PROCESS FOR PRODUCI NG. ALPHA- CLEFI N OLI GOVERS AND ALPHA- CLEFLN OLI GOMVER

COWPOSI"TI ONS The. present inventign relates to a process for

preparind [erg]-olefin oligoners and a-olefin oligomer conpositions. Mre

paptiqularly, it relates to an industrially advantageous process of
‘gpar-ation of [err]- olefin oligoners in which it is possible to produce

[err] olefin oligoners principally conposed of 1-hexene from ethylene

wi t-h high selectivity and in a high yield, and [err]- olefin oligomner

conposi tions. As an oligonerization process of [err]-olefins such as

et hyl ene, etc., nmethods are known in which a chrom um bases catal yst

conposed of a specific chrom um conmpound and a specific organoal um num

conpound is used as a catalyst. For instance, Japanese Patent Publication

(KOKOKU) No. 43- 18707 discloses a process for producing 1-hexene from

et hyl ene by using a catal yst consisting of a chromum containing VIA

Goup transition netal conpound and a pol yhydrocar byl al um num oxi de.

Al so, in Japanese Patent Application Laid-Open (KOKAI No. 3-128904 is

‘di sclosed a nethod for oligonerizing [err]- olefins.by using a catal yst

obtai ned by reacting a chrom um containi ng, conpound havi ng
chrom umpyrrolyl b present invention relates to a process for

preparing 0-olefin oligomers and a-olefin oligomer
compositionsf More particularly, it relates to.an
industrially advantageous process of preparation of «-
olefin oligomers in which it.is possible to produce O-
olefin oligomers principally composed of l-hexene from

ethylene with high selectivity and in a high yield, and o-

- olefin o;igomer compositions.

As an oligomerization process of o-olefins such as
ethylené, etc., methods are known in which a chromium-based
catalyst composed of a specific chromium compound aﬁd a
specific organoaluminum compound is used as a catalyst.
For instance, Japanese Patent Publication (KOKOKU) No. 43-
18707 discloses a process for.producing l-hexene from
ethylene by uéing a catalyst consisting of a chromium-
containing VIA Group transition metal compound and a
polyhydrocarbylaluminum oxide.

Also, in Japanese Patent Application Laid-Open (KOKAI)

~ No. 3128904.is disclosed a method for oligomerizing a-

¥
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- olefins by uUsing ‘@ catalyst oBtained by reacting a
chromium-containing compound having chromium-pyrrolyl bond

with an élkyl metal or a Lewis acid.
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mnth an alkyl netal or a Lewis acid. 2
HoW ,,er according to the process of Japanese KOKOKU No. 43-18707, the
anpunt of the by-product polyethylene which is produced with 1- hexene is
large, and if the trinerization reaction is carried out under the

condi tions which decrease yield of the by-product polyethylene, the
catal yst activity is |owered. ~Also, the method of Japanese KOKAI No.
3-128904 has the problemthat the activity of the catalyst is

unsati sfactory, aIth@gﬁ@véped%gééfé(ﬂgtggaggé rgggggso§u§§%%@§se KOKOKU

.pol et hyl ene, etc OWEr'e int |s met hod ere are

required, in adgitipigréhe o fiddht Y4 Q@l@ebyzﬁkbaﬂc{?rﬁéﬁ?éthﬁléﬁ@p for
preparlng a chrom um contalnlng conmpound at | east havi ng

‘chrom um-pyrrolyh; @onds pFodiced WiH UMnedenedn@ TBEGE, paﬁaoifdene and a
step for isolating the said chrom um containing conpound so that not
only the ol i gongerimedi it Direr véa @isorb ei0 e rird edc o0R| unaéedeibelt cahdit 1dres
construction cost for the whole process is elevated. Moreover, it is very
difficult to hahikle déeredsonyisitd ol aild hy-paodochdpodyetpptendavihg
chrom um pyrrotyl bond, since they are very unstable to air and to

hum dity. cdsalysesattivity hiss prossaretd.i nvent ors' ear nest studies in

order ‘to solve the above-nentioned problens, it has been
Also, the method of Japanese KOKAI No. 3- 128904 has

the problem that the activity of the catalyst is
_unsatisfactory; although the yield of the by—prodﬁcts such
as polyethylene, etc. ié lowered. Furfher, iﬁ this method,
there are required, in addition to the o-olefin
oligomerization process, a step for preparing a chromium-
'containing compound at least having chromium-pyrrolyl bond
from a chromium salt and metal pyrrolide, and a step for
isolating the said chromium-containing compound, so that
not only the oligomerization_6perations become to
complicated but also the construction cost for the whole
process is elevated. Moreover, it is very difficult to
handle the chromium-containing.compounds at least having
chromium—-pyrrolyl bond, éince they are very unstable to air
and to humidity. |
As a result of the present inventors' earnest studies

in order to solve the above-mentioned problems, it has been

found that by carrying out oligomerization of an a-olefin
-in a solvent by reacting the a-olefin in a chromium-based
catalyst system comprising a combination of at least a

chromium compound, an alkylaluminum compound and an amine
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found that by carrying out oligonerization of an a-olefin in a solvent by
reamlngthe[erﬂ olefin in a chrom umbas¥d catal yst system conprising a
5i nation of at |east a chrom um conpound, an al kyl al um num conpound and
anpanine 3 or anetal amde, in a
céntacting node that the chromium conpound is not previously contacted
th the al kylal um num conpound each other, [err]-olefin oligomers are

~obtained in a high yield. ,On the basis of this flndln t he present

i nvention has B&ef Q?Fa#néﬂlde' in a °°?$ﬁ?ﬁﬁQﬁnm pF@§eﬁBrPﬂ&8ﬂtion
‘1S t-0 provide rocess for produgin rr ef | n oI| | t
is possible t6°BB8BHFelFePPf BF%?%%“%*&QER&% Zﬁggﬁwgmﬁpaﬁ

~selectivity angohgxenglggcﬁ'8£H?¥”t&°ﬁieffﬂ”&ii§5ﬁé¥§’afé”gyﬂdﬁﬂé%dln

.operations. ther "ob resent1nvention 1s to provide an

inot her obj oct "R KE%ELF*ZSEﬁﬁcgﬁse%?fb%r‘%’fi”%"ﬁfsgp%lonﬁ%?ﬁ%@eel PEEPE ol cf i

ol i goner 9O”pO§BEE%@§ﬁn has be8ndf £§¥ &he ainms, in a first aspect of the
present invenfion ere 1s provi a process for producing [err]-

ol efin oligoners, conprising carrylng out oligonerization of an
[err]-olefin in a solvent by reacting the [err]-olefinin a

An object of the present invention is to provide a

process for producing o-olefin oligomers in which it is
possible to prepare t-olefin oligomers such as l-hexene in
high selectivity and'in a high yield without requiring any
complicated operations.

| Another object of the present invention is to provide
an industrially advantageous process for prbducing 1-
hexene.

Still another object of the present invention is to
provide novel 0-olefin oligomer compositions.

To achieve the aims, in a first aspect of the present
invention, there is,provided a process for producing Q-
olefin oligomers, comprising carrying out oligémerization
of an a—olefin in a solvent by reacting the a-olefin in a
chromium-based catalyst system comprising a combination of
at least (a) a chromium compound, (b) an amine or metal
amide, and (c) an alkylaluminum compound, in a contacting
mode that the chromium compound and the élkylaluminum
compouhd are not previously contacted with each other.
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This Sheet Has

M



chrom um based catal yst system conprising a conbination of
chg@m um conpound, (b) an amine or netal
corpound,

at

| east (a) a

4 de, and (c) an al kyl al um num
in a contacting node that the chrom um conpound and the . '

al kyl al um num conpound are not previously contacted with each other.

4 . In a second aspect of the present invention,
process for producing [err]-olefin oligoners,
ol igoneri zation of an a-olefin in

there is
conprising carrying out
a solvent by reacting the [err]-olefin

provi ded a

in a chrom um based Irca aslegohdsaspent cofiprthe ipygsantoiiiveation, okhetrel dast

(a) -a met al

al kyl al um num

chrom um conpound, (b) an am ne or am de, (c)

conmpound represented by the follow n

an

| 2y pFocgpsafasnpredreinthid vl aldn £1igemgx€ont ai ni ng

fprnuI%§%F) or %7): [errk, .
wherein Merr] SARPTISSNY SRFEYREnoUh R LGRMATIZAtdONQ L PBNPTRESIGP0EP

consisting of 1]

o
to Rlerr] are éacif-att

B. VB
BinFesy

Pt

VI

B

B in th
B ST e &

eri odi,c 't

GO OB U

ato and [L]+ denqtes a
n]. [ ] catéi

Rlerr]

nic

bl e:
Bage

yst system comprising a combination of at least (a) a

chromium compound,

{b) an amine or metal amide,

{c) an

‘alkylaluminum compound, and (d) a non-coordinating Lewis

acid-containing compound represented by the following

formula (%) or (7):

-k
+ 4 1 _2
[L] R -"l\ld —R (6)
r>
5
R i
1 (7)
R’ —M%— RS

wherein M! and M2 are each an element selected from the

group consisting of IIIB, IVB, VB and VIB groups in the

periodic table; R! to R’ are each an organic group, an

inorganic group or an anionic atom; and {L]* denotes a

cation including an element selected from the group

consisting of IA, VIIA, VIII, IB and IIIB-VIB Groups in the

periodic table.

In a third aspect of the present invention, there is

provided an 0~olefin oligomer composition obtained from

oligomerization reaction of an 0-olefin, and comprising

not less than 85 % by weight of l-hexene and not more than
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cation including an el enent selected fromthe group consisting of I|A
VIR VIIl, IBand I11B-VIB Goups in the _periodic table. In athird
aspect of the present invention, there is provided an a-olefin oligoner
cogposi tion obtained from ollgonerlzatlon reaction of an [err]-olefin, and
conprising not less than 85 % by wei ght of 1-hexene and not nore than

57 15 % by wei ght of oligoners having not |ess the 10 carbon atons and/or
polyners In a fourth aspect of the present invention, there is

provided a proagss by weligHtCoFJoaigbRbd RAVONFEIGL 1y UHesilty caabioni ng
out oligonerization of an [err]-olefin in a solvent by reacting the

a-olefin in a efoms amdyasepolyakalsyst system conprising a combination of
at least (a) a chrom um conpound, (b) an ami ne or netal ami de, (c) an

al kyl al umi num conpoumda fourtd) aspach- 06nphgapzzbenmnmnvenﬁﬁ@@unGh@ﬂe(ﬂﬁ an
aromatic hydrocarbaon conpound which may  have an aI| atic, hydrocarbon
substituents, PF¥oyides &ﬂrﬁgesﬁoéé’rt HEPdPﬁé“%h‘F‘oﬂ}% o?gﬂcﬁﬁi%e THd t he
aIkyIaIuninun1 conpqund are not, previou contacted wi h. .ot er.in

'n the present SORPEHSIDS careaegsyeptcai#?@f—ﬁ@z Lot ot PR ast
(a) a chrom um Cﬁg&y cél actingrqzﬂe &r ogekln in Q h%t‘n@bﬂéd

alkylalun1nun1 &

catalyst system comprising a combination of at least (a) a
chromium compound, (b) an amine or metal amide, (¢) an
alkylaluminum compound, and (e} a non-conjugated diene
compound or (f} an aromatic hydrocarbon compound which may
have an aliphatic hydrocarbon substituénts, in a contacting
mode that the chromium compound and the alkylaluminum

compound are not previously contacted with each other.

In the present invention, a catalyst comprising a
combination of at legst (a) a chromium compound, (b) an
amine or metal amide, and (c) an alkylaluminum compound is
used as chromium-based catalyst.

The chromium qompound used in the present invention is
represented by the formula: Can,_wherein X is an organic
group, an inorganic group or an anionic aﬁom; n is an
integer of 1 to 6, and when n is not less than 2, X may be
the same or different from éach other. The valency of
chromium is 0 to 6. Also, n in the above formula is

preferébly not less than 2,
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used as chrom um based catal yst. The chrom um conpound used in the
prgsent invention is represented by the fofnula: CrXn, wherein X is an
orgaénic group, an inorganic group or an anionic atom n is an integer of

1 to 6, and when n is not less than 2, X may be the same or different from
each other. The valency of ‘chromumis O to 6. Also, n in the above
férnmula is preferably not |ess than 2. : The organi c groups
represented by X in the above fornula include varjious kinds of groups
havi ng usual |y 1 to T QxgeF SEONPS THPreacntsanpy s B R RRAni ¢
groups having 1 to 30 carbon atons are, hydrocarbon groups, carhaonyl

group, al koxy grOIlzdsbifle yasdpus] E-PHS dPkeTENSR h%‘?’tﬂﬁ),usua Y1 to

o] ket ocar oo Bup L SHL T 5SL2531 L 21R. 00, S 0o, (1
| Kyl |, Lkyl., / [ | I fi T [ ' [
o a0 B OAG  S PRI SO R GRSIRLLL) ShonglD |t gai <

sul fate group. calfyrani (HF&J;{,n%QL&BweerI:?”BciaESJ;WP g PP TPk XU RERNS .-

The preferred chrom um conpounds uséd’in he present "jinvention ‘are
chrom um al koxiglesup ,C IB-odEt&s 1ybabap, Pokeosdsrert efFdurlidiri RS,

salts of chromumw th anions of [err]- Kketoesters, and chrom um hali des.

Specifically, J¥AB4M As the hydrocarbon groups having 1 to 30 carbon
atoms, alkyl, cycloalkyl, aryl, alkylaryl, aralkyl and
cyclopen;adienyl may be exemplified. The inorganic groups
include chromium salt-formin§ groups such as nitrate group
and sulfate group. The anionic (negative) atoms include
oxygen and halogens.

The preferred chromium compounds used in the present

invention are chromium alkoxides, chromium carboxylates,
chromium B-diketonates, salts of chromium with anions of B-
ketoesters, and chromium halides. Specifically, chromium
(IV) tert-butoxide, chromium (III) acetylacetonate,
chromium (III) trifluoroacetylacetonate, chromium (III)
hexafluoroacetylacetonate, chromium (III) (2,2,6,6-
tetramethyl-3, 5-heptanediocnate), Cr(PhCOCHCOPh)3 (wherein
" Ph represents phenyl group), chromium (II) acetate,
chromium (III) acetate, chromium (III) 2-ethylhexanoate,
chromium (III) benzoate, chromium (III) naphthenate,
Cr (CH3COCHCOOCH3) 3, chromous chloride, chromic chloride,
chromous bromide, chromic bromide, chromous iodide, chromic

iodide, chromous fluoride and chromic fluoride may be

exemplified.
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(1'\) tert-butoxide, chromum(I11) acetylacetonate, chromium(IIl)
tr}“Jboroacetylacetonate, chromum (I'11) Hheéxafl uoroacetyl acetonate,
chromum (I111) (2,2,6,6- tetranethyl-3,5-heptanedionate),

Cr PhCOCHCOPh)[err] (wherein Ph represents phenyl group), chromum (I1)
acetate, chromum (Ill) acetate, chromum (l11) 2-ethyl hexanoate,
¢hfomum (111) benzoate, chromum (111) naphthenate,

Cr(CH err] COCHCOOCH[ err])[err], chromous chloride, chrom c chloride,
chromous - broni de, chfeRPEEXRDFRWPOSEST oFptibei dRP TR, M ASS Ghgrdem
chronous fluoride and ¢chromc fluoride may be exenplified,

7 Cbnplexe§°EBﬂ%%§%dPQﬁ 4Th& LaSEFEPERIPENERP cht iRt VGHRINILSESd an
el ectron donor can ﬁlso be favorably used_ in th resent . invention. As
the el ectron donBrtP8 PRFIF Vel vEN e ni n§Scbipd %ktEﬁF(gaﬁﬁgﬁ-@bntaining
conpound, a phosphorus- cont.ai.ni.n and a_ sul fur | ni ng

- - t .
conpound- may benggf?%%?-cqntalnﬁ#§ %%gggéggfc%ﬁt%ﬁ¥ﬁ?ﬁf%ﬁﬂﬁ§%ﬁ%¥ I ncl ude
itriles, , : _ 3 £ trile,
oyt di e, met FOTRy T e Proftsia-FEPE ATy SolelhEP ana BLEAARIEL 01
ni trobenzene, té&ﬁ@@?ﬁfﬂéeééﬁgﬁﬂﬁ?ﬁﬁﬁy Be: gt &fhyl am ne, isopropyl am ne,

hexamet hyl di sil azane and” pyrrolidone nay be exenplifi ed. The
oxygen-contai ni ng CopReURerdditl-4énta3heh§, compounds include nitriles,

amines and amides. As typical examples thereof,
acetonitrile, pyridine, dimethylpyridine,

- dimethylformamide, N-methylformamide, aniline,
nitrobenzene, tetramethylethylenediamine, diethylamine,
'isop;opylamine, hexamethyldisilazane  and pyrrdlidone may be
exemplified.

