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BACKGROUND OF THE INVENTION:

The present invention relates to a process for producing an
a-olefin oligomer, and more particularly relates to a process
for producing an a-olefin oligomer comprising mainly of l-hexene,
from ethylene with a high yield and a high selectivity in an
industrially useful manner.

It is hitherto known that a oligomerization of o-olefin
such as ethylene is carried out in the presence of a chromium-
based catalyst comprising a chromium compound and an
organocaluminum compound in combination. For instance, Japanese
Patent Publication (KOKOKU) No. 43-18707 discloses a production
method of l-hexene and polyethylene from ethylene by using a
catalyst comprising a 6-Group transition metal such as chromium
and polyhydrocarbyl-aluminum-oxide.

Further, Japanese Patent Application Laid-Open (KOKAI) No.
3-128904 discloses a trimerization method of an a-olefin by
using a catalyst obtained by previously reacting a chromium-
containing compound having a chromium-pyrrolyl bond with metal
alkyl or a Lewis acid. Furthermore, Japanese Patent Application
Laid-Open (KOKAI) No. 6-239920 discloses a oligomerization
method of an a-olefin by using a catalyst obtained by mixing a
chromium compound, a pyrrole-containing compound, a metal alkyl
compound and a halide source with each other in a common solvent.

In addition, the present inventors have recently proposed,

in Japanese Patent Application Laid-Open (KOKAI) No. 8-3216, an
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catal yst conprising a 6-Goup transition netal such as chrom um and

. pol yhydr ocar byl - al um num oxi de. Furthek; Japanese Patent Application
Lai d- Open (KOKAI) No. 3-128904 discloses a trinerization nethod of an
[err]-olefin by using a catal yst obtained by previously reacting a
chronmi um cont ai ni ng conpound having a chroniun}pyrrolyl bond wi th netal
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by u3|n% %ﬁﬁ %I stegbtalned(§¥ n1X|n cgron1un1coqﬁﬁy ol
pyrrol e- hpothd? g Ebﬁ%oﬁ?fﬁp aaneﬂ d€-Sour ce
el e °'%Tr‘§ﬁ'%\§f§%§a§beﬁ5{1 B B L F LS
No. 8-3%1%mwRNin combination in such a manner that the chromium-
containing compound and the metal alkyl compound are kept in
non-contact with each other until these compounds are brought
into contact with an o-olefin. According to the-afore—mentioned
method, l-hexene can be produced by subjecting o-olefin,
particularly ethylene, to oligomerization in the presence of the
catalyst having a high catalytic activity.
However, in any of these methods, a considerable amount of
polymer as by-product have been inevitably produced. Such a
production of the polymer as by-product causes problems such as
adhesion of the polymer to an apparatus used, necessity of
removing the polymer from a scolution containing a reaction
product, or the like. For these reasons, when it is intended to
conduct the oligomerization of o-olefin in an industrially
effective manner, it is important to reduce an amount of the by-
product to as low a level as possible.
Further, in the method described in Japanese Patent
Publication (KOKOKU) No. 43-18707, a large amount of
polyethylene is produced simultaneously with the production of
l-hexene. In the case where the reaction condition is adjusted
so as to reduce the amount of polyethylene as a by-product,
there is caused a problem that a catalytic activity of the
catalyst in the reaction system is deteriorated. In the method
described in Japanese Patent Publication (KOKOKU) No. 3-128904,

there arises a problem that an amount of the high-molecular
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-2 - oligonerization nethod of an [err]-olefin by using a chrom um based
.catal yst conprising a chrom um contai ngng conpound, a pyrrole

ri ng-contai ni ng conpound, a netal al kyl conpound and a halide source in
conmbi nation in such a manner that the chrom um containing conpound and the
met al al kyl conmpound are kept in non-contact with each other until these
conpounds are brought into contact wth an a-olefin. According to the

af or e- nBfRihte PotemMesd prodhes@near &ve bldmpitedusedabsgmalbj bevehgout a
[err]-olefin, particularly ethylene, to oligonerization in the presence of
the cat A3 AL AFtaVALYhtheree i tiz wmufficientionever, in any of these
nmet hods, a cqnsi der.abl e appunt of pol yner as_by-product _have been
inevitably p &g@&FlSBChla e dirithiash dscEReeporPnERe adaBRRe O FRte Causes

prOblengu%HS%a%aon Laid-Open (KOKAI) No. 6-239920, the catalytic
activity is also insufficient from a standpoint of industrial-
scale oligomerization of o-olefin, though the method exhibits a
high selectivity for l-hexene. Whereas, in the method described
in the Japanese Patent Application Laid-Open (KOKAI)} No. 8-3216,
the selectivity for l-hexene is insufficient, though the
catalyst used in the method exhibits a sufficient catalytic
activity to carry out the industrial-scale oligomerization of o-
olefin.

As a results of the present inventors’ earnest studies for
solving the above problems, it has béen found that by using the
chromium-based catalyst formed from at least a chromium compound
(a), a nitrogen-containing compound (b) selected from the group
consisting of amines, amides and imides, and an alkyl aluminum
compound (c) while maintaining a molar ratio of the a-olefin
oligomer to a-olefin in the range of 0.05 to 1.00, an a-olefin
oligomer such as l-hexene can be produced with a high yield and
high selectivity while extremely reducing an amount of polymer
as by-product. The present invention has been based on this

finding.

SUMMARY OF THE INVENTION:

The object of the present invention is to provide a

continuous process for producing an o-olefin oligomer such as 1-
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adhesi on of the polymer to an apparatus used, necessity of renoving the
polymer froma solution containing a rgaction product, or the |like. For

t hese reasons, when it is intended to conduct the oligonerization of
[err]-olefin in an industrially effective manner, it is inportant to reduce
an anount of the by- product to as low a | evel as possible. Further, in the
met hod described in Japanese Patent Publication (KOKOKU) No. 43-18707, a
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oligomer by subjecting an o-olefin to oligomerization in the
presence of a reaction solution containing a chromium-based
catalyst in the reaction zone, which comprises,

continuously conducting the oligomerization of an oa-olefin
by using the chromium-based catalyst formed from at least a
chromium compound (a), a nitrogen-containing compound (b)
selected from the group consisting of amines, amides and imides,
and an alkyl aluminum compound (c¢) while maintaining a molar

ratio of the a-olefin oligomer to a-olefin in the range of 0.05

te 1.00.

DETAILED DESCRIPTION QF THE INVENTION:

In the process according to the present invention, as the
chromium-based catalyst, there may be used a catalyst formed
from at least a chromium compound {(a), one or more nitrogen-
containing compound (b) selected from the group consisting of
amines, amides and imides, and an alkyl aluminum compound (c).

The chromium compounds suitably used in the present
invention are those expressed by the general formula of CrXp,
wherein X represents an optional organic or inorganic group or
an anionic atom and n is an integer of 1 to 6, and when n is not
less than 2, X may be same or different. A valence of chromium
may be 0 to 6. It is preferred that n of the above-mentioned

general formula is an integer of not less than 2.
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-3 - weight polynmer produced can be limted to a small |evel but a
catalytic activity thereof is insufficPent. In addition, in the nethod
described in the Japanese Patent Application Laid-Open (KOKAI) No.

6- 239920, the catalytic activity is also insufficient froma standpoint of
I ndustrial - _scale oligonerization of [err]-olefin, though the nethod

"nthe. Japandes Eat So Ke] PEMRD AL AT ChenCrRORA FoRo IR R
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ytic activit to carry out

i ndust riploniCala@ @l 9QTBALZA L OfsdRNiMtic examples of suitable
organic groups may include hydrocarbon groups, carbonyl groups,
alkoxy groups, carboxyl groups, B-diketonate groups, P-keto-
carboxyl groups, P-keto-ester groups, amide groups or the like.
Examples of the hydrocarbon groups may include alkyl groups,
cycloalkyl groups, aryl groups, alkylaryl groups, aralkyl groups,
a cyclopentadienyl group or the like. Examples of the inorganic
groups as the X group of the afore-mentioned general formula may
include chromate-forming groups such as a nitric group and a
sulfuric group. Examples of the anionic atom as the X group of
the afore-mentioned general formula may include oxygen, halogen
or the like.

The above-defined chromium compounds may be alkoxy salts of
chromium, carboxyl salts of chromium, P-diketonate salts of
chromium, salts of chromium and an anion derived from'B-keto—
esters, or chromium halides. Specific examples of the chromium
compounds may include chromium (IV)-tert-butoxide, chromium
(III)-acetylacetonate, chromium (III)-trifluoro-acetylacetonate,
chromium (III)-hexafluoro-acetylacetonate, chromium (III) (2, 2,
6, 6-tetramethyl-3, 5-heptane-dionate), Cr(PhCOCHCOPh)3; (wherein
Ph represents a phenyl group), chromium (II) acetate, chromium
(III) acetate, chromium (III)-2-ethyl hexanoate, chromium (III)
benzoate, chromium (III) naphthenate, Cr(CH3;COCHCOOCH3)3,
chromium (II) chloride, chromium (III) chloride, chromium (II)

bromide, chromium (III) bromide, chromium (II) iodide, chromium
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olefin. As a results of the present inventors' earnest studies for solving

t he above problens, it has been found-é¢hat by using the chrom um based

catalyst forned fromat |east a chrom um conpound (a), a

ni t rogen-contai ni ng conpound (b) selected fromthe group consisting of

ami nes, ami des and inmides, and an al kyl al umi num conpound (c) while

mai nt ai ni_n a,ngtgr ratio of the [err]-olefin oligonmer_to [err]-alefinin
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pr oduced mn% ﬁép gh yield and high selectivity while extrenely reducing an
anount Fy as by-product The present invention has been based on
this flndlngIn ect the res%ﬂt I nvention
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such asc%romlum compound and an electron donor is suitably used as the
chromium compound. Such an electron donor may be selected from
compounds containing nitrogen, oxygen, phosphorus or sulfur atom.

Examples of the nitrogen-containing electron donors may
include nitrile, amine, amide, nitro compounds or the like.
Specific examples of the nitrogen-containing electron donors may
include acetonitrile, pyridine, dimethyl-pyridine, dimethyl-
formamide, N-methyl-formamide, aniline, nitrobenzene,
tetramethyl-ethylene-diamine, diethylamine, isopropyl-amine,
hexamethyl-silazane, pyrrolidone or the like.

Examples of the oxygen-containing electron donors may
include esters, ethers, ketones, alcohols, aldehydes or the like.
Specific examples of the oxygen-containing electron donors may
include ethyl acetate, methyl acetate, tetrahydrofuran, dioxane,
diethyl ether, dimethoxy-ethane, diethylene glycol dimethyl
ether, triethylene glycol dimethyl ether, acetone, methyl ethyl
ketone, methanol, ethanol, acetaldehyde or the like.

Examples of the phosphorus-containing electron donors may
include hexamethyl phosphoramide, hexamethylphosphorous triamide,
triethyl phosphite, tributyl-phosphine-oxide, triethyl phosphine
or the like. Examples of the sulfur-containing electron donors
may include carbon disulfide, dimethyl sulfoxide, tetramethylene
sulfone, thiophene, dimethyl sulfide or the like.

Examples of the complexes comprising the chromium compound

and the electron donor may include ether complexes of chromium
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-4- hexene with a high yield and a high selectivity while reducing an
anount of polyner as by-product to an-&«renely low |level. To acconplish
the aim in an aspect of the present invention, there is provided a process
for producing an [err]-olefin oligonmer by subjecting an [err]-olefin to
oligonerization in the presence of a reaction solution containing a

chrom um based cata in the reaction, zone,. which conprises, continuously
conductrﬁ@ the cﬁ?iﬁﬁgﬁqu&PFSH 8f Spremiyny _haldken 5FtB§PnSOWH%eXES of

chronlun} ased c f d_from | east_a.chromu oun

1 ogent B TR B A AIATEYES . SOMRLPESE (4o ERELGTobp CORe| SEFHRED -

am nes, 88%8?3xé¥“%é'@ﬂ¥%%1um halide, amine complexes of chromium halide,
nitrile complexes of chromium halide, phosphine complexes of

chromium halide, thiocether complexes of chromium halide, or the
like. Specific examples of these complexes may include
CxrCl;-3THF, CxClj3-3(dioxane), CrCls- (CH3CO;n-C4Hyg),
CrCljz- (CH3CO,CoHs) , CxCli-3 (i-C3H,0H),
CrCls3-3[CH3(CH2)3CH(CH5)CH0H], CrxrCls-3{pyridine), CxrClz-2{i-
C3H7NHz), [CrCli3-3CH3CN] -CH3CN, CrClsz-3PPh3, CrCly-2THF,
CrCly-2(pyridine), CrCl;-2[(C3Hs)aNH], CrCl,-2CH3CN,
CrCly-2[P(CH3)2Ph] or the like. Incidentally, in the above
specific examples of the complexes, "THF" means tetrahydrofuran.

It is preferred that the chromium compound be soluble in a
hydrocarbon solvent. Examples of such chromium compounds may
include salts of chromium and PB-diketonate, salts of chromium
and carboxylic acid, salts of chromium and an anion derived from
f-keto-esters, salts of chromium and B-keto-carboxylic acid,
amide complexes of chromium, carbonyl complexes of chromium,
carbene complexes of chromium, cyclopentadienyl complexes of
chromium, alkyl complexes of chromium, phenyl complexes of
chromium or the like.

Specific examples of various chromium-containing complexes
such as the carbonyl complexes of chromium, the carbene
complexes of chromium, the cyclopentadienyl complexes of

chromium, the alkyl complexes of chromium and the phenyl

complexes of chromium may include Cr(CO)g, (CgHg)Cr(CO)3,

(CO) sCx (=CCH3 (OCH3) ), (CO)sCr(=CCgHs(OCH3)), CpCrCly; (wherein Cp
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and an al kyl al um num conpound (c) while maintaining a nolar ratio of the
a-olefin oligoner to [err]-olefin in t+&e range of 0.05 to 1.00. DETAILED
DESCRI PTION OF THE I NVENTION: I n the process according to the present

i nvention, as the chrom um based catal yst, there may be used a catal yst
formed fromat |east a chrom um conpound (a), one or nore nitrogen-
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i norganig, grQyR or an anionic atomand n is an integer of 1 to 6, and when
nis not Tess than 2, X may be sane or different. A valence of chrom um may

be 0 to 6. IiryeS REBRLELACHod PR ind oy H2e ARRYEEEBNL, CReLrrier such as
an inorganic oxide. However, it is suitable to combine the
chromium compound with any other catalytic components without
carrying it on the carrier. That is, in accordance with the
present invention, it is preferred that the chromium-based
catalyst is prepared by a particular method as described
hereinafter. In such a method, it has been found that the
chromium compound exhibits a high catalytic activity even though
it is not supported on the carrier. Further, in the case where
the chromium compound is used without being supported on the
carrier, complicated operations required for supporting the
compound on the carrier can be omitted. Furthermore, undesirable
increase in a total amount of the catalyst used {(a sum of the
carrier and the catalytically active components) is effectively
avoided.

The amines used as the nitrogen-containing compound (b) in
the present invention may be primary amines, or secondary amines.
Examples of the primary amines may include ethylamine,
isopropylamine, cyclohexylamine, benzylamine, aniline,
naphthylamine or the like. Examples of the secondary amines may
include diethylamine, diisopropylamine, dicyclohexylamine,
dibenzylamine, bis(trimethylsilyl) amine, morpholine, imidazole,
indoline, indole, pyrrole, 2, 5-dimethyl-pyrrole, 3, 4-dimethyl-
pyrrole, 3, 4-dichloro-pyrrole, 2, 3, 4, 5-tetrachloro-pyrrole,

2-acyl-pyrrole, pyrazole, pyrrolidine, or the like.
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general formula is an integer of not |less than 2. As the organic groups
as the X group of the afore-nentioned g&neral fornula, various groups
generally having 1 to 30 carbon atons can be suitably used. Specific
exanpl es of suitable organic groups nmay include hydrocarbon groups,.

car bonyl groups, al koxy groups car boxyl groups [err] di ket onat e groups,

ket o- k t 0- d th
| Tke, Exanpl oongr S RS, A0 S PEERE hmg T ROV makre BEGGpe,
eyl oal kil GEQURSe 631 e kxggxé?gag%ysﬂﬁre% kybogrouns, 2
cyclopenta I enyl group or tHe nor gani ¢ groups as the

X group ehet bR ak ongy r@@tm&@eaew %aéema' EndBYr i Mde chEgaLe;form ng
groups such as a nitric group a

amine with a metal element selected from those belonging to the
1-, 2-, 4- and 13-Groups of the Periodic Table. Specific
examples of the metal amides may include lithium amide, sodium
ethyl-amide, calcium diethyl-amide, lithium diisopropyl-amide,
potassium benzyl-amide, sodium bis-(trimethylsilyl) amide,
lithium indolide, sodium pyrrolide, lithium pyrrolide, potassium
pyrrolide, potassium pyrrolidide, aluminum-diethyl-pyrrolide,
ethyl-aluminum-dipyrrolide, aluminum-tripyrrolide or the like.

Among these amines and amides, secondary amines, metal
amides derived from secondary amines or a mixture thereof can be
suitably used. Especially, examples-of preferred secondary
amines may include pyrrole, 2, S5-dimethyl-pyrrole, 3, 4-
dimethyl-pyrrole, 3, 4-dichloro-pyrrole, 2, 3, 4, 5-tetrachloro-
pyrrole and 2-acyl-pyrrole. Examples of preferred metal amides
derived from secondary amines may include aluminum pyrrolide,
ethyl-aluminum-dipyrrolide, aluminum-tripyrrolide, sodium
pyrrolide, lithium pyrrolide and potassium pyrrolide. Among
these pyrroles, the pyrrole derivatives having a hydrocarbon
group bonded to a pyrrole ring are especially preferable.

Amides or imides other than those mentioned above, which
are usable as the nitrogen-containing compound (b) in the
present invention, includes the compounds of the following

general formulae (1) to (3):
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sul furic group. Exanples of the anionic atomas the X group of the

af ore-nenti oned general fornula may i rRébude oxygen, hal ogen or the I|ike.
The above-defined chrom um conmpounds may be al koxy salts of chrom um
carboxyl salts of chromium [err]-diketonate salts of chromum salts of
chrom um and_an anpjon _derived from[err]-keto- esters, or chrom um halides.
Speci fic exanpl es i Mie chroni um conpounds may i nclude chrom um
(I'V)-tert-but oxi deu, cf‘rom’ um (I'11)-acetyl acetonate, chrom um

(111)-trifl uoRd—aderyNaceRdnat e,. @hroni um (111)-hexafl uoro-acetyl acet onat e,
chromum (I'l1l) (2, 2, 6, 6-tetranethyl-3, 5-heptane-dionate),

Cr ( PhCOCHEeRR) B! (isher diydrBenepteseot sa angtteenydl egreatipelehtedi fmorf | | )
acetate, chromum (I11) acetate, chromum (I11)-2-ethyl hexanoate, chrom um
(111) befhoseebetpnrdmatiq 1the) lnapBt-hehat eandr I Ti§rrursCoCHObECRReiefierr],

chrom umI'gUlé, CE{ OirsI daehy%g‘gagglnugnt Ilnl | é:lh—lc% Ia ’le %rr%rgplfma( IC|12C30

alkenyl group, a C;-Cyy aralkyl group, a Ci;~Ci3p substituted or
unsubstituted aryl group which may contain not less than one
hetero element; R? is a hydrogen atom, a C;-Cis alkyl group, a
Ci1-C3¢ alkenyl group, a C;-Cj3g aralkyl group, a C;-Cyp substituted
or unsubstituted aryl group which may contain not less than one

hetero element, or a C;-Ci3p; acyl group of the general formula:

C(=0)R3 where R3? has the same definition as R!, and R! and R3 may

be same or different; R! and R? may constitute a ring;

Tl 0T
R“-—II\I—-C A~—C— N—R? (2)

where M? and M?® are independently a hydrogen atom or a metal
element selected from those belonging to the 1-, 2-, 11- and 13-
Groups of the Periodic Table; R? and R5 are independently a
hydrogen atom, a C;-Cyp; alkyl group, a C;-Cip alkenyl group, a Ci-

C3p aralkyl group, a C;-C3p substituted or unsubstituted aryl

group which may contain not less than one hetero element; R4 and
RS may constitute a ring and A is an alkylene group which may

contain not less than one unsaturated bond; and
M4
R&—80~—N-—R’ 3)

where M* is a hydrogen atom or a metal element selected from

those belonging to the 1-, 2-, 11- and 13-Groups of the Periodic
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brom de, chromum (l111) brom de, chromum (l1) iodide, chromum - 6-
(111) iodide, chromum (Il1) fluoride-1dhromium (I111) fluoride, or the like.
In addition, a conplex conprising the afore-nmentioned chrom um conpound and
an electron donor is suitably used as the chrom um conpound. Such an

el ectron donor may be sel ected from conpounds contai ni ng nitrogen, oxygen,

hosphor r. gel fur a s of ~t.he ni - tai pi el ectron
phosphoris, @ & {éjaﬁ)ﬁilg,ggﬁ ophes 9fcl 3ﬁi%$r}£yﬂed}oqm & gl ng, .

donors may i nclude ni am ne, am de, 0 conmpounds or the Iike.

Speci fi Gigeagn! §§pg’§>, thec,nict eeNIGANIR ﬁbﬁ‘gaetf—@*oélug@@?i&té@)bﬂ ncl ude
acetonitrile, pyridine, dinmethyl-pyrid ne, dinethyl-

unsubstituted aryl group which may contain one or more hetero
element; R’ is a hydrogen atom, a C;-Ci3 alkyl group, a C;-Cjg
alkenyl group, a C;-C3y aralkyl group, a C;-C3y substituted or
unsubstituted aryl group which may contain one or more hetero
element, or a group of the general formula: SO,R® where R® has
the same definition as R®, and R® and R® may be same or
different; R® and R’ may constitute a ring.

The amides represented by the general formula (1) or (2)
may include, for example, acetamide, N-methyl-hexanamide,
succinamide, maleamide, N-methyl-benzamide, imidazole-2-
carbonamide, di-2-thenoyl-amine, B-lactam, d-lactam, &-
caprolactam, and salts of these compounds with a metal selected
from those belonging to the 1-, 2-, 11- and 13-Groups of the
Periodic Takle. The imides represented by the general formula
(1) or (2) may include, for example, 1, 2-cyclohexane-
dicarboximide, succinimide, phthalimide, maleimide, 2, 4, 6-
piperidine-trione, perhydroazecyne-2, 1l0-dione and salts of
these compounds with a metal selected from those belonging to
the 1-, 2-, 11- and 13-Groups of the Periodic Table.

The sulfonamides and the sulfonimides represented by the
above general formula (3) may include, for example, benzene-
sulfonamide, N-methyl-methane-sulfonamide, N-methyl-
trifluoromethyl-sulfonamide, and salts of these compounds with a
metal selected from those belonging to 1-, 2-, 11- and 13-Groups
of the Periodic Table. Among these amides or imides represented

by the general formulae (1) to (3), the compounds represented by
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formam de, N-nethyl-formam de, aniline, nitrobenzene,

t et ranet hyl - et hyl ene-di am ne, diethyl-dfine, isopropyl-am ne,
hexanet hyl - si | azane, pyrrolidone or the |ike. Exanples of the
oxygen-contai ning el ectron donors may include esters, ethers, ketones,

al cohol' s, al dehydes or the I|ke Specific exanples of the oxygen-contai ni ng

el ectron _donors may inc acet at e, acetate, .tetra ydrofuran
di oxane, “1tfi é’t%ﬁ\)’ Fﬁ@FaHdg yue)t eTe pr&{%%f:ﬁ %L‘énemb‘?%o heg. et her,

hyl | h hyl h |
et hano! , SHGIS SETERYAE, a?hféef%%i aEftoq?E?loFE }yﬁ%tﬁtﬁ%iﬂh tone@t&%nizg
| t o]
Y rieSm-rSEHf’% i ﬁg’i nfT LY Aol SRRA8" 8F) CRe DEMRIT %ﬁggp:ﬁfﬁgs
m de
O bon GitER Eﬁﬁﬁp 9’%‘? S 50”%?%2%%‘?%‘?@%’ S hpRERLY 1ol ude

car bon |
The alkyl aluminum compounds (c¢) used in the present

invention has a chemical structure represented by the following
general formula (4):

RI9mAL (OR10) (HpXy ... (4)
where R? and R0 represent a hydrocarbon group having generally
1 to 15 carbon atoms, preferably 1 to 8 carbon atoms and may be
same or different; X represents a halogen atom; m is a number
more than 0 and not more than 3; and each of t, p and g is a
number not less than 0 and less than 3 with the limitation that
a sum of m, n, t and g is equal to 3.

Examples of the afore-mentioned alkyl aluminum compounds
may include trialkyl aluminum compounds represented by the
below-mentioned general formula (5), halogenated alkyl aluminum
compounds represented by the below-mentioned general formula (6},
alkoxy aluminum compounds represented by the below-mentioned
general formula (7), hydrogenated alkyl aluminum compounds
represented by the below-mentioned general formula (8), or the
like. In each of the formulae {(5) to (8), R?, X and R0 have the
same definition as mentioned above.

R2;A1 ... (5)

RoLAIX3 ;m ...(6)
wherein m is a number not less than 1.5 and less than 3.

RL,AL(ORI0) 3 1 ... (7)
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sul fone, thiophene, dinethyl sulfide or the Iike. Exanples of the conpl exes
conpri sing the chrom um conmpound and-&fe el ectron donor may include ether
conpl exes of chrom um -7- halide, ester conplexes of chrom um hali de,

ket one conpl exes of chrom um halide, al dehyde conpl exes of chrom um halide,
al cohol conpl exes of chrom um halide, am ne corrpl exes of chrom um hali de,

nal | de. PR RS AT %’an%%?s %Q%Lkg%nuﬁ?%?w‘s? 3B et T

exanpleﬁugg }hg e £ ach de rr].3THF, Cdferr]. 3

(di oxane), ferf%ﬁpiﬁfférr err? Cf%rr] [err]),

CrcJerr]. (Oﬂ[@xﬂlﬂﬁgerr]@[err] Herr]), CdJferr].3(i-Cerr]Herr]0OH),
wherein m is a number more than 0 and less than 3, preferably a
number not less than 1.5 and less than 3.

Specific examples of the afore-mentioned alkyl aluminum
compounds may include trimethyl aluminum, triethyl aluminum,
triisobutyl aluminum, diethyl-aluminum-monochloride, diethyl-
aluminum-ethoxide, diethyl-aluminum-hydride or the like. Among
them, trialkyl aluminum compounds are particularly preferable,
because the use of this compound can reduce an amount of
undesirable by-product polymer. These alkyl aluminum compounds
may be used in the form of a mixture of 2 or more different
compounds, for example, a mixture of trialkyl aluminum and
halogenated alkyl aluminum can be suitably used.

The catalyst according to the present invention is formed
from the afore-mentioned three components (a) to (c). However,
it is preferred that the catalyst further contains a halogen-
containing compound (d) as one of the catalytic components. As
the halogen-containing compounds (d), any compounds containing
one or more halogen atoms can be used. Among them, the
following halogen-containing compounds (1) to (4) are preferable.

The halogen-containing compounds (1) are the compounds
containing an element selected from those belonging to the 3-,
4-, 5-, 6-, 13-, 14- and 15-Groups of the Periodic Table.
Specific examples of the afore-mentioned halogen-containing
compound (1) may include scandium chloride, yttrium chloride,

lanthanum chloride, titanium tetrachloride, zirconium
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Cllerr].3[CHerr](CHerr])[err]CH Jerr]Herr])CHerr]CH,

_ Clerr].3(pyridine), Cdferr].2(i---err]Herr]NHerr]),
[CrCl[err].3CH err]CN].CH err]CN, CrCl[err].3PPh[err], CrC[err].2THF

CrCl[err].2(pyridine), CGdJferr].2[(Cerr]Herr])[err]NH,

Cdf[err].2CHerr]CN, Cd[err]. 2[P(CH[err])[err]Ph] or the l'ike.

I d f " THF"

Lot rahy dRST RS B8, SRRPEER et A EREChPaNY B EOhROthr B sl ubl o 11
hyd I I . | ud | t
of chr ot it and %eéﬁ%f%éﬁ&%%% Sy @cﬁﬁ%ﬁﬁ%&ﬁﬂ%ﬁar yiic acia,

sal ts ofgic¥RT YiL.ARAuANCRDL Liderd, fy rl%hgﬁr Isegiﬁ-&f’ck?ﬁ% rd%hr sal ts of

chromi um and [err]-keto-carboxylic a e conmplexes of om um

car bonylg00TRkex83 oot a6 N 5F R t_fe?crxla%?ﬁo%qaal eXB3oL6 £ SHE OHdiAy 1ene
cycl opent adi enyl conpl exes of chrom um al kyl conpl exes of chron1un1 phenyl

conpl exesh1efr icler, Ol WAL 8Fobbifaré KehexSReMiIdrobe¥an®| es, of, vari ous
chrom um cont ai ni ng conpl exes
trichlorobenzene, trityl chloride, silane tetrachloride,
trimethyl-chlorosilane, germanium tetrachloride, tin
tetrachloride, tributyl-tin chloride, phosphorus trichloride,
antimony trichloride, trityl-hexachloro-antimonate, antimony
pentachloride, bismuth trichloride, boron tribromide, aluminum
tribromide, carbon tetrabromide, bromoform, bromobenzene,
iodomethane, silicon tetrabromide, hexafluorobenzene, aluminum
fluoride, or the like. Among these halogen-containing compounds
(1), the compounds which are large in number of halogen atoms
contained and soluble in an oligomerization solvent are
preferred. As halogen atoms contained in the halogen—containing
compounds, bromine or chlorine is suitable. When a high
catalytic activity, a high selectivity for the aimed product and
the like are totally evaluated, chlorine is more preferably.
Examples of especially preferred halogen-containing compounds
(1) may include carbon tetrachloride, chloroform, dichloroethane,
titanium tetrachloride, germanium tetrachloride or tin
tetrachloride. These halogen-containing compounds (1) may be
used in the form of a mixture of 2 or more different compounds.
The halogen-containing compounds (2) used in the present
invention may be linear hydrocarbons containing not less than 3

halogen substituents and having not less than 2 carbon atoms.

The suitable linear hydrocarbons are linear saturated
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such as the carbonyl
chrom um
of chrom um and t he phenyl
(Jerr]Herr])Cr(COerr],

(COferr]Cr(=Cderr]Herr](CCHerr])),

conpl exes of chrom um the carbene conpl exes of
t he cycl opent adi enyl

conpl eX&s of chromium the al kyl conpl exes
conpl exes of chromummay include Cr(CO|[err],
(COferr]Cr(=CCH err](OCH err])),
CpCrl[err] (wherein Cp

epr osony S BeREROARE! RPICHE EpsRent BuP By P GPRIY PSR io%re?‘ﬁ%%ff'@ o the

l'i ke.

e%l,&c w@S an

I nor gani ¢ oxi

The. Cﬁ%gg‘ Eﬁ%ﬁ%@?ﬁ‘éﬁé@%&%ﬁ%g%%eﬂoﬁﬁ%&

;
I's suitab 0 CO rE?Z%éfg ron1un1conpound

Wi th any.0bR8r atahd! yid Cpﬁ%’%’ét S Pt REUE aF B T Y O i de P hal1RG eRBEESET -

That

i's, in accordance wt

linear hydrocarbons are those represented by the following

general formulae (9}, (10) and (11).
X! X+ )l((a
%;—_ <|L—-((|:7;—-X8 %)
X3 Xs X

where X; to Xg are independently a hydrogen atom or a halogen

atom and at least three of X; to Xs are halogen atoms,

an integer of 0 to 8.

X Xe X+
e
Xu X3 XI5

(10)

and r is

where X? to X!! are independently a halogen atom; X2 to X6 are

independently a halogen atom or a hydrogen atom, and s is an

integer of 0 to 8.

X7 X X2
Xu L ll: (ils’w_xz‘t
)l(ls X2 X2

(11)

where X7 to X20 are independently a halogen atom; X2! to X4 are

independently a halogen atom or a hydrogen atom; and w is an

integer of 0 to 8.

