifur—containing compounds, carbon disulfidé,
dimethyl sulfoxide, tetramethylene sulfone, thiophene and
dimethyllsulfide may be exemplified.

Thus, as the compléxes composed of chromium éompounds
and an electron donor, ether éomplexes, ester complexes,
ketone complexes, aldehyde complexes, alcohol coﬁplexes,
amine complexes, nitrile complexes, phosphine complexes and
thioether éémplexes of chromium halides can be cited. More
specifically, CrCl3-3THF, CrCl3-3dioxane, CrCl3- (CH3CO2n-
C4Hg), CrCls- (CH3CO,C2Hs), CrCls-3(i-C3H,OH), -
CrCl3.3(CH3(CHz) 3CH (C2Hs) CH20H], CrCls-3pyridine, CrClz-2(i-
C3H7NH2),'[CrCl3°3CH3CN]-Cﬁ3CN: CrCls-3PPh3, CrCla-2THF,
CrClz-2pyridine, CrClz-2([(C2Hs)2NH], CrClz-2CH3CN and
CrCly-2([P(CH3)2Ph] may be exemplified.

The éhromium compound used in the present invention is
preferably one which is soiuble in hydrocarbon solwvents.

Examples of such chromium compounds are chromium B-

diketonates, chromium carboxylates, salts of chiomium with
anions of P-~ketoesters, chromium ﬁ—ketocérbdxylates,
chromium'amide compiexes,'chromium cérbonyl complexes,
chromium carbene complexes, various kinds of
cyclopentadienyl complexes of chromium, chromium alkyl
complexes and chromium ﬁhenyl complexes. As_speéific
examples thereof, Cr(CO)g, (CgHg)Cr(CO)s3,

(CO) sCx (=CCH3 (OCH3)), (CO)sCr (=CCgHs(OCH3)), CpCrClz
(wherein Cb represents a cyciopentadienyl Qroup),

(Cp*CrClCH3)2 (wherein Cp* represents a



pentemethylcyclopentadienyl group) and (CH3)2CrCl may be
exemplified. ‘

The chromium compound can be used in the fofm
supported on a carrier such as an inorganic oxide, but it
is preferably used in combination wiﬁh other_catalyst
components withoue being supported on a cerrier. In the
present invention, the chromium;based catalyst is used in a
specific contacting mode described later, and according to
such contacting mode of process, it is possible to obtain a
high catalyst activity, even if the.chromium compound is
not supported on a carrier. When the chromium compound is
used without sup?orting it on a cafrier, it is possible to
dispense with the complicated oﬁerations required for
supporting the chromium compound on a carrier and to avoid
the problem of.increase of the whole amount of the catalyst
used (the total amount of carrier and catalyst components
combined) due to use of a carrier.
| The nitrogen-containinz compound (b) used in the

present invention is a ccrr:.nd of at least one selected

from the group consisti:; : :n. amine, an amide and an
imide.

The amine used in = -ient invention is a primary
or secondary amine. As - ;:iﬁary amines usable in the
present invention, ammo:r. . uizylamine, isopropylamine,
cyciohexy;amine, benzyla~.:-:, zniline and naphthylamine may
be exemplified. As the .= ..ndary amines usable in the

present invention, diethy_.amine, diisopropylamine,



RAl

-11-

dicyclohexylamine, dibenzylamine, bis(trimethylsilyl)aming,
morpholine,. imidazole, indoline, indol, pyrrole, 2,5-
dimethylpyrrole,_3,4-dimethylpyfrole, 3, 4-diethylpyrrole,
2,3,4-trimethylpyrrole, 3,4-dichloropyrrole, 2,3,4,5~
tetfachloropyrrole, 2-acylpyrrole, 3,3',4;4;-
tetramethyldipyrrolomethane, pyrazole and pyrrolidine may
be exémplified. As the amine used in thé present
invention, a mixture.of a primary amihe and a secondary
amine may be used.

The metal amide used in the preseﬁt invention is one

_derived from a primary or secondary amine. Specifically,

an amide obtained from the re;ction of a primary or
seéondary amine and.a metal selected from the group
consisting of IA, IIA, IIIA and IVB Groups in the periodic
table is usable. As such metal amides, lithium amide,
sodium ethylamide, calcium diethylamide; lifhium
diisopropylamide, potassium benzylamide, sodium
bis(trimethylsilyl)amide, lithium indolide, sodium
pyrrélide, lithium pyrrolide, potassium pyrreolide,
pctassium pyrrolidide, diethylaluminum pyrrolide,
ethylaluminum dipyrrolide, aluminum tripyrrolide and
lithium (2,5-dimethylpyrrolide) may be exemplified.
The metal amide in the present invention may be a

mixture of metal amides which are induced from primary or

‘'secondary amines.

In the present inven:zion, a secondary amine, a metal

amide derived from a secondary amine or a mixture therec:
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is preferably used. _Aé preferred examples of the secondary
amines used in the present invention, pyrrole, 2,5~
dimethylpyrrole, 3,4-diﬁethylpyrrole,.2,3,4—
trimethylpyrrole, 3,4—dichloropyrfole, 2,3,4,5~
tetrgchlqropyrrole, 2-acylpyrrole and 3,3',4,4'—
tetramethyldipyrrolomethéne may be exeﬁplified. Among
them, pyrrole and 2,5-dimethylpyrrole are especially
preferred. As preferred exahples of the metal amides
derivgd from the secondary amines,.aluminum pyrrolide,
ethylaluminum dipyrrolide, aluminum tripyrrolide, sodium
pyrrolide, lithium pyrrolide, potas;ium pyrrolide, aluminum .
(2,5-dimethylp9rrolide), ethyialgminum bis(2;5-
dimethylpyrrolide), aluminum tris(2,5-dimethylpyrrOlide),
sodium (2,5-dimethylpyrrolide), lithium (2, 5-
dimethylpyrrolide) and potassium (2,5-dimethylpyrrolide)
may be exémplified, Of the pyrrole derivatives, those
having a-hydrocarbon group in the pyrrole ring are
especialiy preferred.

The other amide used in the present invention is an
acid amide. 'As'thé acid amide, compounds represenﬁed by
the following general formulas (1) to (3) are usable. The
genéfal formulas (1) to (3) simultaneously include an
imide, which is another ni:rogen compound used in the.
present invention, for convénience' sake.

Examples of the acid amide or imide comﬁbunds used in
the present invention are represented by the foilowing_

general formulas (1) to (3).



0 Ml |
Rl—g—l\ll—Rz | (1)
wherein Ml represents a hydrogen atom or a metal element in
the Groups IA, IIA, IB and IIIA of the Periodic Table, Rl
represénts a hydrogen atom, an alkyl group having 1 to 30
carbon atoms,.alkenyl group haﬁing 1 to 30 carbon atoms, an
aralkyl group having 1 to 30 carbon atoms, an aryl group
which may have a substituent or an aryl group which may
contain a hetero element, and R2 represents a hydro@en
‘atom, an alkyl group having l'to 30 carbon atoms, alkenyl
group having 1 to 30 carbon.atoms,'an aralkyl groué having
1 to 30 éarbon atoms,-an aryl group which may have a
substituent, an aryl.group which may have a hetero element
or an acyl group: -C(= O)R3, (R3 is defined in the same as
Ri, R3 and R! may be éither'the same or different), and R1
and RZ may form a rihé.
Mo o M
P
R*-N-C-A-C-N-R®

(2)

wherein M2 and M3 independently represent a hydrogen atom,
"or a metal element in the Groups IA, IIA, IB and ITIA of
the Periodic Table, R% and R® independently represent a
hydrogen atom, an alkyl group having 1 to 30 carbon atoms,

alkenyl group having 1 to 30 carbon atoms, an aralkyl group



-14-

having 1 to 30 carbon atoms, an aryl group which may
contain a substituent, or an aryl group which may have a
hetero element, R? and RS may form a ring, and A represents
an alk?lene group which may contain an unsaturated bond.

As examples of én acid amide represented by the
.general formula (1) or (2) will be cited acetamide, N-
methylhexane amide, succinamide, maleamide, N- |
methylbenzamide, imidazole-2-carbonamide, di-2-thenoyl
amine, P-lactam, 3-lactam, €-caprolactam, and the salts of:
one of these compounds and a metal element in the Groups
IA, IIA, IB and IIIA of the Periodic Table.

.Examples of an imide are 1,2—cyclohexane
dicarboxgimide, succcinimide, phthalimide, maleimide,
2,4,6-pyperidine trione, perhydroazecyne-z,lo—dione, and
the salts of one of these compounds and a metal element in

the Groups IA, IIA, IB and IIIA of the Periodic Table.

M4

I | |
R®-50,-N-R’ (3

wherein M? represents a hydrogen atom or a meﬁal element in
the Groups IA, IIA, IB and IIIA of the Periodic Table, RS
represents a hydrogen atom, an alkyl group having 1 to 30
carbon atoms, alkenyl grcup.having 1 to 30 carbon atoms, an
aralkyl group having 1 to 30 carbon atoms, an aryl group _
which may contain a substituent, R6 and R8 beiné either the

same or different, R7 represents a hydrogen atom, an alkyl
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group having 1 to 30 carﬁon atoms, alkenyl group having 1
to 30 carbon atoms, an aralkyl group having 1 to 30 carbon
atoms, an aryl groﬁp which may have a substituent, an aryl.
group which'may have a hetero element or an SO2R8 éroup,.
(R8 is'defined in the same as R® and R% and R® may be
either the same of‘different), and R® and R7 may form a
ring. |

As examples of_the sulfonamides and sulfonimides.
represented by the general formula (3) will be cited
benzene sulfonamide, N-methylmethane sulfonamide, N-
methyltrifluoromethyl Sulfonamide, and the éalté of one of
these.compounds and a metal eiement in the Groups IA, IIA;
IB and IIIA of the Periodic Table.

Among the above~described acid amides or imide
compounds, the compounds represented by the general férmula
(1) are preferable, and especially preferable are the imide

compounds in which R2 in the general formula (1) represents

an acyl group: C(= O)R3, a=i Bl and R3 form a ring.

The alkylaluminum ccr: ::nds used in the present
invention are those repr= ---=2d by the following formula
(4) : | |

' leAl(OR: © (4)
wherein R! and R2 are ez . -.;3rocarbon group having
usually 1 to 15 carbon =z- , zreferably 1 to 8 carbon
atoms, and Rl'and R?.may Lot A same or different frém each

other; X is a halogen at.-. :», n, p and g are the numbers
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defined by O<ms<3, 0sn<3, 0<p<3 and 05g<3, respectively, and
m+n+p+q-=3. '

The above-defined alkylalumirium compounds include the
trialkylaluminum compounds represented by the following
forﬁula (5), the halogenated alkylaluminum compounds
fepresented by'the fpllowing formula (6), the
alkoxyéluminum compounds represented by the following
formula (7) and the'alkylaluminum_hydride compounds

fepresented by the'following formula (8):

R13AL ()
R1LALX3  (1.5Sm<3) (6)
R ALl (OR2) 3., (7)

(0<m<3, preferably 1.5Sm<3)
R AlH3 o (8)
(0<m<3, preferably 1.5$m<3)

As specific examples of the said alkylaluminum
compounds, trimethyialuminum, triethylaluminum,
triisobutylaluminum, diethylaluminum monochloride,
diethylaluminum ethoxide and diethylaluminum hydride may be -
exeﬁblified. Also, as the alkylaluminum compounds used in
the present invention, a mixture of 2 or more compounds
above, for example, trialkxylaluminum and halogenated
alky;aluminum can.be'used. Of these compounds,
trialkylaluminum is especially preferred because of

minimized formation of polymeric by-products.

present invention may be any compound containing a halog=:
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atom, but the following halogen-containing compounds (1)'tQ
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(4) are preferable.

A halogen—containing compound (1) is a compound
containing an element in the Groups IIIA, IIB, IVA, IVB,
VA, VB and VIB of the Periodic Table. Concrete examples
thereof are scandium chloride, yttrium chloride, lanthanum
chloride, titanium tetrachloride, zirconium tetrachloride,
hafnium tetrachloride, boron_trichloride, aluminum |
chloride, diethylaluminum chloride, ethylaluminum

sesquichloride, gallium chloride, carbon tetrachloride,

chloroform, methylene chloride, dichrloroethahe,
hexachlorébenzéne, 1,3,5—tricﬁlorobenzene, trityi chlofide,
silane tgtfachloride, trimethylchlorosilane, germanium
tetrachloride, tin tetrachloride, tributyltin chloride,
phosphorus trichloride, antimony trichloride, trityl
hexachlroféantimonate, antimony pentachloride, bismuth
trichloride, boroh tribromide, aluminum triﬁromide, carbon
tetrabromide, bromoform, bromobenzene, iodomethane, silicon
tetrabfomide, hexafluorobenzene and aluminum fluoride. As
‘a halogen in the halogen-containing compound (1), bromine
or chlorine is preferable. Among these, compounds having a
largé number of halogen aﬁoms are preferable, and compounds
soluble in a solvent which is used in én oligomerization
reactioh are élso_preferable and especially chlorine is
more preferred from the svnthetic viewpoint of a catalytic
activity, a selectivity of zhe objective product, etc.

_ Particularly preferable halogen-containing compounds (1)
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are carbon tetrachloiide, chloroform, dichloroethane,
titanium tetrachloridg, germanium tetrachloride and tin
tetrach;oride. It is possible to use a mixture of at least
two of these.coméounds..

A halogen-containing compbund (2).is a linear
hydrocarbon which is sustituted with at least three halogen
atoms and which has at least two carbons. As the linear
hydrocarbon as the halogen-containing compound (2}, a
linear saturated hydrocarbon is preferable, and a linear
saturated hydrocarbon in which adjacent two carbons are
replaced by at least three halogen atoms is'more
preferable. A linear saturated hydrocarbon which is
represented by tﬁé general formula'(9), (10) or (11) is

especially preferable.

x! x4

|
2~
X ‘f (9)

-—n—
5= <
b
®

x3 xs 7 1

wherein X! to X8 represent hydrogen atoms or halogen atoms,
and at least three of X! to X3 are halogen atoms, and 1
represents 0 or an integer of 1 to 8.

(Hal'l)l >|<9 /}fll\
—C

(Hal)?—C x13

T \T
(Hal)3 x1°\xlz/m |

(10)



wherein (Hal)l to (Hal)3 represent halogen atoms, X% to X3
represent halogen atoms or hydrogen atoms, and m represents

0 or an integer of 1-to 8.

(Hal)* (Hal)8/ x5\
b | l

I (l: \IC /X” ) (11)
(Hal)® (Hal)’\X*®/n Ny |

wherein (Hal)4 to (Hal)7 represent halogen atoms, X4 to x17

represeﬁt halogen atoms.or hydrogen atoms, and n represents ,
0 or an integer of 1 to 8.

As a halogen in the halogen-containing compound (2),
chlorine.or brﬁmine is preferable and especially chlorine
is more preferred from the synthetic viewpoint of a
catalytic activity, a selectivity of the objective product,
etc., and 1, m and n are preferable 0,1,2 and 3,
respectively. As the linear hydrocarbon halide represented
by the general formula (9), (10) and (11) are preferable
1,1,1-trichloroethane, 1,1,2—trichloroethane, 1,1,2,2-
tetrachloroethane, pentachloroéthane, hexacﬁlroroethane,
1,1,1-trichloropropane, 1,1,2,2-tetrachloropropane, 1,1,1-
trichlorobutane, 1,1,2,2-tetrachlorobutane, 1,1,1-
trichloropentane, 1,1,2,2-tetrachloropentane, 1,1,1l-tri-
bromoethane, 1,1,2,2—£etrabromoéthane, etc. Among them,
1,1,-trichloroethane, pen:achloroeﬁhane, hexachloroehtane

and 1,1,2,2-tetrachloroethane are more preferred.
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Use of the halogen-containing bompound (2) is
advantageéﬁS'not only in that the catalytic activity and
the seléctivity of a trimer are greatly enhanced but also
in that the deterioration of the catalyst with passage of
time is ameliorated.

A halogen-containing compound (3) is a cyclic
hydiocarbon halide; As the halogen-containing compound
(3), a cyclic saturated hydrocarbon is preferable and a
cyclic saturated hydrocarbon which is sub$tituted with
three halogen atoms is more preferable. As the halogen
atom, chlorine or bromine is preferable and especially
chlorine is more preferred froh the synthetic viewpoint of
a catalytic activity, a selectivity of the objective
bfoduct, etc.

Concrete examples of the halogen-containing compound
(3) are cyclopropane trihalides such as 1,2,3-
trichlorocyclopropane, 1,1,2-trichlorocyclopropane, 1,2,3-
tribromocyclopropane and 1i,:,2-tribromocylcopropane;

cyclopropane tetrahalides ::ch as 1,1,2,3-

tetraéhlorocyclopropane, .. .,2,2-tetrachlorocyclopropane,
1,1,2,3-tetrabromocycloc: ;= and 1,1,2,2-
tetrabromocyclopropane; . zropane pentahalides such as
pentachlorocyclopropane . ;encabromocycloproéane;
cyclopropane hexaharide .. @ a3 heXachlorocYclopropane'and
hexabromocyclopropane; . . :;fane'trihélides.such as
1,2,3-trichlorocyclobutau~, _,1,2-trichlorocyclobutane,

1,2,3-tribromocyclobutans and 1,1,2-tribromocylcobutane;
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cyclobutane tetrahalides such as 1,2,3,4-
tetrachlorocyclobutane, 1,1,2,3-te£rachlorocyClobutane,
1,2,3,4-tetrabromocyclobutane and 1,1,2,3-
tetrabromocylcobuténe; cyclobutanepentahalides such as
1,1;2,3,4—pentachlorocyclobutane, 1,1,2,2,3-
'pentachlorocyciobutane,_1,1,2,3,4-pentabromocyclobutane and
1,1,2,2,3~pentabromocylcobutane; cyclobutane—hexahélides
such as 1,1,2,2,3,4-hexachlorocyclobutane, 1,1,2,2,3,3-
hexaéhlorocyclobutane, l,1;2,2,3,4-hexabromocyclobutane and
1,1,2,2,3,3-hexabromocylcobutane; cyclbbutane heptahalides
such as heptachlcrocyclobutane and heptabromocyclobutane;
and cyclobutane octahalides s;chlas octachlorocyclobutane
and octapromocyclobutané.. |

Further examples are cyclopentane trihalides such as
1,2,3—trichlorocyclopéntane, 1,1,2-trichlorq¢yclopentane,
1,2,3-tribromoc§clopentane and l,1,2-tribroﬁocylcopentane;
cyclopentane tetrahalides such as 1,2,3,4-
tetrachlorocyclopenténe, 1,1,2,3-tetrachlorocyclopentane,
l,2,3,4-tetrab£omocyclopentané and 1,1,2,3-
tetrabromocyclopentane; cyclopentane pentahaiides such as
1,2,3,4,5-peﬁtachlorocyclopentane, 1,1,2,3,4-
pentachlorocyclopentane, 1,1,2,2,3fpentachlorocyclopentane,
'1,2,3,4;S-pentabromdcyclopentane, 1,1,2,3,4-
pentabromocyclopentane and 1,1,2,2,3~-
pentabromocyclopentane; cyclopentane hexahalides such as
1,1,2,3,4,5-hexachlorocyclopentane, 1,1,2,3,4,5-

" hexabromocyclopentane and 1,1,2,2,3,4-
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hexabrbmocyclopenténe; cy¢10pentane heptahalides such as
'1,1,2,2,3,4,5-heptachlorocyclopentane and i,1,2,2,3,4,5-
heptabromocyclopentane; éyclopentane octahalides such as
1,1,2,2,3,3,4,5-octachlorocyclopentane and 1,1,2,2,3,3,4,5-
octqbromocyclopentane; cyclopentane-nonahaiides such as
nonachlorocyclopentane; and cyclopentane decahalides such
as decachlorocyclopentane.

Still further examples are cyclohexane trihalides such
as 1,2,3-trichlorocyclohexane, 1,1,2-trichlorocyclohexane,
1}2,3—tribromocyclohexané and 1,1,2—tribroﬁocylcohexane;
cyclohexane tetrahalides such as 1,2,3,4-
tetrachlorocyciohexahe, 1,1,2:3—tetrachlorocyclohexane,
1,2,3,4~tetrabromocyclohexane and 1,1,2,3-
tetrabromocyclohexane; cyclohexane pentahalides such as
1,2,3,4,5-pentachlorocyclbhexahe, 1,1,2,3,4-~
bentachlofocyclohexane, 1,1,2,2,3-bentachlofocyclohexane,
1,2,3;4,S—pentabromocxplohexane, 1,1;2,3,4-
pentabromocyclbhexane and l,1,2,2,3—pentabrdmocyclohexane;
cyclqhexéne.hexahalides such as 1,2,3,4,5,6~-
hexaéhlorocyclohexane and. 1;2,3;4,5,6-
hexabromocyclohexane; cyclohexane heptahalides such as
1,1,2,3,4,5,6-heptachlorocyclohexaﬁe.and 1,1,2,3,4,5,6-
heptabromocyclohexane; cyclohexane octahalides such as
1,1,2,2,3,4,5,6-octachlorocyclohexane and 1,1,2,2,3,4,5,6-
octabromocyclohexane; cyclohexane nonahalides such'as
1,1,2,2,3,3,4,5,6-nonachlorocyclohexaﬁe; cyclohexane

decahalides such as 1,1,2,2,3,3,4,4,5,6-
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decachlorocyclohexane; cyclohexane undecahalides such as
undecachlorocyclohexane; and cyclohexane dodecahalides such
as dodecachlorocyclohexane.

Among these, 1,2,3-t£ichlorocyclopropane,
pentachlorocyclopropane, 1,2,3,4-tetrachlorocyclobutane,
i,2,3,4,5-pentachlorocyclopentane_and 1,2,3,4,5,6~-
.hexachlorocyélohexane are especially preferable.

Use of the halogen—containing compound (3) dis
advéntagéous not only in that the catalytic activity and
the éelectivity of a trimer are grea#ly enhanced but also
.in that the deterioration of. the cataiy§t with passage of
time is ameliorated. ) |

A halogen#containing.compoﬁnd (4)'is a halogenated
allyl compound which is substituted with one or.two halogen
atom at allyl positidﬁ (at carbon atém édjaéent to a double
.bond) and represents'by the following formula (12):

xi8 xéo %21
:c=é——-c‘:—x22_

19
X ] .X23 (12)

wherein X18 to x20 represent hydrogen atom or alkyl
group ﬁaving 1 to 30 carbon atoms, X2l to X23 represent
. hydrogen atom, alkyl group having 1 to 30 carbon atoms or
halogen atom and one or ﬁwo of X21 to X23lis halogen atom.
As.a halogen atom in the halogen—containing compound

(4), chlorine or bromine is preferable and especially,
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chlorine is more preferred from the synthetic viewpoint of
a catalytic activity, a selectivity of the objective
product, etc.

Concrete example of ﬁhe halogen-containing compound
(4) are allyl chloride, 3,3—dichloro—l—prepene, 3-chloro-1-
butene, 3,3-dichloro-l-butene, l-chloro-2-butene, l,lf
dichloro-2-butene, 3-chloro-3-methyl-l-butene, 3-chloro-1-
pentene, 3,3—dichloro-l—pentene,'4—chloro-2—pentene, 4,4~
dichloro-2-pentene, l-chloro-2-pentene and 1,1l-dichloro-2-
pentenel Among then, allyl chloride is preferable.