The oxygen-containing compounds include esters,
ethers, ketones, alcohols and aldehydes. As typical
exahples thereof, ethyl acetate, methyl acetate,
tetrahydrofuran, dioxane, diethyl ether, dimethoxyethane,
diethylene glycol dimethyl ether, triethylene glycol
dimethyl ether, acetone, methyi-ethyl ketone, methanol,

ethanol and acetaldehyde may be exemplified.

As the phosphorus-containing compounds,

e -t

hexamethylphosphoramide, hexamethyl phosphorus triamide,
triethyl phosphite, tributylphosphine oxide and
triethylphosphine may be exemplified.

As the sulfur-containing compounds, carbon disulfide,
dimethyl sulfoxide, tetramethylene sulfone, thiophene and

dimethyl sulfide may be exemplified.

—_—
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et hers, - ketones, al cohol s and al dehydes. As typical exanples thereof,
etﬁ&] acetate, nethyl acetate, tetrahydrofa8ran, di oxane, diethyl ether,

di et hoxyet hane, diethyl ene glycol dinethyl ether, triethylene glycol

di eet hyl ether, acetone, nmethyl ethyl ketone, nethanol, ethanol and
acet al dehyde may be exenplified. As the phosphorus-contai ning
conpounds, hexanet hyl phosphor am de, hexanet hyl phosphorus triam de,
triethyl phosphite, tributyl phosphine oxide and triethyl phosphine nay be
exenplified. A ushe asy|thgr conplexaisngovpaped neif  chozanbiom dicsnpiohinds,

di mret hyl sul foxi-de, tetranethyl ene sulfone, thiophene and dinethyl sulfide
may be exenplrﬁqgjan electron donor, ether complexes, ester cagplexes, Thus,

as the conpl ex S co osed .of chromium conmpounds and an el ectron donor,

et her conpl exest® QNBﬁﬁ%Sfesaldﬁ@?BﬁeCEBﬁb?E&%S algohealy FomRdeFesxes,

al cohol conpl exes, an1n conpl ex nitrile conp phosphi ne conplexes
and thloetheré%bnp exe: gfefhrgﬁlﬁﬁ}ﬁaFPﬂggef%i'té§QﬁHQ%P lexes and

f [y, 1 3di. o Cl
E)%Egl[e; I; ]:]%g( gr r ﬁlq i@hre]rrﬂ]?éﬁg g E}% &%’5??#‘?@%*%@ ]ble[ é:r’Tt]eﬂ[ er MPFe
i - r _
Crdferr]. 3| Og%s?ﬁ] (CH[aer %:2 feF}anTger Tﬂ[ er rﬁl)oéﬁf’er’ f&c—|]l3 &Crll'&(i%zrn
3pyridine, CrCdyael] 2£c1f Ql@fddﬂdzﬁrss],'\bﬂ'@h{:iﬂ(’i herrl] 3CH[err]CN]

CHerr]CN, Cd [err] 3PPh[err] CrCerr err] 2pyri di ne,
Crd[err]2[ (( exchh.enchykens) ¢4 ch@fs&thoni 250y Gb@ﬂlaﬂele Ceethersti-
2[P(CH err])2Ph] may be exenplifi ed. The chron1un1conpound used in

the present in€gHyNBp) j S[CrCl3-3CH3CN]) -CH3CN, CrCl3-3PPh3, CrCla-2THF,
CrClz-2pyridine, CrClz-2([(C2Hs)2NH]}, CrCl,-2CH3CN and
CrClz-2[P(CH3)2Ph] may be exemplified.
The chromium'compound used in the present invention is
preferably one which is soluble in hydrocarbon solvents.

Examples of such chromium compounds are chromium B-
diketonates, chromium carboxylates, salts of chromium with
anions of P-ketoesters, chromium B-ketocarboxylates,
chromium amide‘complekes, chromium carbonyl complexes,
chromium carben complexes, various kinds of
cyclopentadienyl complexes of c£romium, chromium alkyl
complexes and chromium phenyl complexes. As specific
examples thereof, Cr(CO)g, (CgHg)Cr(CO)3,

(CO) sCx (=CCH3 (OCH3) ), (CO)sCr (=CCgHs(OCH3)), CpCrCly
(wherein Cp represents a cyclopentadienyl group),
(Cp*CrClCH3)2 (wherein Cp* represents a
pentamethylcyclopentadienyl group) and (CH3)2CrCl may be
exemplified. o '

_\. .
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preferably one which is soluble in hydrocarbon solvents. Exanples of such
chgénidnlconpounds are chromum{err]- diketonates, chrom um carboxyl ates,
Salits of chromiumwith anions of [err]-két'0esters, chromium .
[ecr]-ketocarboxyl ates, chroni um ani de conpl exes, chronium car bonyl

cohpl exes, chrom um carben conpl exes, various kinds of cyclopentadienyl
chbnpl exes of chromium chromum al kyl conpl exes and chrom um phenyl

conpl exes. As specific exanples thereof, Cr(COJerr], '

err]Herr])Cr r Cr (=CCH )
(Gt & s HE RSSO ey cpresen
* r rrs Lel r esents a
pen%/ama!to_hyl cyc%g%éﬁfgéglagéﬁ?ll ag%ﬂ%eqa%ﬁ%%%ﬁ ) or y]agrl%l Bﬁa%ebeﬁgg i '
exemplified. g referably used in combin§§ion with other &HEaghspm um

conpound can be usSed 1n the form supported on a carrier such asS an

i norgani ¢ oxi dgemPéhehts WwEtR6 W By b itRCIDanabireRew. t h1At BRE
catal yst conponents wi t hout being supported on a carrier. In the present

i nvention, thepegbsentuihbestiorAttite/ dhidmiuebasedd catpegsti &scapedcinng
node descri bed | ater, and according to such contacting node of process, it
i s possible tospbtaficacoht gt tmd ahohd deddndibied letem,i Antlheccbrdimgnto
conmpound is not supported on a carrier. Wen the chrom um conmpound is
used without ssppbrtongacting moderofl eprodess,s igodsi ppestible to obtain a
high catalyst activity, even if the chromium compound is
not supported on a carrier. When the chromium compound is
used without supporting it on a carrier,. it is possible to
dispense with the complicated operations required for
supﬁorting the chromium compound on a carrier and to avoid
the problem of increase of the whole amount of catalyst
used (the tbtal amount of carrier and catalyst components
combined) due to use of a carrier.

The amine used in the present invention is a primary
or éecondary amine. As the primary amines usable in the
present invention, ammonia, ethylamine, isopropylamine,
cyclohexylamine; benzylamine, aniline and naphthylamine may
be exemplified. As the secondary amines usable in the
present invention, diethylamine, diisopropylamine,
dicfclohexylamine, dibenzylaminé, bis(trimethylsilyl)amine,

| morpholine, imidazole, indoline, indol, pyrrole, 2;5—
dimethylpyrrole, 3,4-dimethylpyrrole, 3,4-dichloropyrrole,
2,3,4,5-tetrachloropyrrole, 2-acylpyrrole, pyrazole and
pyrrolidiﬁe may be exemplified.

S
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di spense with the conplicated operations required for supporting the
chyom um conpound on a carrier and to avoidgthe problemof increase of the
whol:e anount of catalyst wused (the total anount of carrier and catal yst
components conbi ned) due to use of a carrier. The amine used in the
present invention is a primary or secondary amine. As the primary an nes
usable in the present invention, amonia, ethylanine, isopropylamn ne,
cycl-ohexyl am ne, benzyl am ne, aniline and napht hyl am ne may be

exenplified. As therrecReeal Yardiide@SedSaR! €ht NptdCentdr bt iot ey iod

di et hyl am ne, diisopropyl am ne, dicyclohexylam ne, dibenzylam ne,

bi s(trimethyl si bgk)jastinérom nrmhindanye ori Bedafdaey amited i neSpdaidiilca lawr,r ol e,
2,5- dinmethyl pyrrole, 3,4-dinethylpyrrole, 3,4-dichloropyrrole,

2,3, 4, 5-tetrachkor apyde odleta et Vixpyr tblee repyt bonl ef andrimaawlddi ne may be
exerrpl i fied. 10 The netal am de
used in the presenpnﬁnwmmw iandmemegedi sedie¢tedn Brom ithe 9 xUsecondary
amne. Specifically, an amde obtained fromthe reaction of a primry or
secondary ami neceRalat#ay Pt sBhedldd £A3H and LYBUProwRmsins i) RETiodiq | A

[11B and | VB Grougi in the periodic table is usable. . As such netal
am des, |ithiuntahiBeis W3ririfn etﬁ?ylséiﬁ?‘d@etéél aMife s HiRhiam d’é‘ldﬁ't hi um

dii sopropyl am de(_)d&?ltnag%f,l {r;“tl)féuyl aTcmm ethﬂamlde, 1ithium

diisopropylamide, potassium benzylamide, sodium
bis(trimethylsilyi)amide, lithium indolide, sodium
pyrrolide, potassium pyrrolide, potassium pyrrolidide,
diethylaluminum pyrrolide, ethvlaluminum dipyrrolide and
aluminum tripyrrolide may be exémplified.

In the present invention, a secondary amine, a metal
amide deriwved ffom a secondary émine or a mixture thereof
is preferably used. As preferred examples of thé secondary
amines used in the present invention, pyrrole, 2,5-
dimethylpyrrole, 3,4-dimethylpyrrole, 3,4-dichloropyrrole,
2,3,4,5-tetrachloropyrrole and 2-acylpyrrole may be
exemplified. As preferred examples of the metal amides
derived from the secondary amines, diethylaluminum
pyrrolide, ethylaluminum dipyrrolide, aluﬁinum )
tripyrrolide, sodium pyrrolide, lithium pyrrolide and
potassium pyrrolide may be exemplified. Of the pyrrole
derivatives, those having a hydrocarbon group in the

pyrrole ring are especially preferred.

-
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bis(trimethylsilyl)amde, tithiumindolide, Eodlun1 pyrrolide, potassium
py(follde pot assi um pyrrolidide, dlethyla} m num pyrrolide, ethylalum num
di pyrrolide and alum num tripyrrolide may ‘be exenplified. In the
present invention, a secondary amine, a netal amide derived froma
secondary amne or a mxture thereof 1is preferably used. As preferred
exanpl es of the secondary amnes used in the present invention, pyrrole,

2,5 dinethyl pyrrolg, %ﬁ%“ r . Lahk Qr r
2,3,4,5- tetrachloropyrr%?e an 6%1 g%ﬁaﬁgﬁa Lgxgﬁ%légégﬁnt
preferred exanpi@éeml&heaf@t@ﬂoéw&%&es% e\aeﬂyf&ﬁm EHE15€£R5 I8 ¥m@TH NES,

di et hyl al um num pyrrolide, ethylalum numdipyriolide, alum num
tripyrrolide, spgjumpyrrolide, lithiumpyrrolide and potassiumpyrrolide
may be exenplified. O the pyrrole derivatives, those having a hydrocarbon

group in the pyrrole ring arerRgsie@RE) i p&eferred (1)
11 The al kyl al um num conpounds used I n the present invention are

t hose representwiteiwyin Ikt fanld ®RRi agef eartl a h{dyocarbon group having err]
(1) wherein RL and R2 are each a hydrocarbon group having wusually 1 to 15
carbon atons, prsiailkbl) to tih Sadhdortaatsonprefrdabheyl ney Hecatlwosane or
different fromeach other; X is a halogen atomi m n, p and q are the
nunber's atoms, and they may be the same or different from each

other; X is a halogen atom; m, n, p and g are the numbers

defined by 0<m<3, 0<n<3, 0<p<3 and 0£g<3, respectively, and

- m+n+p+qg=3.

The above-defined alkylaluminum compounds include the
trialkylaluminum compounds represented by the following
formula (2), the halogenated alkylaluminum compounds
represented by the following formula (3), the
alkoxyaluminum compounds represented by the following

formula (4) and the alkylaluminum hydride compounds

represented by the following formula (5):

R13Al . (2)
leA1x3__m (1.5<m<3) (3)
R1; Al (OR?) 3_p (4)

{O<m<3, preferébly 1,5<m<3)
RIALHz.p (5)
(0<m<3, preferably 1l.55m<3)
As specific examples of the said alkylaluminum
compounds( trimethylaluminum, triethylaluminum,
triisobutylaluminum, diethylaluminum monochloride,

diethylaluminum ethoxide and diethylaluminum hydride may be
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defined by Onferr]3, (Qerr]n<3, ([err]p<3 and (Qerr]qg<3, respectively, and
‘m gn +p q =3. The above-defined alkyl al um num conpounds i ncl ude
t he

“tri al kyl al um num conpounds represented by the following formula (2),

t he_hal ogenat ed al kyl al um num conpounds represented by the follow ng
forrmula (3), the al koxyal um num conpounds represented by the foll ow ng
fornula (4) and the al kyl al um num hydri de conpounds represented by the
folkowing formula (5): ' Rlerr]Alerr] (2)
"Rerr]A X[err] ddefprifier3) of thdse compounds, trialkyBaIymindfoR{err])
[err] ' (4) (O<nx3, preferably
1.5[err]nmk3) especially prefldrmed Akldatise] of minimized formatbon of by-
(O<nx3, preferably 1.5[err]nk3) _ As specific exanples of the said

al kyl al um num moogpoemndsglymearset hyl al um num tri et hyl al um num :
triisobutylal um num_diethyl al um num nonochl ori de, diethylal um num

et hoxi de and di et hyl B U RRSRRIY déVieRyige, oligomerization of an a-

12 exenplified. O these conpounds, trialkylalumnumis especially -
preferred becaske®in i sifAsied Grtitor §PINgRt BYodsERgI | SAHErLyst I n
the present invention, oligaonerization Qf an Lerrl’- olefin is carried out
in a solvent bYCARIIFY Lhthg K21 GAFGLEE 161 CPMBORENES cat BF 1T ¢

conponents. It §34ispensable to conduct oligomerization of an G-olefin by

reacting the said 0-olefin in a chromium-based catalyst
system in a contacting mode that the chromium compound and
the alkylaluminum compound are not previously contacted
with each other. Due to such a specific contacting mode,
trimerization reaction is allowed to take.place
selecti&ely, enabling high-yield production of l-hexene
from ethylene as the starting material.