Examples of the halogen atoms contained in the halogen-

containing compounds (2) may include chlorine or bromine.
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present invention, it is preferred that the chrom um based catal yst is
_prepared by a particular method as deskdi bed hereinafter. In such a nethod,
it has been found that the chrom um conpound exhibits a high catal ytic
activity even though it is not supported on the carrier. Further, in the
case where the chrom um conpound is used w thout being supported on the

carrier, gqpl t ratlo S re U|r d _f.or supparLin npound on the
carrier égn béhgﬁﬁgte ¥U?Yﬁg FEST 6Fe Sr%g§%§¥?Pa.total anount

of the cgl s%t 4Sedpas E”éoﬁl%ﬁ dpa%lé)t%. %’E@ltv'i@ Caéaﬂx]{éeﬁca' 'y active

conponents) 1S e fect I ve y avol am nes USE

i noe, o Oy R et B R TR RRS arinat Dy Rl ude”

ethyl amidyd W SIIRRY baRLPSL Eaﬁh@iwydﬁmt%e (1§n2¥! 8Pk PErasly lde,
integer of 0 to 3. Specific examples of the halogenated linear
hydrocarbons represented by the general formulae (9) to (11l) may
include 1, 1, l-trichloroethane, 1, 1, 2-trichloroethane, 1, 1,
2, 2-tetrachloroethane, pentachloroethane, hexachloroethane, 1,
1, l-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, 1-
tribromoethane, 1, 1, 2, 2-tetrabromoethane, or the like. Among
them, 1, 1, l-trichloroethane, pentachloroethane,
hexachloroethane, 1, 1, 2, 2-tetrachloroethane are more
preferable.

When the afore-mentioned halogen-containing compounds (2)
is used, not only catalytic activity and trimer-selectivity are
considerably improved but also a resistance to aged
deterioration is enhanced.

The halogen-containing compounds (3) are halogenated cyclic
hydrocarbons. As the cyclic hydrocarbons, cyclic saturated
hydrocarbons are preferable. Especially preferred halogen-
containing compounds (3) are cyclic saturated hydrocarbons
having 3 halogen substituents. Examples of the halogen atoms
contained in the halogen-containing compounds (3) may include
chlorine or bromine. Among them, when a high catalytic activity,
a high selectivity for the aimed product and the like are
totally evaluated, chlorine is more preferable.
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napht hyl am ne or the |ike. Exanples of the secondary am nes may i nclude
di et hyl ami ne, dii sopropyl am ne, di cychdhexyl am ne, di benzyl am ne,

bi s(trinethylsilyl) am ne, norpholine, imdazole, indoline, indole,
pyrrole, 2, 5-dinethyl-pyrrole, 3, 4-dinmethyl- pyrrole, 3,

4-di chloro-pyrrole, 2, 3, 4, 5-tetrachloro-pyrrole, 2-acyl-pyrrole,

Phvent | on mayPRE: Rt aP TR LS el ot PORR BT NG Y 0 SCUBRUARS S nes. | For

cxarDl el S-BTLF EPLBRSLASRL I ERERARG: LRty cor psecondy

and 13'@EQ%B§095—89815E¥5§§Hé% Eth?'259§§E£i8ro—cyclopropane, 1, 2, 3-
tribromo-cyclopropane or 1, 1, 2-tribromo-cyclopropane, tetra-
halogenated cyclopropane such as 1, 1, 2, 3-tetrachloro-
cyclopropane, 1, 1, 2, 2-tetrachloro-cyclopropane, 1, 1, 2, 3-
tetrabromo-cyclopropane or 1, 1, 2, 2-tetrabromo-cyclopropane,
penta-halogenated cyclopropanes such as pentachloro-cyclopropane
or pentabromo-cyclopropane, hexa-halogenated cyclopropanes such
as hexachloro-cyclopropane or hexabromo-cyclopropane, tri-
halogenated cyclobutanes such as 1, 2, 3-trichloro-cyclobutane,
1, 1, 2-trichloro-cyclobutane, 1, 2, 3-tribromo-cyclobutane or 1,
1, 2-tribromo-cyclobutane, tetra-halogenated cyclobutanes such
as 1, 2, 3, 4-tetrachloro-cyclobutane, 1, 1, 2, 3-tetrachloro-
cyclobutane, 1, 2, 3, 4-tetrabromo-cyclobutane or 1, 1, 2, 3-
tetrabromo-cyclobutane, penta-halogenated cyclobutanes such as 1,
1, 2, 3, 4-pentachloro-cyclobutane, 1, 1, 2, 2, 3-pentachloro-
cyclobutane, 1, 1, 2, 3, 4-pentabromo-cyclobutane or 1, 1, 2, 2,
3-pentabromo-cyclobutane, hexa-halogenated cyclcobutanes such as
1, 1, 2, 2, 3, 4-hexachloro-cyclobutane, 1, 1, 2, 2, 3, 3-
hexachloro-cyclobutane, 1, 1, 2, 2, 3, 4-hexabromo-cyclobutane
or 1, 1, 2, 2, 3, 3-hexabromo-cyclobutane, hepta-halogenated
cyclobutanes such as heptachloro-cyclobutane or heptabromo-
cyclobutane, octa-halogenated cyclobutanes such as octachloro-
cyclobutane or octabromo-cyclobutane, or the like.

In addition, the specific examples of the halogen-

containing compounds (3) may include tri-halogenated-

cyclopentanes such as 1, 2, 3-trichloro-cyclopentane, 1, 1, 2-
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exanples of the netal ami des may include |ithiumam de, sodium ethyl-am de,
cal ciumdiethyl -am de, lithiumdiisoprdfyl-am de, potassium benzyl -am de,
sodium bis-(trinmethylsilyl) amde, lithiumindolide, sodiumpyrrolide,

l'ithiumpyrrolide, potassiumpyrrolide, potassium pyrrolidide,
al um num di et hyl -pyrrolide, ethyl-alum numdipyrrolide, '

l um . | id the Iike. A t.h ' d 1 d
i nos. | FEtSRL GRS UL HRTAR r bm QoconOEHy A RGE 1GPRURTRL OF ¢

, secondary
fth]Z’reof can

0e UL 8L U5etl TSpetl Al kAR 89,1 oBEEI S S0 SeREBUAY B e Y

I ncl ude pyrro pyFro rro

4'diCh|Oﬁ9'§yr§O|@*t ﬁé%%% ro5bg§gB§89L8£8::Ryﬁﬂob? %QQe%%QEXiépgfrO|e'

Exanpl es of preferre am

i ncl ude %%;H_%ﬁéﬁ&i’dé,foﬂ,i Gbg 3et blyltéelkaﬁ'} i{&hc%aeqitia% or 1,

al um numtripyrrolide, sodiumpyrrolide,

erived from’'secondary am nes nay

2, 3-

1, :
I um pyrrolide and potassium

pyrrol i deetABAEmo-cyclopentane, penta-halogenated cyclopentanes such as

1., 2, 3, 4, 5-pentachloro-cyclopentane, 1, 1, 2, 3, 4-

pentachloro-cyclopentane, 1, 1, 2, 2, 3-pentachloro-cyclopentane,

1, 2, 3, 4, S5-pentabromo-cyclopentane, 1, 1, 2, 3, 4-pentabromo-

cyclopentane or 1, 1, 2, 2, 3-pentabromo-cyclopentane, hexa-

halogenated cyclopentanes such as 1, 1, 2, 3, 4, 5-hexachloro-

cyclopentane or 1, 1, 2, 3, 4, 5-hexabromo-cyclopentane, hepta-

halogenated cyclopentanes such as 1, 1, 2, 2, 3, 4, 5-

heptachloro-cyclopentane or 1, 1, 2, 2, 3, 4, 5-heptabromo-

cyclopentane, octa-halogenated cyclopentanes such as 1, 1, 2, 2,

3, 3, 4, 5-octachloro-cyclopentane or 1, 1, 2, 2, 3, 3, 4, 5-

octabromo-cyclopentane, nona-halogenated cyclopentanes such as

nonachloro-cyclopentane, deca-halogenated cyclopentanes such as

decachloro-cyclopentane, or the like.

The specific examples of the halogen-containing compounds

(3) may further include tri-halogenated-cyclohexanes such as 1,

2, 3-trichloro-cyclohexane, 1, 1, 2-trichloro-cyclohexane, 1, 2,

3-tribromo-cyclohexane or 1, 1, 2-tribromo-cyclohexane,

halogenated cyclohexanes such as 1, 2, 3, 4-tetrachloro-

cyclohexane, 1, 1, 2, 3-tetrachloro-cyclohexane, 1, 2, 3,

tetra-

4-

tetrabromo-cyclohexane or 1, 1, 2, 3-tetrabromo-cyclohexane,

penta-halogenated cyclohexanes such as 1, 2, 3, 4, 5-

pentachloro-cyclohexane, 1, 1, 2, 3, 4-pentachloro-cyclohexane,

1, 1, 2, 2, 3-pentachloro-cyclohexane, 1, 2, 3, 4, 5-pentabromo-
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these pyrroles, the pyrrole derivatives having a hydrocarbon group bonded
to a pyrrole ring are especially preferable. Amides or imdes other than
t hose nentioned above, which are usable as the nitrogen-containing conpound
(b) in the present invention, includes the conpounds of the follow ng
general formul ae (1) to (3): -10- [err] mhere Merr] is a hydrogen atom
a netal -el.enent se ﬁteg $oqlthose bel on and
ab

13 G oups’ o kﬁﬁmﬁérl od REAPEE g?%@%ﬁnat%’l:nl a ]C[ ?rlr] ‘err]

gl glﬁ‘l’ r ] Qg)ertaﬁb y&gflﬁia@é kei‘pé/xag{aci%%'en%tghe {/Ll%gxérleérsq,léylasgr oup,

. 4, 5, 6-hexachloro-cyclohexane or 1, 2, 3, 4, 5, 6-
hexabromo~cyclohexane, hepta-halogenated cyclohexanes such as 1,
1, 2, 3, 4, 5, 6-heptachloro-cyclohexane or 1, 1, 2, 3, 4, 5, 6-
heptabromo-cyclohexane, octa-halogenated cyclohexanes such as 1,
1, 2, 2, 3, 4, 5, 6-octachloro-cyclohexane or 1, 1, 2, 2, 3, 4,
5, 6-octabromo-cyclohexane, nona-halogenated cyclohexanes such
as 1, 1, 2, 2, 3, 3, 4, 5, é6-nonachloro-cyclohexane, deca-
halogenated cyclchexanes such as 1, 1, 2, 2, 3, 3, 4, 4, 5, 6-
decachloro-cyclohexane, undeca-halogenated cyclohexanes such as
undecachloro-cyclohexane, dodeca-halogenated cyclohexanes such
as dodecachloro-cyclohexane, or the like.

Among these halogen-containing compounds (3), 1, 2, 3-
trichloro-cyclopropane, pentachloro-cyclopropane, 1, 2, 3, 4-
tetrachloro-cyclobutane, 1, 2, 3, 4, 5-pentachloro-cyclopentane
and 1, 2, 3, 4, 5, 6-hexachloro-cyclchexane are especially
preferred.

When the halogen-containing compounds (3) are used, not
only the catalytic activity and the trimer-selectivity are
considerably improved but also the resistance to aged
deterioration is enhanced.

The halogen-containing compounds (4) are represented by the

following formula (12):

RU R3S R

>c:__L "L X% (12)

R12 X2
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unsubstituted aryl group which nmay contain not |ess than one hetero
~elenent; R2 is a hydrogen atom a (erdd-Cerr] alkyl group, a

Cerr]-Cerr] alkenyl group, a (err]-Cerr] aralkyl group, a (err]-Cerr]
substituted or unsubstituted aryl group which may contain not |ess than one
hetero el enent, or a (Jerr]- C[err] acyl group of the general fornula:

=0 h def d
2O M S ol “afah@%%%‘?{i‘sﬁﬁ%o%sa PiEa [ ng:
d de d t al
1 erent SR &0 110 CHG ”9%8 BaPnoet crpne £ty o JORALAEE o 10 O
t he Peré}gigiza'a%(%r & e]rl grg Rlerr] are i ndependently a hydrogen atom a
err

derr] gro err]-Clerr] alkenyl group, a (Jerr]- (err]
aral kyl  gr ousxaspTesr E>]E Qfaéfﬁsllég}é}ﬁta!ttdrﬂse@o%agﬂéab%'EML %ﬁfgsén-gr oup

whi ch may contain not |ess than one hetero elenent; R4 and R err] may

consti t Wehtikiing %Bﬁpéuhésaﬂ4ﬂhﬁﬂlqm%lﬁﬁ%ukhmekﬁﬁengy bromine. Among
them, when a high catalytic activity, a high selectivity for the
aimed product and the like are totally evaluated, chlorine is
more preferable. Specific examples of the halogen-containing
compounds (4) may include allyl chloride, 3, 3-dichloro-1-
propene, 3-chloro-l-butene, 3, 3-dichloro-l-butene, l-chloro-2-
butene, 1, l-dichloro-2-butene, 3-chloro-3-methyl-l-butene, 3-
chloro-l-pentene, 3, 3-dichloro-l-pentene, 4-chloro-2-pentene, 4,
4-dichloro-2-pentene, l-chloro-2-pentene, 1, 1-dichloro-2-
pentene, or the like. Among them, allyl chloride is most
preferable.

When the halogen-containing compound (4) is used, not only
the catalytic activity and the trimer-selectivity are
considerably increased but also the amount of the halogen-
containing compound can be reduced due to its high catalytic
activity per a unit amount of the halogen atom. Further, since
the amount of halogen-containing decomposition products
generated in the course of reaction or distilling purification
is small, there is an advantage that when the resultant trimer
is subjected to distilling purification, the halogen-containing
impurities is readily separated therefrom so that the aimed
product having a high purity can be recovered.

Moreover, as the halogen-containing compounds,

trifluoromethanesulfonic acid t-butyl-dimethylsilylester(t-
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contain
hydr oge
2-, 11-
derr]

not | ess than one unsaturated bond; and [err] where M4 is a

n atomor a netal elenent seleeZkd fromthose belonging to the 1-,

and 13- G oups of the Periodic Table; R6 is a hydrogen atom

a

-Cerr] alkyl group, a (Jerr]-Cferr] al kenyl group, a (Jerr]-Clerr]

aral kyl group, a C[err]-C[err] substituted or unsubstituted aryl group
whi ch na | or. [ d.S y gen atom a
Cerr]- g}é’@ﬁﬁ%ﬁ?@ | élftkgﬁdr%]rL Efl;gﬂ%{g&a% )kkgény o g(%o(% 9 C[ err]-Cerr]
ar al kyl

whi ch nay contain one or nore Retero e

for mul a:

Rl err]

9£9ypmofonga{arde-@m%h é“Qéiat r& gfn unﬁé&?éfi&&goeqs%%sgﬁsyp

or a group of the general

zthBB?rB} Mﬁ@rf&ﬁﬁfﬁéﬂ HaaprbRerssl® delgnition as Rerr],

and ﬁ?err be sane or
In accordance with the present invention, the

oligomerization of a-olefin is carried out in a liquid reaction
medium (reaction solvent) in the presence of the chromium-based
catalyst which formed from the afore-mentioned catalytic
components (a) to (c¢), preferably the catalytic components (a)
to (d).

The o—~oclefins used as a raw material in the process of the
present invention, may be substituted or unsubstituted o-olefins
having 2 to 30 carbon atoms. Specific examples of the o-olefins
may include ethylene, propylene, l-butene, l-hexene, l-octene,
3-methyl-1-butene, 4—methyl—1—penteﬁe, or the like. Among them,
ethylene 1s preferable as the raw O0-oclefin, because l-hexene as
a trimer thereof can be produced therefrom with a high yield and
a high selectivity.

The reaction solvents used in the-present invention may
include aliphatic or alicyclic saturated hydrocarbons having 1
to 20 carbon atoms, such as butane, pentane, 3-methylpentane,
hexane, heptane, 2-methylhexane, octane, cyclohexane,
methylcyclohexane and decalin, and aromatic hydrocarbons such as
benzene, toluene, xylene, ethyl benzene, mesitylene and tetralin,
or the like. These solvents may be used singly or in the form of
a mixture of not less than two different solvents In the
process according to the present invention, the raw a-olefins

themselves or other g-olefins can be used as a solvent. It is
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different; Rerr] and R err] may constitute a ring. The am des represented
by the general formula (1) or (2) may-3Zrcl ude, for exanple, acetam de,

N- net hyl - hexanam de, succi nam de, mal eam de, N-rnethyl -benzanm de,

I m dazol e-2- carbonam de, di-2-thenoyl-amne, [err]-lactam [err]-lactam
[err]- caprolactam and salts of these conmpounds with a netal selected from

h b | 1- =, 11- d 13- .Qf | odi ¢ .Table. Th
hose bR SopLinctiy dheq 8 LN gLl Ber ot gttt . The

i m des repres he~gener ormul a (

exanpl e, 2- Gy exane-_di carboxi m de, succinimde, phthalim de,
mal ei m dset:latf, aZQl', Ejggﬁp?%;&?m%%{? Tione, perhydroazecyne-2, 10-di one and

salts of the%%gg%g_g%gggzggm&g? f]se e S%"l(al%’%?iy?ﬁ]eg@? ~Pglonging to the

1-, 2-, 11- an er1odi ¢ e. ul T onam des and the

sul f oni RAAQS SRS 838RbedrBYnt Ner ARy & 488 *arbBhMHESmS 3)s B ddiGide, for

exanpl e, benzene-
The use of such a solvent can prohibit the production of

undesired by-product polymers. Further, when the alicyclic
saturated hydrocarbon is used as the solvent, there is an
advantage that a high catalytic activity can be obtained.

The catalyst used in the oligomerization of the present
invention can be formed by mixing the chromium compound (a), the
nitrogen-containing compound (b) selected from amines, amides
and imides, and the alkyl aluminum compound (c), and optionally
the halogen-containing compound (d) as an additional catalytic
component, at a temperature of 20 to 200°C, preferably 50 to
150°C. The chromium-based catalyst may be previously prepared
before the oligomerization reaction and thereafter the thus-
prepared catalyst may be supplied to a reaction zone for the
oligomerization. Alternatively, the respective catalytic
components of the chromium-based catalyst may be supplied to the
reaction zone and mixed together simultaneously with the
oligomerization. Whichever method is used for the preparation
of the chromium-based catalyst, it is preferred that the
chromium compound (a) and the alkyl aluminum compound.(c) are
previously kept in non-contact with each other. That is, each
of the chromium compound (a) and the alkyl aluminum compound (c)
can be previously contacted with the nitrogen-containing

compound (b) and the hydrogen-containing compound (d), but both
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sul fonam de, N nethyl - net hane-sul f onam de, N-nethyl -
trifluoronethyl-sul fonam de, and sal ts2®f these conpounds with a netal
selected fromthose belonging to 1-, 2-, 11- and 13-G oups of the Periodic
Tabl e. Anong these ami des or imdes represented by the general fornmulae (1)
to (3), the conmpounds represented by -12- the above general formula (1)
are preferable. Among them the imde conpounds having such a chenica
st ruct ur BRf CHRAILTITer(®) 8Rdt ke) geFRrRISHraRIYa CO-A-SanvaEY| *¥fdup of
eapeci al PSR T B Eor i SaP P o5H it AUFTERHSSUAGS () GaB A FRES pr esent
| nvention haspg, GHEN Galmyt LHE HE Sn! SOFESSILRL B (G toLL]vhad
obtained under such a contact condition, is suggested such that
the reaction product produced by the contact of the chromium
compound (a) and the alkyl aluminum compound (c) is extremely
unstable and therefore readily decomposed, while if the a-olefin
is present in the reaction zone, the reaction product of the
components {a) and (c¢) is rendered appropriately stable because
the o-olefin is coordinated thereto.
Whichever method, i.e., the method of previously preparing
the catalyst before the oligomerization or the method of forming
the catalyst simultaneously with the oligomerization, is adopted,
it is preferred that the a-olefin is present at a high
concentration in the reaction solvent for forming the catalyst.
In the case where the formation of the catalyst is
conducted in an atmosphere in which a low-boiling point a-olefin
such as ethylene is present, the partial pressure of the low
boiling point O-olefin is generally in the range about 3 to
about 250 kg/cm?. It is preferred that the formation of the
catalyst is conducted in an atmosphere in which the partial
pressure of the 0-olefin is in the range of about 10 to about
200 kg/cm?, especially about 20 to 100 kg/cm?.
When the catalyst is formed in the afore-mentioned manner,
there are advantages such as a considerably-high catalytic
activity, a high selectivity for the trimer and an extremely-

high purity of the resultant o-olefin oligomer.
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general formula (4): Rerr]A(ORerr])[err]Herr]Xerr] ..(4) where Rerr]
and R err] represent a hydrocarbon gepaip having generally 1 to 15 carbon
atons, preferably 1 to 8 carbon atons and may be sane or different; X
represents a hal ogen atom mis a nunber nore than 0 and not nore than 3;
and each of _t, p and q is a nunber not less than 0 and less than 3 with the
limtation that a sumof m n, t and q is equal to 3. Exanples of the

af or e- ment | oPREC B IGAL 1. uAPn GRE CORPORIRISSIRAFIIRE GQe tRRI BFRERAI uni num
conmpounds represented by the bel ow nentjoned general fornula (5)

hal ogené?‘éﬁngjr?&'l %*P%rﬁ%?ﬁ%éﬁﬁo%ﬂ%llf%kﬁ SQIROBEN5S BRE BRRBAEHEht i oned

gener 2l TS, (R SO SLUT DUD COMOUN s LRLensi ed DY NS e
represent edsBYe 'R, P O WHTPRLENGH S8 SR o RT3 (Bl ep QT el NEatalyst
is supplied to the reaction zone, the reaction solvent used for
the preparation of the catalyst may be usually the same as those
used in the oligomerization reaction but other solvents can also
be used if required. 1In these methods, the o-olefin may be
previously contained in the reaction solvent.

(1) A method in which the chromium compound (a) and the o-—
olefin are introduced into a solution containing the nitrogen-
containing compound (b), the alkyl aluminum compound (c¢) and the
halogen~containing compound (4);

(2) A method in which the alkyl aluminum compound (c) and
the a—olefin are introduced into a solution containing the
chromium compound (a), the halogen-containing compound (d) and
the nitrogen-containing compound (b);

(3) A method in which the nitrogen-containing compound (b},
the alkyl aluminum compound (¢) and the 0-olefin are introduced
into a solution containing the chromium compound (a) and the
halogen-containing compound (d);

(4) A method in which the chromium compound (a), the
nitrogen-containing compound {(b) and the a-olefin are introduced
into a solution containing the alkyl aluminum compound (c) and
the halogen-containing compound (4d);

{(5) A method in which the alkyl aluminum compound (c). the

halogen-containing compound (d) and the a-olefin are introduced
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like. In each of the fornulae (5) to (8), Rerr], X and R err] have the
sanme definition as nentioned above. RRérr] Al ... (5) RerrJAXerr]
... (6) wherein mis a nunmber not less than 1.5 and | ess than 3.
Rerr]mAl (ORlerr])[err] ... (7) -13- wherein mis a nunber nore than O
and less than 3, preferably a nunber not less than 1.5 and | ess than 3.

Al.H wh mb than 0 and | than 3,
o1 of e a5 oa 2naAbEF bt SHEEE T Cpel e Rhn R (o) dha EB 1N

nitrogen-containing compound (b);

(6) A method in which the chromium compound (a), the
halogen-containing compound (d) and the a-olefin are introduced
into a solution containing the nitrogen-containing compound (b)
and the alkyl aluminum compound (c);

(7) A method in which the chromium compound (a), the
nitrogen-containing compound (b), the halogen-containing
compound (d) and the o—olefin are introduced into a solution
containing the alkyl aluminum compound (c);

(8) A method in which the halogen-containing compound (d),
the nitrogen-containing compound (b), the alkyl aluminum
compound (c) and the a-olefin are introduced into a solution
containing the chromigm compound (a); and

(9) A method in which the chromium compound (a), the
nitrogen-containing compound (b), the alkyl aluminum compound
{(c), the halogen-containing compound (d) and a-olefin are
simultaneously and independently introduced into the reaction
solvent.

In the process according to the present invention, the
catalyst may be previously prepared and then supplied to the
reaction system as described above. It is preferred that the
catalytic components (a) to (c) and further the catalytic
component (d) are supplied to the reaction zone, and the
chromium-based catalyst be formed in the reaction system
simultaneously with the oligomerization reaction. Whichever
method, i.e., the method of supplying the previously-prepared

catalyst to the reaction system or the method of formed the
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Specific exanples of the afore-nentioned al kyl al um num conpounds may
~include trinethyl alum num triethyl -86am num triisobutyl alum num

di et hyl - al um num nonochl ori de, diethyl- alum num et hoxi de,

di et hyl -al umi num hydride or the like. Anong them trial kyl alum num
conpounds are particularly preferable, because the use of this conpound can

Compoundd® iﬁ?gﬁtesﬁé\é#‘%?&h%% %e%o?ﬁédﬂim‘}p%?ﬁawg‘eﬁ%r degbredront

f t. f t d _halg ted
arkyl ai-o AghEEroDets ek S egmeiad iYL |y%% alQe%%”rlaPﬁgen?a PEe B esent
| nvent | apiel 5.bgLsE { romdhe gl or et Langd Lhince sOQTRRIEILS (3) ok ()
However, IS pre erre that 't COI'] ains a hal ogen-

Conta'”bBQeCBQB9HPQb19)1%§1QPG Qé éhf ﬁ@ﬂﬁhﬁh'BaEQHDQHGQEé 1A%A Rg

hal ogen- cont ai ni ng conpounds (d), any conpounds contal ni ng
the reaction solvent. The amount of the nitrogen-containing

compound (b) supplied is generally in the range of 1 x 10-7 to
0.1 mol, preferably 5 x 10°7 to 5 x 1072 mol, more preferably 1
x 10-% to 1 x 10-2 mol based on one liter of the reaction
solvent. The amount of the alkyl aluminum compound (c) supplied
is generally in the range of 1 x 107 to 7 x 102 mol,
preferably 5 x 10-7 to 5 x 10-2 mol, more preferably 1 x 10-® to
1 x 10-2 mol based on one liter of the reaction solvent. The
amount of the halogen-containing compound (d) supplied is
generally in the range of 1 x 107 to 0.1 mol, preferably 5 x
10-7 to 5 x 10-2 mol, more preferably 1 x 10-6 to 1 x 1072 mol
based on one liter of the reaction solvent.

Whichever method, i.e., the method of supplying the
previously-prepared catalyst to the reaction system or the
method of forming the catalyst simultaneously with the
oligomerization, is adopted, the molar ratio between the
catalytic components (a):{(b):(c) is generally 1 : 0.1 to 100
0.1 to 500, preferably 1 : 0.1 to 10 : 1 to 100, more preferably
1 :1to5 :5 to 50. In the case where the halogen-containing
compound (d) is used as an additional catalytic component, the
molar ratio between the catalytic components (a):(b):(c¢):(d) is
generally 1 : 0.1 to 100 : 0.1 to 500 : 0.1 to 100, preferably
1 : 0.1 to 10 : 1 to 100 : 0.1 to 20, more preferably 1 : 1 to

5 : 5 to 50 : 1 to 10. By using the catalyst having such a
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one or nore hal ogen atons can be used. Anong them the follow ng

hal ogen- cont ai ni ng conpounds (1) to (&7-are preferable. The

hal ogen- cont ai ni ng conmpounds (1) are the conmpounds containing an el enent
selected fromthose belonging to the 3-, 4-, 5-, 6-, 13-, 14- and 15- G oups
of the Periaqdic Table. Specific exanples of the afore-nentioned

Chi of 44 rggﬁ#%éﬂﬂmfﬁﬂ%&?%#i {%iyﬁgi?”m%'eréﬁsﬁg Peor PARSES T - 14-
el achgr e ettt ectlan dew milybdenur ehloridey grasenese
ethyl E“ﬁﬂ?éﬂégksﬁﬁqghgglggéékhthe selectivity for l-hexene can be

enhanced to not less than 99 %.

The oligomerization according to the present invention can
be conducted by a continuous reaction method in which the raw o-
olefin is continuously supplied to the reaction zone and the
resultant oligomer is continuously discharged from the reaction
zone.

When the oligomerization of o-olefin is continuously
conducted by using the afore-mentioned catalyst, the molar ratio
of o-olefin oligomer to the raw o—olefin in the reaction
solution is maintained.in the range of 0.05 to 1.00, preferably
0.10 to 0.80. The above-ranged molar ratio of the a-olefin
oligomer to the raw d-olefin can be achieved by controlling the
amount of the catalyst supplied to the reactor or the reaction
time (residence time). For example, when the amount of the
catalyst supplied is decreased or the reaction time is shortened,
the conversion of the a-olefin is decreased and in turn the
amount of the o-olefin oligomer produced is reduced, so that the
molar ratio of the t~oclefin oligomer to the raw o-olefin in the
reaction solution becomes decreased. Alternatively, the molar
ratio can be decreased by increasing the amount of the raw a-—
olefin. The molar ratio of the a-olefin oligomer to the raw o-—
olefin in the reaction solution can be increased by reverse
procedures to the above.

If the oligomerization of the o—olefin is conducted while

adjusting the molar ratio of the t—olefin oligomer to the raw o-
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gallium chl oride, carbon tetrachloride, chloroform nethylene chloride,

di chl or oet hane, hexachl or obenzene, 1,-Z8-5- trichl orobenzene, trityl
chloride, silane tetrachloride, trinmethyl-chlorosilane, germani um
tetrachloride, tin tetrachloride, tributyl-tin chloride, phosphorus
trichloride, antinony trichloride, trityl-hexachl oro-antinonate, antinony
pentachlgiégﬁi bi smuth trichloride, boron tribromde, alum numtribraom de,

car bon t dR Bt BPERoFBRM 1 bYOnotieiAERe1Yi fd8Ret RARPTIRYGEGR of
tetrab i d h I b . alum Al i,de, t i ke. A

hese hal ShaN GOMEReN REVEBApBRE T B HHE% SRIBon A6 BH 16 T8 ge i n
number of ;g ogen Al 1qgaalned sReSalHle d AR 8k dogeLhZatipn sol vent
are preferred. As hal ogéen~at ons™ contail ned i e hal ogen-cont al ni ng

conpounds;ndd QM0 S1iG6hBE Lan SH LA LndWeN 8 B ghghalabydigmadtivity,
a high selectivity for thé ained product and
high selectivity.

However, when the molar ratio of the a-olefin oligomer to
the raw a—olefin is decreased, the conversion of the o-olefin is
also decreased. Accordingly, too small molar ratio of the a-
olefin oligomer to the raw o-olefin is not advantageous unless
there is a particular reason for doing so. For this reason, in
accordance with the present invention, the molar ratio of the a-
clefin oligomer to the raw o-olefin should be adjusted to not
less than 0.05, preferably not less than 0.1 in view of both the
prevention of the production of the by-products having a higher
boiling point than that of the o-olefin, and efficiency in
reaction operations.

Further, in accordance with the present invention, it is
preferred that the concentration of the o-olefin in a liquid
phase of the reaction zone is not less than 0.5 mol/liter. When
the concentration of the a-olefin is less than 0.5 mol/liter,
effective catalytically-active species for the oligomerization
of the o-olefin cannot be formed, resulting in decrease in
reaction rate of the oligomerization. This is disadvantageous
for industrial use. On the other hand, when the concentration
of the o—-olefin is too high, the reaction pressure must be
unnecessarily increased. This is also disadvantageous for
industrial application of the process. Therefore, from a

standpoint of the industrial application, it is more preferred
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the like are totally evaluated, chlorine is nore preferably. Exanples of
especi ally preferred hal ogen-cont ai ni-2g-conpounds (1) may i nclude carbon
tetrachl oride, chloroform dichloroethane, titaniumtetrachloride,
germanium tetrachloride or tin tetrachloride. These hal ogen-contai ni ng
conpounds (1) may be used in the formof a m xture of 2 or nore different
conmpoun hal ogen- cont ai ni onpoun (2 S e present
invent|5ﬁaﬁa§ eCPPg%%Fr$§H¥bé§$ s %COHE Fﬁlﬁé EB? }%ﬁﬁ9 S§ Ral ogen
substitg@gts and. having not less than 2 ¢ on ons. , The suitable |inear

hydr oca TCRFEIPR nERHe sl (D Tangeso h dFRcArBLit&fong them Ii near

saturated hy%ro gdltgonh%:ln%e51dence time of the ligquid phase portion

in the reaction zone is preferably not more than 60 minutes.
When the residence time of the liguid phase portion is more than
60 minutes, the catalyst is likely to suffer from aged
deterioration and an inner olefin portion of l-hexene is likely
to be isomerized. Accordingly, it is preferred that the
residence time for the liquid phase portion is in the range of 1
to 50 minutes.