Use of the haiogen-containing compound (4) is
advantageous not only in that the catalytic activity and
the selectivity of a trimer are greatly enhanced but also
in that since the activity based on the halogen atom is
- high, the_amount of the halogen-containing compound used is
small, or since the amount of halogen-containing substances
decomposed during ;eaction steps or in the distillation
step is small, it is possible ﬁo'separate easily halogen-
containing impufities at the dis;illatioe of the trimer and
' to recover the objective product at the high purity.

In ﬁhe present invention, t-butyldimethylsilyl
trifluorate (t-BuMe2Si0SO2CF3), trispentafluorophenylboron
(B(CgFs5)3), trifluoromethanesulfonic acid (CF3SO3H),
hexafluoroisopropanol ((CF3)2CHOH), ete. are also
preferably usable. |

:In the present invention, when the nitrogen-containing

compound (b) is one selected from the group consisting of
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maleimides and derivatives theréof, it is preferred to ﬁse
an inorganic halides as the halogen-containing compound
().

In the present invention, an o-olefin oligbmerization
reaction is conducted in a solution by using a chromium-
based catalyst sysfem composed of a combination of the
catalyst components (a) to (d) is used. When a chromium
compouhd containing a halogen such as chromous chloride is
used as the chromium compound (a), such chromium compound
also serves as the halogen-containing compound (d). -
Similarly,'an alkylaluminum cqmpound containing a halogen
such as diethylaluminum monochloride is used as the
alkylaluminum compound (c¢), such alkylaluminum compound

also serves as the halogen-containing compound (d).

As the a-olefin used as starting material in the

present invention, substituted or non-substituted «-

olefins having 2 to 30 carbon atoms are usablé. As such
c-olefins, ethylene, prooylene, l-butene, l-hexene, 1l-
octene, 3-methyl-l-buters :n3i 4-methyl-l-pentene may be

exemplified. Ethylene i: - :t2cially preferred since it is

possible to produce l-he:: - as a trimer at a high
selectivity and in a hizn L4,

As the solvent use: éhe'reaction of the preseﬁt
invention, there can be . --: azyclic or aliéyqlic saturated
.hydrocarbons having 3 tc .- :arbon atoms such as butane,

pentane, 3-methylpentane, -~2:xane, heptane, 2-methylhexane,

octane, cyclohexane, methy.cyclohexane, decalin, etc.;

This-Sheet Has Been Replaced
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aromatic hydrocarbons such as benzene, toluene, xylene,
ethylbenzene, mesitylene, tetralin, etc. These reaction

solvents may be used either singly or as a mixture.

The 0-olefin used as the starting material for the
reaction or the 0-oclefins other than the main starting
material for the reaction cén also be used as a‘reaction
solvent. The 0-olefin can be incorporated into chromium--
based catalyst system aé a catalyst component before the
initiation of the oligomerization. An a—olefin,haviné 4
to 30 carbon atoms, especially an ¢-olefin whiéh is liéuid
at room temperature is preferred as a reaction solvent.

As a reaction solvent, a'chain saturated hydrocarbon
having 4"to 7 carbon atoms or alicyclic saturated
hydrdcarbons having 4 to 7 carbon atoms is preferably used.
Use of a solvent such as mentioned above proves helpful for
suppfessing formation of the polymeric by-products.

Further, in case of using_a: alicyclic hydrocarbon, a high

catalytic activity_can be -:z-ained. As typical examples of
lsuch saturated hydrocark - . ::tane, pentane, hexane,
heptane or cyclohexane :{, e exemplified; These solvents
may have a branched cha! - .lture.

Reaction temperatu: ..zally 0 to 250°C, preferably
10 to 150°C, more prefe: to 100 °C. Reaction
préssure can be suitabl. -2d from between 3 kg/cm? and
250 kg/cm?, but a press:f .- waen about 5 kg/cm2 and 100

kg/cm? is preferable. F<..-.3n time is usually one minute
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to 20 hours, preferably 0.5 to 6 hours. The type of
reaction may be batchwise, semi-batchwise or continuous.

In the present invention, it is preferable that 0.1 to
15 vol% of hydrogen exists in the gas phase of a reaction
vessel. Use of such a specific amount.of hydrogen prevents
the production of a filmy polymer as a by-product.

In a first aspect of the present invéntion, an o-
olefin is-oligomerized by supplying each of the components
(a) to (d) to the reaction system in such a manner that the
chromium compound (a) and the alkylaluminum compound (c¢) do
not come into contact with each othef before each of the |
components (a) to (d) and the a-olefin co-exists in a
reactionﬂsolvent and the oligomerization of ¢t-olefin takes
place. By adopting this contacting method, the catalytic
activity is.greatly'improved, the selectivity of a trimer
is grgatly enhanced and the content of l-alkene among the
said ttimer-obtained also.becomes very high.

In the'contaéting mode of the present invention, for
improving the catalytic'activity and the selectivity of the
objective product, it is preferable to adjust the
concentration of a-olefin in the reaction system to high
when O-olefin is contacted with the chromium-based catalys:

system. Concretely, the «-olefin concentration in the

reaction solvent of the reaction system of 5 to 100 mol %,

‘more preferably IQ to 100 =0l %, still more preferably 23

to 100 mol % is exemplifi=d.



In the case where -olefin of a low boiling point, for
example, ethylene and the like is introduced as a gas in
the reaction system, it is preferable to contact O-olefin
with the chromiumfbased.catalyst system under the o-olefin
pressufe of about 3 to 250 kg/cm?2, more preferably about 5
to 100 kg/cm?, still more preferably about 5 to 50 kg/cm?,
so that the'oligemerizatioﬁ of the a-olefin can carried out
without needing a eatalyst formation step.

In the present contact mode of the present invention,

the presence of high concentration of a-olefin can improve
the ceﬁalytic activity of the;a-olefin oligomerization.
The reason is not clear at present, But it is presumed as
follows."

. That is, when the chrohium compound is contacted with
the alkylaluminum compound, the alkylation of the chromium
compound followed by reduction of it, via reductive
elimination,_may proceed to give the low valent,
coordinatively unsaturated chromium complex(es). Such low
valent, ccordinetively unsaturated chromium complex(es)
themselves easily decompose because of their instability.
On tpe other hand, 0-olefin can coordinate to the metal
center in the low valent, coordinatively unsaturated

. chromium complex(es) in the presence of a-olefin to give

the optimum chromium-olefin complexes for the

when the chromium compour: is contacted with the

alkylaluminum compound. The high concentration of
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coexisting a-olefin makes it advantageous to form such

chromium-olefin complexes. Therefore, when the chromium
compound and the alkylaluminum compound contacts each
other, if the high concentration of O-olefin coexists
therewith, the olefin comp;exes are produced quite
effectively.

Furthermore, the advénﬁage using the high

concentration of O-~olefins is as follows. Since there is

dissociation equilibrium between the coordinated olefin in
the olefin complexes and ffee o-olefin in the solution, the
concentration of the olefin cdmplexes is increased and the
olefin complexes are stabilized in the presence of the high

concentration of the a—olefin. Therefore, -since the olefin

complexes wouid be more stable under the higher

concentration of the 0-olefin because of the reason
described above, it is mo?e preférable tb initiate the
oligomerization of the a—olefin.at the same time when the
chromium compound is contacted with the alkylaluminum
compound wiﬁhout the catalyst preparation stepsl(deécribed_
in ZA 93/0350) in order to obtain the objective product
-with high activity and seléctivity; _Further, since the
stability of the'chromium-olefin complexes toward heat and
moisture depends on the n—acceptof ability of the
coordinated olefin, ethylene is the most profitable o-
o;efin because of its potent R-acceptor propeity among.all

of a-olefins and of its strong coordination bond to

chromium metal center. From these respects, ethylene is
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the most suitable 0-olefin for the oligomerization in the
‘present invention. o

As examples of the specific contacting mode, the
following methods (1) to (9) will be cited. Each of the
following solutions is ordinarily formed by using a
reaction solvent.

(1) Method of in;roducing the chromium compound (a)
and the a—oléfin into a solution containing the nitrogen-
containing compound (b), the alkylaluminum compound (c) and
the halogen-containing compound (d).

(2) Method of introducing the alkylaluminum compound-
(c) and the a-olefin into a solution containing the
chromiumﬂcompound (a), the halogen-containing compound (d)
and ﬁhe nitrogen—containiﬁg compound (b) .

(3) Method of introducing the nitrogen—containing'
compound (b), the alkylaluminum compound (¢) and the o-
olefin into a solution containing the chromium compound (a)
and the halogen—cqntaining compound (4d).

| (4) Method of introducing the chromium éompound (a),
the nitrogen-containing compound (b) and the a-olefin into
a solution containing the alkylaluminum compound (c) and
thé halogen-containing compound (d).

'.(5) Method of-introducing the alkylaluminum compound
(¢}, the halogen—éontaiﬁing compound (d) and the a-olefin
into a solution containing the chfomium'compound (a) and

the nitrogen-containing cocmpound (b).
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(6) Method of-intro&ucing the chromium compound.(a)h
the halogen-containing compound (d) and the a-olefin into a
solution containing the nitrogen-containing compound (b)
and the alkylaluminum compound (cf. |

(7) Method of introducing the chromium compound (a),
the nitrogeh~containing compound (b), the halogen-
'containing compound (d) and the a—olefin_intb a solution
containing the alkylaluminuﬁ compound (cC) .

| (8) Method of introducing the halogen-containing
coméound (d), the nitrdgen—containing compound (b), the
alkylaluminum compound (c) and the G-olefin into a solution
containing the chromipm compo;nd (a).
| (9).-Method of introducing the chromium compound (é),

the nitrogen-containing compound (b), the alkylaluminum
compound (c), the halogen—cbntaining compound (d) and.the
o-olefin into a reaction system simulténeously and

independently of each othar.

" A method of maintaininzy the chromium compound and the

alkyléluminum compound ir .:h a manner as not to come into
‘contact with each other :- - := the ihitiation of an
oligomerization réactioa. : simultaneously and separately
supp;ying the chromium ..% and the alkylaluminum
compound with the 0~ole: . . the reaction system at the
time of ah oligomerizat.  -::zion can be carried out.

In the present inv::: ., zhe expression of "in the
mode that the chromium = - .:.:d and the alkylaluminum

compound co not come int: :>atact with each other before



-32-

the initiation of an oligomerization reaction" means that
lthe chromium compound and the alkyialuminum compound are
maintained in this mode not only before the initiation of
an oligomerization reaction but also when additional o~
olefin and catalyst components are supplied to the reaction
vessel. The said specific contacting mode, however, is of
a preferable mode required at the time of the formation of
the catalyst from the catalyst components, and after the
formation of the catalyst, this mode is unnecessary.
Therefore, after the formation of the éatalyst by the said

mode, it is possible to recycle the catalyst solution
recovered from the reaction s;stem_to the reaction vessel
and it does not contradict with the contacting mode of the
-present invention. | |

Among - of the above-mentioned contacting mode of the
present invention,lthe catalytic activity is remarkably
improved by continuously supplying o-olefin to the reaction
system and continually Suﬁplying each of cétalyst
components the chromium compound (a), the nitrogen-
containing compound (b), the alkylaluminum compound (c) and
the halogen-containing compound (d) to the reaction system
as compared with a batch réaction and the semi-batch
reaction. In case of suppivihg continuously the each
catalyst component to the reaction system, it is preferab.-

" to conduct (-olefin oligcmerization reaction using a

stirred-tank reactor.
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~In a second aspect of the present invention, the
catalyst components which contain at leﬁst the
alkylaluminum compound (c¢) and the halogen-containiﬁg
compound (d) and which does not contain the chromium
cémpound (a) are heated to not lower than 100°C in a
reaction solvent in advance, and the treated catalyst
components are cOntacted_with the rest of the catalyst

~components and an 0-olefin in the reaction solvent. If

after the specific catalyst components are heated they are

contacted with the remaining catalyst components and Q-

olefin, the reaction selectivity is_improved.

The preheéting temperatu;e for the catalyst components
is preferably not lower than 100°C, but if_thé temperature
is too high, there may be a fear of the alkylaluminum
compound (c) being metallized. In consideration of the
progress §f side reaction and economical efficiency, the
preheating temperature is ordinafily set to be not higher
than 200°C. The preferable preheating temperature is 110
to 1805C, and thé more preferable temperature is 120 to
160°C. The prehéating time depends on the-preheating
temperature, but it is ordinarily 5 to 120 minutes,
preférably 30 to 90 minuctes. Although it is not definitely
clear_th_thé selectivity cZ the catalytic reaction is |
enhanced, it is.presumed =~at the chromium-based catalyst

sYstem is formed effectiv=.v and the 0-~olefin

oligomerization is accel=z=rczzed by the preheating.
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The above-described preheéting method is preferably_'
combined with the methbd of "a mode that the chromium
compound and the alkylaluminum compound do not come into
.contact with each other before the initiation of a
reaction®. For éxample, in the case of the introducing
method (1), én o-olefin aﬁd the chromium compound (a) are
introduced into a solution contaihinq the nitrogen-
containing compound (b), the alkylaluminum compound (c) and
the halogen-containing compound (d), which is preheated to
a temperature of not lower than 100°C. For another
ekample,'in the caée of the_introducing method (4), an.a-
olefin, the chromium compound (a) and the nitrogen-
.containiﬁg compound (b) are introduced into a solution
containing the alkylaluminum compound {(c) and the haldgen—
containing Eompound (d), which is preheated to a

temperature of not lower than 100°C. This method produces
an excellent result in the reactioh'selectivity,-the
catalytic activity, etc. in comparison with the method in
- which after a solution containing the chromium compound
fa),_thé alkylaluminum compound (c) and the halogén-
‘containing qompound (d) is preheated to a temperature of
not lower than 100°C, and thereaftér an o~olefin is
introduced into the resultant solution.

In the preheating method, a halogen-cohtéinihg
compound which contains an element in the Groups iIIA;
IIIB, IVA, IVB, VA and VB in the Periodic Table is

preferably used as the halogen-containing compound (d).
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" In the avae-mentioned specific concacting mode and.
preheating mode, the existing'amount of the chromiﬁm |
cémpound (a) in the reaction.system is ordinarily 1 x 10-7
to 0.5 mol, preferably 5 x 10-7 to 0.2 mol, more preferably
1 x 1076 to 5 x 102 mol based on one litre of the reaction
solvent. The existing amount of the nitrogen-containing
compound (b) in the reactioﬁ system is ordinarily 1 x 10~7
to 0.1 mol,.preferably 5 x 107 to 5 x 10~2 mol,; more
preferably 1 x 10-6 ﬁo 1 x 1072 mol based on one litre of
the reaction solvent. The existing amount of the
alkflaluminum'compouhd (c) in‘*the reaction system is
ordinarily 1 x 107 to 7 x 10-2 mol, preferably 5 x 107 to
5 x 10‘2”mol, more preferably 1 x 1076 to 1 x 16'2 mol Sased
on one litre of the reaction solvent. 'The existing amount
the halogen—containing_compound (d) in the reaction system
is ordinarily 1 x 10~7 to 0.1 mol, preferably 5 x 10-7 to 5
x 1072 mol, ﬁore preferably 1 x 1076 to 1 x 10-2 mol based
on one litré of the reaction solvent. It is preferred to
use a caﬁalytically effective amount of each of the
catalyst components.

In the preseht invention, the molar ratio of (a) the
chromium compound, (b) the amine or metal amide, and (c)
‘the alkylaluminum compound in the reaction system is
adjusted ordinarily so as ©o (a) : (b) : (c) : (d) =1
0.1 to 100 : d.l to 500 : .1 to IQO, preferably {(a) : (b)

(c) : (d) =1:0.1to 10 :1¢to 100 : 0.1 to 20, more

preferably (a) : (b) : (¢) : (d) =1.: 1 to5 : 5 to 50 :1



to 10. By combining such specific conditions, it is
poséible to produce (t-olefin oligomers, for example
hexenes, in a yield of not less than 90 % by weight (ratio
to the total amount of products), and further, the
éelectivity of l-hexene in the produced hexenes can be
enhanced to 99%_of'more.

| In a third aspect of the present invention, the
oligomerization of an'a;olefin in a reaction solvent is
conducted by a sémi-batch process or by a continuous
process, and at least one catalyst component selected from -
the group consisting of the njtrogen-containing compound
(b), the alkylaluminum compound (c) and the halogen-
cdntainihg compound (di is added as supplement to the
feaction system. According to this process, the activation

of the catalyst in the reaction system is realized, so that

it is possible to produce a a—olefin'oligomer comprising 1-

‘hexene as the main ingredi=nt especially from ethylene'with

a high_yield and high sel:.-ivity

In the catalyst sys- - ~:mposed of the above-described
catalyst componenté, sir- -:- catalyst begins to
deactivate about 30 to -  .—es after the initiation of a
reaction (when the resi. - .me of the o~-olefin as the

. raw material exceeas 3C - ~inutes), it is very

important to enhance th- .. -ic efficiency. It is
preferable to improve tbh- :'1;?tic'efficiency by
activating the catalys£ .: -2 reaction system in order to

use the catalyst only onz: and then throw it away.
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According to the.above~described process, this demand is
satisfied. | |

The reaction in a semi-batch process is achieved by
continuously supplying an ¢~-olefin to the reaction vessel,
and the reaction in a continuous process is achieved by
uSing a tubular reactor or a multi;staged stirred tank.
The tubular reactor is fundamentally a reaction apparatus
for introducing a reaction componént from one end of a
straight tube or a coiled or a U-shaped tube and
discharging the reaction product from the o;her end
thereof.‘.The multi-staged stirred tank is fundamentally a
reaction apparatus compésed of a pluiality of stirred tanks
- which are arranged in series. A reaction component is
introduced to a first stirred tank, then it is moved to
subsequent tanks and the reaction product is discharged
from the final stirred tank.

lThis mode pf adding a specific catalyst component is
preferably combined with the method of "a mode that the
chromium compound and the alkylaluminum cémpound do not
come into contact with each other before the initiation of
a reaction”. 1In the case of a semi-batch process for the
reaction, after the catalyst componehts are contacted in
the above-described specific mode( the reactioh ié
initiated in the reaction vessel, an O~olefin is
continuousiy supplied to the reacﬁion vessel in such a
manner that hhe reaction pressure is maintained at a

constant pressure, and the above-described specific
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catalyst component is'added to thé reaction vessel. In the
case of a continuous reacﬁion process using a tubular
reactdr, the catalyst cdmponents other than the chromium
compound are introduced from the end of the tubular

reactor, and the 0-olefin and the chromium compound are

introduced from a middle.of the tubular reactor. After all
of the catalyst components and O-olefin are contacted and a
oligomerization is initiated, the specific catalyst
component is introduced from an appropriate position of the
~ tubular reactor. In the case of a continuous reaction
process using a mplti—staged stirred tahk, the chromium-
based catalyst';nd a-olefin a}e introduced to the first
stirréd tank, and the-specifié cata}yst component is added
to a stirred'tank'after the first stirred tank.

The timing at.which the specific catalyst component is
added is ﬁot limited, but ordina:ily it is after the time
at which the catalytic activity begins to lower. It is
possibie to add the specific catalyst éomponent after the
déactivation of the catalyst, but to provide a long
deactivation period is industrially disadvantageous. It
is, therefoﬁé; preferable to add the sﬁecific'catalyst
compénent in the period between the time at which the
catalytic activity begins o lower and the time at which
the catalyst deactivates. Thié pefiod varies.acéording to

the types of the catalyst c-zmponents, but it is about 15 to
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reaction (when the residence time of the (t~olefin as the

raw material exceeds 15 to 90 minutes).

As the nitrogen-containing compoﬁnd (b}, the
alkylaluminum compound (c) and the halogen-containing
compound (d) which are supplemented'in the reaction system
as the specific reaction compound, the same compounds as
the catalyst components which are used for the initiation
of the oligomerization, but it is not always'ﬁecessary that
they are the same. The specific catalyst component may be
added to the reaction system any numbér of times until the
catalyst completelf deactivatés. For example, in the case
of a.sem§-batch process, it is possible to add the specific
cétalyst component every time a predetefmined'reaction time
elapses; In the case of a continuous reaction using a
tubular reactor or a multi-~-staged mixed tank, it is
possible to add the specific catalyst component from
appfopriate positions at which the residence time is
different. | |

In case of.adding the said catalyst componenté, the -
amount of the chromium compound used in the initiation of
the oligomérization is 1 x 107 to 0.5 mol, preferably 5 x
107 to 0.2 mol, more preferably 1 x 10‘5-to 5 x 1072 mol
based on one litre of the reaction solvent.

The amount. of each componeht added as supplehent each
time is not defined as the deactivation sbeed of the
catalyst system can not ﬁniformly defined because it is

- changed due to the reaction conditions, but an amount of
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nitrogen-contaiﬁing compound (b), an amount of
alkylaluminum compound (c) and an amount of halogen-
containing compound (d), which are added as suppiement, are
respectively preferably not more than 10 mol, more
preferably 0.1 to 10 mol, still more preferébly 1 to 5 mol,
preferably not mqre than 100 mol, more preferably 1 to 100
mol, still more preferably 5 to 50 mdl, preferably not more
than 20 mol, more preferably 0.1 to 20 mol, still more
preferably 1 to 10 mol, per one mol of the chromium
compound (a) added at the initiation of the
oligomérizatiqn; | .
| According to this method of supplementing a specific

catalyst-component, it is poésible to activate the
chromium-based cataiyst whose catalytic activity'(g-a—
olefin/g—chromium-Hr) in the reaction system gradually
‘lowers and continuously to use the chromium-based catalyst.
It is, therefore, possibié to greatiy enhance the
efficiency of the chromium-based catalyst by using it until
it completely deactivates, for example, due to the thermal
hiétcry.

In the method of adding a specific catalyst component,
a halogeﬁ-containing compound which contains an element in’
the Groups IIIA, IIIB, IVA, IVB, VA and VB in the Periodic
Table_is preferably used as the haldgen—containing compound. -
(@) .

The O-olefin oligomerization ‘can also be:cérried out

in the presence of water ¢ 0.001 to 1.5 mol based on one



mole of alkylaluminum compound (c) in the reaction system.
For example, n-heptane used as the réaction solvent may
contain about 100 ppm'of water. If such n-heptane is used
as the reaction solvent, thouéh depending to the molar
ratio of the éétalyst components, the molar ratio of water
accompanied from tﬁe reaction solvent to the alkylaluminum
compound (c¢) is more than 1;5 mol, so that a large amount
of polymers such as polyethylene, etc. is by-produced and
the selectivity of the objective products is remarkably
lowered. However, it is relatively easy to decrease the
water content of n-heptane to,5 to 20 ppm. For example, in
case.of removing water by a distilling column, the.
distilling column having a relatively small number.éf
-stages can be used. The treating method comprising using
desiccating agent which is a little utility as compared
with the distilling column. Therefore, by_exiéting water
of 0.001 to 1.5 mol based ﬁn the alkylaluminum compound (c)
in the reaction system, itz iz possible to pare down
refining cost which is ur- - ;5sary.and it is remarkably

profitable in industrial.

Further, it is pre? - —hat the catalyst
components, the'reactic: -z and o—-olefin are
previously treated with .-:iccating agent, such as
molecular sieves, to ad- - - .- water content_existing in
‘the reaction system. A. .2siccating agent, molecular
sieve are_usable; Also, . .rzder to dry the reaction

solvent, the alkylalumin.: :ompound which is one of the



catalyst components can be used for the desiccating agent.
In this case, since aluminoxane is by-produced by the
reactioﬁ of the alkylaluminum cbmpound and water, before

using as the catalyst component the alkylaluminum compound,

it is preferred that the produced aluminoxane is removed by

filtration, etc.

in the present'invention, it is possible to add at
least one selected from the group consisting of an
alkylating agent, a reducing agent and a halogen-containing

compound to the solveht containing the.catalyst components
which is récovered by separating the ¢t-olefin oligomer from
the reactioﬁ solution by distfllatidn, and to circulate the
mi#ed solvent to the reaction system. ‘That is, it is
possible to activate the catalyst by a simple operation of
adding the above-described specific compouhd to the solvent
containing thé éatalyst éomponents. It goeé without saying
that there 1is nb bad influence in circulating the activated
catalyst to the reaction éystem together with the added
componént. .