The said specific contacting mode can be materialized
by various methods such as mentioned below (proviso that
the term of "amine or metal amide" is represented by
"amine") :

(1) an a-olefin and a chromium compound are
introduced into a solution containing an amine and an
alkylaluminum compound (contacting method A); |

(2) an aeélefin and an alkylaiuminum compound are
intrdduced into a solution containing a chromium compound
and an amine (contacting method B);

(3) an a-olefin, an amine and an alkylaluminum
compouﬂd are introduced into a solution containing a

chromium compound (contacting method C);
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|nd|s ensabl e to conduct ollgonerlzatlon of an a-ol efin by reacting the
sa(d ‘err]-olefin in a chromumbased cataligst systemin a contacting node
t hat; "t he chrom um conpound and the al kyl al um num conpound are not
preylously contacted wth each other. Due to such a specific contacting
nodé, trimerization reaction is allowed to take place selectively,
enAbling high-yield production of 1-hexene fromethylene as the starting

mat éri al . The said specific contacting node can be materialized by
various methods such(g@s JH”&J6¥¥¥1nbeEOEhEBEQNmSébﬁﬂﬁﬁndtéﬂa 28 Ar@he" AFene
or netal amide" is represented by "amne"): an a-olefin and a

chr o um compoungl A5ducddfadaed o ot 9o éﬁﬁﬁ%ir@u&%’}i AN RRATNe and

an al kyl al um num conpound (contacti ng net [err]-olefin

and an al kyl al ugbRMERF®RUAA R MBERBdUSED iNnto a solutlon containing a
chrom um conpound ~ and an anine (contacting nethod B); (3) an

a-olefin, an am ne a[gh ah cHdoriaklEofipBun PO WKk iy, e danialkguaddminum a
solution containing a chrom um conpound (contacting method O); :

13 (4) ancpmpoynd|arfd an &-oledinuareobporediced Mta® reagter
I ntroduced into a solution containing an al kyl al um num conpound
(contacting netﬂbnulﬁaneously and separately (contacting method E).

In the present invention, the expression of "1n a
contacting mode that the chromium compound and the
alkylaluminum compound are not previously contacted with
each other"” means that not only the contact of the said two
components is not allowed until taking place the
oligomerization reaction but also when introducing the -
olefin and each.components of the chromium-based catalyst
into the reactor, additionally, this contactiﬂg mode is
pexrformed.

Each solution used in the above-described contacting
methods is prepared by using a reaction solvent. In the
present invention, the amount of a chromium compound ie
usually 1.0 x 10-7 to 0.5 mol, preferably 1.0 x 1076 to 0.2
mol, more preferably 1.0 x 1075 to 0.05 mol based on one
litre of solvent. On the other hahd, the amount of an
alkylaluminum compound is usually not less than 50 mmol,
preferably, not less than 0.1 mol based on one mol of
chromium compound in view of catalyst activity and trimer
selectivity. The upper limit of the alkylaluminum compound

is preferably 1.0 x 104 mol based on one mol of chromium

compound. An amine or metal amide is used in an amount of



(5) a chrom um conpound, an am ne, an al kyl al um num conpound and an
[qu]-olefin are introduced into a reactor-i4%inul taneously and separately
(cont acting method E). In the present invention, the expression of
"ipn;a contacting node that -the chrom um conpound and the al kyl al um num
conpound are not previously contacted with each other” neans that not only
thte tontact of the said two conponents is not allowed until taking place

t he- oligonerization reaction but also when introduyci t r] - fin
and each conporH& b¥ 1% XEHOHRARR 0298 Batal 9§?¥e¥%?JoY tktﬁ'eéossreat]cq olr'?)IO%
additionally, this contactin e is ..perf d ch.s ti, used
in the above- dd¥eT4 B%%r%(ﬁﬁ%%ﬁ%y r?EtOH'ogg géag?‘gba?ae%e%y&ﬁs%}‘neg%fﬁr é%gt i on

solvent. In th resent inv i on, the amount of a chrom um conpound is
usually 1.0 x 1 reéjnru]érﬁoéﬁrgmfrﬂlﬁ', preferably 1.0 x 10[err] to 0.2 nol,

more preferably 1.0 ¥, IS leddh)- IReili of2S el ORoPAP radid Hof (HocHRNL
the anount of a

On t'he ot her hand, n al kyl'alum num conpound is usually not

| ess than 50 MD)yom Pk EMPbdha Nfb) &3 bhdkeCot ABtabasktion e @ of

chrom um conpound I n view of catalyst activity and triner selectivity. The
upper limt of “¢ihe &kyl2 Wi Ak csnipeibad isi preEetepap! ¥d Judked 1Y amet nol
based on one nol of chrom um conpound. An amine or netal amde is used in
an anount of (a) : (b) : () =1 : 2 to 4 : 4 told, msvalpyefewtadlasd t:han
0.001 nol, preferably 0.005 to 1,000

2.5 to 3.5 : 4.5 to 6.5. By combining such specific

conditions of molar ratio and reaction temperature (not
more than 70°C), it is possible to produce 0O-olefin
oligomers, for example hexenes, in a yield of not less than
85.% by weight, preferably 90 % by weight (ratio to the
total amount of products), and further, the selectivity of
l-hexene in the produced hexenes can be enhanced to 99% or
more.

‘The reason why the activity of the oligomerization
reaction of an a-olefin is lowered when a chromium-based
catalyst is used in a contacting mode that the chromium
compound and the alkylaluminum compound are allowed to
contact with eéch other before taking place the
oligomerization, is not yet clarifigd, but this may be
accounted for as follows.

‘That is, it is cdnsidered that when the chromium
compound and the alkylaluminum compound are contacted with
each other, ﬁhere takes place a ligand exchange reaction
between the ligand coordinating to the chromium compound

and the alkyl group in the alkylaluminum compound. The
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mol, nore preferably 0.01 to 100 nol based on one nol of chromi um
cogfpound. In the present invention, iifp-nolar ratio of (a) the
chron1un1conpound (b) the am ne or netal am de, and (c) the al kyl al um num
coopound is preferably adjusted so that (a) (b) (c) =1 2to4 4
to.8, nore preferably 1 2.5to 3.5 : 4.5t0 6.5 By conbining such
specific conditions of molar ratio and reaction tenperature (not nore
than 70[err]C), it is possible to produce [err]-olefin oligoners, for
exanpl e hexenesalkyl-aclytanidinofcanpiounes p rodared8Erémbyusiei xpact rrefies gy 90
% by weight (ratio to the total anobunt of products), and further, the
selectivity of sd-tmxexele rwhith pﬁo@mdeﬁehehene%kE&an@O@hﬁhh@QNPQQﬁ@ﬁ%%(N
nor e. The reason why the activity of the oligonerization reaction of
an [err]-ol ef i rohsaimedrin tieeerdisarynivarshasHerefenty sthe sre@eetiqn a

contacting node that the chrom um conpound and the al kyl al um num cor’g)é)und
are all owed to 20@rdeRemRRS I IOLc F e@GFéPMLOf oEBet BkkHY™ ﬁgﬁ‘&%"‘f‘he‘:ompw
ol i goneri zati on, |s not get clarified, hut t

t
fol I ows. ¥hat }%“e ttQ §’aﬁ?§dd@lr€§etrﬁ3?’*%g§'tﬁ%dc%‘%‘?c)%]%n?r?eq%%ound
and the alkyl al{HLpUM s COIRAUNS U2 t%qrit&%ttggn}"’?.égﬁgﬁéfht@ﬂ%,algfé:?utrx] akes

place a ligand exc ange rea tween t coordinating to

chrom um conpougd; 808y § 16 Al WeHeQR,| Relsli@ehkYial YL 8L MRS OBPOLIGl. aThe

olefin oligomerization reaction activity.

In the present invention, by jointly using as additive
components: (d) a non-coordinating Lewis acid-containing
compound, (e) a non-cégjugated diene compound, or (f) an

aromatic hydrocarbon compound which may have an aliphatic

hydrocarbon substituent, it is possible to enhance

selectivity (purity) of the produced 0-olefin and catalyst .
activity, and to prodhcé an 0-olefin oligomers such as 1l-
hexene with high selectivity, without restricting the molar
ratio of the chromium compound, the amine or metal amide,
and the alkylaluminum compound as specified above. The
reason described above is not yet clarified, but this may
~be accounted as follows.
As a non-conjugated diene coordinates to the chromium-
based catalyst composed of a chromium compound, an amine or
- metal amide, and an alkylaluminum compound, generation of
position isomers due to double bonds contained in the
he#ene is suppressed, so that purity of l-hexene is
elevatéd. It is considered that the same result is

obtained with the aromatic hydrocarbon compound which may
ST T
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15 | alkyl - chrom um conpound produced from such reaction is per se unstable
whith is unlike the al kyl-chrom um conpounds_ obtained in the ordinary
ways. Therefore, the reduction and deconﬁﬂ§rtion reaction of the

al kyl -chrom um conpound s allowed to proceed preferentially, and
consequently, there is induced denetallization inproper to the
[efr]-olefin oligonerization reaction, resulting in |lowering of the a-

ol efin oligonerization reaction activity. In the present invention,

by joi ntl i dd t d di pag L

aci d- cont ai ni ng'™> ?%n%‘%u%%lgff’%sfc"’g"’ﬁ%%&iﬁaé beleRP RS ity or (1) an
tic hyd

Cubstituent, i1 CPREaLAarRON e A ath (RN ANBKE R 0Re b0 20, s HIET AR Heom

produced a- ol ef iHc@QQsS@t@ilxé’séle&%nv'dte\‘vslﬂg}dohotﬂéOE'H:F&nﬁBn aetBe@f i N

ol igoners such as 1- hexene wth high seleCtivity, wthout restrlctlng t he

nol ar  ratio of r£581€NREM NMAKE UHNRIMEmenRe oMb EgEhe FEL AL i G Eact st t he
al kyl al um num conmpound as specified above. The reason described above is

not yet clarifigdtibitytbf sSt@yeldt rapceurietedschoohdDh.catalysthsitaself.
non- conj ugat ed"di ene coordinates to the chromium based catal yst conposed

of a chrom um coApbhédcase afititee @romaetial hgdrdearbhon evmpddnd daminmmot

conpound, generation of position isonmers due to double bonds contained in

the hexene is 3epprtbsrdthsee thitstpgnieny sobflahérbakic shydtananheh, |the s

considered that the sane result is obtained with the aromatic hydrocarbon

Conpound whi ch qurdlnatlng ability for the chromium catalyst elevates
since the electron density on the aromatic ring is raised,
and consequently, the oligomerization reaction activity of
the electron-enriched chromium catalyst itself is enhanced.

On the other hand, in the case of a noh—coordinating

Lewis acid-containing compound, it is supposed that the
non-coordinating Lewis acid-containing compound contributes
to acti&ation of the active species of the chromium—bésed
catalyst or its precursor. In case of using a non-
coordinating Lewis acid-containing compound, it is possible
to produce a—olefin oligomers mainly composed of l-hexene
from ethylene with high selectivity-and in a high yield
even when the said contacting mode in the catalyst system
comprising a combination of-a'chroﬁium compound, an amine
or metal amide, and an alkylaluminum compound is not
performed. That is, the catalyst system comprising a
combination of at least a chromium compound, an amine or
metal amide, an alkylaluminum compound and a non-

coordinating Lewis acid-containing compound is not

restricted in 1ts performance by the above-mentioned

Has Been Re laced
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16._ have-an aliphatic hydrocarbon substituent. Al so, coordination of a
noﬁiconjugated diene to the chromumatom-imnereases the el ectron density
on the chromumatom resulting in an enhancenent of oligonerization
reaction activity of the electron-enriched chromumcatalyst itself. 1In
the case of the aromatic hydrocarbon conpound having not |ess than three
substltuents of aliphatic hydrocarbon, the coordinating ability for the
chron1un1catalyst el evates since the electron density on the aromatic ring

is raised, andceppseauRgihyde (& 1lld GUBAILLAA WARN eREL EQPaBFst Vity of the
el ectron-enriched chrom umcatalyst itself is enhanced On the ot her

hand, in the casempbnénPONaf@OIslRAANIE JeeWirddaeidsCont Almi dgt SappQuUNd, it
S supposed that the non-coordinating Lewis acid-Containhing coinpound

contributes toaativityi bm e tdreo eftiny e rameciieatdbnt beactiam unebased
catalyst or its precursor. In case of using a non- coordinating Lew s

aci d- cont ai ni ngcoonpeyniln ¢dse oPasSing @ nba-pboddifat fid | Led v igrial4 goners
-mai nly conposed of 1-hexene fromethylene with high selectivity and in a
high yield eveoconheinihg sempbuweht ddt iisgposdébila tbepeafatny tthes \sstiem
conprising a conbination of a chrom um conpound, an amne or netal am de,
and an al kyl al uadnuarednpowede iin tdie qeéerflystedysTomt compridiaaat al yst
system conprising a conbination of at |least a chrom um conpound, an am ne
or rmetal am deSOBPLRR%IPRI Fri g FhXEIHYIUSOMRRENG, n@R-amine or metal

-amide, and an alkylaluminum compound. Also, the said
compounds used as édditional components may be added to the
reaction system .in whatéver manner.

As'the non-conjugated diene compound, there can be
used chain non-conjugéted dienes such as 1,5-hexadiene,
2,5~-hexadiene, 1,6-diphenyl-2,5-hexadiene, 1,6-heptadiene,
2,5-heptadiene, 1,5-octadiene, 2,6-octadiene, 1,7-
octadiene, etc., and cyclic non-conjugated dienes such as
1;5—cyclooctadiene, norbornadiene, ‘dicyclopentadiene, 4-

" vinylcyclohexene, hexamethylbicyclo[2,2,0)hexadiene, i,4—
cyclohexadiene, 1l,4-cycloheptadiene, etc. These dienés may
have an aliphatic or aromatic hydrocarbon group such as
alkyl, aralkyl or aryl group as a substituent. It is
preferred to use a non-conjugated diene having not more
than 20 carbon atoms. 1In view of the potent ability of
coordination to the chromium atom, it is preferred to use a
cyclic non-conjugéted diene.

The amouht of the non-conjugated diene compound used
in the reaction of the present invention is not restricted

in its upper limit- provided that it is not less than 0.1

is Sheet Has Been Re laced
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cogrdinating Lew s acid-containing conpound is not restricted inits
peffornance by the above-nentioned 18- . 17
conjacting node of the a-olefin with'the catalyst conponents and is
capabl e of producing a high catalytic activity in the [err]-olefin
tri‘merization .reaction. O course, in case of using a non-coordinating
Lewi s acid- containing conpound, it is possible to performthe said
contacting node in the catalyst systemconprising a conbination of a

chrom um conpouysih, PrFE DI Nkt Akbssafhdf, 10NgpRbad&y | WHeN Wit d.
Al so, the said conpounds used as additional conponents may be added to the

reacti on systerihd oHEdQMElsdIUitions (the tAfal hemowite cofhjaigailacnti amel
conpound, there can be wused chain non-conjugated di enes such as

1, 5- hexadi ene, néh-fedrejaglitant dikne doppenyt) 2, SThe xsali & meyn-k B Juggsttadi ene,
2,5-heptadi ene, 1,5-octadiene, 2,6-octadiene, 1,7- octadiene, etc., and
cycl i c non- conjdtggztecbcdmpmmsi sm(yhbasusé;iSaeyel &obzeml.ertalt mndcﬁﬁnﬁéthené

di cycl opent adi ene, 4-  vinl cycl ohexene, hexanethyl bicycl o[ 2, 2, hexadlene
1, 4- cycl ohexatl$ exged 1ini-agy Aimgvest #dEbas, thecramyesel f ehés ¥ e an
allphatlc or aromatic hydrocarbon group such as aIkyI aral kyl or aryl
group as a substelwrmtbased op thecP@Ppsl £6 hRe ShEFRL OTHIHfARP dlene

having not nore than 20 carbon atons. Inp view of thelpotent %PI|I%¥
The aromatlc hydrocarbon compounds having aliphatic

hydrocarbon substituents are preferably divided into
aromatic hydrocarbon compounds having not less than three
subsfituents of aliphatic hydrocarbon and aromatic
hydrocarbon compounds having not more than two substituents
of aliphatié hydrocarbon. As the aliphatic hydrocarbon
substituents, chain or alicyclic hydrocarbon groups such as
methyl, ethyl, propyl, isopropyl, butyl, cyclopropyl;
cyclobutyl and cyclohexyl may be exemplified.