In the process according to the present invention, the
catalyst is continuously supplied to the reaction zone. At this
time, it is preferred that the supplying rate of the catalyst to
the reaction zone is controlled such that the concentration of
chromium in the liquid phase of the reaction zone is not more
than 1 ppm. If the concentration of chromium in the reaction
zone is too high, there arises such a tendency that the
catalytic activity of the catalyst and the selecﬁivity for the
o-olefin oligomer are deteriorated. On the other hand, if the
concentration of chromium in the reaction zone is too low, the
reaction rate is unpractically decreased. Accordingly, it is
preferred that the concentration of chromium in the liquid phase
of the reaction zone is controlled to the range of 0.01 to 1 ppm,
especially 0.1 to 0.5 ppm. Incidentally, the afore-mentioned
concentration of chromium, means a weight of metal chromium per
a unit weight of the reaction solution in the reaction zone.

In accordance with the present invention, it is preferred

that the reaction conditions for the oligomerization of the o-
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not | ess than 3 hal ogen substituents bonded to adjacent two carbon atons
are preferable. Particularly preferred3bal ogenated |inear hydrocarbons are
t hose represented by the follow ng general fornulae (9), (10) and (11).
[err] where X[err] to.Xerr] are independently a hydrogen atom or a hal ogen
atom and at least three of X[err] to X[err] are halogen atonms, and r is an
I nt eger to 8. [err] where Xferr] to Xery are |ndep ndently a_hal ogen
at om X[BF ?l?om§$%r?ﬂeEHQQQHﬁﬁgﬁéﬁﬂeﬁfl9h%.F@& ag hydrd8gen atom
and s is 2?_|nteger of O to 8. [J[err] where Xerr] to Xerr] are

independé 'y a halogen atom X err] to X[err] are independently a hal ogen

atom or a hydrogep,atom and m/i§l§n

P> 0.5T - 15 (2)
where T represents a reaction temperature (°C) and P represents
a reaction pressure (kg/cm?G (Gauge pressure)).

In the prior art, it has been described that the reaction
temperature of not more than 70°C is preferable because the by-
products produced in the reaction solution are granulated to
facilitate the separation of solid and liquid from each other.
In Japanese Patent Application Laid-Open (KOKAI) No. 8-3216, as
a general description, there are description for the reaction
temperature ranging of 0 to 250°C and the reaction pressure of a
normal pressure to 250 kg/cm?. In Examples of the above
mentioned Japanese Patent Application, the reaction is conducted
at the reaction temperature of 80°C and the reaction pressure of
35 kg/cm?.

On the other hand, in the process according to the present
invention, it is required to adopt a reaction temperature of at
least 105°C and a reaction pressure of at least 37.5 kg/cm?G
when the reaction temperature is 105°C. 1In accordance with the
present invention, by adjusting the reaction temperature to not
"less than 105°C, preferably 120 to 150°C, the by-product
polymers can be present in a dissolved state in the reaction
solution. As a result, there do not arise problems such as
adhesion of the by-product polymers to an inner wall of the
reactor or the like. Further, such a reaction solution

dissolving the by-product polymers can be readily subjected to a
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integer of 0 to 8 Exanples of the hal ogen atons contained in the hal ogen-
cont ai ni ng conpounds (2) may incl ude-@ihklorine or brom ne. Anong - 16-
them when totally evaluated, chlorine is nore preferable because it
exhibits a high catalytic activity, a high selectivity for the ained
product and_the |ike. Each of r, s and w of the general formulae (9) to
(11) is prg% rably an integer of O to 3. Specific exanples of the

hal 0gendfEGR MBalPh§r RArBGIRE oFUF e BRAYEE® By2 T e YUidH A He6r nul ae (9) to
(1) Tt REe den kSO oSti0E b il orgriiany 1 1 2
from depositing in the reactor, and then both are separated from
each other. In addition, in accordance with the present
invention, the reaction temperature can be increased while
keeping the constant relationship with the reaction pressure, so
that the performance of the chromium-based catalyst is not
deteriorated and a high catalytic activity of the catalyst can
be maintained. Incidentally, the residence time of the reaction
solution in the reaction zone is not more than 1 hour,
preferably in the range of 1 to 50 minutes.

In the case where the method of conducting the formation of
the chromium catalyst and the oligomerization of the t-olefin
simultaneously, is adopted, it is preferred that the catalytic
components of the chromium catalyst and the a-olefin is supplied
to initiate the oligomerization reaction such that the
respective molar ratios of the nitrogen-containing compound (b),
the alkyl aluminum compound (c¢) and the halocgen-containing
compound (d) to the chromium compound (a) at the initiation of
the reaction becomes larger than those in a steady state.

Incidentally, the wording "at the initiation of the
reaction" means a time when the chromium compound (a) is first
brought into contact with the nitrogen-containing compound (b),
the alkyl aluminum compound (c) and the halogen-containing
compound (d) to initiate the oligomerization reaction of the o~
olefin.

In accordance with the present invention, the catalytic

components of the chromium-based catalyst are supplied to the
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1, 1-trichloropropane, 1, 1, 2, 2-tetrachl oropropane, 1, 1, 1-
trichlorobutane, 1, 1, 2, 2-tetrachl orztbutane, 1, 1, 1- trichloropentane,
1, 1, 2, 2-tetrachloropentane, 1, 1, 1- tribronoethane, 1, 1, 2,
2-tetrabronoet hane, or the |ike. Anmong them 1, 1, 1-trichl oroethane,

pent achl or oet hane, hexachl oroet hane, 1, 1, 2, 2-tetrachl oroethane are nore
preferable. Wien the afore-nentioned halo en-cont ai ni ng conpounds (2) is

used, no¥e%ﬁﬁ§PQx%9¥eyFP€e§th9|%§°%ﬁﬂFQ49Hﬁ9@d%éPé@EF%P?? arlé consi derabl y
T oved Bt q""#ﬁsr}%ge%%oa %Sr?l%@%l%é"%ecﬂaq S Re Uy 89| & B GERIAC As
the cyclicg rocarb cI| h rocar ons ar referable
Especi al 1" kﬁ%gtarfgﬂ ngéﬁne d%} G dS ™ (3} %ﬁi?é%hﬁq c saturated
hydrocarﬁ@%gbd for imparting a high catalytlc activity to the catalyst

at an initial stage of the reaction. Further, the

oligomerization of the o-olefin can be conducted with a high

catalytic activity of the catalyst while considerably preventing

the production of the by-product polymers. The reason therefor

is not sufficiently apparent but is suggested as follows. In

the case where the catalytic components of the chromium catalyst

and the o-olefin are supplied to the reaction zone such that the

respective molar ratios of the nitrogen-containing compound (b),

the alkyl aluminum compound (c¢) and the halogen-containing

compound (d) to the chromium compound (a) at the initiation of

the reaction becomes larger than those in a steady state,

catalytically-active species effective for the oligomerization

of a-olefin can be formed effectively.

The concentration of the chromium compound {(a) in the
reaction zone at the initiation of the oligomerization reaction
is preferably not more than 2 x 102 millimoles, more preferably
in the range of 5 x 10-7 to 1 x 102 millimoles based on one
liter of the reaction solvent. The molar ratio between the
catalytic components (a):(b):{c):(d) in the reaction zone is
preferably 1: not less than 150: not less than 1500: not less
than 150, more preferably 1:150 to 1000:1500 to 5000:150 to 1000,
still more preferably 1:200 to 500:200 to 3000:200 to 500.

When the molar ratio of the catalytic components (b), {&)

and (d) to the catalytic component (a) at the initial stage of
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havi ng 3 hal ogen substituents. Exanples of the hal ogen atons contai ned
t he hal ogen-cont ai ni ng conpounds (3) +# i ncl ude chl orine or brom ne.
them when a high catalytic activity, a high selectivity for the ained

pr oduct

and the like are totally evaluated, chlorine is nore preferabl

I n
Anong

e.

-17- Specifi.c exanples of the hal ogen-containing conpounds (3) may include
tri-hal t ed- I h A, 2, 3-. trichl - I :
1, 2 tri o GBS oprobaielon, ST i Ahi6RESESYI bRt ot G LY SF,
2-tribro -lcQ/quso%r e]ot ne%ﬁ%ﬁﬁg% at%atll(%q_ n?'{ag%r %lcﬁ: %—E‘é‘?’%nef s&lceh 128 1, 1,

3-tetrachloro- cycloprS

3-

cyc?opropa e, 1, 1
product polymers produced is increased.

By controlling the molar ratios of the respective catalytic
components to the afore-mentioned ranges, the catalytic activity
of the catalyst can be considerably enhanced at the initial
stage of the reaction and the oligomerization of d—olefin can be
performed while maintaining the high catalytic activity.
Further, the amount of the by-product polymers produced can be
limited to a considerably low level. The reason therefor is not
sufficiently apparent but is suggested as follows. When the
molar ratios of the catalytic components (b), {(¢) and (d) to the
catalytic component (a) at the initial stage of the reaction is
too low, effective catalytically-active species for the
oligomerization of a—olefin cannot be formed but the
catalytically-active components effective for the production of
the by-product polymers are rather formed. On the other hand,
in the case where the molar ratio lies within the afore-
mentioned ranges, the effective catalytically-active components
for the oligomerization of a—oclefin can be extremely readily
produced.

The oligomerization of o-olefin according to the present
invention can be conducted at a reaction temperature ranging
generally from 20°C to 200°C, preferably from 50°C to 150°C,
under a reaction pressure ranging from 10 to 200 kg/cm?,
preferably from 20 to 100 kg/cm?2. In addition, the coexistence
of the hydrogen in the reaction zone provides further advantages

such as the increase in catalytic activity and selectivity for
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tetrabrono-cycl opropane or 1, 1, 2, 2-tetrabrono-cycl opropane,

pent a- hal ogenat ed cycl opr opanes such a3%4pent achl or o- cycl opr opane or
pent abr ono- cycl opr opane, hexa- hal ogenat ed cycl opropanes such as
hexachl or o- cycl opr opane or hexabrono-cycl opropane, tri- hal ogenated
cycl obut anes. such as 1, 2, 3-trichloro-cyclobutane, 1, 1,

2-trichloro-c cIobutane 1 2, 3-trjbrono-cyclobytane_or 1, 1
2-tribroh®ec %%t% th@efiﬁérﬁéﬁ%gé’?nai“wftfycqfoﬁé’teaﬁ@%mﬁEﬁ adhgred tog,
4-tetrachl oro-c cI 3§ﬁ1trachloro- cycl obut ane, 1 2, 3,
4-tetrab ’Bnbmé CEhe redttos. gHa afPlBRoRG. eI SHetng

pent a- ha ed cyclobut nes such as 1, .1,
4- pentach? é&c bu?gﬁe ?Se g Qh% r%??ﬁﬁﬁ%uﬁﬂqgr&s 8y8F%5%?%¥ lnlq 1, 2,

3, 4-pentpb g&ﬁg%ﬁ§ngt@gelgr 1b lvof%@§ 3- pent abr ono- cycl obut ane,

hexa- haloge cycl obutanes Such 1, 2, 2, 3,

~4-hexachl or o- rﬁhf@l@lmgtom%lzamén &f @ﬂ—oﬁeff’n i@e@m&@r @oCyakopUtaas: 1, 1,

2, 2, 3, 4-hexabrono-cycl obutane
invention can be conducted by using various reactors. The

reactors usable for conducting the process according to the
present invention include, for example, a gas-stripping-type
reactor, a loop-type reactor, a continuous stirring tank reactor,
a gas-bubble column-type reactor, tubular reactor or the like.

In the case where the gas-stripping type reactor is used,
an ethylene gas is continuously fed into the vessel-shaped
reactor, thereby causing the trimerization of ethylene in a
reaction solvent having a boiling point higher than that of 1-
hexene in the presence of the chromium-based catalyst under
heated and pressurized conditions. The resultant l-hexene in a
gas phase of the reactor is continuously discharged together
with an unreacted ethylene gas from the rector and then the
ethylene gas is separated from the discharged gas to recover 1-
hexene.

In the case where the loop-type reactor used, the
oligomerization of O—olefin is conducted while circulating a
reaction solution containing the a—-olefin and the chromium-based
catalyst through a circular flow path of the reactor. This type
reactor can prevent the by-product polymers from being adhered
to a cooled wall thereof and maintain a high heat-removing

efficiency.
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or 1, 1, 2, 2, 3, 3-hexabronp-cycl obutane, hepta-hal ogenated cycl obut anes
such as hept achl oro-cycl obut ane or hepB8&abrono- cycl obut ane,

oct a- hal ogenat ed cycl obut anes such as octachl oro- cycl obutane or

oct abr ono- cycl obutane, or the like. In addition, the specific exanples of
t he hal ogen-_ cont ai ni ng conpounds (3) may include tri-hal ogenat ed-

cycl opent anes_such as 1, 2, 3-trichloro-cyclopentane, 1, 1, 2- - 18-
trichl oro- cychBpahttdim, thep coprippgrdndt I RENESGCEPL 1S
2-tribrono-cycl ppentane, tetra-hal ogenated cycl opentanes such as 1, 2, 3,
4-t et r acAFBFOIRyY eff&éd-1, 1, 2, 3-tetrachloro- cyclopentane, 1, 2, 3,

4-tetrabr0nn-fﬁglé)é%%&ﬂyisogt%rr%thtagk reactor usable in the present

invention has such a structure in which partitions are disposed
at a distance on an outer surface of an inner cylinder
perpendicularly thereto, and an outer strip is spanned between
the tip ends of the partitions, thereby forming a wall structure
(hereinafter referred to merely as "temperature-controlling
element") having a flow path for a heating medium between the
inner cylinder, the outer strip and the partitions, and the
temperature-controlling element is fixed within a container such
that the outer strip thereof faces an inner wall of the
container; or another structure in which the temperature-
controlling element is fixed within a container such that the
outer strips thereof face an inner wall of the container in a
spaced relation, and the space of the lower and upper portions
between the outer strip of the temperature-controlling element
and the inner surface of the container is sealed so as to form a
sealed chamber.

By using continuocus stirring tank reactors having such
structures, a wall thickness of portions for separating a
content of the reactor from the cooling medium can be thin, so
that the heat of reaction can be effectively removed. Further,
since welded portions occupies only a small area on an inner
surface of the reactor, the oligomerization of a—olefin can be
performed in a continuous and stable manner for a long period of

time without adhesion of the by-product polymers thereto.
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t et rabrono-cycl opent ane, pent a- hal ogenated cycl opentanes such as 1, 2, 3,
4, 5-pentachl oro-cycl opentane, 1, 1, -26-3, 4- pentachl oro-cycl opentane, 1,
1, 2, 2, 3-pentachloro-cyclopentane, 1, 2, 3, 4, 5-pentabronp-cycl opentane,
1, 1, 2, 3, 4-pentabrono- cyclopentane or 1, 1, 2, 2,

3- pent abr onp- cycl opent ane, hexa- hal ogenat ed cyclopentades such as 1, 1, 2,
3, 4, 5-hexachloro-_cyclopentane or 1, 1, 2, 3,

5- hexabr ono- €8l ¥pekehie oHaamer ﬁapoaénaﬁ'é@wwoﬁmmm@sléa@hdas 1, 1, 2,
2, 3, 4, 5- heptachloro-cyclopentane or 1, 1, 2, 2, 3, 4, 5-heptabrono-
cycl opeﬁ?éﬁéloﬁc&)ﬁ‘?%‘bg@'hétb@dr@%F@Ee]HYa%so%@é}?rafs methed.p Tip 3, 3, 4,
5-oct achl or o-.cycl opent ane or

oct abr oRGCEYERBBR YRR, t%ﬁ%’&ﬂégéﬁgﬁléalwm%fp@ﬁ aFrli’@s oddgAmggization
decachl SFoosyEr e BEnt A nendi Ty B R e T T S RsRbe %o PE e
y ntan C or-t

halogencggo%glnlggs ¢ stt and the reaction solvent, a part or a
whole of the resultant reaction solution is fed into a degassing
tower where unreacted a-olefin is recovered. Next, the reaction
solution treated in the degassing tower is fed into a product-
distilling tower where the resultant o-olefin oligomer can be
recovered in the form of a distillate.

At this time, it is preferred that in a process line from
an outlet of the reactor to an inlet of the product-distilling
tower, the reaction solution is maintained at a temperature of
100 to 150°C, and the residence time of the reaction solution
from the supply to the degassing tower to the supply to the
product-distilling tower is not more than 1 hour.

When the reaction temperature is maintained at less than
100°C, there arises various troubles due to the adhesion or
deposition of the by-product polymers in the process line, for
example, egquipment such as feed conduits. On the other hand,
when the reaction temperature is more than 150°C, the aimed
product is subjected to isomerization so that the yield of the
aimed o-olefin oligomer recovered from the product distilling
tower is decreased. Even if the reaction temperature is not
more than 150°C, when the residence time of the reaction
solution from the supply to the degassing tower to the supply to
the product-distilling tower is more than one hour, the

isomerization of the reaction product cannot be sufficiently
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(3) may further include tri-hal ogenated-cycl ohexanes such as 1, 2
3-trichloro-cycl ohexane, 1, 1, 2-trichkero-cycl ohexane, 1, 2,
3-tribrono-cycl ohexane or 1, 1, 2-tribrono-cycl ohexane, tetra- hal ogenated
cycl ohexanes such as 1, 2, 3, 4-tetrachloro- cycl ohexane, 1, 1, 2,
3-tetrachl oro-cycl ohexane, 1, 2, 3, 4- tetrabrono-cyclohexane or 1, 1, 2,
3-tetrabrono-cycl ohexane, penta-hal ogenat ed cycl ohexanes such as 1, 2, 3,
4, 5- peprevhhbed- cyleolrmsadencé, time 20f Fhed- r@@mtaohl epdutych ohexane, 1, 1,
2, 2, 3-pentachloro-cyclohexane, 1, 2, 3, 4, 5-pentabrono- -19-
cycl ohexénétamly1de<2re®edlq;$emh&brengtc9n| DemBerRtWe Lo be maintained
3- pent abr onp- cycl ohexane, hexa- halo?enated cycl ohexanes such as

is increased. It is especially preferred that the residence

time be not more than 30 minutes.

In accordance with the present invention, the separation of
the by-product polymers is preferably conducted after being
concentrated together with the catalytic components. Such a
separating method enables the catalytic components to be
extremely readily separated from the by-product polymers because
of a high plasticity of the by-product polymers. Therefore, the
use of a solid-liquid separating apparatus can be omitted for
the removal of the by-product polymers, thereby rendering the
process compact.

According to the afore-mentioned preferred embodiments of
the present invention, losses of both the by-product polymers
and the catalytic components up to simultaneous recovering
process thereof are limited to a minimum level.

In accordance with the present invention, the concentration
and separation process of the by-product polymers and catalytic
components can also be performed simultaneously with removal of
a whole components having low boiling points by simple
distillation from the reaction solution. Further, the
separation of the by-product polymers and the catalytic
components can be conducted simultaneously with a final stage of
the separation process in which the respective components are in

turn separated by distillation from the degassed reaction

solution.
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1, 2, 3, 4, 5, 6-hexachloro-cycl ohexane or 1, 2, 3, 4, 5, 6-
hexabr ono- cycl ohexane, hepta-halogenaL§g_cycIohexanes such as 1, 1, 2, 3,
4, 5, 6-heptachl oro-cycl ohexane or 1, 1, 2, 3, 4, 5, 6-
hept abr ono- cycl ohexane, oct a- hal ogenat ed cycl ohexanes such as 1, 1, 2, 2,
3, 4, 5, 6-octachloro-cyclohexane or 1, 1, 2, 2, 3, 4, 5,
6- oct abr ono- cycl ohexane, nona- hal ogenated cycl ohexanes such as 1, 1, 2, 2,
3, 3, 4, 5, 6Fnonex@shple, cycltdleexase, wieca- ety beenaite disey laghékanes—such
as 1, 1, 2, 2, 3, 3, 4, 4, 5, 6-_decachl oro-cycl ohexane, undeca-hal ogenated
cycl ohex@def inuch-hexemrl et leoobteyokedhas atiee donet @l efjenstlagomer .
cycl ohexanes_such as dodecachl oro-cycl ohexane, or the |ike. Anpbng these
hal ogen- @onthiifi agseonponetdy (eBe treagmegt isictndratasydfderophee,
pent achl oro-cycl opropane, 1, 2, 3, 4- tetrachloro-cyclobutane, 1, 2, 3, 4,
5- pent acKe8F81e el Affefit-anehangne, apd Bhe e tierh SRdYRRST 8Ty EELBPEAne ar e
especi al |

P 5§ distillation from the reaction solution, and the catalytic
components and polyethylene as the by-product polymer are
concentrated together and separated from the reaction solution.
The resultant concentrated solution containing the by-product
polymer and the catalytic components as it is can be discharged

for disposal thereof.

EXAMPLES

The present invention is described in more detail below by
way of examples and comparative examples. However, these
examples are not intended to limit the scope of the present

invention.

Example 1

Two liter-autoclave equipped with a stirrer, two feed pipes
for a catalyst and a discharge pipe for removal of a reaction
solution was heated and dried at 150°C in a drver, and assembled.
The content of the autoclave was vacuum-evacuated and replaced
with a nitrogen gas.

An n-heptane sclution of 2, 5-dimethyl-pyrrole, an n-
heptane solution of triethyl aluminum and an n-heptane solution
of carbon tetrachloride were continuocusly charged at feed rates
of 0.031 mmol {(millimole) /hr, 0.16 mmol/hr and 0.021 mmol/hr,

respectively, into the thus-assembled autoclave through one of
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preferred. Wien the hal ogen-contai ning conpounds (3) are used, not only the
catalytic activity and the triner-selLggtivity are considerably inproved but
al so the resistance to aged deterioration is enhanced. The

hal ogen- cont ai ni ng conpounds (4) are represented by the following formula
(12): [err]. -20- where Rlerr] to Rlerr] are independently a hydrogen
atomor an al kyl group; Xerr] is a hydrogen atom an alkyl group or a

hal ogentheoffedneinger dn itheaolthkogbandt odthylene and an n-heptane

solution of chromium (III}-2-ethyl-hexanoate was continuously
introduced at a feed rate of 0.010 mmol/hr (5.0 mg/hr) into the
autoclave through the other of the feed pipes. The total feed
rate of n-heptane charged was one liter/hr. While maintaining
the temperature of the autoclave at 80°C, ethylene was
continuously fed into the autoclave so as to keep the total
pressure of ethylene in the autoclave at 35 kg/cm?G to conduct a
oligomerization thereof. The resultant reaction solution was
removed from the autoclave through the discharge pipe such that
the liquid content in the autoclave was 1 liter. The discharged
reaction solution was introduced into a degassing tank where the
reaction solution is degassed up to a normal pressure.
Thereafter, the liquid component and the gas component were
analyzed by gas-chromatography. The results are shown in Table

1.

Examples 2 to 18 and Comparative Examples 1 to 3

The same procedures as defined in Example 1 were conducted
except that the reaction conditions were changed as shown in
Table 1. In Example 18, chromium (III)-acetyl-acetonate was
used as chromium compound in place of chromium (III)-2-ethyl-

hexancate. The results are also shown in Table 1.
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Exanpl es of the hal ogen atons contained in the hal ogen- containi ng

conpounds (4) may include chlorine or_
catalytic activity,
are totally eval uated,

a high selectiv

oni ne.
ity

chlorine is nore preferable.

Anmong them when a high
or the aimed product and the |ike
Speci fic exanpl es of

t he hal ogen-contai ni ng conpounds (4) may include allyl chloride, 3,
3-dichloro-1- propene, 3-chloro-1-buizgne 13, 3-dichl oro-1-butene,
1-chl oro-2- butene, 1, 1-dichloro-2-butene, 3-chloro-3-nethyl-1-butene, 3-
chl oro- 1- pentene, 3, 3-dichloro-1-pentene, 4-chloro-2-pentene, 4,
4-di chl oro- 2- pentene, 1-chl oro-2-pentene, 1, 1-dichloro-2- pentene, or the
like. A Qé’mﬁi]g'ﬂlo ar Tyt (,'mLcn 'rdt,r S B hm TETET dﬂé&vpi@@ BEmle 3
hal ogen ’i’b\:vaf:é.'ﬁé %fu@ 3 setr—irot—ofry—tre—cat %"‘Yﬁ‘%ﬂfﬁﬂ/i ty
and t he&F /s QJZ/EEES'AeﬁabAy Hgr-easegd—but+at-se-—3-he—afrount
of the H$?B§h9§ “Cr compound teed 5 10 10
Cr compound {(mmol/hr) 0.010 0.021 0.021
2,5-DMP (mmol/hr) 0.031 0.062 0.062
Triethyl aluminum (mmol/hr) 0.16 0.31 0.31
Sort of halogen-containing Carbon Carbon Carbon
compound tetra- tetra- tetra-
chloride chloride chloride
Halogen-containing compound 0.021 0.042 0.042
(mmol/hr)
Molar ratio of catalytic 1:3:15:2 1:3:15:2 1:3:15:2
components (a:b:c:d)
Reaction pressure (KG)* 35 35 50
Reaction temperature (°C) 80 80 80
Residence time (hr) 0.64 0.49 0.54
Amount of product (g/hr) 102 323 486
Cr concentration in reaction 0.58 0.89 0.74
zone (ppm)
Ethylene concentration in 2.76 2.76 4.09
reaction zone (mol/1l)
Molar ratio of l-hexene to 0.27 0.65 0.6
ethylene
Composition distribution
(wt %)
Whole of C6 a7 95.2 95.3
Content of l-hexene in C6 99.7 99.8 99.7
By-product polyethylene 0.025 0.016 0.017
Catalytic efficiency 1.88 x 105|2.99 x 105l4.50 x 105
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cont ai ni ng conpound can be reduced due to its high catalytic activity per a

unit amount of the hal ogen atom Furthgr, since the anmount of
hal ogen- cont ai ni ng deconposition products generated in the course of

reaction or distilling purification is snal
when the resultant trinmer

hal ogen-

t - butyl
tris(pe

-dinmethylsilylester(t-

cont ai ni ng conpounds,

there is an advant age that
IS subjected to dIStI||Ing purification,
hal ogen-containing inpurities iTableadiHdcpnsepaedted therefrom so that the
ai med product having a high purity can be recovered. Moreover,
trjfluoromethanesul fonic acid
-21- BuMe[err]SiOsgerr]CF[err]),

NERAmpIOE agpienyl ) boron (B(C erfr kkxamble )4 §'¥xdmple 5 | Example 6
Flow rate of solvent (l/hr) 1.8 1.8 4
Rate of Cr compound feed 5.4 5.4 12
(mg/hr)

Cr compound (mmol/hr) 0.011 0.011 0.025
2,5-DMP (mmol/hr) 0.067 0.067 0.149
Triethyl aluminum {mmocl/hr) 0.45 0.45 1.00
Sort of halogen-containing Hexachloro | Hexachloro| Hexachloro
compound -ethane -ethane -ethane
Halogen-containing compound 0.045 0.045 0.100
(mmol/hr)

Molar ratio of catalytic 1:6:40:4 1:6:40:4 1:6:40:4
components (a:b:c:d)

Reaction pressure (KG)* 35 50 50
Reaction temperature (°C) 80 105 105
Residence time (hr) 0.29 0.25 0.12
Amount of product (g/hr) 459 551 838
Cr concentration in reaction 0.29 0.26 0.29
zone (ppm)

Ethylene concentration in 2.75 3.23 3.23
reaction zone (mol/1l)

Molar ratio of l-hexene to 0.55 0.48 0.37
ethylene
Composition distribution
(wt %)

Whole of C6 95.1 95.9 96.8
Content of l-hexene in C6 99.6 99.5 99.5
By-product polyethylene 0.1 0.035 0.023
Catalytic efficiency 7.45 x 105]9.45 x 105[6.47 x 105
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trifluoronethane-sulfonic acid (CF[err] SO err]H), hexafl uoro-isopropanol
((CF[err])[err]CHOH) or the like can - preferably used. In accordance with
the present invention, the oligonerization of a-olefinis carried out in a
|l iquid reaction nmedium (reaction solvent) in the presence of the

chrom um based catal yst which formed fromthe afore-nentioned catalytic

conponents (a) to (c), preferalbplehé-cabalmied conponents (a) to (d). The
a-olefins used as a raw material in the process of the present invention,

may be substituted or unsubstituted a-ol efins having 2 to 30 carbon atons.

Specific exanples of the [err]-olefins may include ethyl ene, propyl ene,
1- but enGsxabmIeX &g, 1-octene, 3-melMExalld Nk ExamBRENYT |- Ex ieng,|] or the
i ke. N, TRRD oF! Q41 G0Re | pL o) cnanl g gs The Tawga- ol grrn,—pecause
1- hexe%W@W%eé,&u beTprodugEdtErefpmwitiT a3 g ghyi el d
and (mg/hr)
Cr compound (mmol/hr) 0.011 0.025 0.025
2,5-DMP {mmol/hr) 0.067 0.149 0.149
Triethyl aluminum {(mmol/hr) 0.45 1.00 1.00
Sort of halogen-containing Hexachloro|Hexachloro | Hexachloro
compound -ethane -ethane -ethane
Halogen-containing compound 0.045 0.100 0.100
(mmol/hr)
Molar ratio of catalytic 1:6:40:4 1:6:40:4 1:6:40:4
components {a:b:c:d)
Reaction pressure (KG)* 70 70 35
Reaction temperature (°C) 105 105 120
Residence time {(hr) 0.17 0.1 0.18
Amount of product (g/hr) 907 1129 77
Cr concentration in reaction 0.19 0.24 0.4
zone (ppm)
Ethylene concentration in 4.62 4.21 1.84
reaction zone (mol/1)
Molar ratio of l-hexene to 0.38 0.29 0.09
ethylene
Composition distribution
(Wt %)
Whole of C6 95.8 96.5 97.6
Content of l-hexene in C6 99.6 99.6 87.2
By-product polyethylene 0.064 0.051 0.441
Catalytic efficiency 1.55 x 106/8.71 x 105}5.93 x 104
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2- met hyl hexane,
aromati ¢ hydrocarbons such as benzene,
nesityl ene and tetralin,
in the formof a m xture of not
process according to the present. i nvention,
t hensel ves or

such as but ane,
oct ane,

pent ane,

cycl ohexane,

a high selectivity. The reaction solvents used in the present
~include aliphatic or alicyclic saturatgd hydrocarbons having 1 to 20 carbon

3- et hyl pent ane, hexane, hept ane,
met hyl cycl ohexane and decalin,
t ol uene, xylene, ethyl benzene,

or theabilkel-dbesenmsal vents may be used singly or
| ess than two different solvents
the raw [err]-ol efins

other [err]-olefins can be used as a solvent. It is
Example No. Example 10| Example 11|Example 12
Flow rate of solvent (l/hr) 1.8 4 1.8
Rate of Cr compound feed 5.4 12 5.4
{mg/hr)
Cr compound {(mmol/hr) 0.011 0.025 0.011
2,5-DMP (mmol/hr) 0.067 0.149 0.067
Triethyl aluminum {(mmol/hr) 0.45 1.00 0.45
Sort of halogen-containing Hexachloro|Hexachloro| Hexachloro
compound -ethane -ethane -ethane
Halogen~containing compound 0.045 0.100 0.045
(mmol/hr)
Molar ratio of catalytic 1:6:40:4 1:6:40:4 1:6:40:4
components {a:b:c:d)
Reaction pressure (KG)* 50 50 70
Reaction temperature (°C) 120 120 120
Residence time (hr) 0.28 0.14 0.2
Amount of product {(g/hr) 385 523 653
Cr concentration in reaction 0.3 0.33 0.23
zone {(ppm)
Ethylene concentration in 2.7 2.7 3.88
reaction zone {mol/l)
Molar ratio of l-hexene to 0.45 0.3 0.38
ethylene
Composition distribution
(wt %)
Whole of C6 95.5 96.7 95.4
Content of l-hexene in C6 99.5 99.5 99.5
By-product polyethylene 0.045 0.026 0.134
Catalytic efficiency 6.60 x 10°]4.04 x 103]1.12 x 106
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preferred that [err]
_room t enperature.