In-thié method, a halogen-containing compound which
contains an element in the Groups IIIA, IIIB, IVA, IVB, VA
and VB in the Periodic'Tabie is preférably used as the
halogen—containiné compound (d).

In this method of the present invention, distillation
for séparating 0-olefin oligomers may not necessarily be
conducted on all of the sutstances in ﬁhe reaction mixtu:¢

For instance, in case of zroducing l-hexene from ethylen-=,
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.small amount of other (-clefin oliéoﬁers such as l-octene
may be left in the reaction mixture without_separation;
Also, the by-products such as Cig-20 compounds may be left
in the reaction mixture. | | |

As examples of an alkylating agent added to the
solvent containing the catalyst componenﬁs alkylaluminum
compounds such as triethylaluminum, which is described
above as one of the catalyst components are usable. Other
examples of the alkylating agent are a Grignard reagent
(RMgX) , alkyl iithium (RLi), and alkyl boron (BR3). The
_ alkyléluﬁinuﬁ compound élsoISQrves as a reducing agent.
Therefore, as the reducing agent which is added to the
solvent ¢ontaining the catalyst components, ah
alkylaluminum compound as an alkylatinq agent is uséd, but
the reducing agent is not restricted thereto and ofdinary
reducing agents are usable. The ordinary reducing agents
are, for example, NaBH4, LiAlHg4, LiH,'NaH; KH, Na, K, Mg
‘and Hz. As the halogen-containing compound, each halogen-
containing compound which is described above as one of the
 catalyst components is usable.

;The amount of each c:mponént added each time is not
;estricted, but in the cas2 of an alkylatiﬁg agent or a
reducing agent, a preferr=d amount gf alkylating agent {the
redﬁcing agent is regarded z2s the'alkylating agent) added
is 1 to 100 mol, more pr=izrably S5 to 50 mol based on one
mol of the chromium comp::;i (a) used at the initiation of

the oligomerization. A grazferred amount of halogen-
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containing agent added is 0.1 to 20 mol, more preferably 1
to 10 mol based on one mol of the chromium compound (a)
used at the initiation of the oligomerization.

The 0-olefin oligomer is recovered by distilling off
the solwvent afper the polymeric by-product is separated
from the reaction liquid, and the 0-olefin oligomer is
purified, if necessary. For the_putification, a
distillation proéess.is ordinarily adopted so as to recover
the objective compound of a high pur;ty.

The polymeric by-product is separéted from the
reaction solution by appropriétely using a known solid-
iiquid.separator. In the present invention, it is
preferable to use a solid-liquid separator having a-
structure of discharge of the solid contents by using a
fotéry screw.while separating the solid contents by
centrifugal separation. By using the solid-liquid
separator having such a structure, the separation of the
powdery polymeric by-product is greatly facilitated.

A solid/liquid separator having the above-described
specific structure is per se known. For example, this type
of separator is commercially available under the tréde nanme
of "Sharples.Super-D-Canter" (manufactﬁred by Tomoé Kogyo
Co., Ltd.). Also, yarious types of screw—adapted.
centrifuges are marketed by Ishikawajima Harima Industrial
Co., Ltd. |

The said solid/liquid separator is mainly.compésed of

an external bowl having a shape of a cylinder and a cone
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combined integrally with each other, the said bowl being
supported at ité both ends by bearings and equipped.with a
discharge port for separating liquid and solid matter; an
internal screw arranged inside of the said bowl coaxially
therewith, and having equipped therearound a screw blade
and a plurality of liquid spouts in the body portion; a
feed tube for feeding the stock solution through the liquid
spouts in the body portion of the said internal screw; a
.rotatory mechanism'(planetary gears) designed to produce a
rotational difference between the saidlexternal bowl and
internal screw in the same_di;ectioﬁ; and a casiﬁg
enclosing said external bowl, and havihg a discharge port
for separating liquid and solid matter. There are two
types of separatoﬁ such as a vertical separator and
horizontal separator.

In operation of the above solid/liquid separator, the
external bowl ;s rotated at high speed while the internal
screw is rotated at a lower speed, whereby the stock
~solution supplied from the feed tube is centrifuged, with
~ the solid matter being separated to the wall surface side
"of the said bowl and discharged out of the system by the

conveYing action of the screw. In the present invention,
the operating conditions 2<% the said solid/liquid separator
are not subjected to any sgecific ;estrictions, but usually
the external bowl is operz:ed at a speed of 2,000 to 6,000

r.p.m., while the internal screw is operated at a speed
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about 500 to 1,600 r.p.m. lower than the speed of the
external bowl.

The reaétioh liquid is supplied to the solid-liquid
separator without melting the pblymeric by-product after
the pressure is-quered to an appropriate pressure when
the reaction is carried out under pressurization. If the
polymeric by-product is dispersed by stirring the reaction
liquid prior to the supply of the reaction liquid to the
solid-liquid separator, it is possible to control the
particle size of the pblymeric by-produtt.

In thé preéent invention, the reaction solution
containin§ the catalyst components is contacted with an
‘aqueous écidic or alkaline solution of not more than 2.5
mol/litre so as to remove the catalyst components
therefrom, so that it is possible to enhance the purity of
the a—olefin oligomers. |

The various substancssz obtained from the

oligomerization reactiorn :7 ¢-olefins can be'applied to
v;ricus uses. For insta: -, _-hexene recovered from
distilled a-olefin olig: - - -:mposition can be used as a
starting monomer for fz: - o of useful polymers such as
linear low~density pol:- .2 (L-LDPE). Also, l-butene
or butane of C4q, l-octse: s=ane of Cg( etc., can be
converted into correspc: : :;lﬁonic acids derivativés_by
. adding hydrogen sulfide " : .xidizing the resultant
mixture. Salts of such ...Z:znlc acids are useful as

surfactant.

L
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Thus, trying to enhance purity of the produced «-

olefin oligomers by removiﬁg the cataiyst components such
as chromium compound contained in the reaction mixture is
'important in_use of the various substahdes obtained from
the oligomerization reaction of 0-olefin. Further,
depending on the conditions of distillation separation of
thé substancés, there may arise thé problems such as
deposition of the catalyst components such as chromium
compound on distillation column, so that it is necessary,
from such aspect, to reﬁove the catalyst components such as .
chromium compound contained in the reaction mixture.

AS the acids for removing the catalyst compohents
contained in the reaction mixture, nitric acid,
hydrochléric acid and sulfuric acid are preferably used,
and as the alkali, sodium hydroxide, pbtassium hydroxide
and calcium hydroxide are preferably uséd. Such an acid or
alkali is used at a low concentration such as.ﬁot higher
than 2.5 mol/litre. A preférred concentration of an acid _'
is 1.0 x 10-5 to 2.0 mol/litre, and a preferred |
concentration of an alkaii is 3.0 x 1077 to 2.0 hbl/litre.

Contact of the reaction mixture containing the
éatalyst components with an aqueous acid or alkali soluti:cn
-can be accomplished by using &arious typeé of extractor,
but it is preferred to uss an apparatus composed of a
stirred tank and a statiocnary séparating tank. Such tan-
may be arranéed in single stage or multiple stages. The

extraction system may be either batchwise or continuos.
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The catalyst components easily removed by the said
extraction; althougﬁ variable depending on the type of
extracting agent used (acid or alkali aqueous solution),
are mostly chromium compound (a), the nitrogen-containing
compound (b) and alkylaluminum compound (c). In-the
present invention, if'necessary, there may be used two
stirring tanks to perform extraction with both an.acidic
aqueous solution and an alkaline aqueous solutioﬁ.

The extracting cpnditions are.not critical, but in
case.of.using stirring tank ahd stationary séparatiﬁg tank,
a volume ratio of the oil layer to aqueous layer in the
stirring tank is usually 1 : o.i to 10, preferably 1 : 0.5
to 5, anfreating temperature is usually 25 to 60°C ;

- preferably 40 to 60°C, and a treating time is usually 5 to
120 minutes, preferably 30 to 90 minutes.

Removal of the.catalyst components can be performed at
any desired sﬁage after oligomerization., Therefore, the
reaction mixture containing the catalyst coﬁponents is not
limited to tﬁe reaction mixture which has just been led out
of the'reacﬁion system, énd it may be the reaction mixture -
distilled off the main ccmponents of o-olefin oligomers
and/or solvent. However, in case the cgtalyst components
are removed from the react-ion ﬁiXture_distilled'off the
great part of o-olefin ciigomers and solvent, there may
, a:ise the problems such a3 depositioh of the'catalyst
compohents 6n the distillazion column in the distillation

separation just before the removal operation. Therefore,
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removal of the catalyst components needs to be conducted at
a stage where the catélyst compbnents are not yet .
concentrated to a high degree'after.distiliation of the
reaction mixture.

In the case of removing the catalyst components,'the
concentration of the chromium compouhd {(a) in the reaction
solution is preferably comparativély low. The
concentration of the sqlvent is preferably in the range of
1.0 x 10-7 to 0.1 mol/litre, and more preferébly 2.0 x 1077
to 0.02 mol/litre.

Metal ions in the acidic or alkaline aqueous solution
after extraction treatment caﬁ be recovered by a known
method, for example,'a method using a chelate resin.
"Diaion CRlO", "Diaion CR1l" (produced by Mitsubishi
Chemical Corporation), can be used as chelate resin. These
chelate resins enable efficient recovery of trivalent
chromium ions and aluminum ions. For recovering metal
ions, it is also possible to employ é method in which the
desired substances are precipitated as insoluble metals by
making use of a pertinent chemical reaction, or a
combination of such method and the method using a chelate
resin. |

In the.preéént invention, since the concentration of
thé aéueous acid or alkali solgtion used for removing the
catalyst-is low, it is'possible to reduce fhe load.at the
step of.neutralizing_the e#tract at the time of recovering

the metal ions. In addition, since a low concentration of



the aqueous acid or alkali solution is used, it is possible
to recover an eipensive amine from the catalyst componénts
and to reuse the recovered amine.

That is, in the case of using a low concentration of
an aqueous alkali solﬁtion,-for example, since it is
possible to suppress the reaction between an amine such as
pyrrole and a halogen compound, it is:possible to recover
the expehsi&e amine which remains in the oil layer by
distillation or the like and to reuse the recovered.amine.
In the case of using a low concentration of an acid aqueous '
‘solution, since it is possiblg to suppress the |
-polymerizatidn réaction of an amine such as pyrrole, it is
pos$ible'to recover the expensive amine by distillation
after the neutralization step or the like, and to reuse the
recovered amine.

The réaction mikture cleared off the catalyst
compoﬁents is usually washed with water to remove the acid
or alka;i mixed therein and then separated into o-olefin
oligomers and solvent by distillation. Such distillation
separation can be accomplished by using a known
distillation apparatus. The recovered solvent ﬁay be
recycled to the reaction system. It is possible tq produce
L-LDPE, which is a useful resin, from ethylene and 1l-
hexene, which is produced by the process of the present
invention, by a polymerizacion reaction using a known

polymerization catalyst.
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According to the present invention described above,
oligomers of O-olefin(s) such as l-hexene can be produced .
in a high yield with high selectivity without complicate
operations and in an industrially advantageous way. It is
also possible to'pfevent deposition of the poiyme:ic by-
products on ﬁhe réactor,_distillation column, other
incidental equipment, and piping. According to the present
invention, it is possible to activate thé catalyst in the
reaction system; and to.circulate the activated catalyst to
the reactidn systém by a Simple operation. Still further,. B
according to the present inveption, since it is possible to
obtain l-hexene in a high yield, distillation recovery 6f
the reaction solvent to be recycled to the reaction system
'can be practiced at low load, and separation of the
polymeric by-products after the reaction can be
accomplished under ordinary pressure or low pressuré in an

industrially advantageous wav.

EXAMPLE:

The présént invent. .ol now be described in more
detail with reference ¢ - :llowing éxamples and
'compafative examples, & " :resent invention is not
restricted to those exa: - 2.1 various modifications are
possible within the sco: © -2 invention.

The reaction condi: . ... Examples 1 to 69 are
coilectively shown in Ta: . ., and the results of the

reactions such as the cous: :sition analysis of O-olefin
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oligomer by a éas chromatography are colléctively shown in
Table 2. . |

In Tables, "Cr(2EHA)3" represents chromium (III) 2-
ethyl hexanoate and "Et3Al" represents triethylaluminum;
The symbols and the numérals in the kind of solvent, the
kind of nitrogen—containing compound and the.kind of
halogen-containing compound.represent as follows.

<Kind of solvent>

"CHX": cyclohexane, "HP": n-heptane, "TL": toluene

<Kind of nitrogen—containiﬁg compound>

(1) 2,5-dimethylpyrrole, (2) maleimide, (3) 3,4-
dimethylméleimidef (4) 3,4-dichloromaleimide

<Kind of halogen—édntaining compound>
(i;:-CClq, (2): SnClgq, (3): n-BuzSnClz, (4): Ph3CCl,
(5) : Ph3CSbClg, (6): Ge¢14, (7) : CHCl3, (8): EtAlClp,
(9) : EtpA1Cl, (10): Et3AlClg, (ll):.n-BuzsnBrz,
(12) : ClpCHCHClz, (13): CH2Clz, (14): CBryg, (15): CH2Brp,
(16) : CsHy1Br, (17): t-BuMe;SiOSO,CF3, (18): B(CgFs) 3,
(19) : CF3SO03H, (20): (CF3)2CHOH '

The numerals and the syﬁbol in the contacting method
in Table 1 represeht as follbws.

(1) : Meﬁhod of introducing a chromium compound and an
0-olefin into a solution containing a nitrogen-containing
compound, an alkylaluminum.compound and a halogeh-
cohtaiﬁing compound. . | | |

(2) : Method of introducihg an O-olefin and an

alkylaluminum c¢ompound irzo a solution containing a



chromium compound, a nitrogen-containing compound and a
halogen-containing compound.

(3): Method of ;ntroduéing an alkylaluminum compound,
a.halogen—containing compound and an &-olefin into a
solution containing a chromium coﬁpound and a nitrogen-
containing compound.

(4) : Method of introducing a chromium compound, a

halogen-containing compound and an OG-olefin into a solution

containing a nitrogen-containing compound.and an

alkylaluminum compound. | -
(X): Method of intr&duciﬁg_a nitiogén—containing

compound, a halogen-containing dompound'énd an a-olefin

into a solution containing é chromium'compouhd and an

alkylaluminum compound.

" In Tables, the unit of the catalytic efficiency is g-

a-olefin/g-chromium and the unit of the catalytic activity
isfg—d—olefin/g—chromium-Hr. The content of chromium metal
in Cr(2EHA)3 used in Examples 48 to 95 was 10.4 % by Weigﬁt
and the content of chromium metal in Cr(2EHA)3 used in
Examples 1 to 47 and Comparative.Examples 1 and 2 was 10.8

% by weight.

Example 1

A 300-ml autoclave which was heated and dried by a
dryer of 1207C was assemblad while it was hot,,énd the air
in the autoclave was replz:2d by nitrogen under a vacuum.

A catalyst component feed tube provided with a rupture
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_plate was previously attached to the autoclave. It had
been confirmed that the.rupture plate was not burst by a
pressure of nitrogen of about S'kg/cmz. 120 ml of
cyclchexane, a n-heptane solution of 0.078 mmol of 2,5-
dimethylpyrrole, a n—héptane solution of 8.00 mg (0.052
mmol) of carbon tetrachloride (CCly) and a n-heptane
solution of 0.390 mmol of triethylaluminum were charged
into the autoclave body side in that Qrdéf, and a n-heptane
solution of 12.5 mg (0.026 mmol) of chromium (III) 2-ethyl
hexanoate was charged into the catalet component feed
tube. The total amount of n-heptane was S ml. At this.
point of time, the chromium campound was not in contact
with thg_triethylalﬁminum.

The autoclave was first héatéd to 80°C and ethylene
was then introduced from the catalyst componeﬁt feed tube
at 80°C. The rupture plate was burst by thé pressure of
ethylené, so that the chromium compound was introduced to
the autoclave body side to start the oligomerization of
- ethylene initiated. _Ethylené was introduced until the
total pressure reached 35 kg/cm? G, and thereafter, the
total pressure was maintained at 35 kg/cm? G and the
reactién temperature at 80°C. 30 minutes after, ethanol
was injectéd-into the autoclave to terminate the reaction.
_Aftér releasing ethylene from the autoclave, the polymeric

by-product (mainly polyethylene) in the reaction liquid was

removed by a filter to obtain an O-olefin oligomer.
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| Example 2
An a—olefin oligomer was produced in the same reaction

as in Example 1 except for using 13.5 mg (0.052 mmol) of

tin tetrachloride. (SnCly! in place of carbon tetrachloride.

Example 3
An 0-olefin oligomer was produced in the same reaction

as in Example 1 except for ﬁsing 12.6 mg (0.041 mmol) of
dibutyltin dichloride (n-BuzSnCly) in place of ‘carbon

tetrachioride.

Example 4

An q—olefin oligomer was produced in the same reaction

'as in Example 1 except for using 11.7 mg (0;042 mmol) of
triphenylmethyl chloride (Ph3CCl) in place of carbon

tetrachloride.

An 0-olefin oligomer was produced in the same reaction

as in Example 1 except for using 24.3 mg (0.042 mmol) of
triphenylmethyl hexachloroantimonate (Ph3CSbClg) in place

of carbon tetrachloride.

Example 6
An O-olefin oligomer was produced in the same reaction

as in Example 1 except for using 11.1 mg (0.052 mmol) of



‘germanium tetrachloride (GeCls) in place of carbon

tetrachloride.

Example 7
An o0-olefin oligomer was produced in the same reaction
as in Example 6 except for using 120 ml of n-heptane in

place of 120 ml of cyclohexane.

Example 8

An O-olefin oligomer was produced in the same reaction
as in Example 6 except for_chgnging the order of charging
the materials into the autoclave body side to the order of
cyclohexane, triethylaluminum, 2,S5-dimethylpyrrole, and

germanium tetrachloride.

Example 9

An 0-olefin oligomer was produced in the same reaction
_as'in Example 6 except f:: _hanging the order of charging
the materials into the .. Tave body side to the order of
cyclohexane, triethylal. , germanium tetrachloride and

2,5-dimethylerrole.

Example 10

A 2-litre autocla-- :. was heated and dried by a
" dryer of 150°C was asse:. . while it was hot, and the air
in the autoclave was re: . -1 by nitrogen under a vacuum.

A catalet component fex: -“ube provided with a rupture
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plate was previously attached to the autoclave. It had
been confirmed that the rupture plate was not burst by a

pressure of nitrogen of about 5 kg/cm2, 730 ml of

‘cyclohexane, a n-heptane solution of 0.47 mmdl of 2,5~

'dimethylpyrrole, a n-heptane solution of 37.2 mg (0.312

mmol) of chloroform (CHCl3) and a n-heptane solution of 2.3

mmol of triethylaluminum were charged into the autoclave

" body side in that order, and a n-heptane solution of 75.2

mg (0.156 mmol) of chromium (III) 2~ethyl hekanoéte was
Charged.into the catalyst component.feed_tube. The total
amount of n-heptane was 20 ml, At this point of time, the
chromium compound was not in contact with-the

triethylaluminum. An oligomerization reaction was carried

out and the polymeric by-product was removed in the same

pfocedure as in Example 1.

Examp._].e_l.l

A 300-ml autoclave prepared in the same procedure as

- in Example was used. 120 ml of cyclohexane, a n-heptane

Solution.of 0.078 mmol of 2,5-dimethylpyrrole, a n-heptane
solﬁtion of-0.39 mmol of triethylaluminum were ¢harged int
the autoclave sody side in that order, and a n-heptane
solution of 12.5 mg (0.02¢ mmol) of chromium (III) Z-ethy:
hexanoate and a n—heptane.solution of 8.00 mg-(0.052-mmol
of carbon tetrachloride (Cl1lgy) were.charged into the
catalyét component feed tube. The total amount of n-

heptane was 5 ml. At this point of time, the chromium

L



compound was not in contact with the triethylaluminum. An
oligomerization reaction was carried out and the polymeric
by-product was removed in the same procedure as in Example

1.

. ole 1
An a—Qlefin oligomer.was produced in ﬁhe same reaction
as in Example 1 except that carbon tetrachloride was not
added. | -
| A 300-ml autociave prepared in the same procedure as
in Example was used. 120 ml of cyclohexane, a n-heptane
.solution of 0.39'mmol of triethylaluminum and a n-heptane
soiution'of 12.5 mg (0.026 mmol) df chromium (III) 2-ethyl

hexanoate were charged into the autoclave body side in that

order. At this point of - im2, the chromium compound was in
contact with the triethy..:.:"~inum. A n-heptane sblution of
0.078 mmol of 2,5-dimetr. .2vole and a n—héptane solution
of 8.00 mg (0.052 mmol) .. zan tetrachloride (CCl;) were
charged into the cataly :nent feed tube. The total
améunt of n-heptane wa:z An oligomerization reaction
‘was carried oﬁt and the ' :ic by-product was remo#ed:in

the same procedure as i: .21,
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| Example 12

A 300-ml autoclave prepared .in the same procedure as
in Example was used. 120 ml of cYclohexane, a n-heptane

solution of 0.062 mmol of maleimide, a n-heptane solution

of 0.311 mmol of triethylaluminum and a n-heptane solution

of 0.042 mmol of ethylaluminum dichloride (EtAlCly) were
charged into the autoclave body side, and a n-heptane
solutioh of 10 mg (0.021 mmol) of chromium (III) 2-ethyl
hexanoate was charged into the catalyst component feed
tube. The total amount of n-heptane was 2 ml. At this
point of time, the chromium cqmpouﬁd ﬁas not in contact
with the triethylalﬁminum; An oligoﬁerization reaction was
carried out and the polymeric by-product was removed in the

same procedure as in Example 1.

Example 13

An o-olefin oligomer was produced in the same reaction

as in Example 12 except for using 3,4-dimethylmaleimide in

place of maleimide.

Example 14

An o-olefin oligomer was produced in the same reactic:

as in Example 12 except for using 3,4-dichloromaleimide irn

place of maleimide.
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Example 15

An 0-olefin oligomer was produced in the same reaction

"as in Example 12 except for using diethylaluminum chloride

(Et2A1Cl) in place of ethylaluminum dichloride.

Example 16

An O0-olefin oligomer was produced in the same reaction

as in Example 12 except for using sesquialuminum'chloride
(Et3A12Cl3) in place of ethylaluminum dichloride.
Example 17

An a-~-olefin oligomer was produced in the same reaction

as in Exémple 12 except for using 48 ml of cyclochexane and

1 ml of toluene in place of 48 ml of cyclohexane.

Example 18

An a—élefin oligomer.was produced in the same reaction
as in Exémple 12 except for éhanging the amount of.solvent
and the amount of cétalyst components. That is, 120 hl of
cyclohexane, 0.156 mmol of maleimide, 0.779 mmol of
trie;hylaluminﬁm, 0.104 mr2>! of ethylaluminum dichloride,

2.5 mg (0.0052 mmol) of chrsmium (III) 2-ethyl hexanoate

and S5 ml of n-heptane wer:s used,



Example 19

An O-olefin oligomer was produced in the same

.as in Example 12 except for changing the amount of

ethylaluminum dichloride to 0.073 mmol.