-As the aromatic hydrocarbon compounds having not less
than three substituents of aliphatic hydrocarbon, 1,3,5-
trimethylbenzene (mesitylene), 1,2,4-trimethylbenzene,
1,3,5-triethylbenzene, hexamethylbenzene, 1,3,5-
triisopropylbenzene, 1,3,5-tri-t-butylbenzene, 1,2,4,5-
tetramethylbenzene and 1,2,4,5-tetramethylnaphthalene may
be exemplified.

The amount of the aromatic hydrocarbon compound having
not less than three substituents of aliphatic hydrocarbon
used in the reaction of the present invention is not
restriéted in its upper limit, provided that it is not less

than 0.1 ppm, preferably not less than 10 ppm based on the
_— _
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coordination to the chromumatom it is preferred to use a cyclic
n@A- conj ugat ed di ene. - The ampbunt of-1%e non-conj ugat ed di ene conpound
uséd in the reaction of the present invention is not restricted inits
upper limt provided that it is not less than 0.1

18 * ppm preferably not less than 10 ppm based on the anount of the
charged solutions (the total amount of a solvent and non-conjugated diene
conmpound). The said non-conjugated diene conmpound nay be used as a

sol vent, but peebensbb§ the tharged soluticnousbentPhph EREURENGE Bf 0 1to
20 % by volune based on the anount of the charged sol utions.

aromati ¢ hydr os@iNentcangoandaremat iy hydyasanben KpaPeuafhon §HS§t?Puents
are preferably divided into aromatic hydrocarbgn congounds ha % #ess
than three suB§PWﬁGéﬁt§Y€F°§?F?P&u?QWH@%W%&EWbSﬁ X358 aFBnﬁtF8 85 #Fbon
conpounds havi ng not re.than two,substituent al i atic dracar bon
As the aIiphatPEeﬁﬁangﬁranlss?ﬁﬁﬁ|%Quﬁﬂs?mQﬂ? |H15P13Igg§cfl g% é?oga?bon

Qycl obutyl and Gy PoNeRy! TMYTBEb ek ity amounc” 8¢ bpeC ko RhE =

hydr ocar bon conpqund% having not |ess than three substituents of aliphatic
hydr ocar bon, PFlnethylbenzene(nES|terne) 1,2,4-trinmethyl benzene,

IS _eg h%{fgpggﬁgeﬁg@@gﬁmswﬁ& FomglduldSORAIRKbDABECRG e
than two substituents of aliphatic hydrocarbon, benzene,
toluene, ethylbenzene, o-xylene, m-xylene, p-xylene,
cumene,lﬁ—cymene, 1,4—dibutylbenzene, tert-butylbenzene,
1;4—di—tert-butylbenzene, cyclohexylbenzene, 1,4-
dicyclohexylbeneene, methylnaphthalene, 2,6-
dimethylnaphthalehe and 1,5-dimethylnaphthalene may be
exemplified.

The amount of the aroﬁatic hydrocarbon compound having
not more than two substituents of aliphatic hydrocarbon
used in the reaction of the present invention is not
restricted in its upper limit, provided that it is not 1less
than 0.1 ppm, preferably not less than 10 ppm based on the
amount of the charged solutions (the total_amount of a
solvent and an aromatic hydrocarbon compound) . Such an
aromatic hydrocarboh compound may be used as a solvent, but
preferably it is used in an amount within the range of 0.1
to 95 % by volume, preferably 0.5 to 40 % by volume based

on the amount of the charged solutions.

Thlls Isiii]T |Iiii |reen|||11aced




tetramet hyl benzene and 1, 2, 4, 5-tetranet hyl napht hal ene may be exenplified.

THe. amount of t he aronatlc hydrocarbon coapodnd having not [ess than three

'subﬁtltuents of aliphatic hydrocarbon wused in the reaction of the present

invention is not restricted in its upper |limt, provided that it is not

less than 0.1 ppm preferably not |ess than 10 ppm based on the

19 -amount of the charged solutions (the total anpbunt of a solvent and an

~aromatic hydrocarbon conpound). Such an aromatic hydrocarbon conpound nay

- be used as a sol ventThebuion-pgoetaiabt ing tLéwi sused di-coanainboat compdimds he

range of 0.1 to 95 % by vol ume based on the anount of the charged

sol uti ons. useds irhehar prasest hixvestidoromepredenhadi by Wee nore

than two substituents of aliphatic hydrocarbon, benzene, toluene,

et hyl benzene, Eodilcaring foxyudae (6p-xy| €We; cunene, p-cynene,

1, 4-di butyl benzene, tert-butyl benzene, 1,4-di-tert-butyl benzene,

cycl ohexyl benzene, 1,4- dicyclohexyl benzene, nethyl napht hal ene, 2, 6-

di met hyl napht hal ene and |, 5-di rfet hykhaphthal ene may be exenplifi ed.

The amount of the aronatgﬁﬁtydroqgrbpn gompound having not nore than two
d

substituents of aliphati r d&rb?n-Ru ed in thg)eaction of the present
I nvention is not

RS

BTy 6 )
wherein M! and M2 are each an element selected from the
group consisting of IIIB, IVB, VB and VIE Groups in the
periodic tabie, preferably B, Al or In; and R! to R7 are
each an organic group, an inorganic group or an anionic
atom, which is hydrogen atom, dialkylamino group, alkoxy
group having 1 to 20 carbon atoms, aryloxy group having 6
to 20 carbon atoms, alkyl group having 1 to 20 cérbon
atoms, aryl group having 6 to 20 carbon atoms, alkylaryl
group having 7 to 20 carbon atoms, arylalkyl group having 7
to 20 carbon atoms, halogen—substituted hydrocarbon group
having 1 to 20 carbon atoms, acyloxy group having 1 to 20
carbon atoms, aikoxyaryl group having 7 to 20 carbon atoms,
halogen-substituted alkoxyaryl group having 7 to 20 carbon
atoms, organic metalloid group, nitrate group or halogen
atom. Two or more of these groups and/or atoms may be

combined to form a ring.
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restrircted in its upper limt, provided that it is not less than 0.1 ppm
pr€ferably not |ess than 10 ppm based on the. anount of the charged
sol'utions (the total ambunt of a sol'vent and an aromatic hydrocarbon

conpound) . Such an

aromati ¢ hydrocarbon conpound may be used as a sol vent,

but preferably it is used in an amount within the range of 0.1 to 95 % by
vol ume, preferably 0.5 to 40 % by vol ume based on the anobunt of the

char'ged sol uti ons. 20 The
non- coor di nati ng Lewss caatdet@nérambpIds COMIBURES R7IS@Eméth{ Ném Pl 6S€hdup,
I nvention are represented by the following formula (6) or (7): [err]

wherein M er dieahglbéno] gavep capyresl €l eymnip,sal, Scdatethglpyreolgloup

consi sting of
preferably B,

[11B, 1VB, VB and VIB G oups in the periodic table,
giroop, | methodyRieoup, tetifay rdrompe isaplropoxyr gapup, gnoup,

an

I norgani c group or an anionic atom which is hydrogen atom dial kylam no
group, - al koxy byto#y Ba0LRg t-betogy caxrdum Fhemexyagdyoupy ds6ap having 6
to 20 carbon atons, alkyl group having 1 to 20 carbon

dimethylphenoxy group, 2,6—t-butylphenoxy.group,
haphthylphenoxy group, methyl gfoup,-ethyl group, n-propyl
group, n-butyl group, n-octyl group, phenyl group, 3-
methylphenyl group, 2,4-dimethylphenyl group, 2,6-
dimethylphenyl group, 3,5-dimethylphenyl group, 2,3-
dimethylphenyl group, 2,4,6~trimethylphenyl group, 2,3,5-
trimethylphehyl group, 2,3,4-trimethylphenyl group,  3-t-
butylphenyl group, 2,6-di-t-butylphenyl group, benzyl
group, p—fluorophenyl group, 3,5-diflvorophenyl group,
pentachlorophenyl group, 3,4,5-trifluorophenyl éroup,
pentafluorophenyl group, 3,5-di(trifluoromethyl)phenyl
group, 3-methoxyphenyl group, 2,4-dimethoxyphenyl group,
2, 6-dimethoxyphenyl group, 3,5-dimethoxyphenyl group, 2,3-
dimethoxyphenyl group, 2,4, 6-trimethoxyphenyl group, 2,3,5-
trimethoxyphenyl'group, 2,3,4-trimethoxyphenyl group, 3,5-
bis(l-methoxy-2,2,2-trifluoro-1-
(trifluoromethyl)ethyl)phenyl group, 3-(l-methoxy-2,2,2-

trifluoro-1-(trifluoromethyl)ethyl~5-

(trifluorométhyl)phenyl group, 3-(2,2,2-trifluoro-1-(2,2,2-

trifluoroethoxy)-1- (trifluoromethyl)ethyl)-5-
(trifluoromethyl)phenyl group, 3,5-bis(2,2,2-trifluoro-1-
(2}2,2—trif1uoroethoxy))—1—(trifluoromethyl)ethyl)phenyl

group, trimethylsilyl group, trimethylgermyl group,
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atoms,”aryl group having 6 to 20 carbon atoms, alkylaryl group having 7 to
20(carbon atons, arylalkyl group having 7_,t0 20 carbon at ons,

hal"ohen- subst it ut ed hydr ocar bon group haV|ng 1 to 20 carbon atons, acyl oxy
greyp having 1 to 20 carbon atons, al koxyaryl group having 7 to 20 car bon -
atofs, hal ogen-substituted alkoxyaryl group having 7 to 20 carbon atons,
orgahic netalloid group, nitrate group or halogen atom Two or nore of

t hese groups and/or atons may be conbined to forma ring.

21 AS CORGIRlS yA%3aRhES gPbuf ea{& &Poﬂfgfalntﬂdd}ﬁ; loa,no group,
di et hyl ani no grodp, pyrrolyl group, sy di et Ryl pyrrolyl = group, nethoxy

group, ethoxy gfeQxltB,flh%QI&E@mQﬁi‘oQ{zO&Peuﬁ, F PUt10X)8:0=24P.1 lcabubexy group,
phenoxy group, 2,6- dinethyl phenoxy group, 2, 6-t - but yl phenoxy group,

naphthylphenOXﬁxym@apflqathyl group, ethyl group, n-propyl group, n-butyl
graup, n-octyl group, phenyl group, 3- nethyl phenyl group,

2, 4-di met hyl phenyl diddpin2the fohmElahy(fhetetiotgrsodp calibndeconthyhphgngh
group, 2,3- dinethyl phenyl group, 2,4,6-trinethyl phenyl group, 2,3, 5-

tri net hyl phenylelgmems, s2lactedr £nenhyhehemup grongd sting ofbdRy| FAREAYI
group, 2,6-di-t-butyl phenyl group, benzyl group, p-fluorophenyl group,
3, 5-di fl uor oph&®AI,gAdupnd gERBathl BB pFronns girohe PesiSdic r-labéleophényl

group,  pent Al o e e a°bh S, udiek! | EhRPAATRAEY, ) P apasgas,
wherein M3 is an element selected from the group consisting
of IA, IB and IIIB Groups in the periodic table, M% is an
element selected from the group consisting of VIIA and VIII
Groups in the periodic table, E! is carbon atoms, oxygen
atém or sulfur atom, and E2 is nitrogen atom or phosphorus
atom.

M3 is preferably Li, Na, K or Ag, and M! is preferably
Mn, Fe, Co or Ni.

R8 and R? are each a substituent group selected from
the group consisting of cyclopentadienyl group,_substituted
cyclopentadienyl group, ihdenyl group and fluorenyl group.
R8 and R?® may_bé combined to form a ring. The substituent
of the substituﬁed_cyclopentadienyl group of R8 and R? is
usually an alkyl group having 1 to 6 carbon atoms, and the
nuﬁber of the substituents is an integer of 1 to 5. As
such substituted cyclopentadienyl groups,
methylcyclopentadienyl, n-butylcyclopentadienyl and
pentamethylcyclopentadignyl may be exemplified.

R10 to R16 are each a subtituent group selected from

the group cons1st1ng of hydrogen atom, halogen atom, alkyl
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group, .3-net hoxyphenyl group, 2, 4-di nmethoxyphenyl group,

2, G“G I met hoxyphenyl group, 3,5-dinethoxyphéﬁyT'group, 2, 3- di net hoxyphenyl
grou p, 2,4, 6-trimethoxyphenyl group, 2,3,5- trimethoxyphenyl group,
2,3;4-trinmethoxyphenyl group, 3,5- bis (1-nethoxy-2,2,2-trifluoro-1-
(trifluoronethyl)ethyl)phenyl group, 3-(1-nethoxy-2,2,2- trifluoro-I-
(trjfluoronethyl)ethyl-5- (trifluoromethyl)phenyl group

3-(2,2, 2- trlfluoro 1-( trif]uoroethox | -(trli Iuoro | ) eth 5-
(trifluoromethyl§ y%a‘éi'fb%pl, t:?é“g §° ¥%’V‘Ff|%¥% ?%afi:?g 6o -

2-trifluoroet hOXé’b larl%on (1 L#.% anrﬁr%}‘it 3&& H%Emgl an&ﬁ’%"w tong%u%arbon

trimethylsilyl group, Trine

22 dlphenylar3| ou %nﬁ%%! s RN A5 aflogar el | uroxy
group, F," d, Brgg?lg Qrf% eerrpl?ﬂ%%y%w?)ﬁa nt%%%org?rrula(G)

denotes a Catlonoeeasﬁe%@tgaﬁb &Igeé&%t sageeaﬁéréwra,&ah@plw %lpr‘lonébSt' ng

of 1A VIIA VIII7 IBand IIIBt G oups in the periodic table. S
represented by I\&N,r]hyd\ﬂ&jerd R, ] Beehyl. I\/%E&@;]«ﬂl@ur kirbapy | 6

P
E[err]Rerr]Rerr]Rerr]Rerr], wher ei n is an el enent selected ?romthe

group consi sti nggrétp) An- bﬁty&ubﬂddﬁs @-odpyli §role, peydluhexyllalirenpht i s an
el ement selected fromthe group consisting of VIITA and VIII Goups in the

perlodlc tabl'e, pghenyl gsomputhnnzykng:oupxyQemethylphenykngdhmp,aﬂoﬁr and
E[err] is nltrogen atom or phosphorus atom :
dimethylphenyl group, 2, 6-dimethylphenyl group, 3,5~

dimethylphenyl group, 2,3-d1methy1phenyl group, 2,4,6-
trimethylphenyl group, 2,3,5-trimethylphenyl group , 2,3,4-
trimethylphenyl gfoup,_B—t—butylphenyl group, 2,6-di-t-
butylpﬁenylhgroup, F, Cl, Br and I may be exemplified.