-olefin used as
Especi al |y,

as the soivent,

a sol vent

s kept

The

such a solvent can prohibit the production of undesired by-product

pol ymers.
sol vent,

al um nu
as an a
prefera
prepare

Furt her,

in

inaliquid state at
aliphatic or alicyclic
saturated hydrocarbons having 4 to 7 carbon atons is preferable.

use of

when the alicyclic saturated hydrocarbon is used as the

there is an advant age Tdidte d -goghinmedl ytic activity can be

obtai ned. The catalyst used in the oligonerization of the present
can be forned by m xing the chram um conpound (a),

venti on

t he nitrogen-containing

compound (b) selected fromam nes, am des and i m des, and the alkyl
EcafpDsingb (C), and opti onal Theide 1kalloderaspneal #] ngameI@OLEYd (d)
081 S O = Qﬁt%lﬂtvlegthﬁpgpgn ;. at & Tem)eratl_.l_rge or120TQq ZUU_[err] C,
t@% dﬁhﬁ'fgﬁﬁ T HYUHﬁEdbEU card st gy uelfreVToust
d(mg/hr)
Cr compound (mmol/hr) 0.025 0.011 0.025
2,5-DMP (mmol/hr) 0.149 0.067 0.149
Triethyl aluminum (mmol/hr) 1.00 0.45 1.00
Sort of halogen-containing Hexachloro | Hexachloro | Hexachloro
compound -ethane -ethane -ethane
Halogen-containing compound 0.100 0.045 0.100
(mmol /hr)
Molar ratio of catalytic 1:6:40:4 1:6:40:4 1:6:40:4
components {(a:b:c:4d)
Reaction pressure (KG)* 70 50 50
Reaction temperature (°C) 120 140 140
Residence time (hr) 0.1 0.3 0.14
aAmount of product (g/hr) 986 209 387
Cr concentration in reaction 0.26 0.34 0.35
zone {ppm)
Ethylene concentration in 3.88 2.29 2.29
reaction zone (mol/l)
Molar ratio of l-hexene to 0.29 0.32 0.28
ethylene
Composition distribution
(wt %)
Whole of Cé 96.6 95.1 96.7
Content of l-hexene in C6 99.5 98.9 89.1
By-product polyethylene 0.03 0.305 0.059
Catalytic efficiency 7.61 x 109]3.59 x 105/3.06 x 105
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before the oligonerization reaction and thereafter the thus-

catal yst may be supplied to a reacti omgzone for the oligonerization.

Al ternatively,

catal yst may be supplied to the reaction zone and m xed toget her

sinmultaneous]y with the oligonerization.

preparation of the chrom um ba
chrom um conmpound (a) and the al kyl

kept
(a)
t he
(d)1

in
and
nit
bu

Whi chever

inuedis preferred that the

pr epar ed
the respective catalytic conmponents of the chrom um based
method is used for the

al um num conpound (c) are previously

non-contact with each other. That is, each of the chrom um conpound
t he al kyl al umi num conpound (c) can be previously contacted with
[ BEgRip O MNa@l ni ng conpound (b)) Eashplilee 16Y dikagpbe CON| Bkampipe cidfpound
[FO&k Nrate of solvent (1/hr) 1.8 4 1.8
Rate of Cr compound feed 5.4 12 3.96
(mg/hr)

Cr compound (mmol/hr) 0.011 0.025 0.011
2,5-DMP (mmol/hr) 0.067 0.149 0.067
Triethyl aluminum {(mmol/hr) 0.45 1.00 0.45
Sort of halogen-containing Hexachloro| Hexachloro| Hexachloro
compound -ethane -ethane -ethane
Halogen-containing compound 0.045 0.100 0.045
(mmol/hr)

Molar ratio of catalytic 1:6:40:4 1:6:40:4 1:6:40:4
components (a:b:c:d)

Reaction pressure (KG)* 70 70 50
Reaction temperature (°C) 140 140 120
Residence time (hr) 0.23 0.11 0.27
Amount of product (g/hr) 391 702 91.2

Cr concentration in reaction 0.28 0.29 0.29
zone (ppm)

Ethylene concentration in 3.29 3.29 2.7
reaction zone {(mol/l)

Molar ratio of l-hexene to 0.31 0.26 0.44
ethylene

Composition distribution

(wt %)

Whole of C6 95.3 96.3 93.9
Content of l-hexene in C6 99.1 99.2 99.3
By-product polyethylene 0.163 0.065 0.22
Catalytic efficiency 6.70 x 105]5.41 x 105}6.11 x 105
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-23- the conponents (a) and (c) are preferably contacted with each ot her
only after the a-olefin is supplied tgéthe reaction zone. The reason why

t he hi gh-performance catal yst can be obtai ned under such a contact
condition, is suggested such that the reaction product produced by the
contact of the chrom um conpound (a) and the al kyl al um num conpound (c) is
extrenely unstable and theref ' osed, while if the
[err]-olefin is present in the reaction zone, the reaction product of the
conponents (a) and (c) is rendered appropriately stable because the

a-olefin is coordinated thereto. Wi chever nethod, i.e., the nethod of
previ oligskympleps | Ng the cat al ydicduglavat iveg cirpgaerivaqdtCaparatiie jmet hod
of form ng the catal yst sinultane@®@ishple th |t IExapdplgozer|i Z@tdr®le i3S
adopt eiFibly FRLP 6% Al _Eagcnat tfne [erpJ-olefin 1S gpresent at a ni gn
(1/hr)
Rate of Cr compound feed 60 12 100
(mg/hr)
Cr compound (mmol/hr) 0.130 0.025 0.208
2,5-DMP (mmol/hr) 0.370 0.149 0.623
Triethyl aluminum 1.90 1.00 3.11
(mmol/hr)
Sort of halogen- Carbon Hexachloro- Carbon
containing compound tetra- ethane tetra-
chloride chloride
Halogen-containing 0.260 0.100 0.415
compound (mmol/hr)
Molar ratio of catalytic 1:3:15:2 1:6:40:4 1:3:15:2
components (a:b:c:d)
Reactilon pressure (KG)* 35 35 35
Reaction temperature (°C) 80 140 80
Residence time (hr) 0.36 0.17 0.21
Amount of product (g/hr) 1210 33 1640
Cr concentration in 2.86 0.42 4
reaction zone (ppm)
Ethylene concentration in 2.76 1.55 2.76
reaction zone (mol/1l)
Molar ratio of l-hexene 1.26 0.04 1.38
to ethylene
Composition distribution
(wt %)
Whole of Cé6 90.7 94.3 91.9
Content of l-hexene in C6 99.5 95.1 99.5
By-product polyethylene 0.05 1.03 0.07
Catalytic efficiency 1.68 x 105 | 2.53 x 104 | 1.52 x 105

*) KG means “kg/cm2G (Gauge pressure)”.
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concentration in the reaction solvent for formng the catalyst. In the case
where the formation of the catal yst i-g7conducted in an atnosphere in which
a lowboiling point [err]-olefin such as ethylene is present, the partial
pressure of the low boiling point [err]-olefin is generally in the range
about 3 to about 250 kg/cnferr]. It is preferred that the formation of the
catal yst is conducted in an atnosphere in which the partial pressure of the
[err]-ol ef i nABsséent fieom diejelofl  alsbet piocesseh ot R2GOTHgSsSc aEerrfiing

especi ally about 20 to 100 kg/cnferr]. Wen the catalyst is forned in the
af or e- nERt CBRBT ARFRerinveRriomia ywhiaht Baesrelah s igscefsilaaespng- hi gh
catal ytic ac a high selectivity for the trinmer and an ex%rggely-

lvity, .
hi gh purt ?tiﬁ’Y?‘H }Rsthe FRaqterr) SELEELAN oV ek okt .the range of

to 1.00, could be conducted with a higher selectivity for a
whole C6 hydrocarbons and a higher catalytic efficiency as
compared with those of Comparative Examples 1 and 2.

The comparisons between Example 9 and Examples 10 to 13 and
18 (in the case of the reaction temperature of 120°C), and
between Examples 14 and 15 and Examples 16 and 17 (in the case
of the reaction temperature of 140°C) reveal that by adjusting
the reaction pressure to the particular range (P kg/cm2G > 0.5T
- 15), the chromium-based catalyst could maintain a high
catalytic efficiency without deterioration in performance
thereof even when the reaction temperature T (°C) was maintained

at a relatively high wvalue.

Example 19

The continuocus oligomerization of ethylene was conducted by
the process using apparatuses comprising a complete continuous
stirring tank reactor, a degassing tank, a product-distilling
tower equipped with two side stream discharge pipes and having
total 30 distilling stages, and an evaporator. The apparatuses
further comprises a compressor disposed between the reactor and
the degassing tank to circulate the degassed ethylene to the
reactor. Incidentally, a 20 liter-autoclave equipped with two
feed pipes was used as the continuous stirring tank reactor.
Further, as the evaporator, there was used a monotube-type

evaporator (Tradename: "CRUX SYSTEM" manufactured by HOSOKAWA-
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-24- Specifically, in the process according to the present invention, the
respective catal ytic conponents are cggtacted wth each other by the

bel ow menti oned nethods (1) to (9). Incidentally, in the case where the
previ ously-prepared.catal yst is supplied to the reaction zone, the reaction
sol vent used for the preparation of the catalyst nmay be usually the sane as
those used in the oligonerization reaction but other solvents can al so be
used i fMERARON ezh. | A.tichésequephedsyitine [feat]ingl stibenbauyndea pkendtdusl y
contained in the reaction solvent. (1) A nethod in which the chrom um
conpoun@f (& el a RressugkeerpAuaille nto bRATEAY K88 -a sol ution cont ai ni ng
the nitrogen- containing conpound (b), the al kyl alun1nun1conpound (c) and
t he hal ogen- Beamflansg. n@ncgnbggﬁgnfd§e ution of chromium (III) 2-ethy

hexanocate (a) and an n-heptane solution of hexachloroethane (d)
were continuously introduced into the continuous stirring tank
reactor through one of the feed pipes thereof. Simultaneously,
an n-heptane solution of 2, 5-dimethyl-pyrrole (b} and an n-
heptane solution of triethyl aluminum (c) were continuously
charged into the reactor through the other of the feed pipes
thereof. The molar ratio between the respective components

(a) : (b): (c): {d) was adjusted to 1:6:40:4. The reaction was
conducted at 120°C and 50 kg/cm2G.

The reaction solution was continuously removed from the
reactor and the removed reaction solution was fed into the
degassing tank while maintaining the solution at 120°C. While
being maintained substantially at 120°C, the degassed reaction
solutién was then fed into the product-distilling tower. A
portion of the reaction solution from the bottom of the product-
distilling tower was fed to the evaporator and concentrated.
The n-heptane solvent and the resultant hexene product were
removed as a side-cut from the 8th-stage and 26th-stage side-
stream pipes, respectively, and recovered from the bottom of the
tower. Further, components having lower boiling points than
that of hexene were distilled and recovered from a top of the
tower.

High-boiling components gasified in the evaporator were
condensed and recovered. Polyvethylene as a by-product polymer

was concentrated together with the catalytic components and
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(2) A nmethod in which the al kyl al um num conpound (c) and the [err]-olefin
are introduced into a solution contai+gong the chrom um conpound (a), the
hal ogen- cont ai ni ng conmpound (d) and the nitrogen-containing conpound (b);
(3) A nethod in which the nitrogen-containing conpound (b), the al kyl

al um num conpound (c) and the a-olefin are introduced into a solution

contai ning the chrom um conpound (a) and the hal ogen-contai ni ng conpound
(d); (4yFeKoverrediramwinehlewrr Qﬁ%oﬁnpéoﬁfb@uﬁﬂl? tiggchamber. On
ni trogen- cont |n|n8 conmpound (b)_ and the a-o]efin are introduced |nto a

sol uti oot Fﬁ.hn@neeaw neaﬂﬁﬁ%ﬁ%dcaﬁpahﬁddmswtw was fed
hal ogen nt%hF ound net hod Ln h t he al k al um num
conpoundjé%ﬂ BF% 2R ¢ &hfoﬁﬁ8§ﬁ8r%a? 3??{ olefin are
'ntrOduc%Qtulated to the reactor. Also, the n-heptane recovered from

the product-distilling tower was circulated to the reactor

through a circulating pipe. Operational conditions of

respective units disposed on the product-distilling tower are

shown in Table 2. 1In addition, the mass balance in the afore-

mentioned processes are shown in Table 3. Incidentally,

"Cr (2EHA) 3" in Table 3 represents chromium (III) 2-ethyl-

hexanoate.
Table 2

Product-distilling Pressure at top of tower: 3 kg/cm2G
tower Reflux ratio (R/D): 18

Tower bottom temperature: 162°C
Temperature of heating 200°C
plpe
Temperature of 150°cC
collecting can
Pressure of collecting 200 Torr
can
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-25-

. ni trogen-cont ai ni ng conpound (b);

conmpound (a),

into a solution containing the chrom um conpound (a) and the
(6)-s84ret hod in which the chrom um
t he hal ogen-cont ai ni ng conpound (d) and the [err]-olefin are

i ntroduced into a solution containing the nitrogen-containing conpound (b)

and the al kyl
conpound (a),

al kyl

al um num conpound (c);
t he ni trogen-containi ng conpound (b),
conmpound (d) and the a-olefin are

al um num conpound (c);

(7) A nmethod in which the chrom um

t he hal ogen- cont ai ni ng
ed into a solution containing the

conmpound_(d) the nitrogen-containing conpoynd (b) the alkyl alu
Reaction | Degassed | Solution from bottom
solution | solution of distilling tower
unit: /hr 42.0 kg 35.9 kg 0.28 kg
Cr(2EHA)3 (ppm)
3.0 3.5 134
2,5-dimethyl-
3.6 4.2 159
pyrrole (ppm)
Triethyl
. 28.4 33.0 1271
aluminum (ppm)
Hexachloro-
7. . 329
ethane (ppm) 4 8.6 2
Heptane (wt%)
64.7 75.8 0.0
Ethylene (wt%)
14.6 0.0 0.0
Cé6 components
20.0 23.4 0.0
(wt%)
High-boiling
0.60 0.70 89.4
components (wt%)
Polyethylene
700 820 10.43 wt%
(ppm)
Total 100.0 100.0 100.0
Sheet Has Been Replaced
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conpound (c) and the [err]-olefin are introduced into a solution containing
. the chrom um conpound (a); and (9) A-sgthod in which the chrom um conpound
(a), the nitrogen-containing conpound (b), the al kyl al um num conpound (c),
t he hal ogen-contai ni ng conpound (d) and [err]-olef in are simultaneously
and i ndependently introduced into the reaction solvent. In the process
according to the present invention, the catalyst nmay be previously prepared
and then supplied to the reactT¥pleykteoRtdauedscri bed above. It is

preferred that the catal ytic conponents (a) to (c) and further the
cat al yt LCc_comonent (d) re supplied to the reaction.zon

¥ py e—and.the
chrom lm based cat al yst |F&ansrasedi gompeneRaqt i on COPSEBFrEFRLl t andousl y
with the oligomerizati or reggg%ogv }&nﬁyer ”Ethﬁﬂm heftr £¢Bg netthod of
suppl yitng the previ ousl \- prépar ed ack é <
evaporator
unit: /hr 0.25 kg 29.8 g
Cr(2EHA)3 (ppm)
0.0 0.127 wt%
2,5~-dimethyl-
177.7 0.0
pyrrole (ppm)
Triethyl
. 0.0 1.20 wt%
aluminum (ppm)
Hexachloro~
368.4 0.0
ethane (ppm)
Heptane (wt$%)
0.0 0.0
Ethylene (wt%)
0.0 0.0
C6 components
0. 0.0
{(wt%) 0
High-boiling
99.9 0.0
components {(wt$)
Polyethylene
0.0 98.7 wt%
(ppm)
Total 100.0 100.0

Note: Content of l-hexene in C6 components: 99.5 % by weight,
Molar ratio of l-hexene to ethylene: 0.45, Catalytic efficiency:

614,198 g-l-hexene/g-chromium
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catalyst to the reaction systemor the nethod of forned the - 26-
catal yst sinultaneously with the oliggperization, is adopted, the anpunt of
t he chrom um conpound (a) supplied is generally in the range of 1 x 10[err]
to 0.5 nol, preferably 5 x 10[err] to 0.2 nol, nore preferably 1 x 10-6 to
5 x 10-2 nol based on one liter of the reaction solvent. The anount of the
ni trogen-contai ni ng conpound (b) supplied is generally in the range of 1 x
10[err] to 017 Hpe, opeedtekyblaf Khe eUREPFIten B xtheo[afare-mentinpeeé
preferably 1 x 10[err] to 1 x 1Q[err] nol based on one liter of the
react i ORT86ETENt ERTHRS CHIFANIGHPERE SRAKFHY B nF PRARSHFoWSES(c) supplied is

general lc%nicgn pgtég ngggé)éhelr )gﬂi]{'_%[ %ro'ilre't[:gyZeée 1;% eal; rkly—qjqzlo’duct and
recovered in the form of a mixture thereof. The polyethylene
recovered was dropped by its own weight from the bottom of the
collecting chamber because of the plasticity of the polyethylene.
This indicated that the evaporator was operated in a good

condition.

Example 20

The same procedure for continuous oligomerization of
ethylene as defined in Example 19 was conducted except that
tetrachloroethane was used as the halogen-containing compound.
The mass balance in the afore-mentioned process are shown in
Table 4. The evaporator was also operated in a good condition

as in Example 19.
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preferably 5 x 10[err] to 5 x 10[err] nol,

10[ err] nol based on one liter

nore preferably 1 x 10-6 to 1 X
of the5Beaction sol vent.

The anpunt of the

hal ogen- cont ai ni ng conmpound (d) supplied is generally in the range of 1 X

10[err] to 0.1 nol,

Whi chever

nmet hod

previ ously-prepared catalyst to th
form ng the catal yst sinultaneously with the
o :

preferably 5 x 10[err] to 5 x 10[err] nol,
preferably 1 x 10[err] to 1 x 10[err] nol
reaction sol vent.

, l..e.,

i on

based on one liter
the nmet hod of supplying the

nor e
of the

system or the nethod of
ol igonerization, is adopted,

t he nol 4¢m;4;g4¥4+FkG-conpgnepLs-%a}Féb}?eeg-Ls—generaIIy 1
0.1 {o 100 0.1 to 500{ Brafkiem| | Begaspefl (iFARTIOP FEOTOBOCHIFe
prefergbly 1 : 1 to 5 :|5559,800n! 1 4hCR%E WREr 8L De1 NahpaafizsoNt ai ni ng
conpouhd (d) is used aslan additiohal catalytlic conmponent. the nmofjar ratio

bet weef t hewtidt:al/Ani ¢ conphents () 3RbP: kg) :|(d) is 0.26 kg
Cr(2EHA)3 (ppm)
3.0 3.5 134
2,5-dimethyl-
3.6 4.2 159
pyrrole (ppm)
Triethyl
. 28.4 33.0 1272
aluminum (ppm)
Tetrachloro-
ethane (ppm) >-2 6.1 234
Heptane (wt%)
66.9 78.4 .0
Ethylene (wt%)
14.6 0.0 0.0
Cé6 components
(WE®) 17.8 20.8 0.0
High-beoiling
0.60 0.70 89.4
components (wt%)
Polyethylene
700 820 10.43 wt%
(ppm)
Total 100.0 100.0 100.0
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generally 1 : 0.1 to 100 : 0.1 to 500 : 0.1 to 100, preferably 1 0.1 to
10 : 1 to 100 : 0.1 to 20, nore prefebably 1 : 1 to 5 5to50 : 1to 10.
By using the catal yst having such a -27- nolar ratio, the [err]-olefin

ol i goner such as hexene can be produced fromethylene with a yield of not

| ess than 90 % Further, in this case, the selectivity for 1-hexene can be
enhanced to not |ess than 99 % The oligonerization according to the
present invention can be cond S uous reaction nethod in which

the raw [err]- olefin is continuously supplied to the reaction zone and the

r esul t apt—ol-goret—i-s—continuousl Vi gl cnha;ggd ‘
o Evaporated component Concentrated
from evaporator component from
evaporator
unit: /hr 0.23 kg 27.3 g
Cr(2EHA) 3 (ppm)
0.0 0.127 wt$%
2,5-dimethyl-
177.7 0.0
pyrrole (ppm)
Triethyl
. 0.0 1.20 wt%
aluminum (ppm)
Tetrachloro-
ethane (ppm) 261.2 0.0
Heptane (wt%)
0.0 0.0
Ethylene (wt%)
0.0 0.0
C6 components
(Wts) 0.0 0.0
High-boiling
100.0 0.0
components (wt%)
Polyethylene
0.0 98.7 wt%
(ppm)
Total 100.0 100.0

Note: Content of l-hexene in C6 components: 99.5 % by weight,

Molar ratio of l-hexene to ethylene: 0.41, Catalytic efficiency:

546,636 g-l-hexene/g-chromium
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zone. \When the oligonerization of [err]-olefin is continuously conducted by
using the afore-nentioned catal yst, thesnolar ratio of a-olefin oligoner to
the raw [err]-olefin in the reaction solution is maintained in the range of
0.05to 1.00, preferably 0.10 to 0.80. The above-ranged nolar ratio of the
[err]-olef in. oligoner to the raw a-olefin can be achieved by controlling
t he anobunt of the catalyst supplied to the reactor or the reaction tine
(resi dere¢amulep)2l For exanpl e, when the anount of the catalyst supplied is
decreased or the reaction tinme i.s shortened, the conversion of the a-olefin
i s decr eased B safe pracefBranbemt CHICIMOUE GldPoresirgbher ¢F oduced is
reduced, so that the nplar ratio of_the [err]-olefin oligoner to the raw

a- ol ef i T 1SRe Asadetdnedolt it FRAMDER ohb IVafe GRRsFedarkerRat Rt y, the

nol ar rati o can be .decreased_by i ncreasi t he anpunt _of e, a-
octanoic aci (2—etgyl—gexan01c aé¥%) as a metal-so Hbl fggng

agent was continuously fed into the degassing tank. The amount
of the metal-solubilizing agent was adjusted such that the
concentration thereof in the reaction solvent was 0.022 % by
weight.

The reaction solution was sampled from the bottom of the
product-distilling tower to analyze deposited metal components
and then, no deposited metal components were substantially
ocbserved. Incidentally, in the analysis of the deposited metal
components, the sampled solution was passed through a filter
paper (5A) and then the surface of the filter paper was washed
with n-heptane and then further washed with an 10 wt % agqueous
solution of nitric acid. Concentrations of metal components in
the agqueous nitric acid solution were measured by a high-
frequency plasma emission spectroscopic analyzing method. The
mass balance in the afore-mentioned process are shown in Table 5.
The evaporator was also operated in the same good condition as

in Example 19.
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olefin. The nolar ratio of the [err]-olef in oligoner to the raw [err]-
olefin in the reaction solution can beggncreased by reverse procedures to
the above. If the oligonerization of the [err]-olefin is conducted while
adjusting the nolar ratio of the a-olefin oligoner to the raw [err]-

-28- olefin to not nore than 1.00, preferably 0.80, the production of the
by- product having a higher boiling point than that of the ained
[err]-olefin oligoner is effectivel \fgil@/ented, so that the ainmed
[err]-olefin oligonmer can be obtained with a high yield and a high

selectiyity. However, when the nolar ratio of the [err]-olefipn oligomer to
Reaction | Degassed | Solution from bottom
solution | solution of distilling tower
unit: /hr 42.5 kg 36.3 kg 0.35 kg
r(2EHA)3 (ppm)
3.0 3.5 363
2,5-dimethyl-
3.6 4.2 430
pyrrole (ppm)
Triethyl
, 28.4 33.0 3443
aluminum (ppm)
Hexachloro-
7. 8.
ethane (ppm) 4 6 832
Heptane (wt%)
62.1 72.7 0.0
Ethylene (wt%)
14.6 0.0 0.0
C6 components
(WES) 22.5 26.3 0.0
High-boiling
0.75 0.88 90.8
components (wt%)
Polyethylene
: 800 936 8.71 wt%
{ppm)
Total 100.0 100.0 100.0
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the raw [err]-olefin is decreased, the conversion of the [err]-olefinis

al so decreased. Accordingly, too smallgymlar ratio of the [err]- olefin
oligoner to the raw [err]-olefin is not advantageous unless there is a
particul ar reason for doing so. For this reason, in accordance with the
present invention, the nolar ratio of the [err]- olefin oligomer to the raw
[err]-olefin should be adjusted to not |ess than 0.05, preferably not |ess
than 0.1 in view of both the priabdst iSeontinhedproduction of the

by- products having a higher boil.ing point than that of the [err]-olefin,

and efficiency in reaction operations. Further, in accordance with the
present|invention, it is ﬁW@b@ra@ddthQMPoment ncenﬂk@pbnnrote@he
[err]-o]lefinin aliquid]{p e of the.r actlor zone %nng% Os han 0.5
mol /liter. \Wen the concnntr ?Qﬂ](ﬁpqﬁﬁe ferr]-olépmﬁ §"FeskThan| 0.5
mol /1iter, effective cathlytically-active spedies fekapbeaebigoner| zation
unit: /hr 0.32 kg 31.9 ¢
Cr(2EHA)3 (ppm)
0.0 0.399 wt%
2,5-dimethyl-
473.4 0.0
pyrrole (ppm)
Triethyl
. 0.0 3.79 wt%
aluminum (ppm)
Hexachloro-
981.4 0.0
ethane (ppm)
Heptane (wt$%)
0.0 0.0
Ethylene (wt%)
0.0 0.0
C6 components
.0 .
(Wt$) 0 0.0
High-boiling
99.9 0.0
components (wt%)
Polyethylene
- 95.8 wt%
(ppm)
Total 100.0 100.0

Note: Content of l-hexene in C6 components: 99.5 % by weight,
Molar ratio of l-hexene to ethylene: 0.51, Catalytic efficiency:

690,972 g-l-hexene/g-chromium
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of the [err]-olefin cannot be formed, resulting in decrease in reaction
.rate of the oligonmerization. This is ggadvantageous for industrial use. On
t he ot her hand, when the concentration of the a-olefin is too high, the
reacti on pressure nust be unnecessarily increased. This is also

di sadvant ageous for industrial application of the process. Therefore, from
a standpoint of the industrial application, it is nore preferred - 29-

t hat theExamdentd2ati on of the [err]-olefin in the |iquid phase of the
reaction zone is in the range of. 1 to 7 nol/liter. In addition, the

resi dence ti e fSafRe PEPgEFEr phERe GsttingPush OLREOREEEERBIOT OHe i S

preferablg not nore than 60 m nutes.
ethylene as defined in Example 19 was conducted except that the

reaction temperature and the reaction pressure were changed to
120°C and 70 kg/cm?G, respectively. The mass balance in the
afore-mentioned Example are shown in Table 6. The evaporator

was also operated in a good condition as in Example 19.
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When the residence tine of the liquid phase portion is nore than 60
~mnutes, the catalyst is likely to sutégr from aged deterioration and an

i nner olefin portion of 1-hexene is likely to be isomerized. Accordingly,
it is preferred that the residence tine for the liquid phase portion is in
the range of .1 to 50 mnutes. In the process according to the present

I nvention, the catalyst is continuously supplied to the reaction zone. At
this tine, it is preferred that theX2alphelying rate of the catalyst to the
reaction zone is controlled such that the concentration of chromumin the

l'iquid phase of the reaction zone is not nore than 1 ppm 1f the
concent fation of chroniumj RetbhtiordcPeoassedd $elutderhifgiorm bhekemari ses
such a tendency that the catag ctl e, cat S
sel ectiyity for the a-ol eff A° ¥E§8ﬂe !ug%e erlgr%%%ﬁfiﬁ}PQhém%ﬁhér hand,
i f the unit: /hr 52.3 kg 40.4 kg 1.06 kg
Cr(2EHA)3 (ppm)
3.0 3.9 44
2,5-dimethyl-
3.6 4.6 52
pyrrole (ppm)
Triethyl aluminum
28.4 37.0 419
{ppm)
Hexachloro-ethane
5.2 6.8 77
(ppm)
Heptane (wt%)
40.3 52.1 0.0
Ethylene (wt%)
22.7 0.0 0.0
l-hexene (wt%)
35.0 45.3 0.0
High-boiling
1.90 2.46 93.3
components (wt%)
Polyethylene (ppm)
1350 1746 6.63 wt%
Total 100.0 100.0 100.0
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concentration of chromumin the reaction zone is too |ow, the reaction
rate is unpractically decreased. Accorggngly, it is preferred that the
concentration of chromumin the liquid phase of the reaction zone is
controlled to the range of 0.01 to 1 ppm especially 0.1 to 0.5 ppm
Incidentally, the afore-nentioned concentration of chronium neans a weight
of nmetal chrom umper a unit weight of the reaction solution in the

reaction zone. |In accordance wladpliehé-gonténnednvention, it is preferred

that the reaction conditions for  the oligonerization of the [err]- - 30-
ol efin et the requirenents of the following formulae (1) and (2):
: Evaporated component Concentrated
from evaporator component from
evaporator
unit: /hr 0.99 kg 71.1 g
Cr(2EHA)3 (ppm)
0.0 0.066 wt%
2,5-dimethyl-
56.1 0.0
pyrrole (ppm)
Triethyl aluminum
0.0 0.63 wt%
(ppm)
Hexachloro-ethane
82.5 0.0
(Ppm)
Heptane (wt%)
0.0 0.0
Ethylene (wt%)
0.0 0.0
l-hexene (wt%)
0.0 0.0
High-boiling
100.0 0.0
components (wt%)
Polyethylene (ppm)
0.0 99.3 wt%
Total 100.0 100.0

Note: Content of l-hexene in C6 components: 99.5 % by weight,
Molar ratio of l-hexene to ethylene: 0.51, Catalytic efficiency:
1,074,846 g-l-hexene/g-chromium
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T [err] 105[err]C (1) P> 0.5T - 15 (2) where T
.represents a reaction tenperature ([etg]C) and P represents a reaction
pressure (kg/cnferr]G (Gauge pressure)). In the prior art, it has been
described that the reaction tenperature of not nore than 70[err]Cis

pref erabl e hecause the by- products produced in the reaction solution are
granul ated to facilitate the separation of solid and liquid from each

ot her. |Examplasds be 8t Application Laid-Open (KOKAI) No. 8-3216, as a
general description, there are description for the reaction tenperature

ranging of 0 T F50PePFPESHESE hECT RGN PFeSSdPEMBT 122 hitt et pressure to
App i cat PO L6 TR SEERBRY 45 CBHHTRL B yt+eiife SPBCFT B TEnIRr At Y
80[err] %(—%Igagnotlhe( E.rx%‘xan%tlieoa3?f el'sxg}%t' an?:'IneBS( EEc%/m%qTeeEElL , ammonia (Example

25) and acetylacetone (Example 26) were used as the metal

solubilizing agent. As a result, it was found that in all of

Examples 23 to 26, the evaporator was also operated in a good

condition as in Example 21. The reaction solutions were sampled

from the bottom of the product-distilling tower in the same

manner as in Example 21. The analysis for the deposited metal

components revealed that no deposited metal components were

substantially observed in any of Examples.
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On the other hand, in the process according to the present invention,

required
reaction
t enper at
adj ustin
120 to 1
state in
such as

or the |
pol yners

to adopt a reaction tenperatuge-of at |east 105 err]C and a

pressure of at least 37.5 kg/cnferr]G when thgs dheafihd B6h Replaced
ure is 105[err]C. In accordance with the prese%ﬂul

g the reaction tenperature to not |ess than 10

it

BN

50|err!C, t he by-product polynmers can be prese
tion. As a result, there do not arise problens

i's

adhesi on of the by-product polynmers to an inner wall of the reactor
Eke. gurther such a reaction solu{i n dissolvin% t he bg- r oduct
L jec

v sub ing

PTURAT FOLUBFREIEIRY o3 A-olefin oligomer

an o-olefin to oligomerization in a reaction zone in the

can

presence of a reaction solution containing a chromium-based
catalyst, which comprises,

continuously conducting said oligomerization of a-olefin by
using said chromium-based catalyst formed from at least a
chromium compound (a), a nitrogen-containing compound (b)
selected from the group consisting of amines, amides and imides,
and an alkyl aluminum compound (¢) while maintaining the molar
ratio of the o-olefin oligomer to o-olefin in the range of 0.05

to 1.00.

2. A process according to claim 1, wherein the concentration

of a-olefin in the reaction solution in the reaction zone is not

less than 0.5 mol/l.

3. A process according to claim 1, wherein the residence time
of the reaction solution in the reaction zone is not more than

50 minutes.

4. A process according to claim 1, wherein the catalyst is
continuously fed into the reaction zone such that the
concentration of chromium in the reaction solution in the

reaction zone is maintained at not more than 1 ppm.

5. A process according to claim 1, wherein the oligomerization

of o-~olefin is conducted under the reaction conditions which

satisfy the formulae (1) and (2):

T 2 105°C (1)
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nmethod in which the by-product polyners are concentrated together with the
catal ytic conponents while being prevegged fromdepositing in the reactor,
and then both are separated from each other. | dhi ““ ‘ or dance
with the present invention, the reaction terrper i creased while
keepi ng the constant rel ati onshi p wth the react so that the
performance of the chrom um based catal yst i s not deterlorated and a high
catalytic actPvit9y-of tHé catal yd€)can be maintained. Incidentally, the
residence tinme of the reaction solution in the reaction zone is not nore
than 1 hUBFrep?e’F%?’é?ﬁ%Pti%atH@aFéhﬁé BEMREXRCWR nf it 883 PnrERESEERES wher e
the method of conducting the formation of the chrom um catal yst and the

ol i goner PzAERBhT 7 EBIF%S rer](kgl/EF‘lq;l(%?‘fﬁﬁ)t aneously, is adopted, it is

preferred that the catal yt|c conponents of the chrom um catal yst and the
[err]- Ol%fln Asp§6%gg§ according to claim 1, wherein the molar ratio

between the chromium compound {(a), the nitrogen-containing
compound (b) selected from the group consisting of amines,
amides and imides and the alkyl aluminum compound (c) when used
in the formation of the chromium-based catalyst, (a):(b):(c), is

1:0.1 to 10:1 to 100.