Example 20

An o—~olefin oligomer was produced in the same

as in Example 12 except for changing the amount of

ethylaluminum dichloride to 0.208 mmol.

;.&amgLLZl

An ¢0-olefin oligomer was produced in the same

as in Example 12 except for changing the amount of

ethylaluminum dichloride to 0.126 mmol.

Example 22
An O-olefin oligomer was produced in the same

as in Example 12 except for changing the amount of

triethylaluminum to 0.934 mmol.

Example 23
An o-olefin oligomer was produced in the same

as in Example 12 except for changing the amount of

reaction

reaction

reaction

reaction

reaction.

catalyst

components. That is, 0.108 mmol of maleimide, 0.42 mmol of

‘triethylaluminum and 0.062 mmol of ethylaluminum dichloride

- were used.



Example 24

An a—olefin_oligomer was produced in the same reaction
as in-Exémple 18 except that 2.5 mq (0.052 mmol) of
chromium (III) 2-ethyl hexanoate was used, that the
temperature at which ethylene was introduced and the
reaction temperature were changed to 50°C, and that the

pressure at the time of reaction was changed to 20 kg/cm?G.

Example 25
An O0-olefin oligomer was produced in the same reaction -
as ih-Exampie 12 except for uging 0.032 mmol of tin

tetrachloride in place of ethyialuminum dichloride.

Example 26

An o-~olefin oligomer was produced in the same reaction

as in Example 12 except for using 0.063 mmol of dibutyltin

dichloride in place of ethylaluminum dichloride.

An a-olefin oligomer was produced in the same reaction
as in Example 12 except for using 0.084 mmol of dibutyltin
dibromide (n-BuzSnBr2) in place.of ethylaluminum

dichloride.
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EEEEEIQ Za
An d-olefin oligomer was produced in the same reaction
as in Example 12 except for using 0.021 mmol of dibutyltin

dibromide in place of ethylaluminum dichloride.

Example 29

An a-olefin oligomer was produced in the same reaction
as in Example 24 except that 0.104 mmol of carbon
tetrachloride was used in .place of ethylaluminum dichloride

and that the reaction temperature was changed to 80°C.

Example 30 *
An O-olefin oligomer was produced in the same reaction

as in Example 12 except for using 0.062 mmol of
tetrachloroethane (ClgCHCHClz) in place of ethylaluminum

dichloride.

_ o
An o—-olefin oligomer was produced in the same reaction

as in Example 29 except for using 23.4 mmol of

dichloromethane (CH2Clz) in place of carbon tetrachloride.

Example 32

An o-olefin oligomer was produced in the same reaction

as in Example 12 éxcept for using 0.084 mmol of carbon

tetrabromide in place of ethylaluminum dichloride.



-}

Example 33
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An 0-olefin oligomer was prdduced in the same reaction

as in Example 12 except for using 0.084 mmol of

dibromomethane (CH2Br2) in place of ethylaluminum

dichloride.

Example 34

An O-olefin

as in Example 12

bromide (CsH11Br)

Example 35
An O-olefin

as in Example 12

dichloride and O.

of ethylaluminum

Example 36
An O-olefin

as in Example 12

dichloride and 0.

of ethylaluminum

- Example 37

An o-olefin

as in Example 12

oligomer was produced in the same reaction

except for using.0.084 mmol of pentyl

in place of ethylaluminum dichloride.

ocligomer was produced in the same reaction

except for using 0.084 mmol of dibutyltin

021 mmol of dibutyltin dibromide in place

dichloride.

oligoms:::
except
010 mr

dichl

oligor-

except

:z produced in the same reaction

~ing 0.062 mmol of dibutyltin

:ibutyltin dibromide in place

rroduced in the same reaction

sing 0.062 mmol of dibutyltin
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dichloride and 0.002 mmol of dibutyltin dibromide in place

of ethylaluminum dichloride.

Example 38

An O~oclefin oligomer was-produced in the same reaction
as in Example 12 except for using 0.168 mmol of
diethylaluminum chloride and 0.042 mmol of carbon

tétrachlqride in place of ethylaluminum dichloride.

Exampla_iﬂ'

An o-olefin oligomer was produced in the same reaction

as in Example 29 except for uding 0.26 mmol of t-

butyldimethylsilyl trifluoromethanesulfonate (t-

BuMezSi0802CF3) in place'of carbon tetrachloride.

Example 40

An 0~olefin oligomer was produced in the same reaction

as in Example 12 except for using 0.042 mmol of

trispentaflﬁorophenylboron (B(CgF5)3 in place of

ethylaluminum dichloride.

Example 41 -
An 0-olefin oligomer was produced in the same reacti:-:

as in Example 12 except for using a reaction solution wh: -

‘'was obtained by mixing 0.:126 mmol of

trifluoromethanesulfonic zacid (CF3SO3H) and 0.125 mmol c:

5
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triethylaluminum in n-heptane in a different vessel, in

place of ethylaluminum dichloride.

Example 42

An O-olefin oligomer was produced in the same reaction
as in Example 41 except for changing the amount of catalyst
components reacted in the different vessél to 0.415 mmol of
tfifluoromethanesulfonic acid and 0.411 mmol of

triethylaluminum.

Example 43

An a-olefin oligomer was'produﬁed in the same reaction
~as in Example 41 except for changing the amount of catalyst
components reacted in the different vessel to 1.246 mmol of
“trifluoromethanesulfonic acid and 0.411 mmol of

triethylaiuminum.

Example 44
An o-olefin oligomer was produced in the same reaction

as in Example 29 except for using 0.104 mmol of
hexafluoroisopropanol [(CF3)2CHOH] in place of carbon

tetrachloride.

Example 45

An a-olefin oligomer was produced in the same reaction
as in Example 12 except f-r changing the place into which

the catalyst components were charged. That is,
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cyclohexénei a n-heptane solution of maleimide, a n-heptane
solution of chromium (III) 2-ethyl hexanoate and a n-
heptane solution of ethylaluminum dichloride were charged
into the autoclave body side, while'a n-heptane solutioﬁ of
triethylaluminum was charged into the complex component

feed tube.

Example 46

An d—olefin oligomer was produced in the same reacfion
as in Example 12-except_fo£ changing the place into which
the catalyst componehts were charged. That is; |
~cyclohexane, a n-heptane solution of maleimide, and a n-
heptane solution of chromium (III) 2-ethyl hexanoate were
charged into the autoclave body side, while a n-heptane
solution of triefhylaluminum and a n-heptane solution of
ethylaluminuﬁ dichloride were charged into the.COmplex

component feed tube.

Example 47
-~ An a-blefin oligomer was pfoduced in the same reaction -
as in Example 12 except for changing the place into which.
the catalyst components were charged. That is,
cyclohexane, a n-heptane solution of maleimide and a n-
heptane solution of triethylaluminum were charged into the
autoclave body side, while a n-heptane solution of chromium

(III) 2-ethyl hexanoate and a n-heptane solution of



ethylaluminum dichloride were charged into the complex

component feed tube.

Example 48
A 2-litre autoclave which was heated and dried by a

dryer of 120°C was assembled while it was hot, and the air
in the autoclave ﬁas replace by nitrogen under a vacuum. A
catalyst component feed tube prbvided with a rupture pléte
was previously attached to the autoclave. it had been.
confirmed that the rupture plate was not burst by a
pressure 6f nitrogeh of abouﬁ.s kg/cm?. 730 ml of_n—
heptane, a n—heptane solution.of 0.140 mmol of 2,5-
dimethylpyrrole, a n-heptane solution of 0.700 mmol of
triethylaluminum and a n-heptane solution of 39.4 mg (0.235
mmol) of 1,1,2,2~tetra¢h16roethane were charged into the
autoclave body Side, and a n-heptane solution of 22.S mg
(0.047 mmol) of chromiuh (IiI) 2-ethyl hexanoate was
charged into the catalyst component feed tube. The total
amount of n-heptane was 750 ml. |

. The mikture of 2,5—dimethyipyrrole, triethylaluminum
and 1,1,2,2—tetrachloroéthane in the autoclave was first
heated to 120°C and after the mixture was held for 1.0
" hour, it was cooled'to 8G°C. Ethylene was then introdﬁced
from the catalyst component feed tubef The rupture plate
was burst by the pressure of ethylene, so that the chromium
compouﬁd was introduced to the autoclave body side and the

oligomerization of ethylene started. Ethylene was
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introduced until the total pressure reached 35 Kg/cm2G and
thereafter, the total pressure Qas maintained at 35 Kg/cm2G
and the reaction temperature at 80°C for O.5_hour;

- After releasing ethylene ffom_the autoclave,  the
polymeric by-product_(mainly polyethyléne) in the reaction
liquid was removed by a filter so as to obtain an a-olefin

oligomer.

E_&mpl.e_j.&

An a~olefin oligoﬁer was produced in the same reaction
as in Example 48 except for changing the heating |
temperature for the mixture o} 2?5—dimethylpyrrole;

triethyl?luminum and 1,1,2,2-tetrachloroethane in the

.autoclave to 140°C. -

Example 50

An a~oléfin oligomer was produced in the same feaction
as in Example 48 except -::- 730 ml of n-heptane, a n-
heptane solution of 0.7 ~31 of triethylaluminum and a n-
heptane solut;on of 39.. ”;235 mmol) of 1,1,2,2-
ﬁetfachloroethane were ) : in%o_the autocla&e body
side,. and a n-heptane | :.éf 22.5 mg (0.047 mmol) of
chromium (III) 2-ethy! ze and a n-heptane solution
of 0.140 mmol of 2,5-c. - wrrole were charged into the
~catalyst component fee.: | . and that the mixture of
triethylaluminum and 1, .. ..«:etréchloroethane in the

autoclave was heated tc .. .°C.
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Example 51

An o-olefin oligomer was produced in the same reaction
as in Example 48 exéept that heat treatment of the mixture
of 2,5-dimethylpyrrole, triethylaluminum and 1,1,2,2-

tetrachloroethane in the autoclave.wds not executed.

Example 52

A 2-litre autoclave which was prepared in the same
procedure as in Example 48 was used, and 730 ml of n-
heptane, a n-heptane solution of 0.140 mmol of 2,5-
dimethylpyrrole, a n-heptane solution of 0.700 mmol of
triethy;gluminﬁm and a n-heptane solutién of 39.4 mg (0.235
mmol) of 1,1,2,2-tetrachloroethane were charged ihto the
autoclave body side, while a n-heptane solution of 22.5 mg
(0.047 mmol) of chromium (III) 2-ethyl hexanoate was
charged into the caﬁalyst component feed tube. The total
‘amount of n-heptane was 750 ml. At this point of time, the
chromium compound was not in contact with the
triethylaluminum. |

In order to prepare the volume of.hydrogen in the gacs
phase of the'éutoclaﬁe to 2.8 vol%, hydrogen was first_
bubbled in the liquid in the autoclave under a normal
pressure so as to make a nydrogen atmosphere. The
_autoclavé was then Heated to 80°C and ethylene was
introduced from the catalyst component feed tube. The

rup;ure'plate was burst by the pressﬁre of ethylene, so
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thaf the chrohium compound was introduced to the autoclave
body side and the oligomerization of ethylene initiated;
Ethylene was introduced until thé total pressufe reached 35
Kg/cm2G and thereafter, the total pressure was maintained
at 35 Kg/cm2G and the reactiqn temperature-at 80°c.

.~ After the reaction continued for 0.5 hour, the
autoclave was degassed by releasing the pressure of the
autociave. The polymeric by-product (mainly polyethylene)

in the reaction liquid was removed by a filter so as to

obtain an O-~olefin oligomer.

Example 33
An 0-olefin oligomer was produced in the same reaction
as in Example 52 except that the partial pressuré of
ethylene was maintained at 35 Kg/cmz'é and that hydfogen
was supplied so that the hydrogen volume in the-gas phase

of the autoclave was 11.0 vols.

Example 54

An c-olefin oligomer waslprodqced in theISame reaction
as in Example 52.except that the partial preséure of
ethylene was maintained z2: 35 Kg/cm? G and that hydrdgen'
was supplied so that the hyvdrogen volume in the gas phase

of the autoclave was 23.3 vols.



-72-

Example 55

An a-olefin oligomer was produced in the same reaction -
as in Example 52 except that hydrogen did not exist in the

gas phase of the autoclave.

Example 56

.A 10-1litre autoclave kcontinudus stirred-tank reactor,
liquid content: 7.5 litre) provided with two catalyst
component feed tubes and one overflow tube was heated and
dried by_a dryer of 150?C, and assembled while it was hot.
The air in the autoclave was replaced by nitroéen under a
‘vacuum. A n-heptane solution.of 1.85 mmol/Ht of 2,5-
dimethylpyfrole, a n-hepténe solution of 9.0. mmol/Hr of
triethylaluminum and a n-heptane solution of 3.0 mmol/Hr of
1,1,2,2-tetrachloroethane were continuously supplied from .
one catalyst’compoﬁent feed tube, and'a nrhéptane solutidn
of 0.29 g/Hr and 0.60 mmol/Hr of chromium (III) 2-ethyl |
hexanoate and a mixed gas of ethylene and hydrogen
'(hydrogen'concentration: 2.0 vol%) were continuously
supplied from the othér éatalyst component feed tube. The
total amount of n-heptane supplied was controlled to be 5.0:
iitre/ Hr.

The reaction pfessure by the mixed gas was 35 Kg/cmlG,
- and the reaction temperature was 80°C. The reaction liquid .
obtained was caused to overflbw into a préssure vessel
which was connected to the autoclave, and supplied to a

.vertical "Shafples Super-D-Canter" (produced by Tomoe
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Kogyo, Co., Ltd), so as to separate the powdery poiymeric
by-product. fhe polymeric by-product was separated under
the conditions that the number of revolutions of the outer
bowl was 4000 rpm and the number of revolutions of the
inngf screw.was 3500 rpm. The polymeric by-product was
effiéiently and sﬁdothly separated from the reaction

liquid.

| Example 357

An O-olefin oligomer was continuously produced and the

polymeric by-product was separated as'described in E#ample
56 except that hydrogen was nat existent in the gas phase
of the autoclave. However, the polyméric by-product waé

not smoothly separated by the "Sharples Super-D-Canter” as
_in Example 56'due to the adherence of the filmy polymer to

the apparatus or the like.

Example 58

A 2-litre autoclave which was heated and dried by a
dryef of 120°C, was assembled while it was hot and the air
in the autoclave was replaced by nitrogen under a vacuum.
A éatalyst component feed tube provided with a rupture
plate of the burst pressure of about 5 kg/cm? and a
‘catalyst component-supplementing tank having a capacity of
20 ml were attached to the autoclave. Not only the
autoclave and the catalys: component feed tube, but also

the catalyst component-supplementing tank was heated, dried
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and the air therein was replaced.by nitrogen under a
vacuum. . |

730-mllof n—heptane, a n-heptane solutionlof 0.140
mmol of 2,5-dimethylpyrrole, a n;ﬁeptane solution-of 0.700
mmol of triethylaluminum and a n-heptans solution of 20.15
mg (0.094 mmol) of germanium tetrachloride were charged
.into'the autoclave body side, while a n-heptane solution of
'22.5 mg (0.047 mmol) of chromium (III) 2-ethyl hexanoate
was charged into the catalyst component feed tube. The
total amount of n-heptahe was 750 ml. A n-heptane solution
_qf-20.15 mé (0.094 mmol) of germanium tetrachloride waé ]
charged into the catalyst combonent—supplementing tank. At
this point of timé, the chfomium compound was not in
.contact.with the triethylaluminum. |

The autoclave was first heated to 80°C and ethylene
was then introduced from the catalyst_compbnent feed tube.
The rupture piate_was burst by the_pfessure'of ethylene, so

 that the chromium compour: was introduced to the autoclave

body side and the oligor~:.:}:idn of ethylene initiated.

. Ethylene was introduced . - ﬁhe total pressure reached 35
Kg/cm2G, and thereaftef, - >tal pressure was maintained
at 35 Kg/cm2G and the : . tempé}ature at 80°C. That
is, an appropriatelamoz ~nylene for beiné treated in
Ithe autoclave was cont:: _ - supplied so as to maintain
the total pressure at : e

1 hour after, the : ..0 liduid was sampled.

Thereafter, the total ax ... of n-heptane of germanium
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tetrachloride in the catalyst compénent-supplementing tank
was introduced té thé aufoclave and the reaction was
continued for 1 hour under the same conditions. After
releaéing ethylene from the autoclave, the polymeriq by-.
product (mainly polyethyiene) in the reaction liquid was
. removed by a filter. The reaction liquid was recovered and
the a—plefin oligomer in the reaction quuid was analyzed
{Example 58B).

In each sample, after the polymeric by-product (mainly
polyethylene) was removed, the sample Was analyzed (Example

58A)

Example 59

An.arolefin oligomer was produced in the saﬁé reaction
as in Example 58 except that a n—heptane'solution of 20.15
mg (0.094'mmol) of germanium tetrachloride and a n-heptane
solution of 0.700 mmol of triethylaluminum were charged“
into the catalyst.component—supplementiné.tank, and that
germanium tetrachloride and triethylaluminum were further
added after the reaction continued 1 hour so as to further:
continué the reaction. The results of reactions.after 1
hour and 2 hours are shown as Examples 59A and 59B,

respeétively.

Example 60
An &-olefin oligomer was produced in the same reac:.

as in Example 58 except that a n-heptane solution of 20.:



-76-.

mg (0.094 ﬁmol) of germanium tetrachloride; a n-heptane
solution of 0.700 mmol of trieﬁhylaluminum and a n-heptane
solution of 0.140 mmol of 2,5-dimethylpyrrole were charged
into the catalyst component~supplementing tank, and that
germanium tetrachlqride, ﬁriethyléluminum and 2,5-
dimethylpyrrole were further added after the reaction
continued 1 hour so as to further continue the reaction.
The results of reactions.after 1 hour and 2 hours are .shown

as Examples 60A and 60B, respectively.

Example 61

_An a-olefin oligomer was'p;bduéed in the same reactionl
as in Example 58 except that a n-heptane solution of 0.700
mmol of triethylaluﬁinum was charged into the catalyst
componént—supplementing tank, and that triethylaluminum was
furthe; added after the reaction continued 1 hour so as to
further continue the reaction. The results of reaction s
- after 1 hour and 2 hours are shown as Examples 61A and 61,

respectively.

Example 62

-An Q-olefin oligomesr was produced in the same reaction
as in Example 58 éxcépt LoRT nb.catalyst componént was
further added. The results of reactions after 1 hour and 2

hours are shown as Exampls: 62A and 62B, respectively.
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Example 63

Anla;olefin oligomer was produced in the same reactién
as in Example 58 except that no_catalet component was
further added, aﬁd that molar.ratio (@ : b :c: d of
chromium (III) 2-ethyl hexanoate (a); 2,5-dimethylpyrrole
(b), triethylaiuminum (c) and germanium tetrachloride (ds
was 1 : 3 : 15 : 4. The results of reactions after 1 hour
and 2 hours are shown as Examples 63A and 63B,

respectively. .

Example 64
: A multi-sﬁaéed.continuoug stirred-tank reactor
produced_by connecting two 0.2-litre autoclaves (liquid
content: 0.15 litre)+by an overflow tube were used as the
reaction apparatus. Two catalyst component feed tubes were
atfached to a first autoclave, and a Catalyét component —
supplémenting tank was attached to the'second autoclave.
These autoclaves were heated and dried by a dried of 150°C
and assembled-while they were hot. The air in the
autoclaves ﬁas replaced by nitrogen under a vacuum.

A n-hepﬁane soiution of 6.0 mg/Hr (0.012 mmol/Hr) of.
chromium.(III) 2-ethyl hexanoaﬁe and ethylene were
continuousl&'supplied from one catalyst compohent feed tube
of the first autoclave, and a n-heptane solution of 0.37
- mmol/Hr of 2,5-dimethylpyrrole, a n-heptané solution of
0.190 mmol/Hr of triethylaluminum and a n-heptane solution

of 0.024 mmol/Hr of germanium tetrachloride were
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cbntinuoﬁsly supplied fromlthe other catalyst component
feed tube. The total amount of n-heptane supplied was
controlled to be 0.10 litre/Hr.

The reaction pressﬁre by the ethylene'pressure was 35
Kg/cm2G, and the reaction temperature was 80°C.

' The reactidn liquid obtained in the first autoclave
was céused to overflow into the second autoclave, and a n-
heptane ;olution of 0.190 mmol/Hr of triethylaluminum and
0.024 mmol/Hr of germanium tetrachloride was continuously
supplied from the catalyst component-supplementing tank of
the second autoclave at a rate of 40 ml/Hr. The reaction ]
pressure and the reaction temperature in the second
'autoclave were maintained the same as those in ﬁhe first
autoclaQe. The reaction liquid flowing out of the overflow
tube of the second autoclave was intrédﬁced to a pressure
vessel.which was connected to the overflow tube.

After releasing ethylene from the pressuré vessél,'the
polymeric by-product (mainly polyethylene) was removéd from
the reactibh liquid by a filter.. The by—pdeuct was also
removed from the reaction liquid sampled from the first

autoclave in the same procedure.

Example 65
The same continuous reaction was carried out in the
same procedure as in Example 64 except that no catalyst

component was added to the second autoclave.
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Example 66

- A 2-litre autoclave which was heated and dried by a
dryer of 120°C, was assembled while it was hot and ﬁhe air
in the autoclave was replaced by nitrogen under a vacuum,
A catalyst component feed tube prbvided"with a rupture
plate of the burst pressure of about 5 kg/cmz. 730 ml of
n-heptane, a n-heptane solution of 0.140 mmol of 2,5-
dimethylpyrrole, a n-heptane solution of 0.700 mmol of
triethylaluminum ahd.a n-heptane solution of 39.4 mg (0.235
mmol) of 1;1,2,2—tetrachloroethane were charged into the
autoélave body side, while a n-heptane solution of 22.5 mg ]
(0.047 mmol) of chromium (IIIS 2—ethyl hexanoate was
charged into the catalyst component feed tube. The total
amount of n-heptane was 750 ml. At this point of time, the
_chromiﬁm compound was not in contact with the

‘triethylaluminum.

was then introduced from -2 catalyst component feed tube.

The rupture plate was_br: d iy'the pressure of ethylene, so
that the chromium éompé. o infréduced to the autoclave
body side and the o;igC“ :* ion of ethylene was
initiated. Ethylene w:. ~  iuced until the total
pressure reached 35 Kg nd thereaftér, the total
pressure was maintaine : ¥3/cm?G and thé reaction
temperature at 80°C. ¢« ' - after, the autoclave was
degassed by re;easing L .--s3sure of.the autoclave, and

. the polymeric by-produc: ' :inly polyethylene) in the



-80-

reaction liquid was removed by a filter sQ'as to'recover
the reaction liquid. The o-olefin oiigomer in the réaction
liquid was analyzed (Example 663).

The reaction liquid was then distilled so as to
separate the C4 and Cg components, and 0.24 mmol of
triethylaluminum was added to the remaining reaction liquid
'(n—heptahe solution containing the datalyst éomponents Cs
and Ci10 to 20 components) to prepare a circulating solvent
containing.catalyst components. Argon gés was introduced
into the autoclave so.as to replace the ethylene gas by the
argon gas, and the circulating solvent containing catalyst
components was charged into tﬁe autoclave. Ethylene was
introducgd to the éutbclave until the total pressure
reached 35 Kg/cm'2 G. A second reaction was carried out
while the total pressure was maintained at 35 Kg/cm? G and
the reaction temperature at 80°C. 1.0 hour after, the
autoclave was degassed by releasinglthe pressure of the
autoclave, and the polymeric by-product (mainly
polyethylene) in the reaction liquid was removed by a

filter. The O-olefin oligomer in the reaction liquid was

analyzed (Example 66B) .