In the compounds represented by the formula (6) or (7)
those in which M! or M2 is boron are preferred.

Of the compounds represented by the formula (6), fhe
following compounds are especially preferred.

As compounds wherein L is M3, silver
tetraphenylborate, sodium tetraphenylborate, silver
tetrakis (pentafluorophenyl)borate, lithium
tetrakis (pentafluorophenyl)borate, silver
tetrakis(pentafluorotelluroxy)borate, silver
tetrafluoroborate, silver teﬁrafluoroarsenate and silver
tetrafluo;oantimonate may be exemplified.

As compounds wherein L is MIRBRI, ferrocenium
tetraphenylborate, manganese tetraphenylborate
(tetraphenylporphyrin), ferrocenium
tetrakis(pentafluorophenyl)borate, decamethylferrocenium

_\
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!N[@rr]fis preferably Li, Na, Kor Ag, and Merr] is preferably M, Fe, Co
oqﬁwtﬁ Rlerr] and Rlerr] are each a syhstituent group selected from
the  pgroup consisting of cyclopentadi enyl group, substituted

cycl opent adi enyl group, indenyl group and fluorenyl group. R8 and RO may
be Gonbined to forma ring. The substituent of the substituted
cyglopent adi enyl group of Rferr] and Rlerr] is wusually an alkyl group
having 1 to 6 carbon atons, and the nunber of the substituents is an

integer of 1 totetrAkisYpentsedebibphefly Cysbrped) bl fed@Hthium
met hyl cycl opent adi enyl , n-butyl cycl opent adi enyl and

pent anet hyl cycl epetakdisgpeht @B ubeopnenplj bofite, formfRivdodenifdnerr] are
each a subtituent group selected from the group consisting of hydrogen
atom hal ogen atemraxlils\pentafluorophenyl)borate and cyanoferregrimmp
having 1 to 20 carbon atons, aryl group having 6 to 20 carbon atons,

al kyl aryl group tlekwiakg sApeot2adlvarbphenyl bperate yiay e egreopd ifdeidng 7 to
20 carbon atons or organic nmetalloid group. As concrete exanple of Rierr]
to R err]hydrogen afsmcomepuprsgrbepeirt hyis FRIPRIRIomAitydr oup,

n-butyl group, “n-octyl group, cyclohexyl group, phenyl group, benzyl
group, 3-nethyl peEF@Phenydporate, taik¥lhyl phenyl group, 2, 6-di net hyl phenyl

GTOuB, 5,5 o T oL G, 28 TS Il e Qo G
trimethylphenyl  qtQuln 3yhbBYLYePEONEy 96 08 nfr i o fum
tetraphenylborate and benzyldimethylsulfohium
- tetrakis(pentéfluoroﬁhenyl)borate may be exemplified.

As compounds wherein L is E2R13R14R15R16, ammonium
tetraphenylborate, triethylammonium tetraphenylborate,
tri(n-butyl)ammonium tetraphenylborate, trimethylammonium
tetraphenylborate, pyrrolium tetraphenylborate, 2,5-
dimethylpyrrolium tetraphenylboréte, ammonium
tetrakis(pentafluorophenyl)borate, "triethylammonium
tetrakis (pentafluorophenyl)borate, tri(n-butyl)ammonium
tetrakis(pentafluorophenyl)borate, trimethylammonium
tetrakis (pentafluorophenyl)borate, anilinium
tetrakis (pentafluorophenyl)borate, monomethylanilinium
tetrakis(pentaflnorophenyl)borate, dimethylanilinium
tetrakis(pentafluorophenyl)borate, tetraphenylphosphonium
tetrakis (pentafluorophenyl)borate, tetrabutylammonium
tetrakis (pentafluorophenyl)borate, methyldiphenylammonium
tetrakis(pentafluorophenyl)borate, triphenylammonium
tetrakis(pentafluorophenyl)borate, pyridinium

tetrakis (pentafluorophenyl)borate, dimethyl (m-
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but vl phenyl group, F, Cl, Br and | may be exenplified. In the
co&%éunds represented by the formula (6) or (7) those in which Merr] or
Merr] is boron are preferred. Of t Mé3conpounds represented by the
formula (6), the follow ng conpounds are especially preferred. As
conpounds wherein L is M3, silver tetraphenyl borate, sodium

t'etraphenyl borate, silver tetrakis(pentafluorophenyl)borate, |ithium

t et r-aki s(pent af | uor ophenyl ) borate, silver

tetraki s(pent afl,yorotel.l,ur,oxy) bor at i lver__tetrafl uaroborate, silver
tetraf | uor oar séit ﬁfiﬁh}lQFPWérQe%ﬁ?gﬁf?%%RE%ﬁﬁ??ﬁﬁéh%?y' 3”5@%§Xenplified.
As conpounds mQﬁr i .S : err], ferrocenium

t et raphenyl bor a g%t%ghéghggéﬁgébgggﬁéééiborate (t et raphenyl por phyrin),

24 | Cotraki s(panarTacrBonas Ty Borareiy LG, TRy T ALER

tetrakis(p uor eny

tetraki s(pent afldtq/anRaBenkReN 8beophh F¥] BEELAEEN MRethylanilinium
t etraki s(pent af | uor ophenyl ) borate and cyanof erroceni um

t et raki s( pent aftletdaraRapentbglabeofRYnPE) Sy | f (ieGhet hy lpyrA%i®@URUNS
wherein L is E[err]R err]Rerr]Rerr], trityl tetraphenylborate, trityl

t et r aki s( pent afdetarakilsamenthdlabeophenyEl hytste f ant it HyatstaFiedykbor at e,

benzyl di et hyl sul f oni um
tetrakis (pentafluorophenyl)borate, (o-cyano-N-
methylpyridinium) tetrakis(pentafluorophenyl)borate,
dimethyldiphenylammonium tetrakis(pentafluorophenyl)borate,
(p~cyano-N-benzylpyridinium)
tetrakis (pentafluorophenyl)borate, methyltriphenylammonium
tetrakis(pentafluorophenyl)borate, pyrrolium
tetfakis(pentafluorophenyl)borate, 2,5-dimethylpyrrolium
tetrakis (pentafluorophenyl)borate, dimethylanilinium
tetrakis(3;S—di(trifluoromethyl)phenyl)borate,
triethylammonium hexafluorocarsenate, dimethylanilinium
tetrakis(3,5~bis(1—methoxy-2,2,2-trifluoro—l--
(trifluoromethyl)ethyl))phenylbo;ate, dimethylanilinium
tetrakis (3-(l-methoxy-2,2,2~trifluoro-1-
(trifluoromethyl)etﬁyl)-s—(trifluoromethyl)phenylborate,
dimethylanilinium tetrakis(3-(2,2,2-trifluoro-1-(2,2, 2-
trifluoroethoxy)-1-(trifluoromethyl)ethyl)-5-
(trifluoromethyl))phenylborate, dimethylanilinium
tetrakis(é,s-bis(z,2,2—trifluoro-1-(2,2,2-trifluoroethoxy)-
1-(trifluoromethyl)ethyl)phenylborate, tetraethylammonium
tetraphenylborate, methyltri(n~butyl)ammonium

tetraphenylborate, benzyltri(n-butyl)ammonium

I}
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A
tetraphenylborate and benzyl di met hyl sul f oni um
te(rakls(pentafluorophenyl)borate may be exenplified. As conpounds
wherein L is E[err]Rlerr]Rerr]R err] R err$6~ammoni um tetraphenyl borate,
tri-ef hyl ammoni um t et raphenyl borate, tri (n-butyl)anmoni um
tetraphenyl borate, trinethylamonium tetraphenylborate, pyrrolium
t et raphenyl borate, 2,5- dinethyloyrroliumtetraphenyl borate, anmoni um
tetrakis (pentafluorophenyl) borate, triethylamonium '
t et raki s(pent af | nmo

h b |
tetrakis(pentaFFE%%§ ﬁ§g¥#§ﬁﬁ St {éééégﬁﬁﬁi§ﬁ%§ﬁ ﬁFgraphenylb°rate'
tetraki s(pentaf| H?5§§?§Féhéﬁ§ig$ﬁ§¢fﬁﬂ'"kfé ﬁny&%%ra§e'

(pentafluoropheny none ani 195

tetrakls(penta&LQﬁ ?BX%?%?éﬁﬁéhlﬁﬂrggégg fWJf te, methylpyrldlnlum

tetraki s(penta Iuo pheny orate, tetra ny osp

tetrakis(pent a%u%aa@spxbwafét %eﬁﬂfﬁmfdﬁﬂmpQleta%phenylborate,
t etraki s(pent afl uor ophenyl ) borate, nethyl di phenyl anmoni um

t et raki s( pent ahleday2RbDeBYANEPY AL @in fun )PP 1bSrate,
tetraki s(pent afl uorophenyl ) borate, pyridinium

t et r aki s( pent atletitaephgbyinhbdni ah e; etthtari IypenBafluorophenyl) borate,

25 nitroanilinium tetrakis(pentafluorophenyl)borate,

di net hyl ( p- br omeabylLEmi nybutel yakmeient af | uor ophenyl ) bor at e,
(p-cyanopyridinium tetraki s(pentafl uorophenyl)borate, trimethylanilinium
t et r aki s( pent atetisrspRdpgnt 6t verophgnyndidnateyr beingyvdtyi (n-

tetrakls(pentafluorophenyl)borate trimethylsul finium
utyl) ammonium tetrakls(pentafluorophenyl)borate, methyl (4-

_cyanppyridlnium) tetrakis(pentafluorophenyl)borate and
benzylpyridinium tetrakis(péhtafluorophenyl)borate may be
exemplified.

Of the éompounds represénted by the formula (7),
tris(pentafluorophenyl)boron, tris(3,5-bis(l-methoxy-2,2,2-
trifluoro-l-(trifluoromethyl)ethyl)phenylboron, tris-3-
methoxy-2,2,2-trifluoro~-1-(trifiluoromethyl)ethyl)-5-
(trifluoromethyl)phenylboron, iris(3-(2,2,2—trifluoro—l-
(2,2,2~trifluoroethoxy)-1-(trifluoromethyl)ethyl)=-5-
(tfifluoromethyl))phenylboron, tris(3,5—bis(2,2,2—
trifluoro-l-(2,2,2—trifluoro-l—(2,2,2—trifluoroethoxy)—l—
(trifluoromethyl)ethyl)phenylboron, triphenylboron,
tris(pentafluorotelluroxy)boron and the like are especially
preferred.

A non-coordinating Lewis acid-containing compound is
usually used in an amount within the range of not less than
0.001 mol, preferably 0.005 to 1,000 mol, more preferably

0.01 to 100 mol based on one mol of the chromium compound.
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t ety.aki s(pent af | uorophenyl )borate, (o-cyano-N  methyl pyri di ni um
teﬁﬁakis(pentafluorophenyl)borate, di met hykdi phenyl anmoni um
tetraki s(pentafl uorophenyl)borate, (p-cyano-N benzyl pyridi nium

t ety aki s(pentaf | uorophenyl ) borate, methyltriphenyl ammoni um

tetraki s(pent afl uorophenyl ) borate, pyrrolium

tetraki s(pent af | uorophenyl )borate, 2,5-di nethyl pyrrolium

t et raki s( pent af |l uorophenyl ) borate, dinethylanilinium

tet raki (3, 5-di (11 §LuQE@TRCYLIRACOYLYDPL AL Eare L4 SADATT Uk Ehe

L
hexaf | uor oar senat e, met hyl an

tetrakis(3,5- b?ﬁ-{egeﬁ?t Em%hzigg?- Eﬁﬁééf‘@ﬁ@éé‘;ﬁr non-substituted o-

(trifluoronmeth | )) phenyl borate, di net ant ['1 nium

tetrakis(3-(1- - 2adidet bi £LU9H 015 . A h
(trifIuoronethgﬁ%ggﬁ§l%?5}§?r?fﬁéo$gn%t 3$3;)%§%ﬁtﬁﬁ%ﬂ%§abl§inetﬁyfgﬁilinium

tetraki s(3-(2, -&lefifnsyoe®hiiehe?, Bropylene, l-butene, l-hexene, 1-
trifluoroethoxy)-1-(trifluoromethyl)ethyl)-5- :

(trifluoromet hyoreplegnB-petaler1dbieéhy| @fd | | 4HmeEhyl-1-pentene may be
tetrakis(3,5-bis(2,2,2-trifludro-1-(2,2,2-trifluoroethoxy)-

1-(trifluoronetdxempdtiffilednheByhbbent eist espacidyl yppmefiarmed since it is
t et raphenyl borate, nethyltri (n-butyl) amonium tetraphenyl borate,
benzyl t ri ( n- butpdssdimtenitwnmproduce - 1-hexene as a trimer at a high26

t et raphenyl borate, trimethylaniliniumtetraphenyl borate,

di met hyl di phenyledeasdivityt endapheayhbahayteld et hyl tri phenyl anmoni um

t et raphenyl borate, nethyl pyridinium . -

' As the solvent used in the reaction of the present
invention, there can be used chain or alicyclic saturated
hydrocarbons having 1 to 20 carbon atoms such as butane,
pentane, 3-methylpentane, hexane, heptane, 2-methylhexane,
octane, cyclohexane, methylcyclohexane, decalin, etc.;
aromatic hydrocarbons such as benzene, toluene, xylene,
ethylbenzene, mesitylene, tetralin, etc.; chain chlorinated
hydrocarbons such as chloroform, carbon tetrachloride,
methylene chloride, dichloroethane, trichloroethane,
tetrachloroethane, etc.; chlorinated aromatic hydrocarbons

- such as chlorobenzene, dichlorobenzene, etc. These
solvents may be used either singly or as a mixture. The
o~olefin used as the starting material for the reaction or
the o-olefins other than the main starting material for
the reaction can also be used as solvent. An O-olefin

having 4 to 30 carbon atoms, especially an a-olefin which

is liquid at room temperature is preferred as a solvent.

As general solvent, a chain saturated hydrocarbon having

1

not more than 7 carbon atoms, preferably 4 to 7 carbon
—_—
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t'e;.r aphenyl borate, benzyl pyridi niumtetraphenyl borat e,
tHiyl (2- cyanopyridi ni un) tetraphenyl boratzg- tetraethyl anmoni um
t etraki s(pent af | uorophenyl )borate, nethyltri(n-butyl)amoni um
t etr aki s( pent af |l uor ophenyl ) borate, benzyltri(n- butyl)amoni um
tetraki s(pentafl uorophenyl)borate, nethyl (4- cyanopyridinium
tetraki s(pent af | uorophenyl )borate and benzyl pyridi ni um
t etraki s(pent afl uorophenyl )borate may be exenplifi ed. O  the
conpounds r eprasems eils yrd fexrdhirymuised(.7) Alitycdiepsatafaved opyrrmd 3 thorm,

tris(3,5-bis(l-nmethoxy-2,2, 2-

trifluoro-1-(tarélabsonprefedrachy| Usleefl bosodventi sugh as mentioned

met hoxy-2, 2, 2-trifluoro-1-(trifluoronethyl)ethyl)-5- o

(trifluoronmet h§PPpRcpPyPTRY dielnful Enr Zuppzessingupemation of the by-

(2,2,2-trifluoroethoxy)-1-(trifluoronethyl)ethyl)-5- , \

(trifluoromet PFSFPRerBPHERSTS - t FUstdes piig sagerof using an alicyclic

trifluoro-1-(2,2,2-trifluoro-|- 2,2,2-trLquoroeton -1- ,

(trifluoroneth?Y?E?ﬁ???%%@H@ﬂﬁﬁ&bﬁ?‘?ﬁﬁﬁﬁ@n?FE&V& 4 Ua'be obtained. as

tris(pentafluorotellurox ron %thelik r s i refer .