7. A process according to claim 1, wherein said chromium-based
catalyst is formed from at least the chromium compound (a), the
nitrogen-containing compound (b) selected from the group
consisting of amines, amides and imides, the alkyl aluminum

compound (c) and a halogen-containing compound (d4).

8. A process according to claim 7, wherein the molar ratio
between the chromium compound (a), the nitrogen-containing
compound (b) selected from the group consisting of amines,
amides and imides, the alkyl aluminum compound (c) and the
halogen-containing compound (d) when used in the preparation of
the chromium-based catalyst, (a):(b):(c):{(d), is 1: 0.1 to 10: 1
to 100: 0.1 to 20.

9. A process according to claim 7, wherein said halogen-
containing compound (d) contains an element selected from the
group consisting of the 3-, 4-, 5-, 6-, 13-, 14- and 15-Groups

of the Periodic Table.

A



toinitiate the oligonerization reaction suchﬁmﬁéutﬂh&kaeaﬁaﬁﬂlve nmol a

ratios of the nitrogen-containing conpeynd (b) unlnunlconpound
(c) and the hal ogen-containi ng conpound (d) to conpound (a) at
the initiation of the reaction becones |arger t t ose |n a steady state
I ncidentally, the wording "at the initiation of the reaction” means a time
when t he chron1un1conpound (a) is first brought into contact with the
ni t r ogent@ont &i AFPRETOMASSIRTELN) Lot Réadnkyl wienfifurhheofpsBaEiee)ofind the
hal ogen ntajning c ound to initiate the oli. nerlza i on ction of
e Deorr FR8ofhopREar oTRac Sty R i po butaed SHATieroRT Snelenel yii c
conponents of tge cQ&onju based iatalyst are supplied to the

are conducte simultanecus

11. A process according to claim 10, wherein the
oligomerization of a-olefin is conducted in such a manner that
before the a-olefin, the chromium compound (a), the nitrogen-
containing compound (b) selected from the group consisting of
amines, amides and imides and the alkyl aluminum compound (c)
come into contact with each other, the chromium compound and the

alkyl aluminum compound do not previously contact each other.

12. A process according to claim 1, wherein the chromium-based
catalyst is previously prepared before the oligomerization of o-

clefin.

13. A process according to claim 12, wherein said chromium-
based catalyst is formed by bringing the chromium compound (a)

and the alkyl aluminum compound (c) into contact with each other

in the presence of a-olefin.

14. A process according to claim 1, wherein the oligomerization
of a-olefin is conducted by using a continuous stirring tank

reactor.

15. A process according to claim 1, wherein the oligomerization

of a-olefin is conducted by using a loop-type reactor.

16. A process according to claim 1, wherein the oligomerization

of a-~-olefin is conducted by using a gas-stripping-type reactor.

DO



-32- reaction zone under the afore-nentioned conditions. |In consequence,
‘the chrom um based catal yst having a hgggh catal ytic activity can be
obt ai ned wi thout necessity of an induction period for inparting a high
catalytic activity to the catalyst at an initial stage of the reaction.
Further, the oligonerization of the [err]-olefin can be conducted with a
high catalytic activity of the catalyst while considerably preventing the
product i bl ofA TROEFSpREEDEEIRG| %@ré?fs/%lml'ﬁe WEgEeANt ABE ePbigeReRiRATiON

sufficientl pparent but is s ested as foll In the case where the
cat al yt i%’% c%’ slSoFOPﬁ}éCEﬁa Ut ft & ﬁﬁs‘%b%ﬁecf’g\”f‘??% inare
supplied to the reaction zone such that the respective nolar ratios of the

ni t rogent i'ni ng compound (b), the al kyl al umi num conpound (c) and the
hal ogen- cont ai ni ng

18. A process according to claim 1, wherein the oligomerization

of a-olefin is conducted by using a tubular reactor.

19. A process according to claim 1, wherein the 0-olefin is

ethylene and the a-olefin oligomer comprises l-hexene.

This Sheet Has Been Replaced
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conpound (d) to the chrom um conpound (a) at the initiation of the reaction
becones | arger than those in a steady-gkate, catal ytically-active species
effective for the oligonerization of [err]-olefin can be forned
effectively. The concentration of the chrom um conpound (a) in the reaction
zone at the initiation of the oligonerization reaction is preferably not

more than 2 x 10[err] millinoles, nore preferably in the range of 5 x
10[ err] BBSTRACTQOBrTHE MIJILGTURE based on one liter of the reaction

solvent. The nolar ratio between the catalytic conponents (a):(b):(c):(d)
in the reacti BhezBResert piftfentdlony relafes fesd BFRERSISFEOMErodEsIngham

1500: not l?? .t han, 150, re preferabl 1:1%0 to 1000: 1500, to 500Q: 150 to
1000, stOIPIR5EE PreForsbIsy BUOEEd"GoB 536748 S000L HIT - B00-PWhEN 1 he
g‘;'nggnreﬁ{r'e(%g)%‘18§1“§ﬂ§2} f}'? Ying pgrt%g"&gzgpg% (Plead o (@ L0 Lhe gatalytic

a chromium-based catalyst, which comprises,

continucusly conducting said oligomerization of a-olefin by
using said chromium-based catalyst comprising at least a
chromium compound {(a), a nitrogen-containing compound (b)
selected from the group consisting of amines, amides and imides,
and an alkyl aluminum compound (c¢) while maintaining a molar
ratio of the a-olefin oligomer to a-olefin in the range of 0.05

to 1.00.

This Sheet Has Been Replaced
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-33- the reaction is too low, there is a tende ‘ﬁa‘t[ rfmgat%’{ SGU
exhibits a low catalytic activity and the anount e by pr @ paged 3.
pol ymers produced is increased. By controllingft I ratos- oﬁJﬂhsﬁd -----
respective catal ytic conponents to the afore- \éd rang’es’ f-hé&o page "
catalytic activity of the catal yst can™bé consj ﬁl?tenhanbebfi’ato phged o<

initial stage of the reaction and the oligonerji zation of [err]-olefin can
be perforned while maintaining the high catal tIEA'EEt(DNIRECEIIFQTf(I"IGf(J

anount of the by-product polyners produced can be TTmted™To a TUMST chet ab'"

| ow | evelprrikeoteagpnrieiefQg. is not sufficiently apparent but is
suggested as folTows. Wien the

PROCESS FOR PRODUCING 0t-OLEFIN OLIGOMER

BACKGROUND OF THE INVENTION:

The present invention relates to a process for producing an
~o-olefin oligomer, and more particularly relates to a process
for producing an oa-olefin oligomer comprising mainly of l-hexene,
from ethylene with a high yield and a high selectivity in an
industrially useful manner.

It is hitherto known that a oligomerization of o-olefin
such as ethylene is carried out in the presence of a chromium-
based catalyst comprising a chromium compound and an
organocaluminum compound in combination. For instance, Japanese
Patent Publication (KOKOKU) No. 43-18707 discloses a production
method of l-hexene and polyethylene from ethylene by using a
catalyst comprising a 6-Group transition metal such as chromium
and polyhydrocarbyl-aluminum-oxide.

Further, Japanese Patent Application Laid-Open (KOKAI) No.
3-128904 discloses a trimerization method of an a-olefin by
using a catalyst obtained by previously reacting a chromium-
containing compound having a chromium-pyrrolyl bond with metal
alkyl or a Lewis acid. Furthermore, Japanese Patent Application
Laid-Open (KOKAI) No. 6-239920 discloses a oligomerization
method of an o-olefin by using a catalyst obtained by mixing a
chromium compound, a pyrrole-containing compound, a metal alkyl
compound and a halide source with each other in a common solvent.

In addition, the present inventors have recently proposed,

in Japanese Patent Application Laid-Open (KOKAI) No. 8-3216, an
This is the replacement sheet
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nolar ratios of the catalytic conponents (b), (c) and (d) to the catalytic
conponent (a) at the initial stage of the reaction is too |ow, effective
catal ytically-active species for the oligonerization of [err]-olefin cannot
be formed but the catalytically-active conponents effective for the
production of the by-product polyners ore rather fornmed. On the other hand,
In the case where the nolar ratio lies within the afore- nentioned ranges,
the effective catal ytically-active conponents for the oligonerization of
[err]-olefin can be extrenely readily produced. The oligonerization of

[err] - ol eligoneenialiing hthd RECRANE -LI¥eRh g? e@nde coibiiedbaked
reaction tenperature ranging generally from20[err]C to 200[err]C,

pref er abbyt AT pot @I ilsG O al 2Bk-@kh Lifa-cHAERLn Bnd Csid UM @Spyeolangi ng

from10 to 200 kg/cnferr], preferably from20 to 100 kg/cnferr]. In

addi t i onrihdecomexirsiim@Nednpound, a metal alkyl compound and a halide
source in combination in such a manner that the chromium-
containing compound and the metal alkyl compound are kept in
‘non-contact with each other until these compounds are brought
into contact with an o-olefin. According to the.afore-mentioned
method, 1l-hexene can be produced by subjecting o-olefin,
particularly ethylene, to oligomerization in the presence of the
catalyst having a high catalytic activity.

However, in any of these methods, a considerable amount of
polymer as by-product have been inevitably produced. Such a
production of the polymer as by-product causes problems such as
adhesion of the polymer to an apparatus used, necessity of
removing the polymer from a solution containing a reaction
product, or the like. For these reasons, when it is intended to
conduct the oiigomerization of d-olefin in an industrially
effective manner, it is important to reduce an amount of the by-
product to as low a level as possible.
Further, in the method described in Japanese Patent

Publication (KOKOKU) No. 43-18707, a large amount of
polyethylene is produced simultaneously with the production of
l-hexene. In the case where the reaction condition is adjusted
so as to reduce the amount of polyethylene as a by-product,
there is caused a problem that a catalytic activity of the
catalyst in the reaction system is deteriorated. In the method
described in Japanese Patent Publication (KOKOKU) No. 3-128904,
there arises a problem that an amount of the high-molecular

Thiz is the renlacemant sheet
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of the hydrogen in the reaction zone provides further advantages such as
the increase in catalytic activity and selectivity for -34- the triner
and the decrease in anount of the polyners adhered to an inner wall of the
reactor. The anmpbunt of the coexisting hydrogen in a gas phase of the
reaction zone is preferably in the ra of 0.1 to 15 % by volune. The

ol i goneri zation of a-olefin according to the present invention can be
conducted by using various reactors. The reactors usable for conducting the
process according to the present invention include, for exanple, a

?22&5; ' RRE98e LYPRAEA Y Hauddd 2R bEPSihERCE s £ SR NUQKS kM4 ng tank
catalytic activity thereof is insufficient.

In addition, in the method described in the Japanese Patent
Application Laid-Open (KOKAI) No. 6-239920, the catalytic
activity is also insufficient from a standpoint of industrial-
scaie oligomerization of o-olefin, though the method exhibits a
high selectivity for l-hexene. Whereas, in the method described
in the Japanese Patent Application Laid-Open (KOKAI) No. 8-3216,
the selectivity for l-hexene is insufficient, though the
catalyst used in the method exhibits a sufficient catalytic
activity to carry out the industrial-scale oligomerization of o-
olefin.

As a results of the present inventors’ earnest studies for
solving the above problems, it has been found that by using the
chromium-based catalyst formed from at least a chromium compound
(a), a nitrogen—containing compound (b) selected from the group
consisting of amines, amides and imides, and an alkyl aluminum
compound (c) while maintaining a molar ratio of the a-olefin
oligomer to a-olefin in the range of 0.05 to 1.00, an «-olefin
oligomer such as l-hexene can be produced with a high yield and
high selectivity while extremely reducing an amount of polymer
as by-product. The -present invention has been based on this

finding.

SUMMARY QF THE INVENTION:

The object of the present invention is to provide a

continuous process for producing an ¢t-olefin oligomer such as 1-

TRy a0t TR RTINS -T 3
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a gas-bubbl e colum-type reactor, tubular reactor or the like. In the case
where the gas-stripping type reactor is used, an ethylene gas is
continuously fed into the vessel -shaped reactor, thereby causing the
trinerization of ethylene in a reaction solvent having a boiling point

hi gher than that of 1- hexene in the présence of the chroni um based

. catal yst under heated and pressurized conditions. The resultant 1-hexene in
a gas phase of the reactor is continuously discharged together with an
unreacted ethylene gas fromthe rector and then the ethylene gas is

Separate%ékkﬂglbQEhdésﬁD€%9§ﬂﬁg§§?£PeJ%ﬁQ%P%eiecEF6FEf-Yﬁfqé*E%dﬁ%%%dWhere

the | oop-type reactor | gonerization o efini1s
conduct e¢rMainbane! esu%@iwgraag aarid Quzel ol an EQBT:éxh@l;F'glédﬂeléfél' efin and

the chrom um based catalyst through a circular flow path of the reactor.

This type To accomplish the aim, in an aspect of the present
invention, there is provided a process for producing an a-olefin
oligomer by subjecting an o®t-olefin to oligomerization in the
presence of a reaction solution containing a chromium-based
catalyst in the reaction zone, which comprises,

continuously conducting the oligomerization of an a-olefin

by using the chromium-based catalyst formed from at least a
chromium compound (a), a nitrogen-containing compound (b)
selected from the group consisting of amines, amides and imides,
and an alkyl aluminum compound (c) while maintaining a molar

ratio of the a-olefin oligomer to ¢t-olefin in the range of 0.05

to 1.00.

DETAILED DESCRIPTION OF THE INVENTION:

In the process according to the present invention, as the
chromium-based catalyst, there may be used a catalyst formed
from at least a chromium compound (a)., one or more nitrogen-
containing compound (b) selected from the group consisting of
amines, amides and imides, and an alkyl aluminum compound (c).

The chromium compounds suitably used in the present
invention are those expressed by the general formula of CrXp,
wherein X represents an optional organic or inorganic group or
an anionic atom and n is an integer of 1 to 6, and when n is not
less than 2, X may be same or different. A valence of chromium
may be 0 to 6. It is preferred that n of the above-mentioned

general formula is an integer of not less than 2.
This is the replacement sheet
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reactor can prevent the by-product polynmers from being adhered to a cool ed
wal | thereof and maintain a high heat-renoving efficiency. -35- Anopbng
them the continuous stirring tank reactor is especially preferred. The
continuous stirring tank reactor usable in the present invention has such a
structure in which partitions are disb%@ed at a distance on an outer
surface of an inner cylinder perpendicularly thereto, and an outer strip is
spanned between the.tip ends of the partitions, thereby formng a wall
structure (hereinafter referred to nerely as "tenperature-controlling

As the organic groups as the X group of the afore-mentioned
general formula, various groups generally having 1 to 30 carbon
atoms can be suitably used. Specific examples of suitable
organic groups may include hydrocarbon groups, carbonyl groups,
alkoxy groups, carboxyl groups, P-diketonate groups, P-keto-
carboxyl groups, B-keto-~ester groups, amide groups or the like.
Examples of the hydrocarbon groups may include alkyl groups,
cycloalkyl groups, aryl groups, alkylaryl groups, aralkyl groups,
a cyclopentadienyl group or the like. Examples of the inorganic
groups as the X group of the afore-mentioned general formula may
include chromate-forming groups such as a nitric group and a
sulfuric group. Examples of the anionic atom as the X group of
the afore-mentioned general formula may include oxygen, halogen
or the like.

The above-defined chromium compounds may be alkoxy salts of
chromium, carboxyl salts of chromium, PB-diketonate salts of
chromium, salts of chromium and an anion derived from.B-keto~
esters, or chromium halides. Specific examples of the chromium
compounds may include.chromium (IV)-tert-butoxide, chromium
(III) -acetylacetonate, chromium (III)-trifluoro-acetylacetonate,
chromium (III)-hexafluoro-acetylacetonate, chromium (III) (2, 2,
6, 6-tetramethyl-3,. S-heptane-dionate), Cr(PhCOCHCOPh)3; (wherein
Ph represents a phenyl group), chromium (II) acetate, chromium
(III) acetate, chromium (III)-2-ethyl hexancate, chromium (III)
benzoate, chromium (III) naphthenate, Cr (CH3;COCHCOOCH3)j,
chromium (II) chloride, chromium (III) chloride, chromium (II)

bromide, chromium (III) bromide, chromium (II) iodide, chromium

el P 1w . o L - -
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el ement”) having a flow path for a heating nedi um between the inner
cylinder, the outer strip and the partitions, and the

tenperature-controlling element is fixed within a container such that the

outer strip thereof faces an inner wall of the container; or another

structure in which the tenperature- dﬁhtrolling element is fixed within a
contai ner such that the outer strips thereof face an inner wall

container in a spaced relation, and the space of the |ower and upper
portions between the outer strip of the tenperature-controlling el enent and

the innerrspriaeiRiedt dhengant LRer £1 80568 e rd%int Q 1185 Mgy se8hed

chamber.

a wal |

t he cooling nmediumcan be thin, so that the heat of reaction can be
effectivel y Irenmitidtionyr thebmplex comprising the afore-mentioned

chromium compound and an electron donor is suitably used as the
chromium compound. Such an electron donor may be selected from
compounds containing nitrogen, oxygen, phosphorus or sulfur atom.

Examples of the nitrogen-containing electron donors may
include nitrile, amine, amide, nitro compounds or the like.
Specific examples of the nitrogen-containing electron donors may
include acetonitrile, pyridine, dimethyl-pyridine, dimethyl-
formamide, N-methyl-formamide, aniline, nitrobenzene,
tetramethyl-ethylene-diamine, diethylamine, isopropyl-amine,
hexamethyl-silazane, pyrrolidone or the like.

Examples of the oxygen-containing electron donors may
include esters, ethers, ketones, alcohols, aldehydes or the like.
Specific examples of the oxygen-containing electron donors may
include ethyl acetate, methyl acetate, tetrahydrofuran, dioxane,
diethyl ether, dimethoxy-ethane, diethylene glycol dimethyl
ether, triethylene glycol dimethyl ether, acetone, methyl ethyl
ketone, methanol, ethanol, acetaldehyde or the like.

Examples of the phosphorus-containing electron donors may
include hexamethyl phosphoramide, hexamethylphosphorous triamide,
triethyl phosphite, tributyl-phosphine-oxide, triethyl phosphine
or the like. Examples of the sulfur-containing electron donors
may include carbon disulfide, dimethyl sulfoxide, tetramethylene
sulfone, thiophene, dimethyl sulfide or the like.

Examples of the complexes comprising the chromium compound

and the electron donor may include ether complexes of chromium

: -’v-‘.:,- ta, n T "l' E

A R

of the

By using continuous stirring tank reactors having such structures,
bhi ehkdesikeof portions for separating a content of the reactor from

A



since wel ded portions occupies only a small area on an inner surface of the
reactor, the oligonerization of [err]-olefin can be perforned in a
continuous and stable manner for a long period of tine wthout adhesion of
t he by-product pol yners thereto. -36; The [err]-olefin oligonmer can be
recovered fromthe liquid reaction product in the reactor by an ordinary
nmet hod. I n accordance with the present invention, after the oligonerization
of [err]-olefinis conducted in the reactor in the presence of the
chrom um based catal yst and the reaction solvent, a part or a whole of the

resul t anhatgedael i @8ceol emedes bedchRbRiamdBEASE: NOcd Y WRYIRxdBr gact ed
a-olefin is recovered. Next, the reaction

chromium halide, aldehyde complexes of chromium halide, alcohol
complexes of chromium halide, amine complexes of chromium halide,
nitrile complexes of chromium halide, phosphine complexes of
chromium halide, thioether complexes of chromium halide, or the
like. Specific examples of these complexes may include
CrCl;-3THF, CxCl;-3(dioxane), CrClj- (CH3CO,n-C4Hg),
CrCl;- (CH3CO,C3Hs), CrCls-3(i-C3H;0H),
CrCl;-3({CH3(CH2)3CH(CyHs5)CH0H], CrCls3-3(pyridine), CrCl3-2(i-
C3H7NH), [CrCl;-3CH3CN] -CH3CN, CrClsi-3PPhs, CrCl,-2THF,
CrCly-2(pyridine), CrCl,;-2{(C3Hg)aNH], CrCl;-2CH3CN,
CrCl;-2[P(CH3)2Ph] or the like. Incidentally, in the above
specific examples of the complexes, "THF" means tetrahydrofuran.

It is preferred that the chromium compound be soluble in a
hydrocarbon solvent. Examples of such chromium compounds may
include salts of chromium and PB-diketonate, salts of chromium
and carboxylic acid, salts of chromium and an anion derived from
B-keto-esters, salts of chromium and B-keto-carboxylic acid,
amide complexes of chromium, carbonyl complexes of chromium,
carbene complexes of chromium, cyclopentadienyl complexes of
chromium, alkyl compléxes of chromium, phenyl complexes of
chromium or the like.

Specific examples of various chromium-containing complexes
such as the carbonyl complexes of chromium, the carbene
complexes of chromium, the cyclopentadienyl complexes of

chromium, the alkyl complexes of chromium and the phenyl

complexes of chromium may include Cr(CO)g, (CgHg)Cr(CO)s,

(CO) 5Cr {=CCH3 (OCH3) ), (COQ)s5Cr(=CCgHs(OCH3)), CpCrCl; (wherein Cp
This is the roplacement sheet
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solution treated in the degassi ng tower

is fed into a product- distilling

tower where the resultant [err]-olefin oligoner can be recovered in the

f or m of

a distillate. At this time, it is preferred that in a process |ine

froman outlet of the reactor to an inlgt of the product-distilling tower,
the reaction solution is nmaintained at a tenperature of 100 to 150[err]C,

and the residence tine of the reaction solution fromthe supply to the
degassing tower to the supply to the product-distilling tower

than 1 hour. When the reaction tenperature is maintained at |ess than

100[ er r | ESPEPREE- 0 s2€ lppensadierplubbeeuriue (@ 1HE lddhesi dvhereidefaditi on

i's not nore

of the by-product polyners in the process |line, for exanple, equipnment such

as feed

LS & BeREageRby Lharalonpeiad e S9N (t dFPat atifre 9% nore

than 150[err]C, the ainmed product is subjected to isonerization so that the

yi el d of

heelike.

The chromium compound may be supported on a carrier such as
an inorganic oxide. However, it is suitablé to combine the
chromium compound with any other catalytic components without
carrying it on the carrier. That is, in accordance with the
present invention, it is preferred that the chromium-based
catalyst is prepared by a particular method as described
hereinafter. In such a method, it has been found that the
chromium compound exhibits a high catalytic activity even though
it is not supported on the carrier. Further, in the case where
the chromium compound is used without being supported on the
carrier, complicated operations required for supporting the
compound on the carrier can be omitted. Furthermore, undesirable
increase in a total amount of the catalyst used (a sum of the
carrier and the catalytically active components) is effectively
avoided.

The amines used as the nitrogen-containing compound (b) in

the present invention may be primary amines, or secondary amines.

Examples of the primary amines may include ethylamine,
isopropylamine, cyclohexylamine, benzylamine, aniline,
naphthylamine or the like. Examples of the secondary amines may
include diethylamine, diisopropylamine, dicyclohexylamine,
dibenzylamine, bis(trimethylsilyl) amine, morpholine, imidazole,
indoline, indole, pyrrole, 2, S-dimethyl-pyrrole, 3, 4-dimethyl-
pyrrole, 3, 4-dichloro-pyrrole, 2, 3, 4, S-tetrachloro-pyrrole,

2-acyl-pyrrole, pyrazole, pyrrolidine, or the like.

Thin Lot candEgeTr
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ainmed [err]-olefin oligonmer recovered fromthe product distilling tower is
decreased. Even if the reaction tenperature is not nore than 150[err]C,
when the residence tinme of the reaction solution fromthe supply to the
degassing tower to the supply to the product-distilling tower is nore than
one hour, the isonerization of the reaction product cannot be sufficiently
-37- prevented. The residence tine of the reaction solution is suitably
decreased as the reaction tenperature to be maintained is increased. It is
especially preferred that the residence tinme be not nore than 30 m nutes.

| n accordancerhd tamitdes peegent thyeptesdhe tieraffianamaonbef metal

amides derived from primary or secondary amines. For example,
the amide may be produced by reacting the primary or secondary
amine with a metal element selected from those belonging to the
1-, 2-, 4- and 13-Groups of the Periodic Table. Specific
examples of the metal amides may include lithium amide, sodium
ethyl-amide, calcium diethyl-amide, lithium diisopropyl-amide,
potassium benzyl-amide, sodium bis- (trimethylsilyl) amide,
lithium indelide, sodium pyrrolide, lithium pyrrolide, potassium
pyrrolide, potassium pyrrolidide, aluminum-diethyl-pyrrolide,
ethyl-aluminum~dipyrrolide, aluminum-tripyrrolide or the like.

Among these amines and amides, secondary amines, metal
amides derived from secondary amines or a mixture thereof can be
suitably used. Especially, examples of preferred secondary
amines may include pyrrole, 2, 5-dimethyl-pyrrole, 3, 4-
dimethyl—pyrrole, 3, 4-dichloro-pyrrole, 2, 3, 4, S5-tetrachloro-
pyrrole and 2-acyl-pyrrole. Examples of preferred metal amides
derived from secondary amines may include aluminum pyrrolide,
ethyl-aluminum-dipyrrolide, aluminum-tripyrrolide, sodium
pyrrolide, lithium pyrrolide and potassium pyrrolide. Among
these pyrroles, the pyrrole derivatives having a hydrocarbon
group bonded to a pyrrole ring are especially preferable.

Amides or imides other than those mentioned above, which
are usable as the nitrogen-containing compound (b) in the
present invenﬁion, includes the compounds of the following

general formulae (1) to (3):

S gt
RS 7 e



t he by-product polyners is preferably conducted after being concentrated
together with the catal ytic conponents. Such a separating nethod enabl es
the catalytic conmponents to be extrenely readily separated fromthe

by- product polymers because of a high_g]ast|C|ty of the by-product

pol ymers. Therefore, the use of a solid-1iquid separating apparatus can be
omtted for the renoval of the by-product polyners, thereby rendering the
process conpact. According to the afore-nentioned preferred enbodi nents of
the present inventd onM! osses of both the by-product polyners and the
catal ytic conponernts yp to simnmultaneous recovering process thereof are
limted to a mul | IRz In acggrdance with the present invention, the
concentration and separation process of the by-product polyners and

catal yti Greeapanert S (aRudR BEoRCHEOL R 21 M dangouthL pelincLggoval of

those belonging to the 1~, 2-, 11- and 13-Groups of the Periodic
Table; R! is a hydrogen atom, a C;-Cig alkyl group, a C;-Cig
alkenyl group, a C1-Cig aralkyl group, a C;-Ci3g substituted or
unsubstituted aryl group which may contain not less than one
hetero element; R2 is a hydrogen atom, a C;-C3y alkyl group, a
C1~C3¢ alkenyl group, a C1-C3y aralkyl group, a C;-C3p substituted
or unsubstituted aryl group which may contain not less than one
hetero element, or a C;-Cjiy acyl group of the general formula:
C(=0)R? where R3 has the same definition as R!, and R! and R3 may

be same or different; R! and R? may constitute a ring;

3

O
N T )

where M2 and M? are independently a hydrogen atom or a metal

element selected from those belonging to the 1-, 2-, 11- and 13-
Grpups of the Periodic Table; R¢ and R® are independently a
hydrogen atom, a C;~C3y alkyl group, a C;-C3y alkenyl group, a Ci-
Cyo aralkyl group, a C;-C3y substituted or unsubstituted aryl
group which may contain not less than one hetero element; R% and
R’ may constitute a’'ring and A is an alkylene group which may

contain not less than one unsaturated bond; and

M4

R&«—§0;~—N—R? 3
where M* is a hydrogen atom or a metal element selected from

those belonging to the 1-, 2-, 11- and 13-Groups of the Periodic
This is the replacement sheet
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a whol e conponents having | ow boiling points by sinple distillation from
the reaction solution. Further, the separation of the by-product polyners
and the catal ytic conmponents can be conducted sinmultaneously with a final
stage of the separation process in which the respective conponents are in
turn separated by distillation fron1tﬁ%LHegassed reaction sol ution. - 38-
For exanple, in the case where ethylene is used as the [err]- ol efin,

1- hexene can be obtained as the ainmed [err]-olefin oligomer. In this case,
de-ethylene treatnment is conducted after the reaction. Next, 1-hexene and

t he reactabdre;s@fvienta dngdreyavedton, a Ci-C3 alkyl group, a C;-Cig

alkenyl group, a C;-Ciy aralkyl group, a C;-Ciy substituted or
unsubstituted aryl group which may contain one or more hetero
element; R? is a hydrogen atom, a C1-C3; alkyl group, a C;-Cig
alkenyl group, a C;-C3y aralkyl group, a C;-Cj3p substituted or
unsubstituted aryl group which may contain one or more hetero
element, or a group of the general formula: SO,R® where R8 has
the same definition as RS, and RS and R® may be same or
different; R® and R’ may constitute a ring.

The amides represented by the general formula (1) or (2)
may include, for example, acetamide, N-methyl-hexanamide,
succinamide, maleamide, N-methyl-benzamide, imidazole-2-
carbonamide, di-2-thenoyl-amine, P-lactam, d-lactam, &-
caprolactam, and salts of these compounds with a metal selected
from those belonging to the 1-, 2-, 11- and 13-Groups of the
Periodic Table. The imides represented by the general formula
{1) or (2) may.inclﬁde, for example, 1, 2-cyclohexane-
dicarboximide, succinimide, phthalimide, maleimide, 2, 4, 6-
piperidine-trione, perhydroazecyne-2, 1l0-dione and salts of
these compounds with a metal selected from those belonging to
the 1-, 2-~, 11- and 13-Groups of the Periodic Table.

The sulfonamides and the sulfonimides represented by the
above general fo:mula (3) may include, for example, benzene-
sulfonamide, N-methyl-methane-sulfonamide, N-methyl-
trifluoromethyl-sulfonamide, and salts of these compounds with a
metal selected from those belonging to 1-, 2-, 11- and 13-Groups
of the Periodic Table. Among these amides or imides represented
by the general formulae (1) to (3), the compounds represented by

Thiz s the repiscoement shoet
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by disti

cont ai ni

descri bed in nore detali

However,

| lation fromthe reaction solution, and the catal ytic conponents
and pol yet hyl ene as the by-product polyner are concentrated together and
separated fromthe reaction sol ution.

The resultant concentrated sol ution

ng the by-product polyner and the catal ytic conponents as it is can
be discharged for disposal thereof. EXARPLES The present invention is

nvent _ | th r
Col it on e her st ednin™ ) B Pyet Phed BN St RERC 1O,

imide compounds having such a chemical structure in which R2 of
the general formula (1) is an acyl group of the formula: C(=0)R3
and R! and R? constitute a ring, are especially preferable.

The alkyl aluminum compounds {(c) used in the present
invention has a chemical structure represented by the following
general formula (4):

RIGAL (OR10) (H Xy ... (4)
where R? and R0 represent a hydrocarbon group having generally
1 to 15 carbon atoms, preferably 1 to 8 carbon atoms and may be
same or different; X represents a halogen atom; m is a number
more than 0 and not more than 3; and each of t, p and g is a
number not less than 0 and less than 3 with the limitation that
a sum of m, n, t and q is equal to 3.

Examples of the afore-mentioned alkyl aluminum compounds
may include trialkyl aluminum compounds represented by the
below-mentioned general formula (5), halogenated alkyl aluminum
compounds represented by the below-mentioned general formula (6),
alkoxy aluminum compounds represented by the below-mentioned
general formula (7), hydrogenated alkyl aluminum compounds
represented by the below-mentioned general formula (8), or the
like. In each of the formulae (5) to (8), R?, X and R10 have the

same definition as mentioned above.

R2;A1 ... (5)
RgmAlx3_m PR (6)
wherein m is a number not less than 1.5 and less than 3.

RIGAL(ORLO) 5 ... (T)

o

bel ow by way of exanples and conparative exanpl es.
t hese exanples are not intended to limt the scope of the present
i nvention. Exanple 1 Two liter-autoclave equipped with a stirrer, two feed

. ey



The content of the autoclave was vacuum evacuated and replaced with a

nitrogen gas.