Example 67

An a-élefin oligomer was produced in the first and -:-
seéond'reactiohs in the same procédure as in Example 66
éxcept-for uéing 0.235 mmel of 1,1,2,2¥tetrachloroethane

for preparing the circulating solvent containing catalysz’
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components. The results of the first and second reactions

are shown as Examples 67A and 67B, fespectively.

An a-oléfin oligomer wés produced in the first and the
second reactions in the same procedure as in Example 66
except for using 0.701 mmol of triethylaluminum and 0.240
mmél of.1,l,2,2-tetrachloroethane for preparing the |
circulating solvent containing catalyst components. The
results of the first and second reactions are shown as
Examples 68A and 68B, respectively. |
Example 69

An“a—olefin oligomer was produced in the first and the
second reactions in the same proéedufe as in Example 66
except that triethylaluminum was not used for preparing the
circulatiné solvent containing catalyst components. The
;esults'of the first and second reactions are shown as

Examples 69A and 69B, respectively.

Example 70

- A 2-litre autoclave which was heated and driéd by a
dryer of 120°C, was asserbled while it was hot and the air
in the autocléve was replaced by nitrogen under a vacuum.
A'cataiyst componeﬁt feed tube provided with a rupture
plate of the burst pressizs of about 5 kg/cm?. 730 ml of

n-heptane, a n-heptane sciution of 0.140-mmol_of 2,5-
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dimethylpyrrole, a n-heptane solution of 0.700 mmol of
triethylaluminum and a n-heptane solution of 39.4 mg (0.235
mmol) of 1,1,2,2-tetrachloroethane were charged into the
autoclave body side, while a n-heptane solution of 22.5 mg
(0.047 mmol) of chroﬁium (III) 2-ethyl hexanoate was |
charged into the catalyst_component feed tube. The total_
amount of n-heptane was 750 ml. The water content in the
above'n-heptane was 5 ppm (water/aluminum molar ratio was
0.25) which was produced by passing n-heptane containing
100 ppm of water th#ough a drying column filled with
ﬁolecular sieve.

| After heating the autoclave to 80°C, ethylene obtained
by_passipg through a drying column filled with molecular
sieve was introduced from the catalyst cdmponentlfeed tube.
The rupture plate was burst by the pressure of ethylene, sb'
"that the chromium compound.was introduced td tﬁe autoclave
body side and the oligomerization of ethylene was
initiated. Ethylene was introduced until the total
preSSure reached 35 Kg/cm2G, and thereafter, the total
pressuré was maintained at 35 Kg/émZG and the reaction
temperature at 80°C. One hour after, the autoclave was
degassed by releasing the pressure of the autoclave, and |
the polymeric by-product (mainly polyethylene) in the
reaction liquid was removed by a filter so as to recovér
the reaction liquid. The Q-olefin oligomer in the reaction
liquid was analyzed by gas éhromatography; The results of

the composition analysis are shown in Table 3.
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Example 71

An O-olefin oligomer was produced in the same
procedure as in Example 70 éxcept for using n-heptane
conpaihing 20-ppm of water (water/aluminum molar fatiO'was
1.00), which produced by passing through a drying column
for shqrtened residence time. The results of the

composition anaiysis are shown in Table 3.

Example 72

An o-olefin oligomer was produced in thé same
procedure as in Example 70 egéept for ﬁsing n-heptane
containing 40 ppm of water (water/aluminum molar ratio was
2.00), which produced by passing thfough a drying column

for shortened residence time. Thé results of the

.composition analysis are snown 'in Table 4.

Example 73

An O-olefin oligomer was produced in the same
procedure as in Example 70 except for using n-heptane

containing 100 ppm of water (water/aluminum molar ratio was

4.00). The results of the composition analysis are shown
in Table 4.
Example 74

A 2-litre autcclave which was assembled in the same

procedure as in Example 3% was used, and 730 ml of
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cyclohexane, a ﬁ;héptane_solution of 0.140 mmél of'2,5-
dimethylpyrrole, a n-heptane sclution of 15.7 mg (0.093
mmol)'of 1,1,2,2-tetrachloroethane, a n-heptane solution of
0.70 mmol of triethyialgminum were charged into the
autoclave body side in that order, while a n-heptane
solution of 22.5 mg (0.047-mmdl) Qf chromium (III) 2—ethy1
hexanoate was charged into the ca;alyst component feed
tube. The total amount of n-heptane was 20 ml. At this
point of_time, the chrdmium compound was not in contact
with the t;iethylaluminﬁm.

The autoclave waélfirst heated to 80°C and ethylene
was introduced from thé catalgst component feed tube at
80°C. The rupture plate was burst by the pressure of
-gthyiene, s0 that the chromium compound was introduced to
the autoclave body side and the oliéomerization of ethylene
was initiated. Ethylene was introduced until the total
préssure reached 35 kg/cm¢ 3, and ﬁhereafter, the total

-~

pressure was maintained a-=

LW

kg/cm? G and the reaction

temperature at 80°C.

After the reaction . - ..2ed for a ﬁrédetermined time,
the aﬁtoclave was degas . releasing the pressure of the
autoclave. The polyme: soduct (mainly polyethylene)
in the reaction liquid . vered. The results of the

reactions are shown in
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Example 75

An a—oiefiﬁ oligomer was produced in the same reaction
"as in Example 74 except for using 20;6 mg (0.093 mmol) éf
. germanium tetrachloride (GeCls) in place of 1,1,2,2-
tetrachloroethane. .The results of the reactions are shown

in Table 6.

Example 76

An oO-olefin oligomer was produced in the same reaction
as in Example 74 except for using 14,4 mg (0.093 mmol) of
'carbon tetrachloride (CCl4) in place of 1,1,2,2-
tetrachloroetnaﬁe. The amounE of l-hexane recovered was
350 mllqu the content of halogen therein was 2 ppm. The

results of the reactions are shown in Table 7.

Exémnls_ﬂ

An.aeolefin oligomer was produced in the same reacticn
as in Example 74 e#cept for changiné the amount of 1,1,2,2-
tetrachloroethane used to 39.2 mg (0.234 mmol). The amoun-
of l-hexane reéovered was 530 ml and the content of halogec:n
ﬁherein waé 28 ppm. The results of the reactions are shcuw:.

in Table 8.

Example 78
An o-olefin oligomer was produced in the same react:

as in Example 77 except I2r using 750 ml of n-heptane as
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the 5qlvent. The results of the reactions are shown in

Table 9.

L 29
An O0-olefin oligomer was produced in the same reaction

as in Example 78 except for changing the amount of each
catalyst component used to the amount shown in Table 6.

The results of the reactions are shown in Table 10.

Example 80

An 0-olefin oligomer was produced in the same reaction

-

as in Example 78 except for using 12.1 mg (0.093 mmol) of
1,1,1-trichloroethane in place of 1,1,2,2-
tetrachloroethane. The results of the reactions are shown

in Table 11.

Example 81

A 2-litre autoclave which was prepared in the same
procedure as in Exampie 48 was_used, and 730 ml of
cyclohexane, a.n-heptane.solUtion_of 0.140 mmol of 2,5-
dimethylpyrrole, a n-heptans solution of 27.3 mg (0.093
mmoi) of 1,2,3,4,5,6—hex§ch-orocyclohéxane, a n-heptane
solution of 0.701 mmol of :riethylaluminum were charged
ihto the autodlave body side in that order; while a n-
heptane solution of 22.5 ng (07047 mmol} of chfomium (III)
2-ethyl hexanoate was charged into the catalyst component

feed tube. The total amcunt of n-heptane was 20 ml. At
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this point of time, the ¢hromium compound was not in
- contact with the triethylaluminum.

The autoclave was first heated to 80°C and ethflene
was introduced from the catalyst component feed tube at
80°C. The rupture platé was burst by the pressure of
ethylehe, so fhat the chromium compound was introduced to
the autoclave body side ahd the oligomerization of ethylene
was initiated. Ethylene was introduced until the total
pressure reached.35 kg/cm2 G, and thereafter, the total
pressure was maintained at 35 kg/cmz.G and ﬁhe'reaction
temperature at 80°C.

After the reaction contiﬁued for a predetermined time,
each reagtion liquid was sampled. After the reaction, the
autoclave was degaésed by releasing the pressure of the
autoclave. The polymeric'by-product (mainly polyethylene)
in the reaction liquid was recovered. The fesult of the
feaction is shown in Table '12. A change of the catalytic

efficiency with time is shown in Fig. 1, numeral 1.

Example 82

An a-olefinloligomer was produéed in the same reaction
as in Example 81 except for using 19.9 mg (0.093 mmol) of
pentachlorocyclopropane in place of 1,2,3,4,5,6-
hexachlorocyclohexane. The results of the reactiqns are
shown in Table 13. A change of the catalytic efficiency

with time is shown in Fig. 1, numeral 2.
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Example 83

An a-olefin'oligomer was produced in ﬁhe same reaction
as in Example 81 except fof using 20.0 mg (0.093 mmol) of
:germanium tetrachloride (GeCly) in place of 1,2,3,4,5,6-
hexgchlorocyclohexane. The results of the reactions are
shown in Table 14. A change of the catalytic efficiency

with time is shown in Fig. 1, numeral 3.

Example 84

An o-olefin oligomer was produced in the same reaction

as in Example 81 except fo; using 14.4 mg (0.093 mmol) of
carbon tetrachloridé (CCly) in place of 1,2,3,4,5, 6~ | |
_ hexachlo;ocyélohexane. The results of the reactions are
shéwn in Table 15. A éhange of the catalytic efficiency

with time is shown in Fig. 1, numeral 4.

Example 85

| A Z—litre autoclave which was prepared in thé same
procedure as in Example 10 was used, and 480 ml of n-
heptane, a n-heptane sdlution of 0.30 mmol of 2,5;
dimethylpyrrole, a n—hep;ané solution of 1.52 mmol of
'triethylalumihum and a n—héptane.solution of 0.50 mmol of
1,1,2,2-tetrachloroethane were charged into the autoclave
body side, while a n-heptane solution of 0.10 mmol of
chromium (iII) 2-ethyl hexanoate was charged into the

catalyst component feed tube. The total amount of n-
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heptane was 500 ml. At this point of time, the chromium
compound was not in contact with the triethylaluminum;

The autoclave was first heated to 90°C and ethylene
was introduced from the catalyst'coﬁponent feed tube at
80°C. The rupture plate was burst by the pressure of
ethylene, so that the chromium compound was introduced to
the autoclave body side and the oligomerization of ethylene
initiated. Ethylene was iﬁtroduéed until the total
pressure reached 35 kg/cm? G, and thereafter, the total
pressure was maintained.at 35 kg/cm?2 G and the reaction
temperatufe at 80°C. .That is, an appropriate amount of
‘ethylene for being treated in.the autoclave was
continuously supplied so as:to maintain the total pressure
‘at 35 kg/cm? G.

After the reaction costinued for 30 minutes, the
autoclave wés degassed by releasing the pressure of the

autoclave. The polymeric by-product (56.1 mg) in the

reaction liquid was remcwv:.i under the nitrogen atmosphere
by a filter so as to obt: - i a-olefin oligomer. As a
result of measuremént c: :omponents of the removed
polymer by a high-frequ- | _ ;jsma emission
spectrophotomete:'"ICAE _ inufactured by Japan Jarrey
Ashe Corporation) (her-- . referred to as "ICP
analysiS“), it was fou;.. © 2.5 wt% of Cr and 1.1 wt% of
Al based on the amount . :: :22d material were contained.
As a result of analysis - .= composition of the a-olefin

oligomer in the reactio: ..;uid by a gas chromatography, ic



-90-

was found that the catalytié activity was 116, 143 (g-O-
olefin/ngr-hr), the Cg content in'the total product was
85.2'wt%, and the l-hexene content in Cg-was 97.6 wt%.

A part (50 ml) of reaction liquid was collected under
a nitrogen atmosphere, and the catalyst components were
.extracted under the nitrogen atmosphere by using nitric
acid (50 ml) having a concentration shown in Table 16. At
this time, the volume ratio of the oil layer to the water
layer was 1 : 1, the extraction temperature was 20°C and
treatmént time Qas 30 minutes. The organic layer was
further washed with water, anq the content of each catalyst
component in each 6f the acid layér (extracting layer) used
forlextractioﬁ, the washing liquid used for washing the
extracting layer with water, and the organic layer was
measured by ICP analysis. The results of analysis are

shown in Table 16.

Examples 86 and 87

An o0-olefin oligomer was produced iﬁ the same feactic:
as in Example 85 except for uéing an acid having a
concentration shown in Table_16 as:an extracting.liquid of
the catalyst components. The.results of analysis are show:.

in Table 16.

Examples 88 and 89

An o-olefin oligomer was produced in the same react.

as in Example 85 except for using an aqueous sodium
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hydroxide having a concentration shown in Table 17 as an
extracting liquid of the catalyst components. The results

of.analysis are shown in Table 17.

Example 90

| An o-olefin oligomer was produced in the same reaction
as in Example 88 except for using a n—heptané_sOlution of
0.19 mmol/1 of chloroform in place of the n-heptane
solution of 1,1,2,2-tetrachloroethane. The results of

analysis are shown in Table 17.

Example 91

An o-olefin oligomer was produced, a polymeric by-
product was separated and_the catalyst components were
‘extracted in the same reactioﬁ as in Example 85 except that
970 ml of.n-hepténe; a n-heptane solutionfof 1.24 mmbl of
2,5-dimethylpyrrole, a n-heptane solﬁtion of 2.00 mmol of
t:iethylaluminum were charged ihto the autoclave body side,
while a.n—hepténe solution of.0;40 mmol of chromium fIII)
2-ethyl Hexanéate was charged into the catalyst'component
‘feed tube (the total amount of n-heptane was 1 litre), that
the reaction'temperature was changed to 60°C,'and that the
extracting liquid was chanced to 1.4 mol/litre of
hydrochloric écid. The ressuits of anélysis are shown in

Table 18.
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Example 92

An Q-olefin oligomer was produced in the same reaction
as in Example 91 except for using 1.2 mol/litre of equeous
.sodium hydroxide solﬁtion in place of 1.4 mol/litre of
hydrochloric acid. The results of analysis are shown in

Table 18.

Example 93

A 2-litre autoclave which.was heated and dried by a
dryer of 120°C, was assembled while it was hot andlthe air
in the autoclave was replaced by nitrogen under a vacuum.
A catalyst component feed tubé provided with a_ruptﬁre
plate Qf the burst pressure of about 5 kq/cmz. . 730 ml of
n-heptane, a n-heptane solution of 0.140 mmol Of 2,5~
dimethylpyrrole, a n-heptane solution of 0.700 mmol of
triethylaluminum and a ﬁ-heptane solution of 18.0 mg (0.234
mmol) of allyl chloride were charged into the autoclave
body side, while a n-heptane solution of 22.5 mg (0.047
mmol) of chromium (III) 2-ethyl hexanoate wes charged into
the catalyst component feed tube. The total amdune of n-
heptane was 750 h;. At this point of time, the chromium
compound was not in centact with the triethylaluminum.

After.heatinglthe autoclave to 80°C, ethylene was
introduced from the catalyst cemponent'feed tube. The
rupture plate was burst by the pressure of ethylehe, S0
that the chromium compound was introduced to the autoclave

body side and the oligomerization of ethylene was
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initiated. Ethylene was introduced until'the total
pressure reached 35 Kg/cmZG,.and thereafter, the total
pressure was maintained at 35 Kg/cmZG'and the reaction
temperature at 80°C.

After preséribed reaction time (0.5 hour) , a part of
reaétion liguid was c¢ollected in a nitrogen atmosphe;e.
After completioﬁ of the reactién, the autoclave was
degassed by releasing the pressure df_the autoclave, and
the polymeric by-product (mainly polyethylene) in the
reaction liquid was removéd by a filter so as to recover
the reaction solution. The (-olefin oligomer in the
reaction 1iquid.was analyzed 5y gas chromatography. The
results pf the composition analysis are shown in Table 19,

The obtained reaction solution (1,000 ml) was
distilled by a glass distilling column (inner diameter:
32mmﬂ) number of stages: 20). The_distillation was.
conducted in batchwise process in which R/D ratio was 2 and
the operating pressure was 760 mmHg. The amount of 1-
hexene recovered.was 330 ml, The content Qf halogen in the
recovered l-hexene was measured by a micro sulfuf and
chlorine'analyzer (Mitsubishi chemical Corporation) and

halogen could not be detected.
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Examples 94 and 95
An O-olefin oligomer was produced in the same
procedure as in Example 83 except for the prescribed

reaction time. The results of analysis are shown in Table

19.
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Example 1 Example 2 Example 3
Type of solvent CHX (120) CHX(120) CHX (120)
(Amount: ml) HP (5) HP (5) HP (5)
Amount  (mg) of 12.5 12.5 10.0
|Cr(2EHA) 3 .
Cr(2EHA)3 (a) (mmol) 0.026 0.026 0.021
Type of nitrogen— (1) (1) (1)
containing compound
Nitrogen-containing 0.07; 0.078 0.063
compound (b) (mmol) '
Et3Al (c) (mmol) 0.390 0.390 0.310
Type of halogen- (1) (2) (3)
containing compound
Halogen-containing 0.052 _ '0.052 0.042
compound (d) (mmol)
Molar ratio '
(a:b:c:d) of 1:3:15:2 1:3:15:2 1:3:15:2
catalyst components :
Reaction temperature 80 80 80
(°C)
Ethylene pressure 35 35 35
(Kg/cm2G) '
Residence time 0.5 0.5 0.5
(Hr)
Contacting method (D (1) (1)
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Table 1 ( , 5N
Example 4 Example 5 Example 6
Type of solvent CHX(46). CHX (46) CHX (120)
~ (Amount : ml) HP (4) HP (4) HP (5)
Amount (mg) of 10.0 10.0 12.5
ICr(2EHA) 3
Cr(2EHA)3 (a) (mmol) 0.021 0.021 0.026
Type'of nitrogen- (1) (1) (1)
containinq_compound '
Nitrogen—containing 0.063 0.063 0.078
compound (b) (mmol)
Et3Al (c) (mmol) 0.310 0.310 0.390
Type of halogen- (4) (5) (6)
containing compound
'Halogen-containing 0.042 0.042 0.052
compound (d) (mmol)
Molar ratio (a:b:c:d)
-1of catalyst 1:3:15:2 1:3:15:2 1:3:15:2
-components ' : :
Reaction temperature 80 80. 80
(°c) |
Ethylene pressure 35 35 35
(Kg/cm2G)
Residence time 3.5 0.5 0.5
(Hrx)
Contacting method (1) (1) (1)
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Table 1 ( Y 1)
Example 7 Example 8 Example 9

Type of solvent HP (125) CHX(120) CHX (120)
(Amount : ml) HP (5) HP (5)

Amount  (mg) of 12.5 12.5 12.5

Cr (2EHA) 3 - '

Cr(2EHA)3 (a) (mmol) 0.026 0.026. 0.026

Type of nitrogen- (1) (1) (1)

containing compound .

'Nitrogen-containing o 07; 0.078 0.078

compound (b) (mmol) '

Et3Al (c) (mmol) 0.390 0.390 0.390

Type of halogen- (6) (6) (6)

containing compound

Halogen-containing 0.052 0.052 0.052

compound (d) (mmol) '

Molar ratio (a:b:c:d) _

of catalyst 1:3:15:2 1:3:15:2 1:3:15:2

components '

Reaction temperature 80 80 "80

CQ).
Ethylene pressure 35 35 35
(Kg/cm?2G) '
Residence time 0.5 0.5 0'5
(Hx)
Contacting method (1) (1) (1)
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Contacting method

Example 10 { Example 11
‘| Type of solvent CHX (730) CHX (120)

(Amount : ml) HP (20) ‘HP (5)
Amoqnt (mg) of 75.2 12.5
Cr (2EHA) 3
Cr(2EHA)3 (a) (mmol) 0.156 0.026
Type of nitrogen- (1) (1)
containing compound
Nitrogen-containing .0_470 0.078
compound (b) (mmol)
Et3Al (c) (mmol) 2.300 0.390
Type of halogen- N (1)
containing compound
Ealogenfcontaining 0.312 0.052
compound (d) (mmol)
Molar ratio (a:b:c:d)
of catalyst 1:3:15:2 1:3:15:2
components
Reaction temperature 80' 80

(°C)
Ethylene pressure 35 35
(Kg/cm2G)
Residence time 0.5 0.5
(Hr) -
(L) (1)
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Table 1 ( £ 1)
Comp. Comp .
Example 1 Example 2
Type of solvent CHX(120) CHX(120)
{Amount: ml) HP (5) HP (5)
Amount (mg) of 12,5 12.5
Cr (2EHA) 3 :
Cr(2EHA)3 (a) (mmol) 0.026 0.026
Type of nitrogen- (1) (1)
containing compound .
Nitrogen-containing 0.078 0.078
compound (b) (mmol)
Et3Al (¢) (mmol) 0.3%0 0.390
Type of halogen- - (l)'
containing compound
Halogen-containing - 0.052
compound (d) (mmol)
Molar ratio (a:b:c::z:|.
of catalyst ' ©1:3:15:0 1:3:15:2
components :
Reaction temperat-:.: - 80 80
(°C) !
Ethylene pressur=z % 35 35
(Kg/cm?G) :
Residence time % 0.5 0.5
(Hr) f
Contacting methoc ; (X).

(1)
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Iablé_l_iggntinnadL

Example 12 | Example 13 | Example 14
Type of solvent CHX (48) CHX (48) CHX (48)
(Amount : ml) HP (2) HP (2) HP (2)

Amount (mg) of 10.0 10.0 10.0

Cr (2EHA) 3

Cr(2EHA)3 (a) {(mmol) 0.021 0.021 0.021

Type of nitrogenf (zy' (3) (4)

containing compound :

Nitrogen—containing 0.06; 0.062 0.062

compound (b) (mmol)

Et3Al (¢) (mmol) 0.311 0.311 0.311

Type of halogen- (8) (8) (8)
jcontaining compound

Halogen-containing 0.042 0.042 0.042

compound (d) (mmol)

Molar ratio (a:b:c:d) -

of catalyst 1:3:15:2 1:3:15:2 1:3:15:2
{ components .