A non-coor di nah’ﬁbcigvf’g‘?éé)feas- coofﬁg-' enisr?&u %%ug’agfgggﬁ@&% |1§/§YJ:§£G 1]Ecgtdan

amount within %gg rapge of gﬁp?%_ I%ya %a% 1 kanBr gﬁ€g% (kégghéo

- %§§> a

1,000 nol, rnore p?eﬁé]r ab?yc : ) (50[E>r]r:1§> %éeggonnohgérm o%(' t'he

chrom um conmpoypdneptane may be exemplified. These solvédts may have a
branched chain structure.

Reaction temperature is usually 0 to 250°C, preferably
10 to 150°C, more preferably 25 to 70 °C. Reaction
pressure can be suitably selected from between ordinary
pressure and 250 kg/cm?, but usually a pressure'between
ordinary pressure and 100 kg/cm? is sufficient; Reaction
time is usually one minute to 20 hours, preferably 0.5 to 6
hours. The type of reaction may Be batchwise, semi-
batchwise or continuous. Presence.of.hydrogen in the
reaction system is preferable since the catalytic activity
is enhanced as well ‘as objective trimer selectivity.
Pressure of the co-existent hydrogen is usually 0.1 to 100
kg/cm?2, preferably 1 to 80 kg/cm2.

In the case of continuous reaction, the said specific
contact can be performed in the different zones. 1In this’
case, a pipe reactor or a one-stage or multi-stage mixing
tank is used as reaction vessel. Pipe reactor is a

reaction apparatus comprising a straight pipe, a coiled or

U~shaped curved pipe designed such that the reactants are

//l
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As the [err]-olefin used as starting material in the present invention,
ostitfuted or non-substituted a- ol efingghaving 2 to 30 carbon atons are
usable As such a-olefins, ethylene, propylene 1- but ene, 1-hexene, 1-

octene, 3-nethyl-I-butene and 4- met hyl -1 - penterie may be exenplified.
Ethyiene Is especially preferred since it is possible to produce 1-hexene
as a triner at a high selectivity and in a high yield. As the

solvent used in the reaction of the present invention, there can be used

chain or ali cyelriGabdleldr etreﬁl oR¥JERGf ROPSo P ¢ Kk @22 iear beBdatensssuch
as but ane, pent ane, 3-nethyl pentane, hexane, heptane, 2- nethylhexane

oct ane, cycl oh@e¥iRrgdRt Frbayehehexnae, ed@caliilt Blstage aicimyi tank is
hydr ocar bons such as benzene, toluene, xylene, ethylbenzene, nesitylene,

tetralin, etc.s rehitiodhlapparated ihydnhoechy Homsisaldy,ashehireactentrs saebon
tetrachl oride, nethylene chloride, dichloroethane, trichloroethane,

t et r achl or oet hanterodsiced icbitdeildgt edtarbhatfz;rmdfvf)maﬁslraé-uéﬁtés of -

chl orobenzene, dichl orobenzene, etc. These solvents may be used either
singly or as annmmwrt@.nleaeranﬁd] ip| eerhessee each mtharar tiN¢g material for
the reaction or the [err]-olefins other than the main starting nmateri al
for the reactinfrrasuees §@aﬁéa@§§dbaén§oFV%ﬁ%fer?ﬁ#[¥ﬂqq eeﬁp%ulﬁgving 4

to 30 carbon atoms, especially an a-olefin which 1is qui d QQom
tenperat ure i SHS e?‘%‘éifsésw&]é’ol ¢B8At theAEe@%?l’e‘?’élp%‘?ﬂ‘iFé:ntls éiacsﬁg‘aﬁ’ged

iaggiggﬁd hyrwéggu éﬁ%'%‘@ @%naqogaggﬂe than 7 carbon atons, preferably 4 to

In the present invention, in case of using a pipe
reactor, a part of the reactants is introduced in a front
portion (end) of the straight or curved pipe, and the rest
of the reactants is introduced in a back point (portion) of
the introducing portion of a part of the reactants and in
the first half thereof. For instance, an amine or metal
amide, and an alkylaluminum compound are introduced in the
front end of the pipe reactor and -an o0-olefin and a
chromium compound are introduced in a back portion of the
introducing portion of the amine or metal amide,_and the
alkylaluminum compound. Alternatively, a chromium
compound, and an amine or metal amide may be introduced
from the front end of the pipe reactor, and an a-olefin
and an alkylaluminum compound are introduced in a back
pertiont of the introducing portion of the chromium
compound, and the amine or metal.amide. In use of a pipe
reactor, the reactant introducing poihts may be provided in

any desired number as far as an O0-olefin and a chromium-

based catalyst are contacted with each other in a
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28 atoms is preferably used. Alicyclic saturated hydrocarbons are also
pré%erred. Use of a solvent such as nentioned above proves hel pful for
suppressing formati on of the by- product-pétyners. Further, in case of
usi-ng an ali-cyclic hydrocarbon, a high catalytic activity can be obtai ned.
As typical exanples of the saturated hydrocarbons having not nore than 7
carbon atons, propane, butane, pentane, hexane or heptane may be
exenmplified. These sol vents may have a branched chain structure.

Reaction tenperature is usually O to 250[err]C, preferably 10 to

150[ err] C, nor EGHEECELRE oS gBaVOtT%r?ﬂ%?mquﬁﬁﬂﬂHﬂ?ndpP@gsﬁPé can be

suitably sel ect f.rqm het ween ordi nar ressure and 250 kg/cnierr, but
doual Ty pr oo By IBITINEHR. BPEPALRS SrediRh & Ak Ol I GRBRESERR Fath
sufficient. Rea%tiont time is usually one mnute to 20 hours, preferably
0.5to0 6 hourf.c?hg 56 of reaction may be batchw se, sem - batchw se or

conti nuous. Presenc§no%aggd59gggi£ﬁH%ﬁﬁéﬁggé ﬁgfnnﬁ&&%%?gkﬁkpgg%gﬁgggfin

since the catalytic activity 1S e as Ive

sel ectivity. @%@%}f&%eﬂ%okggeﬁg}%i Sfﬁtei%ﬁﬁf@,e%ﬂ Srd$iablry pledat o 100

kg/cnferr] prefera 1t cnf er I n the case . of continuous
reaction, the sai@esPaadf b6 atRPlaATEmEAI Romdy BE iihtibaudietl enest

zones. In this case, a pipe reactor or a one stage or nulti-stage m xing
tank is used ashecddirisintaeksebndPapetrebefin amd & cheantivon cppauadus
conprising a straight pipe, a coiled or U shaped curved pi pe desi gned such
that the react antes iateoduced into the second tank. Also, a chromium
compound and an amine or metal amide may be introduced into
the first tank, and an 0—olefin and an alkylaluminum
compound are introduced into the setcond tank. In thiS
case, there may be provided any desired number of mixing
tanks as far as an O~olefin and a chromium-based catalyst
are contacted with eéch other in a contacting mode that the
chromium compound and the alkylaluminum compound are not
contacted with each other.

-In the present invention, an antistatic agent inert to
the catalyst components is éllowed to éxist in the reaction
mixture, thereby preventing deposition of the by-product
polymer to the reactor, distillation column, other
incidental eQuipment, and piping. The "antistatic agent
inert to the catalyst components”" means an antistatic agent
whose the presence thereof in the reaction system does not
éffect the activity of the said chromium-based catalyst.

As such antistatic agent, those already proposed in the

field Qf polymerization of d-~olefins can be used in the

present invention. For example, the antistatic agents
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ntroduced fromone end thereof and the reaction product is discharged
frdﬁithe other end. Multi-stage mxing tank is a reaction apparatus in
whi ch, basically, the reactants are introdiUced initially into the first of
t he- plural sets of mxing tank arranged in series to each other, the '
I ntroduced reactants being transferred into the ensuing tanks
successively, and the reaction product is discharged out fromthe final
t ank. In the present invention, in case of using a pipe reactor, a
part of the reactants is introduced in a front portion éend of the
strai ght or cur@bﬁckﬁiﬁﬁ %ﬂuﬂqgﬂﬁeﬁ@sfatéﬂttHéblégéthﬂns( ¥ duce®-in a
back point (portion the introducing portion of a part of the reactants
and in the fir38lh 1fn§Wﬁ%¥Hﬂ°lY”P&Fntn§F AeesSabhs aff NV roTHANHIC afidFe,

and an al kyl al nunlco ound are int odu ed ip the ont end of the pipe
reactor and anu}f‘%Y’r oq‘ QIR Wed'ﬁ n‘?Eoﬂﬁ ﬁﬁd:’ié'e BHtF oduced in a

Che ol kyl al um RAFESHY ”t{}wﬁ‘i"olﬁ%ﬁﬁgﬁcl %%F%ﬁ B R
?Qa(r:]te o?r gﬁga;nﬁ rr]wfé}&d %li?&cil E%gﬁur:ngﬁu{in{%%%r%oﬁgldg aeréebﬁlenrﬁi[t3 Iro%uced
and the.ami he o Ret 1" A diod °ﬁ‘*ﬁ"§-2gé?9%t 5FOaP oL ELEpI AL CORA
PI pe reactor t he react ant
i ntroduci ng poi p§Ssp@yi PcdN BV idghd Haking 14 to 18 carbon atoms. The
| polyvalent metals usable here include magnesiuﬁ, copper,
zinc, cadminum, aluminum, lead, chromium, molybdenum,
manganese and the like. The polyvalent metal salts may be
used either singly or as a mixture thereof. They may also
be used as an admixture with a high polymeric electrolyte.
As the high polymeric electrolytes usable in the
present invention, stearyl methacrylate/methacrylic acid
copolymer, B—hYdroxyethyl methacrylate/stearyl
methacrylate/ methacrylié acid copolymer, ethyleneimine
polymers, 2-methyl-5-vinylpyridine polymers, copolymer of
2-methyl-5-vinylpyridine and mixture of lauryl methacrylate
and stearyl methacrylate and lauryl methacrylate/stearyl
methacrylate/methyl methacrylate/2-methyl-5-vinylpyridine
polymer may be exemplified. Copolymer of 2-methyl-5-
vinylpyridine and lauryl methacrylate (carbon atoms of the
alkyl group: 16-18) is especially preferred.
"ASA-3" (produced by Shell Chemical Co.) as an
antistatic agent can be favorably used in the present
inven;ion. This commercial product is an antistatic agent

comprising about 20 wt% of chromium (IXI) alkylsalicylates
— s
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any desired nunber as far as an [err]-olefin and a chromi um based
cdial yst are contacted with each other ipsa_

.30 contacting node that the chrom um conpound and the al kyl al um num
conpound are not previously contacted with each other. In case of
using a nulti-stage mixing tank assenbly in the present invention, for
‘exanpl e, an amine or netal anide, and an al kyl al um num conpound are
introduced into the first tank, and an a-olefin and a chrom um conpound

are introduceddiing e tseaendatBok: atbmd, @AY A0 Wz eFReurduandadd
am ne or nmetal am de may be introduced into the first tank, and an

[err]-olefin E @R 2alekplvaheiylusul CoOSPOCLh e £ dbdutoduscent $i mifoat he second
tank. In this case, there nay be provided any desired nunber of m xing
tanks as far asopsilyirenr ofokRefmehhahdSavohy by xidinss b £hal §dkylagater
contacted with each other in a contacting node that the chrom um conpound
and the al kyl aifumetdaccyigcundidr éhhgh pelymexieEldatrdade)ormer abou I n
the present invention, an antistatic agent inert to the catalyst
conponent s i s 28 Whe®f a-&vilenein the reaction mixture, thereby preventing

deposition of the by-product polyner to {he reactor, dis iIIati% col um,
other incidental &§uiQshest eXaRR1iBi BEngtiTtREIG AT MR AFet® *Pfert to

t he catal yst conponents" neans an,anti statjc , .
y pgg%ent invenf%on, there can be g%@%ﬁ the antistatic agent

disclosed in Japanese Patent Publication No. 56-51164,
which is a composition containing (i) a polysulfone
copolymer of splfur dioxide and an olefin-based'compound,
(ii) a polymer-like polyamine which is the reaction product
of epichlorohydrin and aliphatic primary monoamine or N-
aliphatic hydrocarbylalkylenediamine and (iii) an oil-
soluble sulfonic acid. As oil-Soluble sulfonic acid,
alkanesulfonic acid, petroleﬁm sulfonic acid and the like
can be used. This composition preferably contains a
solvent selected from benzene, toluene, xylene,
cyclohexane, fuel oil, isobutane and a mixture thereof. As
~ for the contents of the said coﬁponents (i) to (iii) and
solvent in this composition, it is stated that (i) the
polysulfone copolymer is 5-25 wt%, (ii) the polymer-like
polyamine is 5 to 25 wt%, (iii) the oil-soluble sulfonic
acid is 5 to 30 wt%, and the solvent is 20 to 85 wt%.
"Stadis 450" and "Stadis 425" (produced by E.I. Du
Pont de Nemours & Co.) as antistatic agents can be
favorably used as an antistatic agent in the present

invention. "Stadis 450" is a composition comprising about

i




whose the presence thereof in the reaction systemdoes not affect the
ac{EVity of the said chrom um based catalyst. As such antistatic agent,
those al ready proposed in the field of poldmerization of [err]-ol efins can
be .used in the present invention. For exanple, the antistatic agents

31 " -disclosed in Japanese Patent Publication (KOKOKU) No. 50- 38158,
nanmel’y pol yval ent netal salts of the organic acids having a nol ecul ar

wei ght of at |east 300, nore specifically polyval ent netal

| kyl.sal i cyl , pol yyal | syl f d dial ky|

gl i %HZ? i l:%i ?Lfiow?’?a%%}e : qﬁ%eﬂauﬁ%a&%ﬂ%ﬁoagéi w¥’ﬁe°§l kyl group of

| kyl sal i cyl i i ds, . i i.ficall having 14, to, 1 tons. Th
Dol yvar ent et RS sRt S FRELA ks e pRYER, “EabBer T2 MRt S num -

| uni | ead,. ' - ; | K&
al um num | ea a}ggil%f}%yé%e é’&ﬁeé‘g.@édt,”aﬂgggﬁgﬁy@gg é%s“etéi%é?ne e

pol yval ent netal $a nay be use her a mxture thereof.