An n- heptane solution of 2, 5-dinethyl-pyrrole, an n- heptane

solution of triethyl alum numand an n-heptane solution of carbon
tetrachl oride were continuously chargediat. feed rates of 0.031 nmol
(mllirmole) /hr, 0.16 mol/hr and 0.021 mmol /hr, respectively, into the
t hus- assenbl ed aut ocl ave t hrough one of -39- the feed pipes. On the
ot her hand, ethylene and an n-heptane sol ution of chrom um

(111)- Zethyl

hexanoate was continuously introduced at a feed rate of 0.010

mrol / hr  (BheTREPHR) 1§ i Runtheramesel skent Ar aughlese wtdred . obrefierabed @i pes.

The total feed
numpber not less than 1.5 and less than 3.

R9mAlH3..m PRI (8)

wherein m is a number more than 0 and less than 3, preferably a

number not less than 1.5 and less than 3.

Specific examples of the afore-mentioned alkyl aluminum

compounds may include trimethyl aluminum, triethyl aluminum,

triisobutyl aluminum, diethyl-aluminum-monochloride, diethyl-

aluminum-ethoxide, diethyl-aluminum-hydride or the like. Among

them, trialkyl aluminum compounds are particularly preferable,

because the use of this compound can reduce an amount of

undesirable by-product polymer. These alkyl aluminum compounds

may

be used in the form of a mixture of 2 or more different

compounds, for example, a mixture of trialkyl aluminum and

halogenated alkyl aluminum can be suitably used.

The catalyst according to the present invention is formed

from the afore-mentioned three components (a) to (c). However,

it is preferred that the catalyst further contains a halogen-

containing compound (d) as one of the catalytic components. As

the

one

halogen-containing compounds (d), any compounds containing

or more halogen atoms can be used. Among them, the

following halogen—gontaining compounds (1) to (4) are preferable.

The halogen-containing compounds (1) are the compounds

containing an element selected from those belonging to the 3-,

4-,

5-, 6-, 13-, 14- and 15-Groups of the Periodic Table.

Specific examples of the afore-mentioned halogen-containing

compound (1) may include scandium chloride, yttrium chloride,

lanthanum chloride, titanium tetrachloride, zirconium

RS YR
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rate of n-heptane charged was one liter/hr. Wile maintaining the
tenperature of the autoclave at 80[err]C, ethylene was continuously fed
into the autoclave so as to keep the total pressure of ethylene in the
autocl ave at 35 kg/cnferr]G to conduct, a oligonerization thereof. The

resul tant reaction sol ution was renovetf Trom the autocl ave t hrough the

di scharge pi pe such that the liquid content in the autoclave was 1 liter
The di scharged reaction solution was introduced into a degassi ng tank where
the reaction solution is degassed up to a nornmal pressure. Thereafter, the

l'iquid cosmenrenbrand, t REFHASm COMPANallo VRIL aRakyaeduRycHasr &g omat ogr aphy.
The results are shown in Table 1. Exanples 2 to 18 and Conparative Exanpl es

1 to 3 Temganwepcbiediaes BsréteftathidyiReanpllaninuer entontidet ed except
that the reaction conditions were changed as shown in

diethyl aluminum chloride, ethyl aluminum sesquichloride,
gallium chloride, carbon tetrachloride, chloroform, methylene
chloride, dichloroethane, hexachlorobenzene, 1, 3, 5-
trichlorobenzene, trityl chloride, silane tetrachloride,
trimethyl-chlorosilane, germanium tetrachloride, tin
tetrachloride, tributyl-tin chloride, phosphorus trichloride,
antimony trichloride, trityl-hexachloro-antimonate, antimony
pentachloride, bismuth trichloride, boron tribromide, aluminum
tribromide, carbon tetrabromide, bromoform, bromobenzene,
iodeomethane, silicon tetrabromide, hexafluorobenzene, aluminum
fluoride, or the like. 2among these halogen-containing compounds
(1), the compounds which are large in number of halogen atoms
contained and soluble in an oligomerization solvent are
preferred. As halogen atoms contained in the halogen-containing
compounds, bromine or chlorine is suitable. When a high
catalytic activity, a high selectivity for the aimed product and
the like are totally evaluated, chlorine is more preferably.
Examples of especially preferred halogen-containing compounds
(1} may include carbon tetrachloride, chloroform, dichloroethane,
titanium tetrachloride, germanium tetrachloride or tin
tetrachloride. These halogen-containing compounds (1} may be
used in the form of a mixture of 2 or more different compounds.

The halogen-containing compounds (2) used in the present
invention may be linear hydrocarbons containing not less than 3
halogen substituents and having not less than 2 carbon atoms.
The suitable linear hydrocarbons are linear saturated

This is the replacement sheet
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Table 1. In Exanple 18, chromum (111) -acetyl-acetonate was used as
chrom um conpound in place of chromum (I11)-2-ethyl- hexanoate. The

results are also shown in Table 1. -40- Table 1 Exanpl e No.

Exanple 1 Exanple 2 Exanple 3 Flow rate of solvent (I/hr) 1

1 _ 1 Rate of O conpound feed_jg- 5 10 10
(mg/ hr) C conpound (mol/hr) 0. 010 0. 021 0. 021
2,5-DWP (nmol / hr) _ 0.031 0. 062 0.062 Tri et hyl

al um num (nmol / hr) 0.16 0.31 0.31 -

hydrocarbons. Among them, linear saturated hydrocarbons having
not less than 3 halogen substituents bonded to adjacent two
carbon atoms are preferable. Particularly preferred halogenated

linear hydrocarbons are those represented by the following

general formulae (9), (10) and (11).
X! )l<4 )l(ﬁ
X2 %; cI: {Clz\r, Xs &)
X3 X5 X

where X; to Xg are independently a hydrogen atom or a halogen
atom and at least three of Xj; to X5 are halogen atoms, and r is

an integer of 0 to 8.

(N

X 18 C \/st X 16 (IO)

Xu XB X5
where X° to X!! are independently a halogen atom; X2 to X6 are

independently a halogen atom or a hydrogen atom, and s is an

inﬁeger of 0 to 8.

Xu )fw TZZ
X C—(C X (1

|

X1 X X

where X7 to X2 are independently a halogen atom; X2?! to X% are
independently a halogen atom or a hydrogen atom; and w is an
integer of 0 to 8.

Examples of the halogen atoms contained in the halogen-

containing compounds (2) may include chlorine or bromine. Among

”‘{-'.- T .-
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Sort of hal ogen-contai ni ng Car bon Car bon Car bon conpound

tetra- tetra- tetra- chloride chl ori de chl ori de

Hal ogen- cont ai ni ng conpound 0. 021 0.042 0.042 (mol / hr)

Mol ar ratio of catalytic 1:3:15:3,_1:3:15:2 1: 3: 15: 2 conponents
(a:b:c:d) Reaction pressure (KG* 35 35 50
Reaction tenperature ([err] O 80 80 80 Resi dence
time (hr) . 0.64 0. 49 0. 54 Amount of product (g/hr)
102 323 486 Cr concentration in reaction 0. 58

0. 89 the@. 7#hgoneo{aply &tdlylanrel,cehtertinat i8Nmbfe preferabléd

2.76 4.09 reaction zone (nol/1)

because it exhibits a high catalytic actiwvity, a high
selectivity for the aimed product and the like. Each of r, s
and w of the general formulae (9) to (11) is preferably an.'
integer of 0 to 3. Specific examples of the halogenated linear
hydrocarbons represented by the general formulae (9) to (11) may
include 1, 1, 1l-trichlorcethane, 1, 1, 2-trichloroethane, 1, 1,
2, 2-tetrachloroethane, pentachloroethane, hexachloroethane, 1,
1, l-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, 1-
tribromoethane, 1, 1, 2, 2-tetrabromoethane, or the like. Among
them, 1, 1, l-trichloroethane, pentachloroethane,
hexachloroethane, 1, 1, 2, 2-tetrachloroethane are more
preferable.

When the afore-mentioned halogen-containing compounds (2)
is used, not only catalytic activity and trimer-selectivity are
- considerably improved but also a resistance to aged
deterioration is enhanced.

The halogen-containing compounds (3) are halogenated cyclic
hydrocarbons. As the cyclic hydrocarbons, cyclic saturated
hydroéarbons are preferable. Especially preferred halogen-
containing compounds (3) are cyclic saturated hydrocarbons
having 3 halogen substituents. Examples of the halogen atoms
contained in the halogen-containing compounds (3) may include
chlorine or bromine. Among them, when a high catalytic activity,
a high selectivity for the aimed product and the like are

totally evaluated, chlorine is more preferable.

Ce R Tme
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Mol ar ratio of 1-hexene to 0. 27 0. 65 0.6 ethyl ene

Conposition distribution (Wt %9 Wole of C6 97

95. 2 95.3 Content of 1-hexene in C6 99.7 99. 8

99. 7 By-product polyethyl ene i 7025 0.016 0.017

Catal ytic efficiency 1.88 x 10{'érr] 2.99 x 10[err] 4.50 x 10[err]
-41 - Table 1-continued Exanpl e No. Exanpl e 4 Exanple
5 Exanple 6 Flow rate of solvent (1/hr) 1.8 1.8

4

Specific examples of the halogen-containing compounds (3)
may include tri-halogenated-cyclopropanes such as 1, 2, 3-
trichloro—cyclopropane, 1, 1, 2-trichloro-cyclopropane, 1, 2, 3-
tribromo-cyclopropane or 1, 1, 2-tribromo-~cyclopropane, tetra-
halogenated cyclopropane such as 1, 1, 2, 3-tetrachloro-
cyclopropane, 1, 1, 2, 2-tetrachloro-cyclopropane, 1, 1, 2, 3-
tetrabromo-cyclopropane or 1, 1, 2, 2-tetrabromo-cyclopropane,
penta-halogenated cyclopropanes such as pentachloro-cyclopropane
or pentabromo-cyclopropane, hexa-halogenated cyclopropanes such
as hexachloro-cyclopropane or hexabromo-cyclopropane, tri-
halogenated cyclobutanes such as 1, 2, 3-trichloro-cyclobutane,
1, 1, 2-trichloro-cyclobutane, 1, 2, 3-tribromo-cyclobutane or 1,
1, 2-tribromo-cyclobutane, tetra-halogenated cyclobutanes such
as 1, 2, 3, 4—tetrachloro—cyglobutane, 1, 1, 2, 3-tetrachloro-
cyclobutane, 1, 2, 3, 4-tetrabromo-cyclobutane or 1, 1, 2, 3-
tetrabromo~cyclobutane, penta-halogenated cyclobutanes such as 1,
1, 2, 3, 4-pentachloro-cyclobutane, 1, 1, 2, 2, 3-pentachloro-
cyclobutane, 1, 1, 2, 3, 4-pentabromo-cyclobutane or 1, 1, 2, 2,
3-pentabromo-cyclobutane, hex;-halogenated cyclobutanes such as
1, 1, 2, 2, 3, 4-hexachloro-cyclobutane, 1, 1, 2, 2, 3, 3-
hexachloro-cyclobutane, 1, 1, 2, 2, 3, 4-hexabromo-cyclobutane
ox 1, 1, 2, 2, 3, 3-hexabromo~cyclobutane, hepta-halogenated
cyclobutanes such as heptachloro-cyclobutane or heptabromo-
cyclobutane, octa-halogenated cyclobutanes such as octachloro-
Cyclobutane or octabromo-cyclobutane, or the like.

In addition, the specific examples of the halogen-
containing compounds (3) may include tri-halogenated-

cyclopentanes such as 1, 2, J-trichloro-cyclopentane, 1, 1, 2-
This is the replacement sheet
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Rate of Cr conpound feed 5.4 5.4 12 (ng/ hr)

Cr conpound (nmol / hr) 0.011 0.011 0. 025 2, 5- DW°
(ol / hr) 0. 067 0. 067 0. 149 Tri et hyl

al um num (nmol / hr) 0. 45 0. 45 1.00 Sort of

hal ogen-cont ai ni ng Hexachl oro Hexachforo Hexachl oro conmpound

- et hane - et hane - et hane Hal ogen-cont ai ni ng conpound 0. 045
0. 045 0.100 (nmmol /hr) Mol ar ratio of catalytic 1:6:40: 4
1:6:40: 4 1:6:40: 4 conponents (a:b:c:d) Reaction pressure (KG*

35 trichbOro-~cycloper@nBeact i an Beﬂﬁﬁﬁﬁﬁmﬁitjdkaﬁéhﬁhne or 1, 1, 80
105 105 Residence tinme (hr) 0. 25

0. 12 Anp@dntriobrpnotunctldmpntahe, tetra-halodé&tated cyclopﬁﬁtanes such #£38
1, 2, 3, 4-tetrachloro-cyclopentane, 1, 1, 2, 3-tetrachloro-
cyclopentane, 1, 2, 3, 4-tetrabromo-cyclopentane or 1, 1, 2, 3-
tetrabromo-cyclopentane, penta-halogenated cyclopentanes such as
1, 2, 3, 4, S-pentachloro-cyclopentane, 1, 1, 2, 3, 4-
pentachloro-cyclopentane, 1, 1, 2, 2, 3-pentachloro-cyclopentane,
1, 2, 3, 4, S-pentabromo-~cyclopentane, 1, 1, 2, 3, 4-pentabromo-
cyclopentane or 1, 1, 2, 2, 3-pentabromo-cyclopentane, hexa-
halogenated cyclopentanes such as 1, 1, 2, 3, 4, S-hexachloro-
cyclopentane or 1, 1, 2, 3, 4, S-hexabromo-cyclopentane, hepta-
halogenated cyclopentanes such as 1, 1, 2, 2, 3, 4, 5-
heptachloro-cyclopentane or 1, 1, 2, 2, 3, 4, S5-heptabromo-
cyclopentane, octa-halogenated cyclopentanes such as 1, 1, 2, 2,
3, 3, 4, S-octachloro-cyclopentane or 1, 1, 2, 2, 3, 3, 4, 5-
octabromo-cyclopentane, nona-halogenated cyclopentanes such as
nonachloro-cyclopentane, deca-halogenated cyclopentanes such as
decachlofb—cyclopentane, or the like.

The specific examples of the halogen-containing compounds
(3) may further include tri-halogenated-cyclohexanes such as 1,
2, 3-trichloro-cyclohexane, 1, 1, 2-trichloro-cyclohexane, 1, 2,
3-tribromo-cyclohexane or 1, 1, 2-tribromo-cyclohexane, tetra-
halogenated cyclohexanes such as 1, 2, 3, 4-tetrachloro-
cyclohexane, 1, 1, 2, 3-tetrachloro-cyclohexane, 1, 2, 3, 4-
tetrabromo-cyclohexane or 1, 1, 2, 3-tetrabromo-cyclohexane,
penta-halogenated cyclochexanes such as 1, 2, 3, 4, 5-
pentachloro-cyclohexane, 1, 1, 2, 3, 4-pentachloro-cyclohexane,

1, 1, 2, 2, 3-pentachloro-cyclohexane, 1, 2, 3, 4, 5-pentabromo-

wE e the rervacement Lheef



Cr concentration in reaction 0.29 0. 26 0.29 zone

(ppm Ethylene concentration in 2. 75 3.23 3.23
reaction zone (nol/l) Mdlar ratio of 1-hexene to 0.55

0.48 0. 37 ethylene Conposition digstribution Wole of C6

95.1 95.9 96.8 Content of 1-hexene in C6 99. 6
99.5 99.5 By-product pol yethyl ene 0.1 0. 035
0.023 Catal ytic efficiency 7.45 x 10[err] 9.45 x 10[err] 6.47
x 10[err] -42-

cyclohexane, 1, 1, 2, 3, 4-pentabromo-cyclohexane or 1, 1, 2, 2,
3-pentabromo-cyclohexane, hexa-halogenated cyclohexanes such as
1, 2, 3, 4, 5, 6-hexachloro-cyclohexane or 1, 2, 3, 4, 5, 6-
hexabromo-cyclohexane, hepta-halogenated cyclohexanes such as 1,
1, 2, 3, 4, 5, 6-heptachloro-cyclohexane or 1, 1, 2, 3, 4, 5, 6~
heptabromo-cyclohexane, octa-halogenated cyclohexanes such as 1,
1, 2, 2, 3, 4, 5, 6-octachloro-cyclohexane or 1, 1, 2, 2, 3, 4,
5, 6-octabromo-cyclohexane, nona-halogenated cyclcochexanes such
as 1, 1, 2, 2, 3, 3, 4, 5, 6-nonachloro-cyclohexane, deca-
halogenated cyclohexanes such as 1, 1, 2, 2, 3, 3, 4, 4, 5, 6-
decachloro-cyclohexane, undeca-halogenated cyclohexanes such as
undecachloro-cyclohexane, dodeca-halogenated cyclohexanes such
as dodecachloro-cyclohexane, or the like.

Among these halogen-containing compounds (3), 1, 2, 3-
trichloro-cyclopropane, pentachloro-cyclopropane, 1, 2, 3, 4-
ltetrachloro-cyclobutane, 1, 2, 3, 4, 5-pentachloro-cyclopentane
and 1, 2, 3, 4, S, 6-hexachloro-cyclochexane are especially
preferred.

When the halogen-containing compounds (3) are used, not
only the catalytic activity and the trimer-selectivity are
considerably improved but also the resistance to aged
deterioration is enhanced.

The halogen-containing compounds (4) are represented by the

following formula (12):

R R1? R®
G:—L C—X* (12)
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Tabl e 1-conti nued Exanpl e No. Example 7 Exanple 8

Exanple 9 Flow rate of solvent (I/hr) 1.8 4 4 Rate
of Cr conpound feed 5.4 12 12 (ng/hr) Cr conpound
(rmmol / hr) 0.011 0. 025 0.025 2,5-DWVP (mol / hr)

0. 067 0. 149 0.149 Tri et hy"28runi num (mmol / hr) 0. 45

1.00 1.00 Sort of hal ogen-containing Hexachl or o Hexachl oro
Hexachl or o conpound . - et hane - et hane - et hane
Hal ogen- cont ai ni ng conpound 0. 045 0. 100 0.100 (mol / hr)

(2 b ot ) “Reacti or by ecas dniegrtetRlf o Hydedled acchi by Ratacrppoient s
group; X% is a hydrogen atom, an alkyl group or a halogen atom;
and X?¢ is a halogen atom.

Examples of the halogen atoms contained in the halogen-
containing compounds (4) may include chlorine or bromine. Among
them, when a high catalytic activity, a high selectivity for the
aimed product and the like are totally evaluated, chlorine is
more preferable. Specific examples of the halogenfcontaining
compounds (4) may include allyl chloride, 3, 3-dichloro-1-
propene, 3-chloro-l-butene, 3, 3-dichloro-l-butene, l-chloro-2-
butene, 1, l-dichloro-2-butene, 3-chloro-3-methyl-l-butene, 3-
chloro-l-pentene, 3, 3-dichloro-l-pentene, 4—chloro—2-penténe, 4,
4-dichloro-2-pentene, l-chloro-2-pentene, 1, 1-dichloro-2-
pentene, or the like. Among them, allyl chloride is most
preferable.

When the halogen-containing compound (4) is used, not only
the catalytic activity and the trimer-selectivity are
considerably increased but also the amount of the halogen-
containing compound can be reduced due to its high catalytic
activity per a unit amount of the halogen atom. Further, since
the amount of halogen-containing decomposition products
generated in the course of reaction or distilling purification
is small, there is an advantage that when the resultant trimer
is subjected to distilling purification, the halogen-containing
impurities is readily separated therefrom so that the aimed
product having a high purity can be recovered.

Moreover, as the halogen-containing compounds,

trifluoromethanesulfonic acid t-butyl-dimethylsilylester(t-
This 1= the replacement sheet
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Reaction tenperature ([err]C 105 105 120 Resi dence

time (hr) 0.17 0.1 0.18 Anmount of product (g/hr)
907 1129 77 Cr concentration in reaction 0.19

0.24 0.4 zone (ppm Ethylene congentration in 4.62

4.21 1.84 reaction zone (nol/l) ar ratio of 1-hexene to

0. 38 0. 29 0.09 ethyl ene Conposition distribution (wt % Wole
of CJerr] : 95.8 96.5 97.6 Content of
1-hexene in Clerr] 99. 6 99. 6 97. 2 By- product

pol yet hy Bepe2510S0,CF3) 0. 06is (pentd¥ 0Fropheny 10bd4dn CaB &t yftsi) ¢) ef fi ci ency
1.55 x 10[err] 8.71 x 10[err] 5.93 x 10[err]

trifluoromethane-sulfonic acid (CF3SO;H), hexafluoro-isopropanol

((CF3;) ;CHOH) or the like can be preferably used.

In accordance with the present invention, the
oligomerization of o-olefin is carried out in a liquid reaction
medium (reaction solvent) in the presence of the chromium-based
catalyst which formed from the afore-mentioned catalytic
components (a) to (c¢), preferably the catalytic components (a)
to (d).

The a-olefins used as a raw material in the process of the
present invention, may be substituted or unsubstituted a-olefins
having 2 to 30 carbon atoms. Specific examples of the o—-olefins
may include ethylene, propylene, l-butene, l-hexene, l-octene,
3-methyl-l-butene, 4-methyl-l-pentene, or the like. Among them,
ethylene is preferable as the raw d—olefin, because l-hexene as
a trimer thereof can be produced therefrom with a high yield and
a high selectivity.

The reaction solvents used in the present invention may
include aliphatic or alicyclic saturated hydrocarbons having 1
to 20 carbon atoms, such as butane, pentane, 3-methylpentane,
hexane, heptane, 2-methylhexane, octane, cyclohexane,
methylcyclohexane and decalin, and aromatic hydrocarbons such as
benzene, toluene, xXylene, ethyl benzene, mesitylene and tetralin,
or the like. These solvents may be used singly or in the form of
a mixture of not less than two different solvents In the
process according to the present invention, the raw o-olefins

themselves or other a—olefins can be used as a solvent. It is
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-43- Tabl e 1-continued Exanpl e No. Exanpl e 10 Exanple 11

Exanple 12 Flow rate of solvent (I|/hr) 1.8 4 1.8
Rate of Cr conpound feed 5.4 12 5.4 (nmg/hr) Cr
conmpound (nmol / hr) 0.011_2 _0.025 0.011 2,5-DwP

(rmol / hr) 0. 067 § 149 0.067 Triethyl aluninum
(nmol / hr) 0. 45 1.00 0.45 Sort of hal ogen-contai ni ng
Hexachl or o Hexachl or o Hexachl oro conpound - et hane
- et hane - et hane Hal ogen- cont ai ni ng conpound 0. 045 0. 100

0. 045 preferred that o-olefin used as a solvent is kept in a liquid
state at room temperature.

Especially. as the solvent, aliphatic or alicyclic
saturated hydrocarbons having 4 to 7 carbon atoms is preferable.
The use of such a solvent can prohibit the production of
undesired by-product polymers. Further, when the alicyclic
saturated hydrocarbon is used as the solvent, there is an
advantage that a high catalytic activity can be obtained.

' The catalyst used in the oligomerization of the present
invention can be formed by mixing the chromium compound (a), the
nitrogen-containing compound (b) selected from amines, amides
and imides, and the alkyl aluminum compound (c)}, and optionally
the halogen-containing compound (d) as an additional catalytic
compenent, at a temperature of 20 to 200°C, preferably S50 to
150°C. The chromium-based catalyst may be previously prepared
before the oligomerization reaction and thereafter the thus-
prepared catalyst may be supplied to a reaction zone for the
oligomerization. Alternmatively, the respective catalytic
components of the chromium-based catalyst may be supplied to the
reaction zone and mixed together simultaneously with the
oligomerization. Whichever method is used for the preparation
of the chromium-based catalyst, it is preferred that the
chromium compound (a) and the alkyl aluminum compound.(c) are
previously kept in non-contact with each other. That is, each
of the chromium compound (a) and the alkyl aluminum compound (c)
can be previously céntacted with the nitrogen-containing

compound (b) and the hydrogen-containing compound (d), but both

g o
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(mmol /hr) Molar ratio of catalytic 1:6:40: 4 1:6:40: 4 1:6:40: 4

conponents (a:b:c:d) Reaction pressure (KG * 50 50

70 Reaction tenperature ([err]C 120 120 120

Resi dence tinme (hr) 0. 2_%2_ 0.14 0.2 Amount of
product (g/hr) 385 3 653 Cr concentration in
reaction 0.3 0. 33 0.23 zone (ppm Ethyl ene
concentration in i 2.7 2.7 3.88 reaction zone (nol/1)
Mol ar ratio of 1-hexene to 0. 45 0.3 0. 38 ethyl ene

Conposi tihen cabimpbniehusi ¢a) (avid Wc) are preferably contacted with each
other only after the a-olefin is supplied to the reaction zone.

The reason why the high-performance catalyst can be
obtained under such a contact condition, is suggested such that
the reaction product produced by the contact of the chromium
compound (a) and the alkyl aluminum compound (c) is extremely
unstable and therefore readily decomposed, while if the a-olefin
is present in the reaction zone, the reaction product of the
components (a) and (c) is rendered appropriately stable because
the a-olefin is coordinated thereto.

Whichever method, i.e., the method of previously preparing
the catalyst before the oligomerization or the method of forming
the catalyst simultaneously with the oligomerization, is adopted,
it is preferred that the o-olefin is present at a high
concentration in the reaction solvent for forming the catalyst.

In the case where the formation of the catalyst is
conducted in an atmosphere in which a low-boiling point a-olefin
such as ethylene is present, the partial pressure of the low
boiling point a-olefin is generally in the range about 3 to
about 250 kg/cm?. It is preferred that the formation of the
catalyst is conducted in an atmosphere in which the partial
pressure of the a-olefin is in the range of about 10 to about
200 kg/cm?, especially about 20 to 100 kg/cm?2.

When the catalyst is formed in the afore-mentioned manner,
there are advantages such as a considerably-high catalytic
activity, a high selectivity for the trimer and an extremely-

high purity of the resultant a-olefin oligomer.

This is the replacement shee:
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Whol e of C6 95.5 96. 7 95.4 Content of

1- hexene in C6 99.5 99.5 99.5 By-product polyethyl ene
0. 045 0. 026 0.134 Catalytic efficiency 6.60 x 10[err]
4.04 x 10[err] 1.12 x 10[err] -44- _Jable 1-continued Exanple No.

Exanpl e 13 Exanple 14 Exanple 15 Flow rate of solvent (I/hr) 4

1.8 4 Rate of Cr conpound feed 12 5.4 12
(mg/ hr) Cr conpound (-mol /hr) 0. 025 0.011 0. 025
2,5-DWP (nmol / hr) 0. 149 0. 067 0. 149

Specifically, in the process according to the present
invention, the respective catalytic components are contacted
with each other by the below-mentioned methods (1) to (9).
Incidentally, in the case where the previously-prepared catalyst
is supplied to the reaction zone, the reaction solvent used for
the preparation of the catalyst may be usually the same as those
used in the oligomerization reaction but other solvents can also
be used if required. In these methods, the tt~-olefin may be
previously contained in the reaction solvent.

(1) A method in which the chromium compound (a) and the o-—
olefin are introduced into a solution containing the nitrogen-
containing compound (b), the alkyl aluminum compound (c) and the
halogen-containing compound (d);

(2) A method in which the alkyl aluminum compound (c) and
the a-olefin are introduced into a solution containing the
chromium compound (a)}, the halogen-containing compound (d) and
the nitrogen-containing compound (b);

(3) A method in which the nitrogen-containing compound (b),
the alkyl aluminum compound (c) and the t—olefin are introduced
into a solution containing the chromium compound (a) and the
halogen-containing compound ({(d);

(4) A method in which the chromium compound (a), the
nitrogen-containing compound (b) and the a-olefin are introduced
into a solution containing the alkyl aluminum compound (c) and
the halogen-containing compound (d);

{5} A method in which the alkyl aluminum compound (c), the

halogen-containing compound (d) and the a-olefin are introduced




Triethyl alum num (mol / hr) 1.00 0. 45 1. 00 Sort of
hal ogen- cont ai ni ng Hexachl or o Hexachl oro Hexachl oro conpound

- et hane - et hane - et hane Hal ogen- cont ai ni ng conpound 0. 100

0. 045 0.100 (mol /hr) Ml ar ratio of catalytic 1:6:40: 4
1:6:40:4  1:6:40:4 conponents (a:b:cT8)~ Reaction pressure (KO *

70 50 50 Reaction tenperature ([err] Q) 120

140 140 Residence tinme (hr) 0.1 0.3 0.14
Anmount of product (g/hr) 986 209 387 Cr

Eﬁﬂcfntr@ﬁt@naiibféﬁﬁaﬂ Wntrailinf t%% chrdhiith compougdBSaéogﬁd(ﬁﬁgﬁ
yl ene concentration in 3. 2.29 .29 reaction zone
(mol /1) nitrogen-containing compound (b} ;

(6) A method in which the chromium compound (a), the
halogen-containing compound (d) and the a-olefin are introduced
into a solution containing the nitrogen-containing compound (b)
and the alkyl aluminum compound (c);

{(7) A method in which the chromium compound (a), the
nitrogen-containing compound (b), the halogen-containing
compound (d) and the o—olefin are introduced into a solution
containing the alkyl aluminum compound (c);

{(8) A method in which the halogen-containing compound (4d),
the nitrogen-containing compound (b), the alkyl aluminum
compound (c¢) and the a-olefin are introduced into a solution
containing the chromium compound (a); and

(9) A methed in which the chromium compound (a), the
nitrogen-containing compound (b), the alkyl aluminum compound
(¢}, the halogen-containing compound (d) and a-olefin are
simultaneously and independently introduced into the reaction
solvent.

In the process according to the present invention, the
catalyst may be previously prepared and then supplied to the
reaction system as described above. It is preferred that the
catalytic components (a) to (¢) and further the catalytic
component (d) are supplied to the reaction zone, and the
chromium-based catalyst be formed in the reaction system
simultaneously with the oligomerization reaction. Whichever
method, i.e., the method of supplying the previously-prepared

catalyst to the reaction system or the method of formed the
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Mol ar ratio of 1-hexene to 0. 29 0.32 0. 28 ethyl ene

Conposition distribution (Wt %9 Wole of C6 96. 6

95.1 96. 7 Content of 1-hexene in C6 99.5 98.9 99.1
By- product pol yet hyl ene 0.03 _ 6 0. 305 0.059 Catal ytic
efficiency 7.61 x 10[err] 3.55 x 10[err] 3.06 x 10[err] - 45-
Tabl e 1-continued Exanpl e No. Exanpl e 16 Exanple 17
Exanpl e 18 Flow rate.of solvent (I/hr) 1.8 4 1.8

catalyst simultaneously with the cligomerization, is adopted,
the amount of the chromium compound (a) supplied is generally in
the range of 1 x 107 to 0.5 mol, preferably S x 10-7 to 0.2 mol,
more preferably 1 x 1076 to 5 x 102 mol based on one liter of
the reaction solvent. The amount of the nitrogen-containing
compound (b) supplied is generally in the range of 1 x 10-7 to
0.1 mol, preferably 5 x 10-7 to 5 x 10-2 mol, more preferably 1
x 10768 to 1 x 102 mol based on one liter of the reaction
solvent. The amount of the alkyl aluminum compound (c) supplied
is generally in the range of 1 x 10-7 to 7 x 10-2 mol,
preferably 5 x 10~7 to 5 x 102 mol, more preferably 1 x 10-6 to
1 x 10-2 mol based on one liter of the reaction solvent. The
amount of the halogen-containing compound (d) supplied is
generally in the range of 1 x 107 to 0.1 mol, preferably 5 x
10-7 to 5 x 10-2 mol, more preferably 1 x 10-6 to 1 x 10-2 mol
based on one liter of the reaction solvent.

Whichevef method, i.e., the method of supplying the
previously-prepared catalyst to the reaction system or the
method of forming the catalyst simultaneously with the
oligomerization, is adopted, the molar ratio between the
catalytic components (a):(b):(c) is generally 1 : 0.1 to 100
0.1 to 500, preferably 1 : 0.1 to 10 : 1 to 100, more preferably
1 :1to5 :5 to 50. In the case where the halogen-containing
compound (d) is used as an additional catalytic component, the
molar ratio between the catalytic components (a):(b):{c):(d) is
generally 1 : 0.1 to 100 : 0.1 to 500 : 0.1 to 100, preferably
1:0.1tol10 :1¢to 100 : 0.1 to 20, more preferably 1 : 1 to

5:5 to 50 : 1 to 10. By using the catalyst having such a

This ‘s the replacement sheet
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Rate of Cr conpound feed 5.4 12 3.96 (mg/ hr) Cr
conpound (nmol / hr) 0.011 0. 025 0.011 2,5-Dw

(ol / hr) 0. 067 0. 149 0.067 Triethyl alum num
(rmmol / hr) 0. 45 1.00 0.45 Sort of hal ogen-contai ni ng
Hexachl or o Hexachl oro Hexachl oro conpéhnd - et hane
- et hane - et hane Hal ogen-cont ai ni ng conpound 0. 045 0. 100
0.045 (mmol /hr) Ml ar ratio of catalytic 1:6:40: 4 1:6:40: 4
1:6:40:4 conponents (a:b:c:d) Reaction pressure (KG * 70

70 molarS@aReact tha deobefat uwlel ddreyy ]sﬁ)ch as hexené4fan be 140

120 Residence tinme (hr) 0. 0.11 0. 27 Anmount
of produstodigelr from ethylens89dith a ylelBOZf not les®lctRan 90 %.

Further, in this case, the selectivity for l-hexene can be
enhanced to not less than 99 %.