Reaction temperature .80 80 80

c). '
Ethylene pressure 35 35 35
(Kg/cm2G)
Residence time 0.5 0.5 0.5
(Hr)

Contacting method

(1)

(1)
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Table 1 { £ 0
Example 15 | Example 16 | Example 17
Type of solvent "CHX (48) CHX (48) CHX (48)
(Amount : ml) HP (2) HP (2) HP (2) TL (1)
Amount (mg) of 10.0 10.0 10.0
Cr (2EHA) 3
Cr(2EHA)3 (a) (mmol) 0.021 0.021 0.021
Type of nitrogen- (2) '(2) (2)
containing compound
Nitrogen-containing 0.062 0.062 0.062
compound (b) (mmol)
Et3Al (cg (mmol) 0.311 0.311 0.311
Type of halogen- (9) (10) (8)
containing compound
Halogen-containing 0.042 0.042 0.042
compound (d) (mmol)
Molar ratio (a:b:c:d)
of catalyst 1:3:15:2 1:3:15:2 1:3:15:2
components _ -
Reagtion temperature 80 80 80
(°C)
Ethylene pressure | 35 35 35
(Kg/cm2G) - ;
Residence time ) s 0;5 0.5
(Hr)
Contacting method (1) (1) (1)
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Table 1 (continued)
Example 18 | Example 19 | Example 20

Type of solvent CHX(120) CHX (48) CHX (48)

(Amount: ml) HP (5) HP (2) HP (2)
Amount (mg) of 2.50 10.0 10.0
Cr(2EHA)3 '
Cr(2EHA)3 (a) (mmol) 0.0052 0.021 0.021
Type of nitrogen- (2) (2) (2)
containing compound :
Nitrogen-containing 0.156 0.062 0.062
compound (b) (mmol) '
EtsAl (c) (mmol) 0.779 0.311 0.311
Type of halogen- (8) (8) (8)
containing compound - :
Halogen-containing 0.104 0.073 0.208
compound (d) (mmol)
Molar ratio (a:b:c:d)
of catalyst 1:3:15:2 1:3:15:3.5 1:3:15:10
components
Reaction temperature 80 80 80

(°c)
Ethylene pressure’ 35' 35 35
(Kq/cmZG) '
Residence time 0.5 0.5 0.5
(Hr)

Contacting method (1) (1) (1)
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Table 1 (continued)

_ Example 21 | Example 22 | Example 23
Type of solvent CHX (48) CHX (48) - CHX (48)
(Amount : _ml) .~ HP (2) ~ HP (2) HP (2)
jAmount (mg) of 10.0 10.0 10.0

Cr(2EHA) 3

Cr(2EHA)3 (a) (mmol) 0.021 0.021 0.021

Type of nltroggn- (2) (2) (2)

containing compound

Nitrogen-containing 0.062 0.062 0.108

compound (b} (mmol)

Et3Al (c) (mmol) 0.311 0.934 0.420

Type of ha;ogen- (8) (8) (8)

containing compound _

Halogen—containing 0.126 0.042 0.062

compound (d) (mmol)

Molar ratio (a:b:c:d)

of catalyst 1:3:15:6 1:3:44:2 1:5:20:3

components .

Reaction temperature 80 80 80

(°C)

Ethylene pressure 20 35 35
(Kg/cm2G)

Residence time 0.5 0.5 0.5
(Hr) '

Contacting method (1) (1) (1)
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'Example 24 | Example 25 | Example 26

Type of solvent CHX (120) CHX (48) CHX (48)

(Amount : ml) HP (5) HP (2) HP (2)
Amount (mg) of 25.0 10.0. 10.0
Cr (2EHA) 3
Cr(2EHA)3 (a) (mmol) 0.052 0.021 0.021
Type of nitrogen- (2) (2) (2)
containing compound
Nitrogen-containing 0_15; 0.062 0.062
compound (b) (mmol)
Et3Al (c) (mmol) 0.779 0.311 0.311
Type of halogen- (8) (2)' (3)
containing compound
Halogen-containing 0.104 0.032 0.063
compound (d) (mmol) '
Molar ratio (a:b:c:d) '
of catalyst 1:3:23:2 1:3:15:1.5 1:3:15:3
components :
Reaction temperature ‘80 80

(°c)
Ethylene pressufe 35 35
(Kg/cm2G) :
Residence time 0.5 0.5
{Hr)

Contacting method

(1)

(1)
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Table 1 (continued)

Example 27

Example 29

Exdample 28

Type of solvent CHX (48) CHX (48) CHX(120)

{Amount : ml) HP(Z) HP (2) HP (5)
Amount (mg) of 10.0 10.0 10.0
Cr (2EHA) 3 _
Cr(2EHA)3 (a) (mmol) 0.021 0.021 0.052
Type 9f nitrogen- (2) (2) (2)
containing. compound
Nitrogen-containing 0.06; 0.062 0.156
compound (b) (mmol)
Et3Al (c¢) (mmol) 0.311 0.311 0.779
Type of hglogen— (11) (11) (1)
containing compound
Halogen-containing 0.084 0.021 0.104
compound (d) (mmol)
Molar ratio (a:b:c:d) -
of catalyst ©1:3:15:4 1:3:15:1 1:3:15:2
components
Reaction temperature " 80 80 80

(°c) : '
Ethylene pressure 25 35 35
(Kg/cm2G)
Residence time -5 0.5 0.5
(Hr)

Contacting method

(&

(1)

(1)
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Example 30 | Example 31 | Example 32

Type of solvent -CHX(48) CHX (120) CHX (48)

(Amount : ml) HP (2) HP (5) HP (2)
Amount (mg) of 10.0 25.0 10.0
Cr (2EHA) 2
Cr(2EHA)3 (a) (mmol) 0.021 0.052 0.021
Type of nitrogen- (2) (2) (2)
containing compound :
Nitrogen-containing 0.062 0.156 0.062
compound (b) (mmol) .
Et3Al (c) (mmol) 0.311 0.779 0.311
Type of halogen-
containing compound (12) (13) (14)

E(1)
Halogen-containing
compound (1) (d) - 0.062 23.4 0.084
(mmol)
Molar ratio (a:b:c:d) .
of catalyst 1:3:15:3 1:3:15:450 1:3:15:4
components
'Reaction temperature 30 80 80
(°C)
Ethylene pressure 35 35 35
(Kg/cm2G) '
Residence time 0.5 0.5 0.5
(Hr)

Contacting method (1) (1) (1)
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Table 1 (continued)

'Example 33 | Example 34 | Example 35

Type of solvent CHX (48) CHX(48) CHX (48)

{Amount : ml) H2 (2) HP (2) HP (2)
Amount (mg) of 10.0 10.0 10.0
Cr (2EHA) 3
Cr(2EHA)3 (a) (mmol) 0.021 0.021 0.021
Type of nitrogen- | (2) (2) (2)
containing compound
Nitrogen-containing 0.062 0.062 0.062
compound (b) (mmol) : M
Et3Al (c) (mmol) 0.311 0.311 0.311 .
Type of halogen-
containing compound {195) (16) (3)
(1) .
Halogen-containing .
compound (1) (d) 0.084 . 0.084 0.084
(mmol)
Type of halogen-
containing compound - - (9)
(2)
Halogen~containing
compound (2) (d) - - 0.021
{mmol) -
Molar ratio (a:b:c:d) :
of catalyst 1:3:15:4 1:3:15:4 "1:3:15:5
component s : - ;
Reaction temperature 30 80 80

ey
Ethylene pressure 35 35 35
(Kg/cm2G) |
Residence time - 5 0.5 0.5
(Hr)

Contacting method (1) '(l) (1)
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Example 36 | Exampls 37 | Example 38
Type of solvent CHX (48) CHX (48) CHX (48)
(Amount: ml) HP (2) HP (2) HP (2)
Amount (mg) of 10.0 10.0 10.0
Cr (2EHA) 3
Cr(2EHA)3 (a) (mmol) 0.021 0.021 0.021
Type of nitrogen- (2) (2) (2f
containing .compound
Nitrogen-containing 0.062 0.062 0.062
compound (b) (mmol) *
Et3Al (c) (mmol) 0.311 0.311 0.311
Type of halogen-
containing compound (3) (3) (9)
(1) '
Halogen-containing
compound (1) (d) 5.0862 0.062 0.168
{mmol)
Type of halogen-
containing compound (9) (9) (14)
(2)
Halogen-containing :
compound (2) (d) .0 0.002 0.042
(mmol) :
Molar ratio (a:b:c:d) 3.5 | 1:3:15:3 | 1:3:15:10
of catalyst components
Reaction temperature 80 80
(°C)
Ethylene pressure 35 35
(Kg/cm2G)
Residence time 0.5 0.5
(Hr)
Contécting method 21 (1) (1)




-109-

Example 39 | Example 40 | Example 41

Type of solvent CHX (120) CHX (48) - CHX (48)
{  (Amount: ml) HP (5) HP (2) HP (2)
Amount (mg) of 10.0 10.0 10.0

Cr (2EHA) 3

Cr(2EHA)3 (a) (mmol) 0.052 0.021 0.021
Type of nitrogen- (2) (2) (2)
containing compound

Nitrogen-containing 0 1;6 0.062 0.062
compound (b) (mmol)

Et3Al (c) (mmol) 0.779 0.311 0.436
Type of halogen- ,

containing compound (17) (18) (19)

(1)

Halogen-containing

compound (1) (d) 0.260 0.042 0.126 i
(mmol) : ?
Molar ratio (a:b:c:d) 1:3:15:5 1:3:15:2 1:3:20:6 |
of catalyst components - )
Reaction temperature 80 80 80 é

(°C) - :
Ethylene'pressure 35 35 35
(Kg/cm2G)
Residence time ) 0.5 0.5
(Hr) |

Contacting method

(L

(1)

(1)




Table 1 ( . 1)
Example 42 | Example 43 | Example 44

Type of solvent CHX (48) CHX (48) CHX (120)
(Amount: ml) HP (2) HP (2) HP(S)

Amount (mg) of 10.0 10.0 25.0

Cr (2EHA) 3

Cr(2EHA)3 (a) (mmol) 0.021 0.021 0.052

Type of nitrogen- (2) (2) (2)

containing compound

Nitrogen-containing 0.062 0.062 0.156

compound (b) (mmol) '

Et3Al (c) {(mmol) 0.722 0.722 0.779

Type of halogen- (19) (19) (20)

containing compound

Halogen-containing 0.415 1.246 0.104

compound (d) (mmol)

Molar ratio (a:b:e:d) | ;.3.34.20 | 1:3:34:60 | 1:3:15:2

of catalyst components

Reaction temperature 80 80 80

(°C) . _ ' '
Ethylene pressure 35 35 ' 35
(Kg/cm2G)
Residence time 55 0.5 0.5
(Hr)
Contacting method (1) (1) (1)
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Table 1 (cont.i 1)

Example 46

Example 45 Example 47

Type of solvent CHX (48) CHX (48) CHX (48)

(Amount: ml) HP (2) HP (2) HP (2)
Amount (mg) of 10.0 10.0 10.0
Cr (2EHA) 3
Cr(2EHA)3 (a) (mmol) 0.021 0.021 0.021
Type of nitrogen- (2) (2) (2)
containing compound
Nitrogen-containing. 0.062 0.062 0.062
compound (b) (mmol) :
Et3Al (c¢) (mmol) 0.311 0.311 0.311
Type of halogen- (8) (8) (8)
containing compound
Halogen-containing 0.042 0.042 0.042
compound (d) (mmol) .
Molar ratio (a:b:c:d) | 1.3.75.5 | 1:3:15:2 | 1:3:15:2
of catalyst componepts
Reaction: temperature . 80 80 80

(°C) '

Ethylene pressure 35 35 35

__(Kg/cm2G)
Residence time 0.5 - 0.5 0.5

(Hr)

Contacting method (2) (3) (4).




Table 1 (continued)
_ _Example 48 Example 49
Heating pretreatment: 120 x 1 140 x 1
Temperature (°C) x Time (Hr)
Type of solvent HP (750) HP (750)
(Amount : mi)
Amount (mg) of Cr(2EHA)3 22.5 22.5
Cr{2EHA)3 (a) (mmol) 0.047 0.047
Type of nitrogen-containing (1) (1)
compound
Nitrogen-containing compound 0'140 0.140
(b) (mmoil)
Et3Al (¢) (mmol) 0.701 0.701
Type of halogen-containing (12) (12)
compound '
Halogen-containing compound 0.240 0.240
(d) (mmol) _
Molar__ ratio (a:b:c:d) of 1:3:15:5 1:3:15:5
catalyst components
Reaction temperature 80. 80
°c) '

Ethylene pressuré 35 35

(Ka/cm2G)
Residence time 0.5 0.5

(Hr) '

Contacting method

(1)

(1)
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Example 50 Example 51
Heating pretreatment: 120 x 1 None
Temperature (°C) x Time (Hr)
Type of solvent HP (750) HP (750)
(Amount : ml)

tAmount (mg) of Cr(2EHA)3 22.5 22.5
Cr(2EHA)3 (a) (mmol) 0.047 0.047
Type of nitrogen-containing (1) .(l)
compound
Nitrogen-containing compound _6 140 0.140
(b) (mmol)
Et3Al (¢) (mmol) 0.701 0.701
Type of halogen-containing (12) (12)
compound
Halogen-containing compouni 0.240 0.240
(d)  (mmol) '
Molar ratio Sa:b:c:d) of 1:3:15:5 1:3:15:5
catalyst components
Reaction_temperature 80. 80

(°C)
Ethylene pressure 35 35
(Ka/cm2G)
Residence time 0.5 0.5
(Hr)

Contacting method

(L)

(1)




)
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Iable .1 (contirnued)

Contacting method

Example 52 Example 53
Type of solvent HP (750) HP (750)
(Amount: ml)
Amount (mg) of Cr (2EHA)3 22.5 22.5
Cr(2EHA)3 (a) (mmo;) 0.047 . 0.047
Type of nitrogen-containing (1) (1)
compound
Nitrogen-containing compound . 0.140 0.140
(b) (mmol)
Et3Al (c¢) (mmol) 0.701 0.701
Type of halogen-containing (12) (12)
compound
Halogen-containing compound 0.240 0.240
(d) (mmol)
Molar ra;io (a:b:c:d) of 1:3:15:5 1:3:15:5
catalyst components :
Reaction temperature 80 80
(°C)
Reaction pressure 35 35
(Kg/cm2G) :
Concentration of hydrogen 2.8 11.0
(vol%)
Residence time 1.0 1.0
(Hr)
(1) (1)
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Table 1 (continued)
Example 54 Example 55
Type of solvent HP (750) " HP (750)
{Amount: ml)

Amount (mg) of Cr(2EHA)3 22.5 22.5
Cr(2EHA)3 (a) (mmol) 0.047 0.047
Type of nitrogen-containing (1) (1)
compound
Nitrogen-containing compound 0.140 0.140
(b) (mmol) ' | '
Et3Al (c) (mmol) 0.701 0.701
Type of halogen-containing (12) (12)
compound
Halogen-containing compound 0.240 0.240
(d) (mmol)
Molar ratio (a:b:c:d) of 1:3:15:5 1:3:15:5
catalyst components
Reaction température 80 80

_(°C) :
Reactionfpressure 35 35

(Kg/cm2G) -

Concentration of hydrogen 23.9 0
(vol$) '
Residence time '1 0

(Hr)

1.0

Contacting method

(L)

(1)
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Example 56 Example 57
Type of solvent HP (5) HP (5)
(Amount : L/Hr)

Amount of Cr(2EHA)3 (g/hr) 0.29 0.29
Cr(2EHA) 3 (a) (mmol/Hr) 0.60 0.06
Type of nitrogen-containing (1) (1)
compound
Nitrogen-containing compound 1.8 1.8
{b) (mmol/Hr) .
Et3Al (c) (mmol/Hr) 9.0 8.0
Type of halogen-containing (12) (12)
compound
Halogen-containing compound 3.0 3.0
(dL' {(mmol/Hr) '
Molar ratio-(a:b:c:d) of 1:3:15:5 1:3:15:5
catalyst components
Reaction temperature 80 80

{°C) L
Reaction pressure 35 '35

(Kg/cm3G)

Concentration of hydrogen 2.0 0
{vol%)
Residence time (Hr) measured 0.53 0.52
at the outlet '
Contacting method. (1) (1)
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Table 1 (copntipnued)

.Example Example Example Example

S8A 58B 59A 59B

Type of solvent HP (750) | HP(10) | HP(750) | HP(20)
“{Amount : ml) _ :
Amount (mg) of 22.5 - 22.5 -
Cr (2EHA) 3
Cr(2EHA)3 (a) 0.047 - 0.047 -
(mmol) _
Type of nitrogen- (1) - (1) _
containing compound
Nitrogen-containing | , 1,44 _ 0.140 -
compound- (b) (mmol)
Et3Al (c) (mmol) 0.701 - 0.701 0.701
Type of halogen- (6) (6) (6) (6)
containing compound -
Halogen-containing | g4 g94 | 0.094 0.094 0.094
compound (d) (mmol) :
Molar ratio o
(a:b:c:d) of 1:3:15:2}1:3:15:4]1:3:15:2 | 1:3:30:4
catalyst components
Reaction. | 80 80 80 80
temperature  (°C)
Ethylene pressure 35 35 35 35
(Kg/cm?G)
Residence time 1.0 2.0 1.0 2.0
(Hr)

Contacting method

(1)
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Table 1 (conti )

Example | Example | Example | Example

 60A 60B 61A 61B
Type of solvent HP (750) | HP(30) | HP(750) | HP(10)

(Amount: ml) :
Amount (mg) of 22.5 - 22.5 -
Cr (2EHA) 3 _
Cr(2EHA)3 (a) 0.047 - 0.047 -
(mmol)
Type of ni;rogen4 '(1) _ (1) _
containing compound
Nitrogen-containing 0.140 0.140 0.1401 _
compound (b) (mmol)
Et3Al (c)y (mmol) 0.701 0.701 0.701 0.701
Type of halogen- (6) (6) ' (6) _
containing compound
Halogen-containing 0.554 0.094 0.094 _
compound (d) (mmol)
Molar ratio '
(a:b:c:d) of ] 1:3::3:2(1:6:30:4]1:3:15:2} 1:3:30:2
catalyst components
Reaction . - 80 80. 80
temperature (°C)
_Ethylene-pressure 35 35 35
(Kg/cm?G) '
Residence time 2.0 1.0 2.0
(Hr)

Contacting method - (L) -
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Example | Example | Example | Example
62a 62B 633 638
|| Type of solvent HP (750) - HP (750) -
(Amount : ml)

Amount  (mg) of 22.5 - 22.5 -

Cr (2EHA) 3 :

Cr(2EHA)3 (a) (mmol)| 0.047 - 0.047 -

Type of nitrogen- (1) - (1) N

containing compound - '

Nitrogén—cdntaining 0_140 - 0.140 -

compound (b) (mmol)

Et3Al (c) (mmol) 0.701 -~ 0.701 -

Type of halogen- (6) _ (6) _

containing compound

Halogen-containing 0.094 _ 0.188 -

compound (d) (mmol)

Molar ratio

(a:b:c:d) of 1:3:15:211:3:15:2]1:3:15:4]1:3:15:4

catalyst components '

Reaction 80 80 80 80

temperature (°C)

Ethylene pressure 35 35 35 35

(Kg/cméG) :
Residence time. 10 2.0 1.0 2.0
(Hx) _

Contacting method

(1)
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Table 1 (continued)

Example 64 Example'GS
First ac| 58C0nd’ |pi g¢ ac| Second
AC AC

Type of solvent

'HP(100) | HP(40) | HP(100) | HP(40)
(Amount : ml/Hr) :

Amount of Cr (2EHA)3 6.0 - 6.0 ~

(mg/hr)

Cr(2EHA)3 (a) 0.012 - - 0.012 =
(mmol/Hr)

Type of nitrogen- ' . (1" - (1) -

containing compound

Nitrogen-containing

0.037 - 0.037 -
compound (b) (mmol/Hr)
Et3Al (c) (mmol/Hr) 0.190 0.190 0.190 -
Type of halogen- (6) (6) (6) -

containing compound

Halogen-containing 0.024 0.024 0.024 -

gompound (d)
(mmol/Hr)

Molar ratio (a:b:c:d)

L _ 1:3:15:2{1:3:30:4{1:3:15:21:3:15:
of catalyst components

Reaction temperature

80 80 80 80
(c)
Ethylene pressure 13 35 35 35
(Kg/cm?G)
Residence time (Hr) .63 0.36 | 0.62 0.52

measured at the outlet

Contacting method ) - (L) -
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Table 1 (continued)
Example _Example Example Example

66A 66B 67A 67B

Type of solvent HP (750) | HP(750) | HP (750) | HP(750)
(Amount : ml) a
Amount (mg) of 22.5 22.5 22.5 22.5
Cr (2EHA) 3 ' :
Cr(2EHA)3 (a) (mmol) 0.047 0.047 0.047 0.047
Type of nitrogen- (1) (1) (1) (1)
containing compound '
Nitrogen-containing | 4 149 | 0.140 0.140 0.140
compound (b) (mmol) '
Et3Al (¢) (mmol) 0.701 0.941 0.701 0.701
Type of halogen- (12) (12) (12) (12)
containing compound
Halogen-containing | o 540 | 0.240 | 0.240 | 0.480
compound (d) (mmol) '
Molar ratio -
(a:b:c:d) of 1:3:15:5]1:3:20:5]1:3:15:5{1:3:15:10
catalyst components
Reaction 80 80 80 80
temperature (°C)
Ethylene pressure 35 35 35 35
(Ka/cm2G)
Residence time 0.5 1.0 0.5 1.0
(Hr)

Contacting method {l) (1) (1) (1)

* — ————
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Iable 1 (continued)
Example Example Example Example
68A 688 694 59B
Type of solvent HP (750) | HP(750) | HP(750) | HP(750)
(Amount: ml) :
Amount (mg) of 22.5 22.5 22.5 22.5
Cr (2EHA) 3
Cr(2EHA)3 (a) (mmol) 0.047 0.047 0.047 0.047
Type of nitrogen- (1) (1) (1) (1)
containing compound -
Nitrogen-containing | 4 149 | o0.140 | 0.140 | 0.140
compound (b) (mmol) '
EtsAl (c) (mmol) 0.701 1.402 0.701 0.701
Type of halogen- (12) (12) (12) (12)
containing compound
jHalogen-containing | 4 549 | o0.480 | 0.240 | 0.240
compound (d) (mmol) '
Molar ratio '
(a:b:c:d) of 1:3:15:5(1:3:30:1011:3:15:5({1:3:15:5
catalyst components ' ;
Reaction temperature 80 80 80 80
(°C) |
Ethylene pressure 35 35 35 35
(Kg/cm2G) :
Residence time A 5 1.0 lO 5 1.0
(Hx)
Contacting method (1) (1) (1) (1)




Table 2
Exampie 1 ' Example Example
<Amount (g) of 73.16 84.90 66.87
product> o
<Compositional distribution (wf%)>
Cq 0.01 1 0.04 0.30
Total Cg 93.7C 92.30 86.50
1-Hexene content 99.60 99.50 97.70
(wt%) in Cg
{cs 0.30. 0.30 ©0.50
C10 to 20 5.90 7.30 12.60
C22 to 30 0.0¢C 0.00 0.01
By-product PE 0.:.- 0.02 0.04
<Catalytic 54. 62900 61900
efficiency>
<Catalytic 16- 125800 123800
activity> _
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Table 2 (continued)

Exémple 4 Example 5 Example
<Amount (g) of 17.25 21.31 92.08
roduct> '
<Compositional distribution (wt%)>
Ca 3.60 0.10 0.06
Total Cg 9.80 94 .40 90.60
l-Hexene content 90.10 99.30 99. 60
(wt%) in Cg
Cs 2.10 0.40 0.29
C10 to 20 24.50 5.00 9.00
C22 to 30 0.00 0.00 0.00
By-product PE -0.10 0.07 0.07
<Catalytic 15950 19750 68200
efficiency>
<Catalytic 31900 39500 136400
activity> .