They My al 5o  beclSgbRse A AUl Y biindnBLANROLYERTd ELghACis Ol vt e.
0 e e

As.the high polyneric electrolytes usa Int present 1 nvention,

stearyl nethacgykgi ein@tpeaspyl £l . CoBebnABr 425er i - Ayebmpyeidndn
met hacryl ate/ stearyl nmethacrylate/ methacrylic acid copol ymner,

et hyl enei m ne cpmpyi®ing 2-t@thwtb-of polgpmidopelpolynerse sopot yoer of
2-met hyl -5-vinyl pyridine and mi xture of lauryl nethacrylate and stearyl
met hacryl at e adddéayllyén zen dack fdrate/astidar ¥0 to 70 wt% of kerosine, 10
to 20 wt% of toluene, less than 0.017 wt% of benzene and 2
to 7 wt% of mixed aromatic solvent (Cg-17).
Further, the antistatic agents disclosed in Japanese
Patent Publication (KOKOKU) No. 63-66321, that is, (I)
higher fatty acid soaps represented by the formula: RCOOM
(wherein R is a Ciz_zz saturated or unsaturated hydrocarbon
group; M is an alkali or alkaline .earth metal); (II)
sulfuric acid'esteré of higher alcohols represented by the
formula: ROSO3M (wherein R and M are as defined above),
sulfuric acid esters of secondary higher alcohols
represented by the formula: R(R)CHOSO3M (wherein R and M
gre as defined above); (III) alkali or alkaline earth metal
salts of the reaction product of castor oil, olive o0il,
peahut 0il, cottonseed oil or the like and sulfuric acid; .
(1V) alkali or alkaline earth metal salts of compéunds of
polyhydric alcohols and higher fatty acids in which the
:residual OH groups have been turned into sulfuric acid
esters with the partial esters of the said polyhydric

alcohols and higher fatty acids; (V) sulfuric acid ester

salts of higher fatty acid alkylolamides represented by the

N




met hacryl at e/ met hyl net hacryl at e/ 2- net hyl - 5-vi nyl pyridine polynmer may be
eXenplified. Copolyner of 2-methyl-5- vigylLpyridine and | auryl

-met hacryl ate (carbon atons of the alkyl group: 16-18) is especially
preferred. "ASA- 3" (produced by Shell Chem cal Co.) as an antistatic
agent can be favorably used in the present invention. This conmerci al
‘product is an antistatic agent conprising about 20 wt % of chromum (111)

al kyl sal i cyl ates 32 having 14 to 18

carbon atoms, @gif1al0 MMEH?@LC'(MIS@M R @inddir 2@t Bl BeXyhed above;
sul f'osucci nate, about 45 wt% or a copolyner of 2-nethyl-5-vinylpyridine

and Clerr] al kyl; edrerint@geFebfagrybi copgi gvihi empaindie rep relsentedl pire)
and about 25 wt % of m xylene. As ot her exanple of antistatic agent
usabl e i n the tHy exatuliany RIOCHACHS heDSOsc Awheeednt Rd Mhandm i ateatdx agent
di scl osed in Japanese Patent Publication No. 56-51164, which is a

conposi tion ca¥sindd@tdve)a A¥iIysuhigher abyypl yswYfafatsmsd mepreisexted and
an ol efin-based conpound, (ii) a polyner-like polyam ne which is the
reaction produzt thef frmtlacr &S@dMi twhedetn iBrnd M puenasy 586488/ ne or N
al i phati c hydrocarbyl al kyl enedi ami ne and (iii) an oil- soluble sulfanic
acid. As oi | -aoudie SliT0niadkydrdlylaprifieratedni EIRCiPPITRSASLSURE

sulfonic acid and the |li ke can be used., This conpositiogﬁg;eferabl
contains a s&%ﬂ“‘t‘%ﬁ_e’%ﬁpé&sﬁn&ﬁldb%z*éhﬁ,ffﬁ?‘ﬁ e RGQG L pgid compounds

represented by the formula: RNH(CH2),SOsM (wherein R, M and
n are as defined above); (X) condensates of compounds of
the formula: RCOCl and compounds represented by the
formula: HO(CH2)nSO3M (wherein R, M and n are as defined
above); (XI) alkali or alkaline earth metal salts of
dialkylsulfosuccinic acid; and (XII) alkali or alkaline
earth metal salts of partial esters of higher alcohols and
phosphoric acid. Among these antistatic agents, alkaline
metal salts of dialkylsulfosuccinic acid are preferred.

An antistatic agent is introduced into the reactor
along with the starting material a-olefin, catalyst
components and solvent, or it is mixed with these
éomponeﬁts and then introduced into the reactoi. In case
the reaction is carried out batchwise, antistatic agent may
be added into the reaction mixture composed of the above-
mentioned cémponents in a relatively early phase of the
reaction. The concentration of antistatic agent in the
reaction mixture is usually 0.003 to 30 mg/l, preferably

0.01 to 2 mg/l based on one litre of the reaction mixture.

-
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cycl ohexane, fuel oil, isobutane and a mixture thereof. As for the
Qﬁ]tents of the said corrponents (i) to (iii) and solvent in this

-conposition, it is stated that (i) the p‘élsysulfone copolymer is 5-25 wt %
(ii) the polyner-like polyamine is 5 to 25 w% (iii) the oil-soluble
sulfonic acidis 5to 30 % -and the solvent is 20 to 85 W%

"Stadis 450" and "Stadis 25" (produced by E.1. Du Pont de Nenours & Co.)
as antistatic agents can be favo'rably used as an antistatic agent in the

B350 Wt of pol yikk NG SHErar, ‘rBuftaRac b of ¢ FEORR LAY

am noet hanol epy hid?r(él*])é@rt'ﬂbnp@fygﬁr a-8Reeinl3sWedePied abily | fxenzenesul foni c
aci d, about 70 wt% of toluene and trace anmounts of quaternary amoni um

salt of aliphat nf}: eAditle YH OPRAPYGe yﬁfhﬁ’ ing Séaéié@ufa?t'%d Iy SRR 1 on

conprising 2 to % of pol yam nopo 2t08wt%o

dodecyl benzenasdd fifotdhidhe @Rah077Ba¥bdh 04t kRS 084 NEo1véht L 0 THismt % of
tol uene, less than 0.017 wt % of benzene and 2 to 7 wt% of m xed aromatic

sol vent (( errgyocess allldush@asyt Bepaphtsbatof tlgerbdy-mhtcdiats gbliymeXxspanese
Pat ent Publication (KOKOKU) No. 63-66321, that is, (1) higher fatty acid
soaps represertest his t hhefroting aeaREDON 1$\Abenéuqt€d|®delc[té”re Jabseeur at ed
or unsaturated hydrocarbon group; Mis an-alkali or alkaline earth metal);
(rn) conditions, the by-product polymers take a granular form

and can be easily separated.

The by-product polymers in the reaction mixture are
separated out without allowing them to‘melt. The granular
by-product polymers can be very easily separated out as
compared with conventional polymer separation. Further,
the granular by-product polymers are scarcely deposited on
the inner wall:of the piping, so that it is possible to
avoid such problems as blocking of the piping and reduction
of heat transfer coefficient. If the reaction mixture ié
stirred to disperse the by-product polymers prior to their
separation, it ié poséible to control the grain size of the
granular by-product pbiymers.

Stirring of the reaction mixture can be conducted by
any suitable means, for example, a rotary blade stirrer,:a
blow stirrer using an inert gas or a circulation pump
system, but usually a rotary blade stirrer is employed.

The shape of the bléde in the rotary blade stirrer may be
suitably selected from various known types such as turbine

‘type, fan turbine type, curved blade fan turbine type,

propeller type, simple paddle type (flat blade type), gate
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sulfurlc acid esters of higher alcohols represented by the formula:
S0[err] M (wherein R and Mare as defined above), sulfuric acid esters of
.secondary hi gher al cohols represented by3@he formul a: R(R) CHOSO[ err] M
(wherein R and M are as defined above); (111) alkali or alkaline earth
metal salts of the reaction product of castor oil, olive oil, peanut oil,
‘cott'onseed oil or the like and sulfuric acid; (IV) alkali or alkaline

earth nmetal salts of conpounds of polyhydric al cohol s and hi gher fatty
acids in which the residua

h b I_f d
esters with tHeRfr t9PH S &ygeof ef'ﬁe sé?é’e‘ﬁﬁ?e%?_l}d’lf” neq”aaifgfto Yol Liaé#\écrjk% (r:\er
fatty acids; ﬁ\/%iﬁ g,sée“r ge(éi @Io{;\ﬁe%}l%il ro%l‘ihsz Blabl 90 S 1Y :‘."3‘(§'Jec!:essary3.4

al kyl ol am des

formul a: ROONH( G effglea[seevra; WIS 8790 D105 4 A5, 9L A0 il S

an integer of 1to conp un S represente t'he formula:

R(OCCH err] CH e _ : dab
V1 b gher: Tkt e %a%qonat%ir%ye%?‘g?é‘%ﬂpglz%?g??%ﬁﬁ e e ove):

(wherein R andul}é aételﬁﬁrcgefsﬂm @peweling( Ybkts) Al kydwliy) wnd foeitres; (1X)
condensates of conpounds. represented by the fornmula: RCOCL and conpounds

represented bysihe Besond s sn@Y( Geer thel eeikBSther spésd wherisicreRsed,and n
are as defined above); (X) condensates of conpounds of the formula: RCOCL

and conpounds weprestid egkadin tdhieze fier enllargkd erferthe [stifSCierenead is
(wherein R Mand n are as defined above); (XI) alkali or alkaline earth
metal salts oflowered. Usually the preferred grain size of the granular
by-product polymers is 100 to 3,000 Mim, more preferably 300
to 1,000 pum. Therefore, the stirring speed (shearing
force) of the-rotary blade stirrer is preferably so
selected that the grain size of the granular by-product
polymers will fall within the above-defined range. -

The specific stirring speed differs depending on the
factors relating to stirring element, sﬁch as shape of the
blade, blade length,.blade width, slat angle, number of
slats, slat mounting height, etc. the factors relating to
oligomerization reactor, such as diameter of
oligomerization reactor (autocleve), depth of reaction
mixture, width of paffle plate, number of baffle plates
used, etc., and the factors relating to reaction mixture,
such as density, viscosity, etc., so that it is necessary
to determine the appropriate stirring speed by a contacting
model test before carrying out the oligomerization
reaction. In the case of a one-stage simple paddle type
(flat blade type) stirrer, the grain size of the granular

by-product polymers can generally be controlled to fall
_—
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df_lkyfsulfosuccinic acid; and (XIl) alkali or alkaline earth netal salts
of(;partial esters of higher alcohols and_ﬁghpsphoric acid. Anong these

antistatic agents, alkaline netal salts of dialkylsulfosuccinic acid are
preferred. An antistatic agent is introduced into the reactor along
with*the starting material [err]-olefin, catalyst conponents and sol vent,
or it is mxed with these conponents and then introduced into the reactor.
In case the reaction is carried out batchw se, antistatic agent nmay be

e memt o | ol OR6L Ol Y Be03FROTET0b0b N P sy g AR

conponents in arelatively €ea phase o redaction. Theé concentration

of antistatic agentidd ddeaqg AIDORMXbYbErl s, Msually 0.003 to 30 ny/l,
preferably 0.01 to 2 ng/l based on one litre of the reaction m xture.

35 In the presepdrdtMiidORhel by-prbaetel péUyhdwdd cal igoneri zation of
an a-olefinis carried out at a tenperature of Oto 70[err]C by using a
sat urat ed hydracesmslti shey ivyg usdingmar &nblkansdl tdy bbaquid ssepasatsed .verfin Thi s
process allows easy separation of the by-product polyners. That is, when
the reaction itsheopeesdred imdert itdne abdidtecoadi i oemst rifiugeyisproduct

pol ymers take a granular form and can be easily separated. The

by- product polgreferally hsedactirorhe regeeofr the sepapatan RinPagdursut

allowing themto nelt. The granul ar . .
polymers, separation thereof can be accomplished with

surprising easiness by using a solid/liquid separator of a
structure in which the solid matter is separated by
centrifugation while discharging the separated solid matter
out of the system by a rotary screw.

"A solid/liquid separator of the above-described
spécific structure is per se known. For example, this type
of separator is commercially available under the trade name
of "Sharples Super Decanter" (manufactured by Tomoe Kogyo
Co., Ltd.). Also, various types of screw-adapted
centrifuges are marketed by Ishikawajima Harima Industrial

- Co., Ltd. .

The said solid/liquid sepérator is mainly composed of
an external bowl having a shape of a cylinder and a cone
combined integrally with each other, the said bowl being
supported at its both ends by bearings and provided with a
discharge port for separating liquid and solid matter, an
internal screw disposed inside of the said bowl coaxially
therewith, and having proﬁided therearound a screw blade
and a plurality of liquid spouts in the body portion, a

feed pipe for feeding the stock solution through the liquid

eu}hsBmmRTimwd
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by product pol ymers can be very easily separated out as conpared with
cthentlonaI pol ymer separation. Further _sgthe granul ar by-product polymers
-are scarcely deposited on the inner wall “of the piping, so that it is
possible to avoid such problenms as blocking of the piping and reduction

of heat transfer coefficient. If the reaction mxture is stirred-to

'di sperse the by-product polymers prior to their separation, it is possible
to control the grain size of the granular by-product polyners.

Stirring of thgdRactinoRhe ¥bayep6apibg spnak@tféﬂl&ym@%aawstca@w geans,
for exanple, arotary blade stirrer, a |l ow stirrer using an inert gas or

a circul ati on futEE orSy HeeManéi t@pmahéva By I géary) Mexlggridd e pricdueeployed.
The shape of the blade in the totary blade stirrer may be suitably

sel ect ed fromnaratdumalnadrt feypasesbetivasn t tiidi swid teptse rfain Hoslbiand t ype,
curved bl ade fan turbine type, propeller type , sinple paddle type (flat

bl ade type), datternal screw in the same direction, and 36 castiyyge, shutter
type, etc. If necessary, a baffle plate may also be used along with rotary
bl ade stirrer erdlasdasssai@ externalnbeute and dravindladh sshanger Postused,
the grain size of the granular by-product polyners differs according to
the stirring siged Angg ligndd) andhaelid miteeyr aitheny A& péddnes snal |

when the stirring speed is increased, while the Praln size i s enl arged
when t he Stlrrqxﬁfgsﬁgbéepgrator such as a vertical separator and

horizontal separator.

In operation of the above solid/liquid separator, the
external bowl is rotated at high speed while the internal
screw is rotated at a lower speed, whereby the stock
solution supplied from the feed pipe is centrifuged, with
the solid matter being separated to the wall surface side
of the séid bowl and discharged out of the system by the
conveying action of the screw. In the present invention,
the operating conditions of the said solid/liquid separator
‘are not subjected to any specific restrictions, but usually
the external bowl is operated at a.spéed of 2,000 to 6,000
r.p.m., while the internal scre; is operated at a speed
about 500 to 1,000 r.p.m. lower than the speed of the
external bowl. _

 The o-olefin oligomers yielded after separation of
the by-product polymers in the reaction mixture is
purified, if necessary. Usually distillatioﬁ is employed
for purification, and this allbws recévery of the objectivé
substancé with high purity.

_—
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| owered, Usually the preferred grain size of the granular by-product
poﬁyners is 100 to 3,000 [err]m nore preferably 300 to 1,000 [err]m
Therefore, the stirring speed (shearing T%ﬁte) of the rotary blade stirrer
is.preferably so selected that the grain size of the granular by-product
polymers will fall within the above-defined range. The specific
stirring speed differs depending on the factors relating to stirring

el enment, such as shape of the blade, blade | ength, blade width, slat
angl e, nunber of slats, slat nounting height, etc. the factors relating to
ol i gomeri zation rea&®okhe sREesent dirnpemtdonef pagki génehezabtainedRtor
(autocl ave), depth of reaction mxture, wdth of baffle plate, nunber of
baffl e pl ates odeEln eitgomers mae Heacomvertedatinhg esosaturated nm xture,
such as densitg, viscosity, etc., so that it is necessary to determne the
appr opri at e- st PYeragasher e pyhydreganatiiong andpgurht 63t upated chX@FPAFRP UL |
the oligonerization reactjon. 1In the case of a,one-stage sinple paddle
type (flat bl BBE PGpEFCEEIed o thfe Yigomesiizatirn: Reagh it S¥YSEY-19 oduct
pol ymers can generally be,controlled to fall '

57 YW thi n thoePARGESof THOA b P0G IR 5 LadPAYEPRgoPRE" sTh¥ i ng
speed to 200 t-3c098n 0P fhe a-olefBPUNYARA LNBKuBIELLEL PO! YHEI S

can be acconplished by using a known solid/1iquid separa n

present inventh98roee££{155 Ofedk et i WoR %ﬁecifically defined, but it
is preferred to separate the product into a fraction with
carbon atoms of 4 to 6 and a fraction with carbon atoms of
not less than 8 by distillation and to subject the fraction
with carbon atoms of not less than 8 to the hydrogenation
treatment.