The cligomerization according to the present invention can
be conducted by a continucus reaction method in which the raw o-
olefin is continuously supplied to the reaction zone and the
resultant oligomer is continuously discharged from the reaction
zone.

When the oligomerization of a-olefin is continuously
conducted by using the afore-mentioned catalyst, the molar ratio
of a-olefin oligomer to the raw d-olefin in the reaction
solution is maintained in the range of 0.05 to 1.00, preferably
0.10 to 0.80. The above-ranged molar ratio of the a—olefin.
oligomer to the raw O-olefin can be achieved by controlling the
amount of the catalyst supplied to the reactor or the reaction
time (residence time). For example, when the amount of the
catalyst supplied is decreased or the reaction time is shortened,
the conversion of the a~olefin is decreased and in turn the
amount of the a-olefin oligomer produced is reduced, so that the
molar ratio of the a-olefin oligomer to the raw a—-olefin in the
reaction solution becomes decreased. Alternatively, the molar
ratio can be decreased by increasing the amount of the raw o-—
olefin. The molar ratio of the a-olefin oligomer to the raw -
olefin in the reaction solution can be increased by reverse
procedures to the above.

If the oligomerization of the a—olefin is conducted while

adjusting the molar ratio of the o-olefin oligomer to the raw o—
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Cr concentration in reaction 0.28 0. 29 0.29 zone (ppm

Et hyl ene concentration in 3.29 3.29 2.7 reaction
zone (rmol /1) Molar ratio of 1-hexene to 0.31 0. 26

0.44 ethyl ene Conposition distribution (w % Wwole of Cerr]

95.3 96. 3 93.9 Content of "I-hexene in C6 99.1

99. 2 99. 3 By- product pol yet hyl ene 0. 163 0. 065

0.22 Catalytic efficiency 6.70 x 10[err] 5.41 x 10[err] 6.11 X
10[ err]

olefin to not more than 1.00, preferably 0.80, the production of
the by-product having a higher boiling point than that of the
aimed o—-olefin oligomer is effectively prevented, so that the
aimed o—olefin oligomer can be obtained with a high yield and a
high selectivity.

However, when the molar ratio of the a-olefin oligomer to
the raw -olefin is decreased, the conversion of the t—olefin is
also decreased. Accordingly, too small molar ratio of the o-
olefin oligomer to the raw 0-olefin is not advantageous unless
there is a particular reason for doing so. For this reason, in
accordance with the present invention, the molar ratio of the o-
olefin oligomer to the raw a—olefin should be adjusted to not
less than 0.05, preferably not less than 0.1 in view of both the
prevention of the production of the by-products having a higher
boiling point than that of the a-olefin, and efficiency in
reaction operations.

Further, in accordance with the present invention, it is
preferred that the concentration of the a-olefin in a liquid
phase of the reaction zone is not less than 0.5 mol/liter. When
the concentration of the t—olefin is less than 0.5 mol/liter,
effective catalytically-active species for the oligomerization
of the a-olefin cannot be formed, resulting in decrease in
reaction rate of the oligomerization. This is disadvantageous
for industrial use. On the other hand, when the concentration
of the a-olefin is too high, the reaction pressure must be
unnecessarily increased. This is alsoc disadvantageous for
industrial application of the process. Therefore, from a

standpoint of the industrial application, it is more preferred
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-46- Table 1-continued Exanpl e No. Conpar ati ve Conparative
Conparative Exanple 1 Exanple 2 Exanple 3 Flow rate of sol vent

1 4 1 (I/hr) Rate of Cr conpound feed 60

12 100 (ng/ hr) Cr conpound (mml / hr) 0. 130 0. 025
0.208 2,5-DVP (ol / hr) 04370 0. 149 0. 623
Trlethyl al um num 1.90 1.00 3.11 (nmmol/ hr)
Sort of hal ogen- _ Car bon Hexachl or o- Car bon cont ai ni ng
conpound tetra- et hane tetra- chloride

chl ori dethat the concentration of the o-olefin in the liquid phase of
the reaction zone is in the range of 1 to 7 mol/liter.

In addition, the residence time of the liquid phase portion
in the reaction zone is preferably not more than 60 minutes.
When the residence time of the liquid phase portion is more than
60 minutes, the catalyst is likely to suffer from aged
deterioration and an inner olefin portion of l-hexene is likely
to be isomerized. Accordingly, it is preferred that the
residence time for the liquid phase portion is in the range of 1
to 50 minutes.

In the process according to the present invention, the
catalyst 1s continuously supplied to the reaction zone. At this
time, it is preferred that the supplying rate of the catalyst to
the reaction zone is controlled such that the concentration of
chromium in the liquid phase of the reaction zone is not more
than 1 ppm. If the concentration of chromium in the reaction
zone is too high, there arises such a tendency that the
catalytic activity of the catalyst and the selecﬁivity for the
t~olefin oligomer are deteriorated. On the other hand, if the
concentration of chromium in the reaction zone is too low, the
reaction rate is unpractically decreased. Accordingly, it is
preferred that the concentration of chromium in the liquid phase
of the reaction zone is controlled to the range of 0.01 to 1 ppm,
especially 0.1 to 0.5 ppm. Incidentally, the afore-mentioned
concentration of chromium, means a weight of metal chromium per
a unit weight of the reaction solution in the reaction zone.

In accordance with the present invention, it is preferred

that the reaction conditions for the oligomerization of the ¢—
This is the replacement sheet
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Hal ogen-cont ai ni ng 0. 260 0. 100 0. 415 conpound

(nmol /hr) Ml ar ratio of catalytic 1:3:15:2 1:6:40: 4 1:3:15:2
conponents (a:b:c:d) Reaction pressure (KG* 35 35

35 Reaction tenperature ([err]C _3O§0 140 80

Resi dence tinme (hr) 0. 36 0.17 0.21 Amount of
product (g/hr) 1210 33 1640 Cr concentration in
2.86 0.42 4 reaction zone (ppn) Ethylene concentration
in 2.76 1.55 2.76 reaction zone (nol/1) Ml ar ratio

of 1-hexenefin meet th&brequirement@. 84 the folldwifytf@idndeene)Cangosition
di stribution
(2):

T 2 105°C (1)

P> 0.5T - 15 (2}
where T represents a reaction temperature (°C) and P represents
a reaction pressure (kg/cm?G (Gauge pressure)).

In the prior art, it has been described that the reaction
temperature of not more than 70°C is preferable because the by-
products produced in the reaction solution are granulated to
facilitate the separation of solid and liquid from each other.
In Japanese Patent Application Laid-Open (KOKAI) No. 8-3216, as
a general description, there are description for the reaction
temperature ranging of 0 to 250°C and the reaction pressure of a
normal pressure to 250 kg/cm?. In Examples of the above
mentioned Japanese Patent Application, the reaction is conducted
at the reaction temperature of 80°C and the reaction pressure of
35 kg/cm?.

On the other hand, in the process according to the present
invention, it is required to adopt a reaction temperéture of at
least 105°C and a reaction pressure of at least 37.5 kg/cm2G
when the reaction temperature is 105°C. In accordance with the
present invention, by adjusting the reaction temperature to not
‘less than 105°C, preferably 120 to 150°C, the by-product
polymers can be present in a dissolved state in the reaction
solution. As a result, there do not arise problems such as
adhesion of the by-product polymers to an inner wall of the
reactor or the like. Further, such a reaction solution

dissolving the by-product polymers can be readily subjected to a
Ty s e eptacement sheel
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(vt %9 Whole of C6 90.7 94. 3 91.9

Content of 1-hexene in C6 99.5 95.1 99. 5 By- product
pol yet hyl ene 0. 05 1.03 0.07 Catalytic efficiency
1.68 x 10[err] 2.53 x 10[err] 1.52 x_10[err] *) KG neans "kg/cnferr] G

(Gauge pressure)”. -47- As seen fronrTable 1, the processes of Exanples

according to the present invention in which the nolar ratios of 1-hexene to
ethylene in the reaction solution were in the range of 0.05 to 1.00, could
be conducted with a higher selectivity for a whole C6 hydrocarbons and a

hi gher catahydli tnefHidH &MY b¥Sproduct polymers are concentrated
together with the catalytic components while being prevented
from depositing in the reactor, and then both are separated from
each other. In addition, in accordance with the present
invention, the reaction temperature can be increased while
keeping the constant relationship with the reaction pressure, so
that the performance of the chromium-based catalyst is not
deteriorated and a high catalytic activity of the catalyst can
be maintained. Incidentally, the residence time of the reaction
solution in the reaction zone is not more than 1 hour,
preferably in the range of 1 to 50 minutes.

In the case where the method of conducting the formation of
the chromium catalyst and the oligomerization of the o-olefin
simultaneously, is adopted, it is preferred that the catalytic
components of the chromium catalyst and the a—olefin is supplied
to initiate the oligomerization reaction such that the
respective molar ratios of the nitrogen-containing compound (b),
the alkyl aluminum compound (c) and the halogen-containing
compound (d) to the chromium compound {(a) at the initiation of
the reaction becomes larger than those in a steady state.

Incidentally, the wording "at the initiation of the
reaction" means a time when the chromium compound (a) is first
brought into contact with the nitrogen-containing compound (b),
the alkyl aluminum compound (c) and the halogen-containing
compound (d) to initiate the oligomerization reaction of the o-—
clefin.

In accordance with the present invention, the catalytic

components of the chromium-based catalyst are supplied to the
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conpared with those of Conparative Exanples 1 and 2. The conpari sons
bet ween Exanple 9 and Exanples 10 to 13 and 18 (in the case of the reaction
tenperature of 120[err]C), and between Exanples 14 and 15 and Exanples 16
and 17 (in the case of the reaction te_g'ﬁe_rature of 140[err]C) reveal that
by adjusting the reaction pressure to the particular range (P kg/cnferr]G >
0.5T - 15), the chrom um based catal yst could nmaintain a high catalytic
efficiency without deterioration in performance thereof even when the
reaction tenperature T ([err]C) was naintained at a relatively high val ue.
Exanpl e ¥9aFheoromieusdemlihgomtcireatnenhiofiedt dyhditeionss cbmduct ed by the
process using apparatuses conprising a conplete continuous stirring tank
react or, CANABGASRF g thaichremingdibesedi satalysly hawierg eqbiippedappintiaw
si de stream. di scharge pipes and havi ng _ .

activity can be obtained without necessity of an induction

period for imparting a high catalytic activity to the catalyst

at an initial stage of the reaction. Further, the

oligomerization of the t—olefin can be conducted with a high

catalytic activity of the catalyst while considerably preventing

the production of the by-product polymers. The reason therefor

is not sufficiently apparent but is suggested as follows. In

the case where the catalytic components of the chromium catalyst

and the a—oclefin are supplied to the reaction zone such that the

respective molar ratios of the nitrogen-containing compound (b},

the alkyl aluminum compound (c) and the halogen-containing

compound (d) to the chromium compound (a) at the initiation of

the reaction becomes larger than those in a steady state,

catalytically-active species effective for the oligomerization

of a—olefin can be formed effectively.

The concentration of the chromium compound (a) in the

reaction zone at the initiation of the oligomerization reaction

is preferably not more than 2 x 10-2 millimoles, more preferably

in the range of 5 x 107 to 1 x 102 millimoles based on one

liter of the reactiqn solvent. The molar ratio between the

catalytic components (a):(b):{c):(d) in the reaction zone is

preferably 1: not less than 150: not less than 1500: not less

than 150, more preferably 1:150 to 1000:1500 to 5000:150 to 1000,

still more preferably 1:200 to 500:200 to 3000:200 to 500.

When the molar ratio of the catalytic components (b), {c)

and (d) to the catalytic component (a) at the initial stage of
This is the replacement sheet
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total 30 distilling stages, and an evaporator. The apparatuses further
conpri ses a conpressor di sposed between the reactor and the degassing tank
to circulate the degassed ethylene to the reactor. Incidentally, a 20

|l iter-autoclave equi pped with two feed Slpes was used as the continuous
stirring tank reactor. Further, as the™ %aporator there was used a

nonot ube-type evaporator (Tradenane: "CRUX SYSTEM nanufactured by
HOSOKAWA- -48- M KARON Co., Ltd.) equipped with a heating tube having a
| ength of 8m and a pressure-reduci ble collecting can. Ethylene, an

T hems SnecBEl ianal S0 MRL( izl BV cclRiRp e Shetiihalla:
exhibits a low catalytic activity and the amount of the by-
product polymers produced is increased.

By controlling the molar ratios of the respective catalytic
components to the afore-mentioned ranges, the catalytic activity
of the catalyst can be considerably enhanced at the initial
stage of the reaction and the oligomerization of a-olefin can be
performed while maintaining the high catalytic activity.
Further, the amount of the by-product polymers produced can be
limited to a considerably low level. The reason therefor is not
sufficiently apparent but is suggested as follows. When the
molar ratios of the catalytic components (b), (¢) and (d) to the
catalytic component (a) at the initial stage of the reaction is
too low, effective catalytically-active species for the
oligomerization of da-olefin cannot be formed but the
catalytically-active components effective for the production of
the by—produc; polymers are rather formed. On the other hand,
in the case where the molar ratio lies within the afore-
mentioned ranges, the effective catalytically-active components
for the oligomerization of o—olefin can be extremely readily
produced.

The oligomerization of a-olefin according to the present
invention can be conducted at a reaction temperature ranging
generally from 20°C to 200°C, preferably from 50°C to 150°C
under a reaction pressure ranging from 10 to 200 kg/cm?2,
preferably from 20 to 100 kg/cm?. In addition, the coexistence
of the hydrogen in the reaction zone provides further advantages

such as the increase in catalytic activity and selectivity for
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were continuously introduced into the continuous stirring tank reactor

t hrough one of the feed pipes thereof. Sinultaneously, an n-heptane
solution of 2, 5-dinethyl-pyrrole (b) and an n- heptane sol ution of

triethyl alum num (c) were continuously;gharged into the reactor through
the other of the feed pipes thereof. The nolar ratio between the respective
conponents (a):(b):(c):(d) was adjusted to 1:6:40:4. The reaction was
conducted at 120[err].C and 50 kg/cnierr] G The reaction solution was
continuously renoved fromthe reactor and the renoved reaction sol ution was
fed into Ghee tddgessing thekdedéaseraimtaaiounty offheheopal yieer sitadizesy oC.
Wi | e bei ng mai ntained substantially at 120[err]C, the degassed reaction
sol uti on 3ksEEENWREY PAt Bhe heeprwduct THesambunngof ovler .cokximtiingn of t he
reaction sojution fromthe bottom of the product- distilling tower was fed
to the eVYSE9EEr 18nd SdfcelrsQial the reaction zone is preferably in

the range of 0.1 to 15 % by volume.

The oligomerization of o—olefin according to the present
invention can be conducted by using various reactors. The
reactors usable for conducting the process according to the
present invention include, for example, a gas-stripping-type
reactor, a loop-type reactor, a continuous stirring tank reactor,
a gas-bubble column-type reactor, tubular reactor or the like.

In the case where the gas-stripping type reactor is used,
an ethylene gas is continuously fed into the vessel-shaped
reactor, thereby causing the trimerization of ethylene in a
reaction solvent having a boiling point higher than that of 1-
hexene in the presence of the chromium-based catalyst under
heated and pressurized conditions. The resultant l-hexene in a
gas phase of the reactor is continuously discharged together
with an unreacted ethylene gas from the rector and then the
ethylene gas is separated from the discharged gas to recover 1-
hexene.

In the case where the loop-type reactor used, the
oligomerization of q—olefin is conducted while circulating a
reaction solution containing the a-olefin and the chromium-based
catalyst through a circular flow path of the reactor. This type
reactor can prevent the by-product polymers from being adhered
Lo a cooled wall thereof and maintain a high heat-removing

efficiency.



The n- heptane sol vent and the resultant hexene product were renoved as a
side-cut fromthe 8th-stage and 26t h-stage side- stream pipes,
respectively, and recovered fromthe bottom of the tower. Further,
conponents having | ower boiling pointsﬁt?an that of hexene were distilled
and recovered froma top of the tower. M gh-boiling conponents gasified in
t he evaporator were condensed and recovered. Pol yethyl ene as a by-product
pol yner was concentrated together with the catalytic conponents and - 49-
recovered fromthe | ower portion of the collecting chanmber. On the other

hand, ethyl enamdagassed, i thd heoteGRRING tlidRknyasahRdreactor is
especially preferred.

The continuous stirring tank reactor usable in the present
invention has such a structure in which partitions are disposed
at a distance on an outer surface of an inner cylinder
perpendicularly thereto, and an outer strip is spanned between
the tip ends of the partitions, thereby forming a wall structure
(hereinafter referred to merely as "temperature-contrelling
element”") having a flow path for a heating medium between the
inner cylinder, the outer strip and the partitions, and the
temperature-controlling element is fixed within a container such
that the outer strip thereof faces an inner wall of the
container; or another structure in which the temperature-
controlling element is fixed within a container such that the
outer strips thereof face an inner wall of the container in a
spaced relation, and the space of the lower and upper portions
between the outer strip of the temperature-controlling element
and the inner éurface of the container is sealed so as to form a
sealed chamber. |

By using continuous stirring tank reactors having such
structures, a wall thickness of portions for separating a
content of the reactor from the cooling medium can be thin, so
that the heat of reaction can be effectively removed. Further,
since welded portions occupies only a small area on an inner
surface of the reactor, the oligomerization of a-olefin can be
performed in a continuous and stable manner for a long period of
time without adhesion of the by-product polymers thereto.

This ig the replacement sheet
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into the conpressor and then the pressurized ethylene was circul ated to the
reactor. Also, the n-heptane recovered fromthe product-distilling tower
was circulated to the reactor through a circul ating pi pe. Operationa

conditions of respective units disposed on the product-distilling tower are
shown in Table 2. In addition, the mass%al ance in the afore- mentioned
processes are shown in Table 3. Incidentally, "C(2EHA)[err]" in Table 3
represents chromum (111) 2-ethyl- hexanoate. Table 2 Product-distilling
Pressure at top of tower: 3 kg/cnferr] G tower Ref | ux
ratio (R'D): IhelowelcEaht oMisenPeradning: il rieiCrrenpenat tiguf heating

200[ err] C pi pe
reaction product in the reactor by an ordinary method. 1In

accordance with the present invention, after the oligomerization

of ®—-olefin is conducted in the reactor in the presence of the

chromium-based catalyst and the reaction solvent, a part or a

whole of the resultant reaction solution is fed into a degassing

tower where unreacted o-olefin is recovered. Next, the reaction

solution treated in the degassing tower is fed into a product-

distilling tower where the resultant a-olefin oligomer can be

recovered in the form of a distillate.

At this time, it is preferred that in a process line from

an outlet of the reactor to an inlet of the product-distilling

tower, the reaction solution is maintained at a temperature of

100 to 150°C, and the residence time of the reaction solution

from

the supply to the degassing tower to the supply to the

product-distilling tower is not more than 1 hour.

When the reaction temperature is maintained at less than

100°C, there arises various troubles due to the adhesion or

deposition of the by-product polymers in the process line, for

example, equipment such as feed conduits. On the other hand,

when

the reaction temperature is more than 150°C, the aimed

product is subjected to isomerization so that the yield of the

aimed a-olefin oligomer recovered from the product distilling

tower is decreased. Even if the reaction temperature is not

more

than 150°C, when the residence time of the reaction

solution from the supply to the degassing tower to the supply to

the product-distilling tower is more than one hour, the

isomerization of the reaction product cannot be sufficiently
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Tenper at ure of 150[ err] C col l ecting can Pressure

of collecting 200 Torr can -50- Table 3 Reaction
Degassed Solution frombottom solution solution of distilling tower
unit: /hr 42.0 kg 35.9 kg 0.28 kg Cr(2EHA) [err] (ppm
3.0 3.5 134 2, 5- dihEt hyl -

prevented. The residence time of the reaction solution is
suitably decreased as the reaction temperature to be maintained
is increased. It is especially preferred that the residence
time be not more than 30 minutes.

In accordance with the present invention, the separation of
the by-product polymers is preferably conducted after being
concentrated together with the catalytic components. Such a
separating method enables the catalytic components to be
extremely readily separated from the by-product polymers because
of.a high plasticity of the by-product polymers. Therefore, the
use of a solid-liquid separating apparatus can be omitted for
the removal of the by-product polymers, thereby rendering the
process compact.

According to the aforé—mentioned preferred embodiments of
the present invention, losses of both the by-product polymers
and the catalytic components up to simultaneous recovering
process thereof ére limited to a minimum level.

In accordance with the present invention, the concentration
and separation process of the by-product polymers and catalytic
components can also be performed simultaneously with removal of
a whole components having low boiling points by simple
distillation from the reaction solution. Further, the
separation of the by-product polymers and the catalytic
components can be conducted simultaneously with a final stage of
the separation process in which the respective components are in
turn separated by distillation from the degassed reaction
solution.

n AN N



4.2 159 pyrrole (ppm Triethyl alum num (ppm
7.4

33.0 1271 Hexachl oro- ethane (ppm
329 Heptane (W% 64.7 75. 8 0.0
Et hylene (W% 14.6 0.0 -38- 0.0 C6 conponents (W%
23. 4 0.0 Hi gh-boiling conponents (W% 0. 60

89. 4 Pol yet hyl ene

For example, in the case where ethylene is used as the oa-
olefin, l-hexene can be obtained as the aimed a-olefin oligomer.
In this case, de-ethylene treatment is conducted after the
reaction. Next, l-hexene and the reaction solvent are removed
by distillation from the reaction solution, and the catalytic
components and polyethylene as the by-product polymer are
concentrated together and separated from the reaction solution.
The resultant concentrated solution containing the by-product
polymer and the catalytic components as it is can be discharged

for disposal thereof.

EXAMPLE

The present invention is described in more detail below by
way of examples and comparative examples. However, these
examples are not intended to limit the scope of the present

invention.

Example 1

Two liter-autoclave equipped with a stirrer, two feed pipes
for a catalyst and a discharge pipe for removal of a reaction
solution was heated and dried at 150°C in a dryer, and assembled.
The content of the gutoclave was vacuum-evacuated and replaced
with a nitrogen gas.

An n-heptane solution of 2, 5—dimethx}—pyrrole, an n-
heptane solution of triethyl aluminum and-an n-heptane solution
of carbon tetrachloride were continuously charged at feed rates
of 0.031 mmol (millimole) /hr, 0.16 mmol/hr and 0.021 mmol/hr,

respectively, into the thus-assembled autoclave through one of
This is the replacement sheet
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(ppm 700 820 10. 43 wt % Tot al 100.0

100. 0 100. 0 -51- Tabl e 3-continued Evaporated conponent
Concentrated from evaporat or conponent from evaporator unit: /hr

0. 25 kg 29.8 g Cr(2EHA) [err] (ppm 0.0 0.127
W % 2, 5-di met hyl - pyrrole (ppm - =39-7177.7 0.0

the feed pipes. On the other hand, ethylene and an n-heptane
solution of chromium (III)-2-ethyl-hexancate was continuously
introduced at a feed rate of 0.010 mmol/hr (5.0 mg/hr) into the
autoclave through the other of the feed pipes. The total feed
rate of n-heptane charged was one liter/hr. While maintaining
the temperature of the autoclave at 80°C, ethylene was
continuously fed into the autoclave so as to keep the total
pressure of ethylene in the autoclave at 35 kg/cm?G to conduct a
ocligomerization thereof. The resultant reaction solution was
removed from the autoclave through the discharge pipe such that
the liquid content in the autoclave was 1 liter. The discharged
reaction solution was introduced into a degassing tank where the
reaction solution is degassed up to a normal pressure.
Thereafter, the liquid component and the gas component were
analyzed by gas-chromatography. The results are shown in Table
1.

Examples 2 to 18 and Comparative Examples 1 to 3

The same procedures as defined in Example 1 were conducted
except that the reaction conditions were changed as shown in
Table 1. In Example 18, chromium (III)-acetyl-acetonate was
used as chromium compound in place of chromium (IITI)-2-ethyl-

hexanoate. The results are also shown in Table 1.
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Triethyl alum num (ppm 0.0
Hexachl oro- ethane (ppm 368. 4
(% 0.0

C6 conponents (W %
conponents (W%

0.0 Ethylene (wt% 0.0
0.0

1.20 wt %

0.0 Pol yet hyl ene (ppm

0. 0 Hept ane

0.0 Hi gh-boiling

0.0 98.7 w % Tot al -40- 100.0
100.0
Table 1

Example No. Example 1 | Example 2 | Example 3
Flow rate of solvent (l/hr) 1 1 1
Rate of Cr compound feed 5 10 10
{mg/hr)
Cr compound {(mmol/hr) 0.010 0.021 0.021
2,5-DMP (mmol/hr) 0.031 0.062 0.062
Triethyl aluminum (mmol/hr) 0.16 0.31 0.31
Sort of halogen-containing Carbon Carbon Carbon
compound tetra- tetra- tetra-

chloride chloride chloride
Halogen-containing compound 0.021 0.042 0.042
{mmol/hr)
Molar ratio of catalytic 1:3:15:2 1:3:15:2 1:3:15:2
components (a:b:c:d)
Reaction pressure (KG)* 35 35 50
Reaction temperature (°C) 80 80 80
Residence time (hr) 0.64 0.49 0.54
Amount of product (g/hr) 102 323 486
Cr concentration in reaction 0.58 0.89 0.74
zone (ppm)
Ethylene concentration in 2.76 2.76 4.09
reaction zone (mol/l)
Molar ratio of l-hexene to 0.27 0.65 0.6
ethylene
Composition distribution
(wt %)
Whole of C6 97 95.2 95.3
Content of l-hexene in C6 99.7 99.8 99.7
By-product polyethylene 0.025 0.016 0.017
Catalytic efficiency 1.88 x 109}2.99 x 105]4.50 x 105

o
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Not e: Content of 1-hexene in C6 conponents: 99.5 % by weight, Mlar ratio
of 1-hexene to ethylene: 0.45, Catalytic efficiency: 614, 198

g- | - hexene/ g- chrom um -52- In the operation of the evaporator in the
af ore-nmenti oned process, the netal -containing catal ytic conponents were
concentrated together wth polyethylene gs. a by-product and recovered in
the formof a mxture thereof. The pol yethyl ene recovered was dropped by
its own weight fromthe bottom of the collecting chanber because of the
plasticity of the polyethylene. This indicated that the evaporator was

operated in a good condition. Table 1-continued
Example No. Example 4 | Example 5 | Example 6
Flow rate of solvent (l/hr) 1.8 1.8 4
Rate of Cr compound feed 5.4 5.4 12
{mg/hr)
Cr compound {(mmol/hr) 0.011 0.011 0.02S
2,5-DMP (mmol/hr) 0.067 0.067 0.149
Triethyl aluminum (mmol/hr) 0.45 0.45 1.00
Sort of halogen-containing Hexachloro | Hexachloro| Hexachloro
compound -ethane -ethane -aethane
Halogen-containing compound 0.045 0.045 0.100
(ramol/hr)
Molar ratio of catalytic 1:6:40:4 1:6:40:4 1:6:40:4
components (a:b:c:d)
Reaction pressure (KG)* 35 50 50
Reaction temperature (°C) 80 105 105
Residence time (hr) 0.29 0.25 0.12
Amount of product (g/hr) 459 551 838
Cr concentration in reaction 0.29 0.26 0.29
zone (ppm)
Ethylene concentration in 2.75 3.23 3.23
reaction zone {mol/l)
Molar ratio of l-hexene to 0.55 0.48 0.37
ethylene
Composition distribution
(wt %)
Whole of Cé 95.1 95.9 96.8
Content of l-hexene in C6 99.6 99.5 99.5
By-product polyethylene 0.1 0.035 0.023
Catalytic efficiency 7.45 x 105]9.45 x 10°}6.47 x 105
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Exanpl e 20 The same procedure for continuous oligonerization of ethylene as
defined in Exanple 19 was conducted except that tetrachl oroethane was used
as the hal ogen-contai ni ng conpound. The nmass bal ance in the afore-nentioned
process are shown in Table 4. The evaporator was al so operated in a good

condition as in Exanple 19. - 53- TapA?_4 React i on Degassed Sol ution
from bottom sol ution sol ution of distilling tower unit: /hr 38.5
kg 32.9 kg 0. 26 kg
Table 1l-continued
Example No. Example 7 | Example 8 | Example 9
Flow rate of solvent (l/hr) 1.8 4 4
Rate of Cr compound feed 5.4 12 12
(mg/hr)
Cr compound {(mmol/hr) 0.011 0.025 0.025
2,5-DMP (mmol/hr) 0.067 0.149 0.149
riethyl aluminum (mmol/hr) 0.45 1.00 1.00
Sort of halogen-containing Hexachloro | Hexachloro | Hexachloro
compound ~ethane -ethane -ethane
Halogen-containing compound 0.045 0.100 0.100
(mmol/hr)
Molar ratio of catalytic 1:6:40:4 1:6:40:4 1:6:40:4
components (a:b:c:d)
Reaction pressure (KG)* 70 70 35
Reaction temperature (°C) 105 1058 120
Residence time (hr) 0.17 0.1 0.18
Amount of product (g/hr) 907 1129 77
Cr concentration in reaction 0.19 0.24 0.4
zone (ppm)
Ethylene concentration in 4.62 4.21 1.84
reaction zone {mol/1l)
Molar ratio of l-hexene to 0.38 0.29 0.09
ethylene
Composition distribution
(Wt %)
Whole of C6 95.8 96.5 97.6
Content of l-hexene in C6 99.6 99.6 97.2
By-product polyethylene 0.064 0.051 0.441
Catalytic efficiency 1.55 x 108]8.71 x 10%!5.93 x 104



Cr(2EHA) [err]
4.2

(ppm 3.0 3.5

134 2,5-di nethyl - 3.6

: 159 pyrrole (ppm Triethyl alum num (ppm 28. 4
33.0 1272 Tetrachl oro- ethane (ppm 5.2 6.1
234 Heptane (W% 66.9 78.4 0.0 Ethylene (WMt% 14.6
0.0 0.0 C6 conponents (W4 17.8 20.8
0.0

Table l-continued
Example No. Example 10| Example 11 |Example 12
Flow rate of solvent {(1l/hr) 1.8 4 1.8
Rate of Cr compound feed 5.4 12 5.4
{mg/hr)
Cr compound (mmol/hr) 0.011 0.025 0.011
2,5~DMP (mmol/hr) 0.067 0.149 0.067
Triethyl aluminum (mmol/hr) 0.45 1.00 0.45
Sort of halogen-containing Hexachloro|Hexachloro | Hexachloro
compound -ethane -ethane ~ethane
Halogen-containing compound 0.045 0.100 0.045
(mmol/hr)
Mclar ratio of catalytic 1:6:40:4 1:6:40:4 1:6:40:4
components (a:b:c:d)
Reaction pressure (KG)* 50 50 70
Reaction temperature (°C) 120 120 120
Residence time (hr) 0.28 0.14 0.2
Amount of product (g/hr) 385 523 653
Cr concentration in reaction 0.3 0.33 0.23
zone (ppm)
Ethylene concentration in 2.7 2.7 3.88
reaction zone (mol/l)
Molar ratio of l-hexene to 0.45 0.3 0.38
ethylene
Composition distribution
(wt %)
Whole of C6 85.5 96.7 95.4
Content of l-hexene in C6 838.5 89.5 99.5
By-product polyethylene 0.045 0.026 0.134
Catalytic efficiency 6.60 x 105)4.04 x 103]1.12 x 106




Hi gh-boi ling conponents (W% 0.