Table 2 (continued)

_ Example.7 Example Example 9
<Amount (g) of 71.30 90.53 80.41
product> '
<Compositional distribution {wt %) >
Cq 0.13 0.30 0.01
Total Cg 91.30 91.50 92.10
l-Hexene content 99°.00 ¢ '99 30 99 .40
(wt%) in Cg
Cs 0.34 0.30 0.60
C10 to 20 8.20 7.80 7.30
C22 to 30 0.00 0.00 0.00
By-product PE 0.01 0.01 0.02
<Catalytic 52850 67050 59550
efficiency> '
<Catalytic 105827 134100 119100
activity>
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rable 2 (continued)
Example 10 Example 11
<Amount (g) of 545.86 81.72

product>

<Compositional distribution (wt%)>

activity>

Cq 0.20 0.04
Total Cg 88.90 91.80
l-Hexene_cqntent 9§-10 '99‘20
(wt%) in Cg.
Cs 0.50 0.30
C10 to 20 10.30 7.80
1C22 to 30 0.00 0.00
By-product PE 0.00 - 0.02
<Catalytic 74400 60500
efficiency>
<Catalytic 148800 121000
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Table 2 (continued)
Comparative Comparative
Example 1 Example 2
<hmount (g) of 15.87 4.37
product>
<Compositional distribution (wt%)>
Caq 13.70 0.40
Total Cg 56.90 94.10
l-Hexeng content 84 . 60 98.30
(wt%) in Cg
Csg 3.30 0.50
C10 to 20 26.00 3.40
C22 to 30 0.00. 0.00
By~product PE. 0.10 1.50
<Catalytic 11750 3235
efficiency>
<Catalytic 23500 . 6470
activity>




Example 12

activity>

_ Example 13 Example 14
<amount (g) of 25.7 3.33 4.57
product> ' : :
<Compositional distribution (wt%)> _
1cq 0.3 3.5 0.1
Total Cg 67.7 35.5 19.5
1-Hexene content 926 . 79.9 ..89 1
(wt%) in Cg
Cs 0.4 1.0 -
C10 to 20 29.5 27.8 5.5
C22 to 30 0.5 0.4 0.0
Wax C.:. 0.0 -
By-product PE i 31.7 74.8
<Catalytic 27 3080 4235
efficiency>
<Catalytic 4" 6160 8470




Table 2 . )
Example 15 Example 16 Example 17

<Amount (g) of 15.5 34.8 4.26
product> '
<Compositional distribution (wt3)>
Cyq 1.5 0.2 0.2
Total Cg 70.4 . 65.0 66.4
1-Hexene content 92 2. ° 93.1 ' 96.0
(wt%) in Cg
Cs : 2.0 . 0.3 0.5
C10 to 20 _ 23.0 33.0 9.1
C22 to 30 1.2 . 0.2 0.2
Wax 0.2 0.0 0.1
By—product PE 2.2 1.2 23.5
<Catalytic 14335 32180 3945
efficiency>
<Catalytic 28653 64360 7890
activity> : '
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Tabﬁe 2 (continued)

'Examble 18 Example 19 Example 20

<Amount (g) of 20.9 41.7 4.45
tproduct>

<Compositional distribution (wt%)>

Cy 0.2 0.1 0.3

Total Cg 74.6 68.6 86.9

l-Hexene gontent ' 93.8 . 94 .1 95.1

(wt%) in Cg

Csg 0.3 0.3 0.2

C10 to 20 22.8 029.7 9.3

C22 to 30 0.2 0.2 -

Wax - 0.0 -

By-product PE 1.9 1.1 3.3

<Catalytic. 77537 38640 4125

efficiency>

<Catalytic 155 77280 8250

activity>
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Table 2 (continued)

‘Example 21 Example 22 Example 23
<hmount (g) of 5.13 15.4 26.3
product> . _
<Compositional distribution (wt%)>
Cq 0.3 1.4 0.1
Total Cg 88.1 67.6 0 69.3
1-Hexene contept 95.2 93.3 94.2
(wt$) in Cg
Cs - 2.2 0.3
C10 to 20 8.8 24.3 28.6
C22 to 30 - 1.9 0.1
Wax - 0.6 -
By-product PE 2.8 2.0 1.5
<Catalytic 4755 14300 24315
efficiency>
<Catalytic 9510 28600 48630

activity>
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Table 2 (continued)
Example 24 Example 25 Example 26

<hmount (g) of 5.00 9.20 33.4
product> '
<Compositional distribution (wt3)>
Caq 0.8 0.1 0.0
Total Cg 68.5 83.2 70.4
l1-Hexene content| 92 .2 95.8 94 .1
(wt%) in Cg
Csg 0.8 0.2 -
Ci10 to 20 24.3 13.4 28.7
C22 to 30 0.3 - 0.1
Wax - - -
By-product PE 6.8 3.1 0.8
<Catalytic 4625 8515 30900
efficiency> o
<Catalytic 9230 17030 61800
activitv>
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Tabie 2 | . 3
Example 27 Example 28 Example 29

<Amount (g) of 2.52 4.38 21.4
product>
<Compositional distribution (wt%)>
Cyq 0.3 0.2 0.0
Total Cg 85.6 83.9 73.2
1-Hexene content 95 .7 . 95.1 94.8
(wt%) in Cg : '
Cs 0.3 0.3 0.2
C10 to 20 11.1 12.1 19.6
C22 to 30 - - 0.0
Wax ~ - 0.0
By-product PE z 3.4 6.8
<Catalytic : 4060 7925
efficiency>
<Catalytic 8120 15850

tactivity>
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Table 2 (continued)
- Example 30 Example 31 Example 32
<hmount (g) of 13.3 9.64 0.86

product>

<Compositional distribution (wt%)>

Cqa 0.4 0.4 0.0
Total Cg 74.9 48.1 1 38.7
1-Hexene content 92.7 96.9 96.9
(wt%) in Cg .

Cs | 0.s | 0.5 -
C10 to 20 _ 20.4 6.4 2.8
C22 to 30 0.3 ' 0.2 -
Wax : C.1 - -
By-product PE _ 3.4 -44;5 _ 58.0
<Catalytic 12280 3570 400
efficiency> .

<Catalytic 24540 7140 | 800

activity>




)
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Example 33 | Example 34 Example 35
<Amount (g) of 3.43 2.98 3.10
product> '
<Compositional distribution (wt%)>
Cy 0.2 0.5 0.3
Total Cg 25.6 78.4 76.1
l1-Hexene content 95.4 . 95 .4 95 .7
{wt%) in Cg
Csg 0.2 0.2 0.2
C10 to 20 3.4 8.9 9.4
C22 to 30 0.1 - _
Wax - - =
By-product PE 70.4 12.0 14.0
<Catalytic 3173 2760 2840
efficiency> :
<Catalytic 6352 5520 5680

activity>
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Table 2 (continued)

Example 36 Example 37 Example 38
<Amount (g) of 6.07 "14.9 2.56
product> .
<Compositional distribution (wt%)>
Cq 0.1 1.0 0.7
Total Cg 83.9 72.6 78.5
l-Hexene content 94.5 92.8 94.7'
(wt%) in Cg
Csg 0.4 1.2 -
Ci0 to 20 12.2 22.5 8.1
C22 to 30 - 0.6 -
Wax - 0.0 -
By-product PE 3.5 2.1 12.7
<Ca§alytlc 5620 13755 2375
efficiency>
<Catalytic 11240 27510 4750
activitvy> '




Table 2 (continued)
- Example 39 Example 40 Example 41

<amount (g) of 9.75 19.6 5.53

product> '

<Compositional distribution (wt%)>

Cq 10.9 1.5 6.6

Total Cg 55.0 57.7 58.2

l1-Hexene content 88.7 88.5 88.5

(wt%) in Cg -

Csg 3.0 1.0 3.2

C10 to 20 23.2 21.1 24.4

C22 to 30 0.5 1.2 0.9

Wax 0.0 0.7 0.3

By-product PE. 7.3 16.8 6.3
j<Catalytic 3610 18120 5120

efficiency>

<Catalytic 7220 36240 10240
dfactivity>




Table 2 (continued)
Example 42 Example 43 Example 44
<Amount ({g) of 9.02 2.46 7.11

product>

<Compositional distribution (wt%)>

o} . 5.5 0.3 9.3
Total Cg = . 59.1 67.1 46.8
1-Hexene content 89.9 90.4  90.6
(wt%) in Cg : T

Cs - 3.3 0.6 3.5
C10 to 20 23.r . 13.3 20.1
C22 to 30 1.2 - 1.1
Wax Gl - | 0.1
iBy-product PE . T 18.7 19.1
<Catalytic . 2280 2630
efficiencv>

<Catalytic . 4560 5260

activity>




!

activity>

Example 45 Example 46 Example 47
<Amount (g) of 24.6 12.6 10.2
.product> .
<Compositional distribution'(wt%)>
Cq 0.5 0.4 0.1
Total Cg 163.3 70.2 68.6
l-Hexgne content 91.9 91.9 92 .6
(wt%) in Cg
Csg 0.5 0.5 1.0
C10 to 20 29.6 21.7 23.0
Céz to 30 0.4 0.8 0.4
Wax 0.1 0.1 0.2
By-product PE 5.7 6.3 6.0
<Catalytic 22735 11710 9470
efficiency>
<Catalytic 45510 23420

18940




Example 48

Example 49

<Amount (g) of
product>

159.6

137.9

<Compositional disttibution (wt%)>

Cq 0.1 0.0
Total Cg 95.4 97.0
1-Hexene content 99.1 . 99.5
(wt%) in Cg

Cs 0.4 0.5
C10 to 20 4.0 2.5
By-product PE 0.00 0.00




Example 50

Example 51

<Amount (g) of
product>

141.6

150.0

<Compositional distribution (wt%)>

oF} 0.2 0.4
Total Cg 94.0 89.0
l1-Hexene content 98 .1 97.6
(wt%) in Cg '
Cs 0.5 0.7
C10 to 20 5.2 9.8
0.00 0.02

_ By-product'PE




Taple 2 (conti 0

Example 52 Examnle.53 Example 54 | Example 55
<Amount (g) of 291.8 318.8 245.8 391.8
product>
<Combositional distribution (wt%5>
Cq 0.2 0.3 0.6 0.3
Total Cg 91.4 91.2 91.4 91.1
1-Hexene content 98.3 * 98 .3 98.2 98.3
(wt%) in Cg
.Ca 0.6 0.6 0.8 0.6
C10 to 20 7.7 7.8 8.0 7.9 |
By-product PE 0.06 0.05 0.03 0.03
Form of By- Fine Fine Fine Film-
product PE powder pewder powder like
Average 82000 48000 41000 331000
molecular weight
<Catalytic 125277 136220 105518 | - 167422
efficiency> .




b~

[ ¥

B V)
i

efficiency>

_ Example 56 Example 57
<Amount (Kg/Hr) 6.2 6 4.
of product>
<Compositional distribution (wt%)>
Csq 0.1 0.1
Total Cg 91.0 90.9
l-Hexene content 39 5 99 5.
(wt%) in Cg
Csg 0.4 0.4
C10 to 20 8.5 8.6
By-product PE 0.05 0.04
Form of By- Fine powder Film-like
product PE
Average 85000 301000
molecular weight
<Catalytic 197957 204342




Table 2 (continued)

Examplé Example | Example Example

- 58A 58B 59A 59B
<Amount (g) of | . ;;5 g 195.1 106.4 235.7
product>
<Compositional distribution (wt$)>
Ca 0.1 0.1 0.0 0.0
Total Cg 95.5 95.9 95.8 93.3
1-Hexene content| 44 g * 99.1 98.8 99.1
(wt¥) in Cg .
Cs 0.5 0.4 0.5 0.5
'C10. to 20 3.9 - 3.6 3.6 5.9
By-product PE 0.10 0.10° 0.20 0.20
<Catalytic 49473 83280 45449 100736
efficiency>




Table 2 ( , 0
Example' Example Example Example
60A 60B 61A 61B
<Amount (g) of ' 133.4 167.2 108.3 174.0
product> : .
<Compositional distribution (wt%)>
Cq 0.0 0.1 0.3 0.5
Total Cg 95.6 95.6 93.4 92.2
l-Hexene conteat| 44 4 * 99.0 98.4 98.2
(wt%) in Cg :
Cs 0.5 0.5 0.6 0.7
C10 to 20 3.8 3.7 5.5 6.4
By-product PE 0.14 0.14 0.06 0.08
<Catalytic 57017 71448 46284 74370
efficiency> .
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Table 2 (continued)
‘Example Example Example Example

62A 62B 63A 63B
<hmount (g) of 120.4 123.6 103.4 128.8
product>
<Compositional distribution (wt3%)>
Ca 0.4 0.1 0.0 0.0
Total Cg 95.6 95. 4 96.9 97.1
l-flexene content| 44 4 * 98.9 99.3 99.1
(wt%) in Cg
Csg: 0.5 0.5 0.5 0.4
C10 to 20 3.8 3.9 2.5 2.3
By-product PE 0.0 = 0.0 0.12 0.18
<Catalytic 51473 52807 45826 57050
efficiency> :
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Example Example Example Example
64-1AC 64-2AC 65-1AC 65-2AC
<Amount (g/Hr) 95.2 187.0 96.0 101.0
of product>
<Compositional distribution (wt%)>
Cs 0.0 0.0 0.0 0.0
Total Cg 93.6 93.7 94.0 94.0 _
i-Hexene content| 497 1< 99.7 99.7 99.7
(wt%) in Cg
Ca 0.4 0.4 0.4 0.4
C10 to 20 5.9 5.8 5.9 5.9
By-product PE 0.06 0.06 0.06 0.06
<Catalytic 146871 288580 150111 155864
efficiency> ' '
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Table 2 (continued)
Example Example Example Example
66A 668 67A 67B
<Amount (g} of 223.7 495.6 225.1 450.1
product> _ :
<Compositional distribution (wt%)>
Cs 0.3 0.1 0.3 0.1
Total Cg 91.9 92.2 91.6 93.0
1-Hexene content| . gg ; * 98.8 98.5 98.9
{(wt%) in Cg '
Cg 0.6 0.5 0.6 0.5
C10 to 20 7.1 7.2 7.4 6.3
By~product PE 0.17 0.08 0.12 . 0.10
<Catalytic 95598 211795 96197 192350
efficiency>
<Catalytic 191196 211795 192394 192350
factivity> :
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Example Example Example Example
68A 68B 692 69B

<Amount (g) of 220.5 502.3 215.8 311.3
product> '
<Compositional distribution (wt$%)>
Cq 0.3 0.1 0.3 0.1
Total Cg 91.5 92.5 91.0 91.8
l-Hexene content| g5 , * 98.9 1 97.9 98.4
(wt%) in Cg :
Cs 0.6 0.6 0.6 0.6
C10 to 20 7.5 6.7 7.9 7.3
By-product PE 0.10 0.09 0.12 0.08
<Catalytic 94231 214658 92222 133034
efficiency>
<Catalytic 1884¢. 214658 184444 133034

activity>
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Iab’é 3
Example 70 Example 71
Type of solvent HP (750) HP (750)
{Amount : ml)
Type of Cr compound Cr (2EHA) 3 Cr (2EHA) 3
Amount (mg) of 22.5 22.5
Cr (2EHA) 3
Cr(2EHA)3 (a) (mmol) 0.047 0.047
2,5-DMPy (b) (mmol) 0.140 0.140
Et3Al (¢) (mmol) 0.701 0.701
Type of halogen- TCE TCE
containing compound : '
Halogen-containing '0.240 0.240
compound {(d) {mmol)
Molar ratio (a:b:c:d) 1:3:15:5 1:3:15:5
of catalyst components
Water(Al molar ratio -0.250 1.00
Reaction temperature 80 80
(°c) :
Ethylene pressure 35 35
(Kg/cm2G) :
Reaction time _ (Hr) 1.0 1.0




“

activity>

_ Example 70 Example 71
<Amount (g) of 389.3 387.2
product>

<Compositionalldistribution (wt$) >

Cq 0.2 0.3
Total Cg 91.2 93.1
l-Hexene content 98 .4 98.6
(wt%) in-Cg

Cg 0.6 0.5
C10 to 20 8.0 6.1
By-product PE 0.02 0.03
<Catalytic . 166360 165452




‘Example 72 Example 73
Type of solvent HP (750) HP (750)
{Amount : ml)
Type of Cr compound Cr (2EHA) 3 Cr (2EHA)
Amount (mg) of 22.5 22.5
Cr {(2EHA) 3
Cr(2EHA)3 (a) (mmol) 0.047 0.047
2,5-DMPy (b) (mmol) 0.140 0.140
Et3Al (c) (mmol) 0.701 0.701
.Type of halogen— TCE TCE
containing compound :
Halogen-containing 0.240 0.240
compound (d) (mmol)
Molar ratio (a:b:c:d) 1:3:15:5 1:3:15:5
of catalyst components
Water/Al molar ratio 2.00 4.09
Reaction temperature 80 80
(°C)
Ethylene pressure 35 35
(Kg/cmG)
Reaction time (Hr) 1.0 1.0
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4 3
Example 72 Example 73

<Amount (g) of 302.0 90.1
product> _
<Compositional distribution (wt%)>
Cq 0.4 0.8
Total Cg 91.7 84.7
l~-Hexene content 98 . 6 98.8
{(wt%) in Cg
Cs 0.5 0.5
C10 to 20 5.9 2.9
By-product PE 1.37 11.1
<Catalytic 129055 38494

activity>




Iable 5

Example 74

Typg of solvent CHX (730) +HP (20)
(Amount : ml)

Type of Cr compound Cr(2EHA) 3’
Amount (mg) of Cr(2EHA)3 22.5
Cr(2EHA)3 (a) (mmol) 0.047
2,5-DMPy (b) (mmol) 0.140
Et3Al (c) {mmol) 0.701
Type of halogen-containing 1,1,2,2-Tetrachloroethane
compound
Halogen-containing 0.093
compound (d) (mmol)
Molar ratio (a:b:c:d) o= 1:3:15:2
catalyst components
Contacting method (1)
Reaction time (Hr) E 1.0 1.5 2.0




I
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Example 74
<Amount (g) of 83.9 | 211.0 | 358.0 | 477.8
product> . :
<Compositional
distribution (wt3%)>
Ca 2.2 1.0 0.7 0.8
Total Cg 81.8 87.6 89.9 .90.7
1-Hexene content (wt3) 95 0 * 97 5 98.3 98.6
in Cg
Cs 1.3 1.0 0.8 0.7
Ci0 to 20 14.5 10.4 8.4 7.5
C22 to 30 0 0 0 . 0
By4product PE - - - 0.1
<Catalytic efficiency>| 35842 90169 | 153141 {204188
<Catalytic activity> 71683 | 90169 | 102094 | 102077




Example 75

Type of solvent

 CHX (730) +HP (20)

(Amount : ml)
| Type of Cr compound Cr (2EHA) 3
Amount (mg) of Cr(2EHA)3 22.5
Cr(2EHA)3 (a) (mmol) 0.047
2,5-DMPy (b) (mmol) 0.140
Et3Al (c) 0.701

(mmol)

Type of halogen-containing

Germanium tetrachloride

compound

Halogen-containing 0.093
compound (d) - {(mmol)

Molar ratio (a:b:c:d) of

catalyst components

1:3:15:2

Contacting method

(1)

Reaction time (Hr)

0

.5 1.0 1.5 2.0
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Example 75

<Amount (g) of 149.5 | 194.8 | 208.2 | 267.0

product> '

<Compositional

distribution (wt%)>

Ca 0.03 0.03 0.03 0.03

Total Cg 95.8 95.7 95.4 96.0

l-Hexene content (wtd) 99 .2 99.3 99 .4 99.4

in Cg '

Cs 0.5 0.5 0.5 0.4

C10 to 20 3.4 3.5 3.8 3.3
{22 to 30 0 0 0 0

By-product PE - - - 0.15

<Catalytic efficiency>| 63873 83230 88991 114108

<Catalytic activity> 127745 | 83230 59327 57054




-
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Ekample 76

Type of solvent
(Amount: ml)

CHX (730) +HP (20)

Type of Cr compound Cr(2EHA) 4
Amount (mg) of Cr(zsﬁA)3 22.5
Cr(2EHA)3 (a) (mmol) . 0.047
2,5-DMP§_(b) (mﬁol) 0.140
(mmol) 0.701

Et3Al (c)

Type of halogen-containing
compound

Carbon tetréchloride

Halogen-containing

compound (d) (mmol)

0.093

_Molar ratio (a:b:c:d) of
catalyst components

1:3:15:2

Contacting method

(1)

Reaction time (Hr)

1. 1. 2.




Table 7 (continued)
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Example 76

<Amount (g) of 124.1 | 168.5 | 195.9 | 250.8
product> '
<Compositional
distribution (wt#*)>
Ca 0.02 0.02 0.02 0.02
Total Cg 96.2 | 96.2 96.0 96.1
in Cg
Csg 0.5 0.5 0.5 0.5
C10 to 20 2.9 2.9 3.1 3.0
C22 to 30 z 0 0 0
By-product PE - - - 0.19
<Catalytic efficiency> 71995 83726 | 107176
<Catalytic activity> 71995 | 55817 | 53588
Catalytic efficiency 194 225 288
based on one mole of

|chlorine (x106)




Example 77

Type of solvent
(Amount : ml)

CHX (730) +HP (20)

Type of Cr compound Cr(2EHA) 3
Amount (mg) of Cr(2EHA)3 .'22.5
Cr(2EHA)3 (a) (mmol) i 0.047
2,5-DMPy (b) (mmol) 0.140
Et3Al (c) (mmol) 0.701

Type of halogen-containing
compound )

1,1,2,2-Tetrachloroethane

Halogenjcontaining

0.234
compound (d) (mmol)
Molar ratio (a:b:c:d) of 1:3:15:5
catalyst components :
Contacting method (1)
Reaction time (Hr) 1.0 1.5 2.0




(x106)

Table 8 (continued)
Example 77

<Amount (g) of product> 336.2 408.3 555.5
<Compositional '
distribution (wt%)>
Cq 0.1 0.1 0.2
Total Cg 91.1 91.2 92.7
l-Hexgne content (wt%) in 98.8 98.9 99.0
Ce . _
Cs 0.6 0.6 - 0.5
C10 to 20 8.0 7.9 6.5
C22 to 30 0 0 0
By-product PE - - 0.1
<Catalytic efficiency> 143660 | 174500 | 237392
<Catalytic activity> 143660 | 116333 | 118696
-Catalytic efficiency based
on one mole of chlorine 153 - 186 254
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‘Example 78

iype of solvent HP (750)
(Amount : ml) :

Type of Cr compound Cr (2EHA) ;3
Amount (mg) of Cr(2EHA)3 22.5
Cr(2EHA)3 (a) (mmol) 0.047
2,5-DMPy (b) (mmol) 0.140
Et3Al (c) 0.701

{mmol)

Type of halogen-containing
compound

1,1,2,2-Tetrachloroetnane

Halogen-containing

compound (d) {mmol)

0.234.

Molar ratio (a:b:c:d) of
catalyst components

1:3:15:5

Contacting method

(1)

Reaction time (Hr)

()
(@]

1.5 2.0




Example 78
<Amount (g) of product> 391.8 512.9 616.1
<Compositional
distribution (wt%)>
Cq 0.3 0.2 0.3
Total Cg - 91.1 91.2 91.2
l-Hegene content (wt%) in *98.3 198.6 98.8
Cs '
Cs 0.6 0.5 0.5
Ci10 to 20 7.9 8.0 8.0
C22 to 30 0 0 0
By-product PE - - -
<Catalytic efficiency> 167442 | 219186 | 263298
<Catalytic activity> 167442 | 146124 131649




Example 79

Type of solvent HP (750)
(Amount : ml)

Type of Cr compound Cr(2EHA};
Amount (mg) of Cr(2EHA)3 15
Cr(2EHA)3 (a) (mmol) - 0.031
2,5-DMPy (b) (mmol) 0.093
Et3Al (c) (mmol) 0.470

| Type of halogen-containing |

1,1,2,2-Tetrachloroethane

compound

Halogéen-containing 0.156
compound (d)  (mmol)

Molar ratio (a:b:c:d) o= 1:3:15:5

‘catalyst components

Contacting method

(1)

Reaction time (Hr)

2.0 1.5 2.0
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Example 79

<Amount (g) of product> 245.4 409.8 493.9
<Compositional
distribution (wt%)}>
Cy 0.3 0.2 - 0.3
Total Cg 90.2 92.1 92.1
l1-Hexene content (wt%) in 981 98.6 98 .8
Cg '
Ca 0.7 0.6 0.6
C10 to 20 8.7 7.0 7.0
C22 to 30 0 _0 0
By-product PE - - 0.024
<Catalytic efficiency> 157309 | 262723 | 316622

157309 175149 158311

<Catalytic éctivity>




.
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Example 80

Type of solvent
(Amount: ml)

CHX (730) +HP (20)

Type of Cr compound Cr (2EHA) ;5
Amount (mg) of Cr (2EHA)3 22.5
Cr(2EHA)3 (a) (mmol) . 0.047
'2,5-DMPy_(b) (mmol) "0.140
Et3Al kc)_ (mmol) 0.701

Type of halogen-containing
compound

1,1,1-Trichloroethane

Halogen-containing

0.093
compound (d) (mmol)
Molar ratio (a:b:c:d).of 1:3:15:2
catalyst components
" |Contacting method (1)
Reaction time (Hr) 1.0 1.5 2.0
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Example 80

<Amount (g) of product> 355.4 404.7 537.4

<Compositional

distribution (wt%)>

Cs 0.1 0.1 0.1

Total Cg 91.6 90.5 92.1

}-Hexene content (wt%) in 98.6 98.8 98.9

Cg :

Cs 0.5 0.5 0.4

C10 to 20 7.9 8.9 7.4

C22 to 30 0 0 0

By-product PE - - 0.01

<Catalytic efficiency> 151863 .| 172928 229678
151863 | 115285 | 114839

<Catalytic activity>




- Example 81

Type of solvent

CHX (730) +HP (20)

(Amount : ml)
Type of Cr compound. Cr (2EHA) 3
Amount (mg) of Cr (2EHA)3 22.5
Cr(2EHA)3 (a) (mmol) . 0.047
2,5-DMPy'(b) (mmol) 01140
Et3Al (c) (mmol) 0.701

Type of halogen-containing
compound '

1,2,3,4,5,6-
Hexachlorocvclohexane

Halogen-containing

compound (d4) .. {(mmol)

0.093

Molar ratio (a:b:c:d) of

catalyst components

1:3:15:2

Contacting method

(1)

Reaction time (Br)

1.




Table ntin
Examplé 81

<Amount (g) of proﬁqct> 423.2 544 .2 650.2
<Compositional distribution (wt%)>

Ca | 0.1 0.1 0.1
Total Cg 90.6 91.1 91.4
l-Hexene content (wt%) in 41;8.4 98.6 98.7
Cs

Cg | 0.5 0.5 0.4
C10 to 20 8.7 8.2 8.1
Ca2 to’ 30 0 0 0
_By-product'PE - - 0.008
<Cat;lytic efficiency> é_.%0866 | 232584 é77852
<Catalytic activity> .23866 155056 138926




Example 82

Type of solvent
(Amount : ml)

CHX (730) +HP (20)

Type of Cr compound Cr (2EHA) 5
Amount (mg) of Cr(2EHA)3 22.5
Cr(2EHA)3 (a) (mmol) . 0.047
2,S—DMPyJ(b) (mmol’ | 0.140

Et3Al (¢) (mmol)

0.701

Type of halogen-containing
compound

Pentachlorocyclopropane

Halogen-containing
compound (d) {(mmol)

0.093

Molar ratio {(a:b:c:d) of

catalyst components

1:3:15:2

Contacting method

(L)

1Reaction time ' (Hr)

1.0 1.5

2.0




w
Example 82

<Amount (g) of p;oduct> 251.4 297.2 - 401.0
<Comp§sitional distribution (wt3)>
Cq 0.3 0.2 0.3
Total Cg 91.9 91.7 92.7
1-Hexene conteﬁt-(wt%)_in' .98.1 98.4 ' 98.6
Cs
Cs 0.6 0.6 0.5
C10 to 20 7.1 7.5 6.4
C22 to 30 0 0 0
By-product PE - - 0.01
<Catalytic efficiency> 107423 | 127001 171532
<Catalytic activity> 107423 84667l 85766
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Example 83

Type of solvent
(Amount : ml)

CHX (730) +HP (20)

Type .of Cr compound  Cr(2EHA)3
Amount (mg) of Cr (2EHA)3 22.5
Cr(2EHA)3 (a)  (mmol) . ' 0.047
2,5-DMPy (b) (mmol) 0.140
|Etsal (@  (mmol) 0.701

Type of halogen-containing
compound

Germanium tetrachloride

‘Halogen-containing

_ 0.093
compound (d) (mmol)

Molar ratio {(a:b:c:d) of 1:3:15:2
catalyst components

Contacting method (1)

Reaction time (Hr) 1.0 1.5 2.0
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Example 83
<Amount (g) of product> 194.8 208.2 267.0
<Comggsi;ional distribution (wt%f>
Ca 0.03 0.03 0.03
Total Cg 95.7 95.4 96.0
l-Hexene content (wt3) in 41;9.3 99.4 99 .4
Cg :
Cs 0.5 0.5 0.4
C10 to 20 3.5 3.8 3.3
C22 to 30 0 0 0
By-product PE - - 0.15
<Catalytic efficiency> 83230 88991 114108

59327

<Catalytic activity>

83230

57054




Example 84

Type of solvent
(Amount : ml)

CHX (730) +HP (20)

Type of Cr compound Cf(ZEHA);
Amount (mg) of Cr(2EHA) 3 2275
Cr(2EHA)3 (a) (mmol) 0.047
2,5-DMPy-(b) {mmol) 0.140
Et3Al (¢) (mmol) . 0.701

Type of halogen-containing

Carbon tetrachloride

compound

Halogen-containing 0.093
compound (d) (mmol)

Molar ratio (a:b:c:d) of 1:3:15:2

catalyst components

Contacting method

(1)

|Reaction time (Ex)




Example'84
<Amount (g) of product> 168.5 195.9 25078
<Compositional distribution (wt%)>
Cq 0.02 0.02 - 0.02
Total Cg 96.2 96.0 96.1
ll—Hexene ceontent (wti) in .99.4 99;4 99.5
Cg
Cs 0.5 0.5 0.5
C10 to 20 2.9 3.1 3.0
C22 to 30 0 0 0
By-product PE - - 0.19
<Catalytic efficiency> 71995 83726 107176
<Catalytic activity> 71995 55817 53588




Extracting Catalyst | Theoret- |Extract- |Washing Organic
liquid compo- ical ing liquidP | layerP
e nent Valued layerP
Nitric
acid Cr 7.8 6.9 0.1 0
Ex. 85| 0.5 mol/1 Al 66.9 65.5 1.1 0
N 6.9 = - -
Hydro- .
chloric Cr 7.8 6.6 0.1 0
acid
Ex. 86| 1.0 mol/1 Al €6.9 " 66.0 1.5 0
N 6.9 2.3 1.6 1.0
Hydro- _
chloric Cr 7.8 6.7 0.1 0
acid
Ex. 8710.01 mol/1l Al 66.9 65.3 1.3 0
M 6.9 2.0 1.7 1.5
Note) a: The concentration (ppm) of each catalyst
component which is contained in the reéction
liquid after thz r=moval of a polymer.
b: The value obtair=.i bv calculating the weight of

each catalyst ==z

as the concentrzzizn (weight ppm) of each

catalyst

the removal of

in 50 =2

Ay

o
(™

Q

mzsnent measured by ICP analysis

~% the reaction liquid after

iymer.
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Table 17
Extracting Catalyst | Theoret- | Extract- | Washing|{Organic
liquid compo- ical ing liquidP | layerP
nent Valued layerb '
NaOH Cr .. 7.8 | 6.1 0 0
Ex. 88] 0.8 mol/1 Al 66.9 60.9 0.3 0
N 6.9 - 0.8 4.7
NaOH Cr 7.8 6.0 0 0
Ex. 89[0.01 mol/1| _ Al 66.9 59.5 0 0o,
N 6.9 - 0.2 5.0
NaOH Cr . 7.8 5.2 - 0
Ex. 90] 0.8 mol/1 Al 66.9 67.1 - 0
N 6.9 - - 5.5
Note) a: The concentratioh (ppm) of "each Catalyst
component which is contained in the reaction
liquid after the removal of a éolymer. |
b: The value obtained by caiculating the weight of

each cataiyst component measured by ICP analysis
as the concentration (weight ppm) of each
catalyst in 50 ml of the reaction liquid after

the removal of a polymérf
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Table 18
Extract- |Catalvst |Theoret- |Extract- |Organic
ing compo- ical ing layexr®
liquid nent Value?d layerP
Hydro- Cr 29.7 13.7 15.7
chloric
acid
Ex. 91 | 1.4 mol/1 Al 77.1 64.8 11.6
N 24.8 10.4 12.4
NaOH Cr 29.7 11.9 16.3
Ex. 92 |1.2 mol/1l Al 77.1 77.0 0
N 24.8 9.8 13.3
Note) a: The concentration (ppm) of each catalyst
component which is contained in the reaction .
liquid after the removal of a polymer.
b: The value obtained by calculating the weight of

each catalyst component measured by ICP analysis

as the concentration (weight ppm) of each

catalyst in 50 ml of the reaction liquid after

the removal of =&

polymer.




Example 94

Example 93 Example 95

Type of solvent CHX (730) | CHX(730) CHX (730)
(Amount : ml) '
+HP (20) +HP (20) +HP (20)

Type of Cr compound Cr (2EHA) 3 Cr(2EHA); Cr(2EHA);
Amount (mg) of 22.5 22.5 22.5
Cr (2EHA) 3
Cr(2EHA)3 (a)} (mmol) 0.047 0.047 0.047
2,5-DMPy (b) (mmol) 0.140 0.140 0.140
Et3Al (c) (mmol) 0.701 0.701 0.701
Type of halogen- Allyl ‘Allyl Allyl
containing compound chloride chloride chloride
Halogen-containing 234 0.234 0.234
compound (d) {mmol)
Molar ratio (a:b:c:d) 1.15:5 1:3:15:5 1:3:15:5
of catalyst components
Contacting method . (1) (1)
Residence time  (Hr) 1.0 2.0
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Table 19 (ggn;iggggl
Example 93 | Example 94 | Example 95

<Amount (g) of 123.1 161.5 232.2
product>
<Compositional distribution (wt%)>
Cq 0.1 0.0 0.0
Total Cg 97.6 97.1 96.6
l-Hexene content {(wt%) 99.3 99.5 99.3
in Cg '
Csg 0.4 0.4 0.4
C10 to 20 1.9 2.3 2.7
C22 to 30 0 0 0
By-product PE - - 0.161
<Catalytic efficiency> 52607 68996 99244
Catalytic efficiency 295 424

based on one mole of
chlorine (x106)

225
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" THIS SHEET HAS BEEN
HEPLACED :

WHAT IS CLAIMED IS:

1. A process for producing an a-olefin oligomer, which
comprises carrying out oligomerization of an o-olefin in a
solvent in the presence of a catalytically effective amount
of a chromium-based catalyst'system composed of a
combination of at least (a) a chromium compound, (b) a
nitrogen-containing compound of at least one selected from
the group consisting of an amine, an amide énd an imide,

{c) an alkyl;luminum compound and (d) a halogen—contéining
compound,

wherein each of the a-olefin, the chromium compound
(af, the nitroéen—containing éompound (b) of at least one
selected from the group consisting of an amine, an amide
and an imide, the alkylaluminum compound (c) and the
halogen-containing compound (d).is supplied to a reaction
system in a mode that the chromium compound (a) and the

alkylaluminum compound (¢) do not contact each other before
each of said compounds (a) to (d) and the a-olefin coexists

in the reaction solvent and the oligomerization of an -

olefin takes place.

2. A process for produciné aﬁ c-clefin oligomer
according to.claim 1, wherzin said chromium compound (a) is
. one selected ffom the group consisting of chromium
alkoxides, chromium cafbcxylates, chromium PB-diketonates,
salts of chromium with anizns of B-ketoester, chromium B~

ketocarboxylates, amide czmplexes of chromium, carbonyl

N

O
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complexes of chromium, carbene complexes of,chrOmium,
cyclopentadienyl complexes of ehromiumf alkyl complexes of
chromium, phenyl complexes of chromium, chromium halides,
ether complexes of chromium halides, ester complexes of
chromium halides, ketone complexes of chromium halides,
aldehyde complexes of chromium halides, alcohol complexes
of chromium halides, amine comple#es of chromium halides,
nitrile.eomplexes of chromium halides, phosphine complexes
of chromium halides and thiocether complexes of chromium

halides.

3. A process for.prodqciﬂg an 0-olefin oligomer
accdrding to claim 1, wherein said nitrogen—-containing
compound (b) is one selected from the group consisting of
py:reles and derivatives thereof, and said halogeﬁ-

containing compound (d) is halogeneted hydrocarbon.

4. A process for producing an ®-olefin oligomer
according to claim 3, wherein said nitrogen-containing
compound'(b)_is one selected from the group consisting of a

‘pyrrole and 2,5—dimethylpyrrele.

5.'A process for producing an G-olefin oligomer
according to claim 1, wherein said nitrogen-containing
compound (b) is a compound represented by the following

general formula (1):

;1AL .
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o m!
f

' .
RY-C-N-R?2 - )

wherein M! represents a hydrogen atom or a metal element in
the Groups IA, IIA, IB and IIIA of the Periodic Table, Rl
represents a hydrogen atom, an alkyl group having 1 to 30
carbon atoms, alkenyl group having 1 to 30 carbon atoms, an
_aralle group having 1 to 30 carbon atoms, an aryl group
which may have a substituent or ah aryl.gfoup which may
containla hetero element, and R2 represents a hydrogen
atom, an alkyl group having 1 to 30 carbon atoms, alkeﬁyl
group having 1 to 30 carbon atoms; an aralkyl group having
1 to 30 carbon-atoms, an aryl group which may have a
substituent, an aryl gfoup_which may.have a hetero element
or an acyl group: -C(= O)R3, (R3lis defined in the same as
R!, R3 and R! may be either the same or different), and Rl

" and R? may form a ring.

6. A process for producing an G-olefin oligomer
according to claim 5, wherein said nitrogen-containing
- compound (b) is one selected from the group consisting of
maleimides and derivatives chereof, and said halogen-

containing compound (d) is inorganic halides.

7. A process for procducing an ¢-olefin oligomer
according to claim 1, wherein said alkylaluminum compound

(c) is a trialkylaluminum :ompound.

* C L M s *

-
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8. A process for producing an 0-olefin oligomer

according to claim 1, wherein said alkylaluminum compound
(c) is a mixture of a trialkylaluminum compound and a

alkylaluminum halide compound. ' -

9. A prbcess for producing an 0-olefin oligomer

according to claim 1, wherein said halogen-containing
compound (d) is a halogenécontaining compound containing an
element selected from the Groups IIIA, IIIB, IVA, IVB, VA,
VB and VIB of the Periodic Table.

10. A procéss for producing an a-olefin oligomer
acéording to claim 9, wherein said halogen-containing
compound (d) is a halogen-containing compound containing an
element selected from the Groups IVA and IVB of the

'Periodic Table.

11, A process for r: :.:ing an a;olefin oligomer
according to claim 10, . : -.n said halogen-contéining
compound (d) is one sel- ° . ‘rom the group consisting of
cafbon tetrachloride, -:-. Dozm, dichloroethane, titanium
tetrachloride and germ:z - =rachloride.

12. A process for ...z an o~olefin cligqmer
aécording to claim 1, - ... 3aid halogen-containing

compound (d) is a linear .. irocarbon having at least 2

W
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‘carbon atoms, which are substituted by at least 3 halogen

atoms.

13. A éroceés for producing an a?olefin oligomer
accérding to claim 12, wherein said halogen-containing
compound (d) is one selected from the group consisting of
trichloroethane, ;etrachlo:oethane, pentachloroethane and

hexachloroethane.

14. A process for producing an 0t-olefin oligomer
according to claim 1, wherein said halogen-containing

.

compound (d) is a halogenated cyclic hydrocarbon.

15. A process for producing an o-olefin oligémer
according to claim 1, wherein the molar ratio (a) : (b)
{c) : (d) of said compounds (a) to.(d) as catalyst
components in the reaction system is 1 : 0.1 to 100 : 0.1

to 500 : 0.1 to 100.

16. A process for producing an o-olefin oligomer
according to claim 1, wherein said 0-olefin is ethylene,
and said chromium compound (a) and said alkylaluminum
compound (c) contact each o;her_under the condition that

the ethylene pressure is about 5 to 100 kg/cm2.

17. A process for producing an ¢-olefin oligomer

according to claim 1, wherein said chromium compound (a:

AT



and said o-olefin are introduced into a solution containing

said nitrogen-containing compound (b), said alkylaluminum

compound (c¢) and said halogen-containing compound (d).

18. A.process for producing an ¢-olefin oligome:
according to claim 1, wherein said alkyialuminum compound
(¢) and said O-olefin are introduced into a solution
containing said chromium compound (a), said nitrogen-
containing compound (b) and said halogen-containing
compoﬁnd (d) .

19..A prdéess for produc;ng an 0—olefin oligomer
according to claim 1, wherein said alkylaluminum compound
(c), said halogen—containiﬁg compound (d) and said a-olefin
are introduced into a solution containing said chrpmium

compound (a) and said nitrogen-containing compound (b).

20. A process for producing an a-olefin oligomer
according to claim 1, wherein said chroﬁium compouhd (a),
said halogen~containing cgmpound.(d) and saidla—olefin are
.int;oduced into a solutizsn containing said nitrogen-
containing compound (b) and said alkylaluminum cbmpound

{c).

21. A process for cr:iucing an o-olefin oligomer

according to claim 1, whezr2in, catalyst components

containing at least said slkxylaluminum compound {(c) and
_

AR 0o
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said halogen-containing compound (d) and not containing
said chromium compound (a) are heated to not lower than
100°C in a reaction solvent in advance, and said treated

catalyst components are contacted with the rest of the

catalyst components and said o-olefin in the reaction

solvent.

22. A process for producing an Q-clefin oligomer

according to claim i, wherein 0.1 to 15 vol% of hydrogen

exists in the gas phase of a reaction vessel.

23. A process for producihg an 0-olefin oligomer
'according to claim 1, wherein an oligomerization of an O-
olefin in a reaction solvent is conducted by a semi~batch
process of by a continuous process, and at least one
catalyst component §elected from the group consisting of
said nitrogen-containing compound (b), said alkylaluminum
compound (c) and said halogen-containing compound (d) is

added as supplement to said reaction system.

24, A process for producing an 0~olefin oligomer
according to claim 1, wherein each of said chromium
compound (a); nitrogen~containing compound (b) and said
alkylaluﬁiﬁum compound (c) and said haloqeh-containing
compound (d) are continuously supplied into the reaction
systeh.

-

(T
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25. A process for producing an @-olefin oligomer
according to claim 1, wherein water exists 0.001 to 1.5 mol

based on one mol of said alkylaluminum compound (¢} in the

reaction system.

26. A précess for prdducing an ¢~-olefin oligomer
according to claim 1, wherein at least one selected from
the group cbnsisting of an alkylating agent, a reducing
agent and a halogen-containing compound is added to a

recovered solution containing the catalyst components

recovered from a reaction solution by distilling and

separating said o-olefin oligomer, and said recovered

solution-is thereafter circulated to said reaction system.

27. A process for producing an oa-olefin oligomer

according to claim 26, wherein said alkylating agent or

said redﬁcihg agent is an alkylaluminum compound.

28. A process'for producing an o-olefin oligomer

according to claim 1, wherein the catalyst component (s) are
removed by contacting a reaction solution containing said
catalyst component (s) with not more than 2.5 mol/litre of

an aqueous acid or alkali solution.

29. A process for prcducing an O-olefin oligomer
according to claim 1, whsrein said reaction solvent is an
_______—/

AL



carbon atoms.

according to claim 1,

which comprises
in a solvent in
system composed

compound,

amide and an imide,

alkylaluminum compound

are heated to not lower

advance, and said treat-.

with the rest of the_ca“

in said reaction solve:.:

32. A process for |

according to claim 31,

chromium compound

acyclic or alicyclic saturated hydrocarbon having 4 to 10

30. A process for producing an O-olefin oligomer

wherein said @-olefin is ethylene,

and said &-olefin oligomer is l-hexene.

.. A process for producing an OG-¢lefin oligomer,
carrying out oligomerization of an a-~olefin
the preéence of a chromium-based catalyst
of a combination of at least (&) -a chromium
nitrogen-containing compound of at least
one selected from the group consisting of an amine,
an alilkylaluminum compound and (d) a
halogen-containing compound,

wherein catalyst compcnents containing at least said

compound (d), and not ¢on:aining said chromium compound (a)

contains said nitrogen-.
R—

Thls Shéet Has B

I ll!

o)
e8]

O

and said halogen-containing

100°C in a reaction solvent in

-:lyst components are contacted

lomponents and said &-olefin

.23 an 0-olefin oligomer
r. said a-olefin and said
~rsduced into a solution which

iining compound (b),

N



. e e RS i, W v

AR

alkylaluminum compound (c) and said halogen-containing
compound (d) and which is heated to not lower than 100°C in

advance.

33. A process for producing an O-olefin oiigomer
according to claim 31, wherein, said o~olefin, said
chromium compound and said nitrogen;containing compound (b)
are introduced into a solution which contains said
alkylaluminum compound (c) and said halogen-containing
compound (d) and which is heated to not lower than 100°C in

advance,

34."A process for producing an G-olefin oligomer,
.which comprises carrying out oligomerization of an a-olefin
in a reaction solvent in_the presence of a chromium-based
catalyst system compqsed of a éombination of at least (a) a
. chromium compound, (b) a_nitroqen-containing compound of at
least one selected from the group.consisting of an amine,
an amide and an imide, (c¢) aﬁ alkylaluminum. compound and
(d) a halogen-containing compound,

wheréin said o;igomerization of an a-olefin in a
reaction solvent is conductéd by a semi-batch process or by
a continuous process, and at least one catalyst component
selected from the gréup consisting of said nitrogen-
‘containing compound (b), said alkylaluminum compound (c)
and'said halogen-containing compoﬁnd (d) is added as

supplement to a reaction system.

4
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35. A process for producing an ¢-olefin oligomer
according to claim 34, wherein said alkylaluminum compound
(c) and said halogen-containing compound (d) are added as

supplement to the reaction system,

36. A process for producing an G-olefin oligomer

éccording to claim 34, wherein said alkylaluminum compound

(c) is added as supplement to the reaction system.

'37. A process for producing an ¢t-olefin oligomer
according to élaim 34, whereih said nitrogen-containing
compound- (b), said alkylaluminum compound (¢) and said
halogen-containing compound (d) are added as supplement to

the reaction system.

38. A process for producing an Oa-olefin oiigomer
according to claim 34, wherein thé amount of said nitrogen-
containing cqmpound (b), the amount of alkylaluminum
compound (c), and the amount of halogen-containing compound
(d), added as supplement are, respectively, not more than
10 hol,'noﬁ more than 10C mol, and ﬁot more than 20 mol
each time, at least one of.said compounds (b); {c) and (d)
is added per one mol of the chromium compound (a) added at

the initiation of the oligomerization.
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39. A linear low-density polyethylene produced from
said a-olefin oligomer, as a raw material monomer, which is
produced by a procéss according to any one of claims 1, 31

and 34.