60

Pol yet hyl ene (ppm 700 820
100.0 100.0 100.0
conponent Concentrated from evapor at or
evaporator unit: /hr 0.23 kuf4-
C(2EHA) [err] (ppm

Table 1-continued

0.70

89.4

10. 43 wt % Tot al

-54- Tabl e 4-continued Evaporat ed

conponent from
27.3 ¢

Example No. Example 13| Example 14| Example 15
Flow rate of solvent (1l/hr) 4 1.8 4
Rate of Cr compound feed 12 5.4 12
(mg/hr)

Cr compound (mmol/hr) 0.025 0.011 0.025
2,5-DMP (mmol/hr) 0.1489 0.067 0.149
Triethyl aluminum (mmol/hr) 1.00 0.45 1.00
Sort of halogen-containing Hexachloro| Hexachloro| Hexachloro
compound ~ethane -ethane -ethane
Halogen-containing compound 0.100 0.045 0.100
(mmol/hr)

Molar ratio of catalytic 1:6:40:4 1:6:40:4 1:6:40:4
components (a:b:c:d)

Reaction pressure (KG)* 70 50 50
Reaction temperature (°C) 120 140 140
Regsidence time (hr) 0.1 0.3 0.14
Amount of product (g/hr) 986 209 387

Cr concentration in reaction 0.26 0.34 0.35
zone (ppm)

Ethylene concentration in 3.88 2.29 2.29
reaction zone (mol/1l)

Molar ratio of l-hexene to 0.25 0.32 0.28
ethylene

Composition distribution

(wt %)

Whole of C6 96.6 95.1 96.7
Content of l-hexene in C6 99.5 98.9 99.1
By-product polyethylene 0.03 0.305 0.059
Catalytic efficiency 7.61 x 105(3.59 x 109{3.06 x 107
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0.0 0.127 wt % 2, 5- dlnethyl pyrrole (ppm 177. 7
0.0 Triethyl alum num (ppm .0 1.20 mt %
Tetrachl oro- ethane (ppm 261 2 0. 0 Hept ane
(wt% 0.0 0.0 Ethylene (wt% 0.0 0.0
C6 conponents (W % Qg5- 0.0 High-boiling
conponents (W % 100.0 0.0
Table 1l-continued

Example No. Example 16| Example 17| Example 18

Flow rate of solvent (l/hr) 1.8 4 1.8

Rate of Cr compound feed 5.4 12 3.96

(mg/hx)

Cr compound (mmol/hr) 0.011 0.025 0.011

2,5-DMP (mmol/hr) 0.067 0.149 0.067

Triethyl aluminum (mmol/hr) 0.45 1.00 0.45

Sort of halogen-containing Hexachloro|Hexachloro|Hexachloro

compound ~athane ~ethane -ethane

Halogen-containing compound 0.045 0.100 0.045

(mmol/hr)

Molar ratio of catalytic 1:6:40:4 1:6:40:4 1:6:40:4

components (a:b:c:d)

Reaction pressure (KG)* 70 70 50

Reaction temperature (°C) 140 140 120

Residence time (hr) 0.23 0.11 0.27

Amount of product (g/hr) 391 702 91.2

Cr concentration in reaction 0.28 0.29 0.29

zone (ppm)

Ethylene concentration in 3.29 3.29 2.7

reaction zone (mol/1l)

Molar ratio of l-hexene to 0.31 0.26 0.44

ethylene

Composition distribution

(wt %)

Whole of Cé 95.3 96.3 93.9

Content of l1-hexene in C6 99.1 99.2 99.3

By-product polyethylene 0.163 0.065 0.22

Catalytic efficiency 6.70 x 10515.41 % 10516.11 x 105

N repiscamEnt sheet
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Pol yet hyl ene 0.0 98. 7 wt % Tot al 100. 0
100.0 Note: Content of 1-hexene in C6 conponents: 99.5 % by wei ght,
ratio of 1-hexene to ethylene: 0.41, Catalytic efficiency: 546,636
g-| - hexene/ g- chrom um -55- Exanple 21 The sane procedure for continuous
ol i goneri zation of ethylene as defined 146 £xanpl e 19 was conduct ed except
that octanoic acid (2-ethyl-hexanoic acid) as a netal -sol ubilizing agent
was continuously fed into the degassi ng tank. The anount

Mol ar

Table 1-continued

Example No. Comparative | Comparative | Comparative
Example 1 Example 2 Example 3

Flow rate of solvent 1 4 1

(1/hr)

Rate of Cr compound feed 60 12 100

{mg/hx)

Cr compound (mmol/hr) 0.130 0.025 0.208

2,5-DMP (mmol/hr) 0.370 0.149 0.623

Triethyl aluminum 1.90 1.00 3.11

(mmol/hr)

Sort of halogen- Carbon Hexachloro~ Carbon

containing compound tetra- ethane tetra-
chloride ' chloride

Halogen-containing 0.260 0.100 0.415

compound. (mmol/hr)

Molar ratio of catalytic 1:3:15:2 1:6:40:4 1:3:15:2

components {(a:b:c:d)

Reaction pressure (KG)* 35 35 35

Reaction temperature (°C) 80 140 80

Residence time (hr) 0.36 0.17 0.21

Amount of product (g/hr) 1210 33 1640

Cr concentration in 2.86 0.42 4

reaction zone (ppm)

Ethylene concentration in 2.76 1.55 2.76

reaction zone (mol/l)

Molar ratio of l-hexene 1.26 0.04 1.38

to ethylene

Composition distribution

(wt %)

Whole of C6 90.7 94.3 91.9

Content of l-hexene in C6 939.5 95.1 99.5

By-product polyethylene 0.05 1.03 g.07

Catalytic efficiency 1.68 x 105 | 2.53 x 104 | 1.52 x 105

*) KG means “kg/cmlG (Gauge pressure)”.




of the nmetal -solubilizing agent was adjusted such that the concentration
thereof in the reaction solvent was 0.022 % by wei ght. The reaction
solution was sanpled fromthe bottom of the product-distilling tower to
anal yze deposited netal conponents and then, no deposited netal conponents
wer e substantially observed. IncidentaH?]f in the analysis of the deposited
net al conponents, the sanpled solution was passed through a filter paper
(5A) and then the surface of the filter paper was washed w th n-heptane and
then further washed with an 10 wt % aqueous solution of nitric acid.

Concent r at | ons agf sUBhak, GAMPODANTS ihd e ARUBGUS B i A dildiign wer e

measured by a high requency plasma em ssion spectroscopl ¢ anal yzin

met hod. The mmgsphakanee; hfed i SRRl kABCHORALCESSI N & SN R Tabl €
5. The evaporator was al so operated in the sane good condition as

to ethylene in the reaction sclution were in the range of 0.0S
to 1.00, could be conducted with a higher selectivity for a
whole C6 hydrocarbons and a higher catalytic efficiency as
compared with those of Comparative Examples 1 and 2.

The comparisons between Example 9 and Examples 10 to 13 and
18 (in the case of the reaction temperature of 120°C), and
between Examples 14 and 15 and Examples 16 and 17 (in the case
of the reaction temperature of 140°C) reveal that by adjusting
the reaction pressure to the particular range (P kg/cm2G > 0.5T
- 15), the chromiuﬁ—based catalyst could maintain a high
catalytic efficiency without deterioration in performance
thereof even when the reaction temperature T (°C) was maintained

at a relatively high value.

Example 19

The continuous oligomerization of ethylene was conducted by
the process using apparatuses comprising a complete continuous
stirring tank reactor, a degassing tank, a product-distilling
tower equipped with two side stream discharge pipes and having
total 30 distilling stages, and an evaporator. The apparatuses
further comprises a compressor disposed between the reactor and
the degassing tank to circulate the degassed ethylene to the
reactor. Incidentally, a 20 liter-autoclave equipped with two
feed pipes was used as the continuocus stirring tank reactor.
Further, as the evaporator, there was used a monotube-type

evaporator (Tradename: “CRUX SYSTEM" manufactured by HOSOKAWA-
Thic is the replacement sheet
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I n Exanpl e 19. -56- Table 5 Reaction Degassed Sol ution from bottom

solution solution of distilling tower unit: /hr 42.5 kg 36. 3 kg
0.35 kg G (2EHA) [err] (ppn) 3.0 3.5 363 2, 5-dinethyl -
pyrrole (ppm 3. 4.2 _48- 430 Triethyl al um num
(PP 28. 4 33. 0 3443

MIKARON Co., Ltd.) equipped with a heating tube having a length
of 8m and a pressure-reducible collecting can.

Ethylene, an n-heptane solution of chromium (III) 2-ethyl-
hexancate (a) and an n-heptane solution of hexachloroethane (d)
were continuously introduced into the continuous stirring tank
reactor through one of the feed pipes thereof. Simultaneously,
an n-heptane solution of 2, S5-dimethyl-pyrrole (b) and an n-
heptane solution of triethyl aluminum (c) were continuously
charged into the reactor through the other of the feed pipes
thereof. The molar ratioc between the respective components
(a) : {b):(c):(d) was adjusted to 1:6:40:4. The reaction was
conducted at 120°C and 50 kg/cm?G.

The reaction solution was continuously removed from the
reactor and the removed reaction solution was fed into the
degassing tank while maintaining the solution at 120°C. While
being maintained substantially at 120°C, the degassed reaction
solution was then fed into the product-distilling tower. A
portion of the reaction solution from the bottom of the product-
distilling tower was fed to the evaporator and concentrated.
The n-heptane solvent and the resultant hexene product were
removed as a side-cut from the 8th-stage and 26th-stage side-
stream pipes, respectively, and recovered from the bottom of the
tower. Further, components having lower boiling points than
that of hexene were distilled and recovered from a top of the
tower.

High-boiling components gasified in the evaporator were
condensed and recovered. Polyethylene as a by-product polymer

was concentrated together with the catalytic components and
TEI L ap muamant shaet

1§ Mavy gy

a1
b



Hexachl or o- et hane (ppn)
(W% 62.1 72.
0.0 C6 conponents (mﬂ@@

Hi gh-boi ling conponents (wt %

Pol yet hyl ene 800

100.0 100.0

936

7.4 8.6 892 Hept ane
0.0 Ethylene (W\t% 14.6 0.0
22.5 26. 3 0.0
0.75 0. 88 90. 8
-8971 Wt % (ppm Tot al 100.0

recovered from the lower portion of the collecting chamber. On

the other hand, ethylene degassed in the degassing tank was fed

into the compressor and then the pressurized ethylene was

circulated to the reactor.

Also,

the n-heptane recovered from

the product-distilling tower was circulated to the reactor

through a circulating pipe.

Operational conditions of

respective units disposed on the product-distilling tower are

shown in Table 2.

mentioned processes are shown in Table 3.

In addition,

the mass balance in the afore-

Incidentally,

“Cr(2EHA)3;" in Table 3 represents chromium (III) 2-ethyl-

hexanoate.

Table 2

tower

Product-distilling

Pressure at top of tower:

Reflux ratio (R/D): 18

Tower bhottom temperature:

3 kg/csz

162°C

can

Temperature of heating 200°¢C
pipe

Temperature of 150°¢C
collecting can

Pressure of collecting 200 Torr
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-57- Tabl e 5-continued Evaporated conponent

evapor at or

31.9 g Cr(2EHA) [err]

473. 4
3.79 W %

conmponent from evapor at or

(ppm 0.0 _
0.0 pyrrole (ppm Triethyl 0.0
-50-~

unit:

Concentrated from

/ hr

0.32 kg

0. 399 wt % 2, 5-di et hyl -

Table 3
Reaction | Degassed Solution from bottom
solution | solution of distilling tower
unit: /hr 42.0 kg 35.9 kg 0.28 kg
Cr(2EHA)3 (ppm)
3.0 3.5 134
2,5-dimethyl-
3.6 4.2 159
pyrrole (ppm)
Triethyl
. 28.4 33.0 1271
aluminum (ppm)
Hexachloro-
7.4 9
ethane (ppm) 8.8 32
Heptane (wt%)
64.7 75.8 0.0
Ethylene (wt%)
14.6 0.0 0.0
Cé components
(WES) 20.0 23.4 0.0
High-boiling
0.60 0.70 89.4
components (wt%)
Polyethylene
700 820 10.43 wt$%
(ppm)
Total 100.0 100.0 100.0

This is the replacement sheet
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al um num (ppn) Hexachl oro- 981. 4 0.0 ethane (ppm Heptane
(wt9% 0.0 0.0 Ethylene (w\t% 0.0 0.0
C6 conponents (W % 0.0 0.0

Hi gh-boiling 99.9 0.0 conponents (W% Pol yethyl ene _
95.8 wm % -51-

Table 3-continued

Evaporated component Concentrated
from evaporator component from
evaporator
unit: /hr 0.25 kg 29.8 g
Cr(2EHA)3 (ppm)
0.0 0.127 wt%
2,5-dimethyl-
177.7 0.0
pyrrole (ppm)
Triethyl
. 0.0 1.20 wt%
aluminum (ppm)
Hexachloro- :
ethane (ppm) 368.4 0.0
Heptane {(wt%)
0.0 0.0
Ethylene (wt%)
0.0 0.0
C6 components
(W) 0.0 0.0
High-boiling
. .0
components (wt%) 99.9 0
Polyethylene
0.0 98.7 wt%
(ppm)}
Total 100.0 100.0

Note: Content of l-hexene in C6 components: 99.5 % by weight,

Molar ratio of 1l-hexene to ethylene: 0.45, Catalytic efficiency:

614,198 g-l-hexene/g-chromium

TR olnone remmacement shieet
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(ppm Total 100.0 100.0 Note: Content of
1- hexene in C6 conponents: 99.5 % by weight, Mlar ratio of 1-hexene to
ethylene: 0.51, Catalytic efficiency: 690,972 g-1-hexene/ g-chrom um - 58-

Exanpl e 22 The same procedure for conti_nuous oligonerization of ethylene as
defined in Exanple 19 was conducted exc pt that the reaction tenperature
and the reaction pressure were changed to 120[err]C and 70 kg/cnferr] G
respectively. The mass bal ance in the afore-nentioned Exanple are shown in
Tabl e 6. The evaporator

In the operation of the evaporator in the afore-mentioned
process, the metal-containing catalytic components were
concentrated together with polyethylene as a by-product and
recovered in the form of a mixture thereof. The polyethylene
recovered was dropped by its own weight from the bottom of the
collecting chamber because of the plasticity of the polyethylene.
This indicated that the evaporator was operated in a good

condition.

Example 20

The same procedure for continuocus oligomerization of
ethylene as defined in Example 19 was conducted except that
tetrachloroethane was used as the halogen-containing compound.
The mass balance in the afore-mentioned process are shown in
Table 4. The evaporator was also operated in a good condi;ion

as in Example 19.
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was al so operated in a good condition as in Exanple 19. -59 - Table 6

Reaction Degassed Solution frombottomsolution solution of distilling
tower unit: /hr 52. 3 kg 40. 4 kg 1.06 kg Cr(2EHA) [err]
(ppm 3.0 3.9 44 2, 5sdimethyl- 3.6 4.6
52 pyrrole (ppm 3.6 4.6 Triethyl alum num
Table 4
Reaction Degassed |Solution from bottom
solution solution | of distilling tower
unit: /hr 38.5 kg 32.9 kg 0.26 kg
Cr(2EHA)3 (ppm)
3.0 3.5 134
2,5-dimethyl-
3.6 4.2 159
pyrrole (ppm)
Triethyl
. 28.4 33.0 1272
aluminum (ppm)
Tetrachloro-
ethane (ppm) 5.2 6.1 234
Heptane (wt%)
66.9 78.4 0.0
Ethylene (wt%)
14.6 0.0 0.0
C6 components
. . 0.0
(WES) 17.8 20.8
High-boiling
0.60 0.70 89.4
components (wt%)
Polyethylene
700 820 10.43 wt$%
{ppm)
Total 100.0 100.0 100.0

This is the replacement sheet
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2.46

(ppm 28. 4 37.0 419 Hexachl or o-et hane (ppm
52 6.8 77 Heptane (W% 40.3 52. 1
0.0 Ethylene (W% 22.7 0.0 0.0 1-hexene (W% 35.0
45. 3 0.0 Hi gh-boiling conmponents (W% 1.90
93. 3 Pol yet hyl ene (ppm) 1350 1746-54~ 6.63 w % Tot al
100.0 100.0 100.0
Table 4-continued
Evaporated component Concentrated
from evaporator component from
evaporator
unit: /hr 0.23 kg 27.3 g
Cr(2EHA)3 (ppm)
0.0 0.127 wt$
2,5-dimethyl-
177.7 0.0
pyrrole (ppm)
Triethyl
. 0.0 1.20 wt%
aluminum (ppm)
Tetrachloro-
ethane (ppm) 261.2 0.0
Heptane (wt%)
0.0 0.0
Ethylene (wt%)
0.0 0.0
C6 components
(wts) 0.0 0.0
High-boiling
components (wt%) 100.0 0.0
Polyethylene
0.0 98.7 wt%
(ppm)
Total 100.0 100.0

Note: Content of l-hexene in C6 components: 99.5 % by weight,

Molar ratio of l-hexene to ethylene: 0.41, Catalytic efficiency:

546,636 g-l-hexene/g-chromium

TRl e nposCeimer! sneef
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-60- Tabl e 6-continued Evaporated conponent Concentrated from

evapor at or conponent from evaporator unit: /hr 0. 99 kg
71.1 g Cr(2EHA) [err] (ppm 0.0 0. 066 wt % 2, 5-di net hyl -
pyrrole (ppm 56. 1 0.0 Triethyl alum num 0.0
0. 63 W % Hexachl or o- et hane -55-

Example 21

The same procedure for continuous oligomerization of
ethylene as defined in Example 19 was conducted except that
octanoic acid (2-ethyl-hexanoic acid) as a metal—solﬁbilizing
agent was continuously fed into the degassing tank. The amount
of the metal-solubilizing agent was adjusted such that the
concentraﬁion thereof in the reaction solvent was 0.022 % by
weight.

The reaction solution was sampled from the bottom of the
product-distilling tower to analyze deposited metal components
and then, no deposited metal components were substantially
observed. Incidentally, in the analysis of the deposited metal
components, the sampled solution was passed through a filter
paper (5A) and then the surface of the filter paper was washed
with n-heptane and then further washed with an 10 wt % aqueous
solution of nitric acid. Concentrations of metal components in
the aqueous nitric acid solution were measured by a high-
frequency plasma emission spectroscopic analyzing method. The
mass balance in the afore-mentioned process are shown in Table 5.
The evaporator was also operated in the same good condition as

in Example 19.



(ppm

82.

0.0 Ethylene (w\t% 0.0

Pol yet hyl ene (ppm 0.0

100.0 Note:

g- 1- hexene/ g- chr om um

0.0 Heptane (% 0.0

0.0 1-hexene (W% 0.0

0.0 Hi gh-boiling conponents (wt% 100.0 0.0
99.3 W % Tot al 100.0
Content of 1-hexene in C6 cogponents: 99.5 % by wei ght, Ml ar
rati o of 1-hexene to ethylene: 0.51, Catalytic efficiency: 1,074,846
Table 5
Reaction | Degassed | Solution from bottom
solution | solution of distilling tower
unit: /hr 42.5 kg 36.3 kg 0.35 kg
Cr(2EHA)3 (ppm)
3.0 3.5 363
2,5~dimethyl-
3.6 4.2 430
pyrrole (ppm)
Triethyl
. 28.4 33.0 3443
aluminum (ppm)
Hexachloro-
ethane (ppm) 7.4 8.6 892
Heptane (wt%)
62.1 72.7 0.0
Ethylene (wt%)
14.6 0.0 0.0
C6 components
(WE®) 22.5 26.3 0.0
High-boiling
0.75 0.88 90.8
components (wt%)
Polyethylene
' 800 936 8.71 wt%
{ppm)
Total 100.0 100.0 100.0

This is the replacement sheet
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Exanpl es 23 to 26 The sane procedures for continuous oligonerization of
ethyl ene as defined in Exanple 21 were conducted except that 1- hexanol
(Exampl e 23), hexylam ne (Exanple 24), anmonia (Exanple 25) and

acetyl acetone (Exanple 26) were used as the netal solubilizing agent. As a
result, it was found that in all of Exarmples 23 to 26, the evaporator was
al so operated in a good condition as in Exanple 21. The reaction sol utions
were sanpled fromthe bottom of the product-distilling tower in the sane
manner as in Exanple 21. The analysis for the deposited netal conponents
reveal ed that no deposited netalT%%H%pggg%gtwg&gdsubstantiaIIy observed in
any of Exanpl es. S s

Evaporated component Concentrated
from evaporator component from
evaporator
unit: /hr 0.32 kg 31.9 ¢
Cr(2EHA)3 (ppm)
0.0 0.399 wt%
2,5-dimethyl-
473 .4 0.0
pyrrole {ppm)
Triethyl
. 6.0 3.79 wt%
aluminum (ppm)
Hexachloro-
981.4 0.0
ethane (ppm)
Heptane (wt%)
0.0 0.0
Ethylene (wt%)
0.0 0.0
C6 components
0.0 0.0
(wts)
High-boiling
99.9 0.0
components (wt%)
Polyethylene
- 95.8 wt%
{ppm)
Total 100.0 100.0

Note: Content of l-hexene in C6 components: 99.5 % by weight,
Molar ratio of l-hexene to ethylene: 0.51, Catalytic efficiency:

690,972 g-l-hexene/g-chromium
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VWHAT IS CLAIMED | S: 1. A process for producing an [err]-olefin oligoner
by subjecting an [err]-olefin to oligonerization in a reaction zone in the
presence of a reaction solution containing a chrom um based catal yst, which
conprises, continuously conducting said oligonerization of [err]-olefin by
using said chrom um based catal yst forneggfromat |east a chrom um conpound
(a), a nitrogen-containing conpound (b) selected fromthe group consisting
of am nes, am des and i mdes, and an al kyl al um num conpound (c) while
mai ntaining the nolar ratio of the [err]-olefin oligoner to a-olefin in the
range of 0.05 to 1.00.

Example 22

The same procedure for continuous oligomerization of
ethylene as defined in Example 19 was conducted except that the
reaction temperature and the reaction pressure were changed to
120°C and 70 kg/cm2G, respectively. The mass balance in the
afore-mentioned Example are shown in Table 6. The evaporator

was also operated in a good condition as in Example 19.

S i; ,':3'.}



2. A process according to claim11, wherein the concentration of
[err]-olefin in the reaction solution in the reaction zone is not |ess than

0.5 nmol /1. 3. A process according to claim1, wherein the residence tine
of the reaction solution in the reaction zone is not nore than 60 m nutes.
4. A process according to claim1l1, whe¥ein the catalyst is continuously

fed into the reaction zone such that the concentration of chromumin the
reaction solution in the reaction zone is naintained at not nore than 1
ppm 5. A process according to claim1, wherein the oligonerization of
a-olefin is conducted under the react] 0 cgnditions whi ch satisfy the
formulae (1) and (2): T [err] 105[er&F%~§—— (D

Reaction | Degassed | Solution from bottom
solution | solution | of distilling tower
unit: /hr 52.3 kg 40.4 kg 1.06 kg
Cr(2EHA)3 {(ppm)
3.0 3.9 44
2,5-dimethyl-
3.6 4.6 52
pyrrole {(ppm)
Triethyl aluminum
28.4 37.0 419
(ppm)
Hexachloro-ethane
5.2 6.8 77
(ppm)
Heptane (wt%)
40.3 52.1 0.0
Ethylene (wt%)
22.7 0.0 0.0
- l-hexene (wt%)
35.0 45.3 0.0
High-boiling
1.90 2.46 93.3
componetits {(wt%)
Polyethylene (ppm)
1350 1746 6.63 wt%
Total 100.0 100.0 100.0

This is the replacement sheet
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-63- P> 0.5T - 15 (2) where T represents a reaction tenperature
([err]C) and P represents a reaction pressure (kg/cnferr] Gauge)). 6. A
process according to claiml, wherein the nolar ratio between the chrom um
conpound (a), the nitrogen-containing coggound (b) selected fromthe group
consi sting of am nes, am des and i m des t he al kyl al um num conpound (c)
when used in the formati on of the chrom um based catalyst, (a):(b):(c), is
1:0.1 to 10:1 to 100. 7. A process according to claim1, wherein said
chrom um based catalyst is forned fromat |east the chrom um conpound (a),

t he ni trogen-containing conpound &Q%lgeggggggigéégnthe gr oup

Evaporated component Concentrated
from evaporator component from
evaporator
unit: /hr 0.99 kg 71.1 g
Cr(2EHA)3 (ppm)
0.0 0.066 wt%
2,5~-dimethyl-
56.1 0.0
pyrrole (ppm)
Triethyl aluminum
0.0 0.63 wt%
(ppm)
Hexachloro-ethane
82.5 0.0
(ppm)
Heptane (wt%)
0.0 0.0
Ethylene (wt%)
0.0 0.0
l-hexene (wt%)
0.0 0.0
High-boiling
100.0 0.0
components {wt%)
Polyethylene (ppm)
' 0.0 99.3 wt%
Total 100.0 100.0

Note: Content of l-hexene in C6 components: 99.5 % by weight,
Molar ratio of l-Hexene to ethylene: 0.51, Catalytic efficiency:

1,074,846 g-l-hexene/g-chromium

Thic 15 the replaceme:n’ sheel
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consi sting of am nes, am des and i m des, the al kyl al um num conpound (c)

and a hal ogen-cont ai ni ng conpound (d). 8. A process according to claim7,
wherein the nolar ratio between the chrom um conpound (a), the

ni trogen-containi ng conpound (b) selected fromthe group consisting of
am nes,
hal ogen- cont ai ni ng conpound (d) when used in the preparation of the
chrom um based catal yst, (a):(b):(c):(d), is 1: 0.1 to 10: 1 to 100: 0.1 to

20. 9.
conpound
4- .

am des and i m des, the al kyl al&m num conpound (c) and the

A process according to claim?7, wherein said hal ogen- containing

gd! %entalns an el enment selected fromthe group consisting of the
3_£942645n9 15- G oups of the Periodic Table.

The same procedures for continuous oligomerization of
ethylene as defined in Example 21 were conducted except that 1-
hexanol (Example 23), hexylamine (Example 24), ammonia (Example
25) and acetylacetone (Example 26) were used as the metal
solubilizing agent. As a result, it was found that in all of
Examples 23 to 26, the evaporator was also operated in a good
condition as in Example 21. The reaction solutions were sampled
from the bottom of the product-distilling tower in the same
manner as in Example 21. The analysis for the deposited metal
components revealed that no deposited metal components were

substantially observed in any of Examples.
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-64- 10. A process according to claim1l, wherein the formation of the
chrom um based catal yst and the oligonerization of [err]-olefin are
conducted sinultaneously. 11. A process according to claim 10, wherein the
ol i gomeri zation of [err]-olefin is condycted in such a rran ﬂmnmrlmﬁml HIII
the [err]-olefin, the chrom um conpound (a), the nitrogen- !
compound (b) selected fromthe group consisting of ami nes, anides
i mdes and the al kyl al um num conpound (c) conme into contact with each
ot her, the chrom um conmpound and the al kyl al um num conpound do not
previ ous| WHAGNTScCLAgMBD otdher. 12. A process according to claim1, wherein
the chrom um based catal yst is previously prepared before the
ol i gonerization of [err]- olefin.

1. A process for producing an o-olefin oligomer by subjecting

an ¢-olefin to oligomerization in a reaction zone in the
presence of a reaction solution containing a chromium-based
catalyst, which comprises,

continuously conducting said oligomerization of a-olefin by
using said chromium-based catalyst formed from at least a
chromium compound (a), a nitrogen-containing compound (b)
selected from the group consisting of amines, amides and imides,
and an alkyl aluminum compound {(c) while maintaining the molar
ratio of the ot-olefin oligomer to c-olefin in the range of 0.05

to 1.00.

2. A process according to claim 1, wherein the concentration

of a-olefin in the reaction solution in the reaction zone is not

less than 0.5 mol/l.

3. A process according to claim 1, wherein the residence time
of the reaction solution in the reaction zone is not more than

60 minutes.

4. A process according to claim 1, wherein the catalyst is
continuously fed into the reaction zone such that the
concentration of chromium in the reaction solution in the

reaction zone is maintained at not more than 1 ppm.

5. A process according to claim 1, wherein the oligomerization

of a-olefin is conducted under the reaction conditions which

satisfy the formulae (1) and (2):

T 2 105°C (L) This is the replacement shest
1 6 MAY 1997
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13. A process according to claim 12, wherein said chrom um based catal yst

Is fornmed by bringing the chrom um conpound (a) and the al kyl

al um num

conmpound (c) into contact with each other in the presence of [err]-olefin.
14. A process according to claim1l, wherein the oligonerization of a-olefin
I s conducted by using a continuous stirﬁ?ﬁg tank reactor. 15. A process
according to claim1l, wherein the oligonerization of [err]-olefinis

conducted by using a | oop-type reactor. 16. A process according to claim1,

wherein the oligonerization of [err]-olefin is conducted by using a

gas-stri ppi ng- pypgegr 6act ofg - 657)

where T represents a reaction temperature (°C) and P represents

a reaction pressure (kg/cm?G(Gauge)) .

6. A process according to claim 1, wherein the molar ratio

between the chromium compound (a), the nitrogen-containing

compound (b) selected from the group consisting of amines,

amides and imides and the alkyl aluminum compound {c) when used

in the formation of the chromium-based catalyst, (a):(b):{(c), is

1:0.1 to 10:1 to 100.

7. A process according to claim 1, wherein said chromium-based

catalyst is formed from at least the chromium compound (a), the

nitrogen-containing compound (b) selected from the group

consisting of amines, amides and imides, the alkyl aluminum

compound (c) and a halogen-containing compound (4).

8. A process according to claim 7, wherein the molar ratio

between the chromium compound (a), the nitrogen-containing

compound (b) selected from the group consisting of amines,

amides and imides, the alkyl aluminum compound (c) and the

halogen-containing compound (d) when used in the preparation of

the chromium-based catalyst, (a):(b):(c):(d), is 1: 0.1 to 10: 1

to 100: 0.1 to 20.°

9. A process according to claim 7, wherein said halogen-

containing compound (d) contains an element selected from the

group consisting of the 3-, 4-, 5-, 6-, 13-, 14- and 15-Groups

of the Periodic Table.
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17. A process according to claim1l1l, wherein the oligonerization of a-olefin
I s conducted by using a gas-bubble colum-type reactor. 18. A process
according to claim1l1, wherein the oligonerization of [err]-olefinis
conducted by using a tubular reactor. 19. A process according to claim1,
wherein the [err]-olefin is ethylene an®4the [err]-olefin oligomer

conpri ses 1-hexene.

10. A process according to claim 1, wherein the formation of

the chromium-based catalyst and the oligomerization of a-olefin

are conducted simultaneously.

11. A process according to claim 10, wherein the
oligomerization of o-olefin is conducted in such a manner that
before the a-olefin, the chromium compound (a), the nitrogen-
containing compound (b) selected from the group consisting of
amines, amides and imides and the alkyl aluminum compound (c)
come into contact with each other, the chromium compound and the

alkyl aluminum compound do not previously contact each other.

12. A process according to claim 1, wherein the chromium-based
catalyst is previously prepared before the oligomerization of o~

olefin.

13. A process according to claim 12, wherein said chromium-
based catalyst is formed by bringing the chromium compound (a)

and the alkyl aluminum compound (c) into contact with each other

in the presence of a-olefin.

14. A process according to claim 1, wherein the oligomerization
of a-olefin is conducted by using a continuous stirring tank

reactor.

15. A process according to claim 1, wherein the oligomerization

of a-olefin is conducted by using a loop-type reactor.

16. A process according to claim 1, wherein the oligomerization
of a-oclefin is conducted by using a gas-stripping-type reactor.

"‘:-'b‘.'-{_; WSO R RETTLRT A 1-‘.Bf
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17. A process

of a-olefin is

reactor.

18. A process

of o-olefin is

19. A process

-65~

according to claim 1, wherein the ocligomerization

conducted by using a gas-bubble column-type

according to claim 1, wherein the oligomerization

conducted by using a tubular reactor.

according to claim 1, wherein the a-clefin is

ethylene and the a~olefin oligomer comprises 1l-hexene.

”!""J ",IU “IJ, "Ilsl " ,!I, This is the replacement sheet
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-66-

PROCESS FOR PRODUCING o&-OLEFIN OLIGOMER
ABSTRACT OF THE DISCLOSURE

The present invention relates to a process for producing an
a-olefin oligomer by subjecting o-olefin to oligomerization in a
reaction zone in the presence of a reaction solution containing
a chromium-based catalyst, which comprises,

continuously conducting said oligomerization of a-oclefin by
using said chromium-based catalyst comprising at least a
chromium compound (a), a nitrogen-containing compound (b)
selected from the group consisting of amines, amides and imides,
and an alkyl aluminum compound (c¢) while maintaining a molar
ratio of the a-~olefin oligomer to a-olefin in the range of 0.05

to 1.00.

This is the replacement sheet
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