The amount of the a-olefin oligomers to be subjected
to hydrogenation may be such as equivalent to the amount
lost in the stéps of oligomerization reaction, sepa:ation
of the by-product polymers and distillation. 1In case the

o-olefin oligomers with carbon atoms of not less than 8 is

subjected to the hydrqgenation treatment according to the
said preferred operétion mode, since the yield of the O-
olefin oligomers with carbon atoms of not less than 8 is
relatively small in the Qligomerization reaction of the
present invention, it is possible to obtain a saturated
hydrocabon of an amount equivalent to the loss of the
reaction solvent if the whole amount of said a-olefin
oligomers is subjected to the hydrogenation treatment.
Thus, hydrogenation of the &-olefin oligomers is

performed for converting the a-olefin contained in the
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dfﬁfefébly used. In the case of the granular by-product polyners,
seaparation thereof can be acconplished with surprising easiness by using a
.solid/liquid separator of a structure in~®fAfch the solid matter is
separated by centrifugation while discharging the separated solid matter
out of the systemby a rotary screw. A solid/liquid separator of the
‘above-described specific structure is per se known. For exanple, this
type of separator is commercially available under the trade nane of
"Shar pl es Super Decanteer” (manufactured by Tonoe Kogyo Co,, Ltd.). Also,
various types GP&cPERSRBGHdNtOcRNTFTY eﬂ%?ﬁﬂggégPed E?rIBﬁFkaﬁBf?%a
Hari ma | ndustri_al woLtd. . The said soli.d/liquid separator is

mai nly corrpose(f_u&h g&gtgg{agfﬁéfmb(ﬁ?e h%?f?‘?ﬁalglysHﬁ}?@no?ly%reggpﬁgéfmand a
cone conbi ned tigbedkal! towa&bigashcgﬁfwé,exﬁﬁoféi.d Oy ebc%&ngqe,s]gﬁeoated

at its both ends by bearings and provided wth ™ discharge port for

separating |igYie®ian@19gbhdrgBEE egubfék%é&',tt% ﬁﬂ)a&ggggt%ap%@qtineﬁ& dgy of

the said bow coaxially “therewth, and having provi t herearound a stcrew
bl ade and a phyialkg &y pdatingmi dasadyss suppditdddyn yealumbnaaat feed. pi pe
for feeding the stock solution through the |iquid spouts in the

body portion ofeiperadiudel BEEB0atoSTHEW thdedrOtadipdie)s sizehatii S0 ¢pl aoet ary
gears) designed to produce a
kg/cmzf However, the hydrogenation treatment conditions
usable in the present invention are not limited to the
above-described. |

Other fractions of O~olefin oligomers,.for example,
one with carbon atoms of 4 to 6 is further purified by
distillation and recovered as a high;purity objective
product. Iﬁ the present inventibn, especially high-purity
l-hexene can be produced from ethylene in an industrially
advantageous way.

In the present invention, distillation for sepérating
o-olefin oligomers may not necessarily be conducted on all
of the substances in the reaction mixture. For instance,
in case of producing l-hexene from ethylene, small
Qtantities of other a-olefin oligomers such as l-octene
may be left in the reaction mixture without separation.
Also, the by-products such as Cjyp-20 compounds may be left
in the reaction mixture.

In the present invention, the catalyst components such
as chromium compound contained in the reaction mixture may

be removed to enhance purity of the obtained o-olefin

oligomers. The various substances obtained from the

ﬁnd
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r'of ational difference between the said external bow and internal screwin
t fg:same direction, and a casing enclosipg_said external bow, and having
-a dlscharge port f or separating liquid and solid matter. There are two
types of separator such as a vertical separator and horizontal separator.
In operation of the above solid/liquid separator, the external bow is
‘rotated at high speed while the internal screwis rotated at a | ower

speed, whereby the stock sol ution supplied fromthe feed pipe is

centrifuged, w.th the id matte pa ated to.th .S yif ace
side of the %l@"ﬁﬁ\ﬂ"zﬁﬁd@& §8ﬁ8Fb8’81 % t“'é‘? ? n%ys%ner}ﬁeo%p dzgr?veyi ng
action of the screw. In the_present invention, gdgf ratin nditions
of the said sd’l"’ird-ﬂ"lsqb‘lsﬁssepgf’ét dpstapee ot - }é?fb‘?’betft gﬁi ific

restrictions, (?c"{:ten%s%l |¢-_¥%BFQ€ Eé&.@é?é& P?é‘\‘n dEs OPEI A thﬁeﬁrﬁpeed of

2,000 to 6,00 ernal screw 1s operated at a speed

b h f
e Lerr]- Lo b Breoiiahotle BF SEEEE s e UL iSonE o

I"gorrer Ft8F Separa product

pol ymers in the g %%Oyg%a GebideRu Spo PURLLL educ o GO ol BBt y

distillation i r purlf and this allows recovery of t he
obj ective sulsdiapadyVend NrgDpeyi.t YaAlso, l-butene or butane of Cq4, 1-

% octene or octane of Cg, etc., can be converted into
cofresponding sulfonic aéids derivatives by adding hydrogen
sulfide and oxidizing the resultant mixture. Salts of such
sﬁlfonic acids are useful as surfactant.

Thus, trying to enhance purity of the produced O~
olefin oligomers by removing the catalyst components such
as chromium compound contained in the reaction mixture is
important in use of the various substances obtained from
the oligomerization reactions of o-olefins. Further,
depending on the conditions of distiliation separation of
the suﬁstances, there may arise the problems such aé
deposition of the catalyst coﬁponents such as chromium
compound on distillation column, so that it is necessary,
from such aspect, to remove the catalyst components such as
chromium compound contained in the reaction mixture.

Removal of the catalyst componeqts contained in the
reaction mixture can be accomplished by contacting the
reaction mixture containing the catalyst components with an
aqueous acidic or alkaline solution. Removal of the
catalyst components is preferably conducted after

separation of the by-product in the reaction mixture. As
I
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Ih:;hé present invention, part of the obtained a- olefin oligoners may
canverted into a saturated hydrocarbon by hydrogenati on and such satur

.hydrocar bon

may be recycled to the oligomnk4Tzation reaction systemto

realize a significant reduction of solvent cost. The fraction of the
[err]-olefin oligoners to be subjected to the hydrogenation treatnent
not specifically defined, but it 1is preferred to separate the product

a fraction with

atons of not

wi th, carbo

f ti .
| 8634, nBREEE o? ignacifoapiorpifurid agid Tar

e ONeril zation reac

be
at ed

i's
into

carbon atons of 4 to 6 and a fraction with carbon atons of
not |ess than 8 bg dis illat%ﬁg’ nd, t o _subj,ect t

n
unt

1 on,

oL Lol bR EAAIERd, P o B ORR LA i £

as equi val ent

separation o
[err]-olefin o

Lo the hydrogepathbongt ee! fEnbods Qiied.0 Rcasll drPLRE CEaRL ApRT ali on

node, since t

gonmers wt ons "of n S n

he yield o a- I'n oligomers with carbon atons of

less than 8 ispikehakl &shyﬁmc% {1He I AQlyisgoEBhbaathes weektaRNa@id tde

present invention, it is possib

(PRI RSkl nel s e, gl it o OnE A o

not

e to obtain a saturated hydrocabon of an

amount equi val alkall® 5BEut 968 &dn e adRAplliichedobyelbing vacisdel eypeount

of said [err]
treat nent.
performed for

-olefin oligoners is subjected to the hydrogenation

of ehtisachydy dgenalt ais Qireifieeriedr tp- obef an appgvaews is
converting the [err]-olefin contained in the

composed of a stirring tank and a stationary separating
tank. Such tanks'may be arranged in single étage or
multiple stages. The extraction system may be either
batchwise or continuos.

The catalyst components easily removed by the said
extraction, although variable de?ending on the type of
extracting.agent-used.(acid or alkali aqueous solution),
are mostly metallic substances such as chromium compound,
metal amide'and alkylaluminum compound. In the presenﬁ
invention, if neceésary, there may be used two stirring
tanké to perform extraction with both an acidic aqueous

solution and an alkaline -agqueous solution.

The extracting conditions are not critical, but in

case of using stirfing tank -and stationary separating tank,

the oil layér'to aqueous layer ratio in the stirring tank
is usually 1 : 0.1 to 10, preferably 1 : 0.5 to 5, a
treating temperature is usually 25 to 60°C , preferably 40
to 60°C, and a treating time is usually 5 to 120 minutes,

preferably 30 to 90 minutes.
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40~. sai.d oligonmers into a saturated hydrocabon. For performng such
hgaﬁogenation, the generally known hydrogenation treatnent conditions can
"be enpl oyed. For exanple, the [err]- ol eli3a oligonmers is subjected to
hydr ogenati on treatnment by wusing a platinumcatal yst supported on
[efr]-alumna at a tenperature of 30 to 150[err] C under a pressure of 10
to 70 kg/cnmferr]. However, 'the hydrogenation treatnent conditions usable
in the present invention are not linted to the above-described.

O her fractions of [err]-olefin oligonmers, for exanple, one with carbon
atons of 4 to 6 is Ramovadr ofuthei edtbyysti somponanton cand bee perdogteds ah

high-purity objective product. In the present invention, especially
high-purity Rhedasdresh skagsr adtuesdotigemeriateirn i n Taeref@ysyr thel y
advant ageous wa In the present{ invention, distillation faqr

separating a- A IPTHMFSHEEs CRRY21BENRetRe CAt 3 W e CURPRERES &% BPF  of
t he substances jn.the.reaction_m xture, For insfance, Jn.case of producing
1- hexene from Weéflé",o FE3GLAREI PHEEULE ‘z@i‘h%f %[aesr AUSE BRER JRPySREr
such as 1-octe lieft he regction mxture Wt t.s Lon.

Al so, the by-6$§&ﬁg?§€%§§ﬁ%§SSéFE%P] %gﬁpﬁhﬂ%%yrﬁé}ﬁﬁfIEﬁ%Ey#qg gﬁgkgggction

m xture. £ddh WHE AW @3RN maliAV @Bhb8Aent HEo £ kb Vst i WPy s such as
chrom um conmpound contained in the reaction mxture may be renpoved to

enhance puri t)af/dh&ARleditN8dveebebnOb 6t 11164 | HAAES S HoWRR AT 18USase
subst ances obtained fromthe

the catalyst components are removed from the réaction
mixture from which the great part of ¢-olefin oligomers
and solvent has been distilled away, there may arise the
problems such és deposition of the catalyst components on
the distillation column in the distillation separation
immediately before the removal operation. Therefore,
removal of the catalyst components needs to be conducted at
a stage where the catalyst components are not yet
concentrated to a high degree after distillation of the
reaction mixture.

Metal ions in the acidic or alkaline aqueous solution
after extraction treatment can be recovered by a known
method, for example, a method using a chelate resin.
"Diaion CR10", "Diaion CR11l" (produced by Mitsubishi Kasei
Corporation), can be used as chelate resin. These chelate
resins enable efficient recovery of trivalent chromium ions
and aluminum ions. For recbvéring métal ions, it is also
possible to employ_a method in which the desired substances

are precipitated as insoluble metals by making use of a

' - This Sheet Has Been Reﬂlaced
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41: oligonerization reaction of [err]-olefins can be applied to various
u&és. For instance, 1-hexene, |-butene am#4r octene which are recovered
fromdistilled a-olefin oligonmer conposition can be used as a starting
nmononer for preparation of useful polynmers such as linear |owdensity

pol yet hyl ene (L-LDPE). Also, 1-butene or butane of C4, 1- octene  or octane
of (Jerr], etc., can be converted into corresponding sulfonic acids

mxt e | Sal 1St iahin AR EEREE denar € (Aer D TR 8 FHOT
Thus, trying to enhance rit f the,produced. a- olefin oligomers by
renovi ng t he &?@T%@ta%%gﬁtg‘ogu(‘fﬁlgﬁsacﬁ?ﬁma%% Toibund cont ai ned in

the reaction m xt ur,ﬁ}é' Sreaic@.%rr{ %thti}xggu?fggf e&hgfv éoélacta t ances
0 gacti on

obtained from the I gomreri-zati on §°0%h-olefins. urt her,

dependi ng on t@&npﬁéél‘[%iréébqr? u%fuaqiﬁ/t ghkg&howiéﬁ% f&ojem&nﬁ tHPslAarces,

there may arise t obl ens such-a eposition o cat al yst conponents

such as chr omi ¢4 a DO Utlicke@ tdieSeiinl ahtoBhéenl s8Parsed hirit d ta+sl e®iaessary,
from such aspect, to renpve the catal yst conponents such as chrom um

conmpound cont aNEsbridr § hd SAedR ByXHiEEillation Remven difstila aadical yst
conponents contained in-the reaction m xture can be acconplished by
contacting thesep®fctiom caxtuer @aceonpaiishad bheusbh@ly sinwanponents with an
distillation apparatus. The recovered solvent may be
recycled to the reaction system.
In the present invention, .other Q-olefin oligomers
than l-hexene, for example, l-heptene and l-octene can also
be produced in a relatively high yield. That is, according

to the present invention, it is possible to produce -

olefin oligomers having (n + 4) carbon atoms by carrying

out oligomerization'of ethylene and an 0-olefin having n
carbon atoms (wherein n is an integer of not less than 3).
In producing 0-olefin oligomers having not less than 7
carbon atoms according to the said method, 0-olefin and
chromium-based catalyst are contacted with each other in a
contacting mode where chromium compound and alkylaluminum

compound are inhibited from previously contacting with each

other. Here, the term "o~olefin” is used to refer to both
ethylene and Oa-olefin having n carbon atoms. However,
when utilizing ethylene and/or o-olefin having n carbon
atoms as reactidn_solvent, one of them may be previously

introduced into the reactor.

This Sheet ‘Has Been Reﬁlaéed
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ad gous.acidic or alkaline solution. Renpval of the catalyst conmponents is
pré&ferably conducted after separation of _tsfae by-product in the reaction

m xture. As 42 acid, nitric acid,
hydrochloric acid and sulfuric acid is preferably used. As alkali, sodium
hydroxide is preferably used. Such acid or alkali is usually used in the

formof a 2 to 20 w % aqueous solution. Contact of the reaction mxture
contai ning the catalyst conponents with an acid or alkali solution can be

acconpl i shed by using vari I&%ﬁ twggl ing Hgg%(%%actg%émgut a%etre S §felseq to

use an apparatus cornpose a St t I onary separ at| ng

tank. Such tanksJmy %dar angqd h?cﬁwgkédséﬁgfef’{ns RS & §I”he Rl The

extraction system nmay ther W se or contl nuos. yst

conponent s eas'éavﬁgo%”%\eg%sbysmﬁ 331 808514361 Phaelidioudharabhe

dependi'ng on the tracting used (aci 4dqueous

Tetal am 3"-‘%?“% A G AnatRr Frebey B Hvendy CHRRTIN, pne

nmetal am de an conmpoun e prese I nvention,

necessary, theﬁﬁtéHEhtb%nH%%szWO EhérEéQth&ﬁ“K@riﬁéf&%JﬂﬁaH Q%%k%ﬁbh@nowﬂth
both an acidi ¢ aqueous sol ution and an al kal i ne aqueous sol ution.

The extracting ZTomdids arfs evhyleae endt bnal mobet of -chsEirofhawsingy ostirri ng
tank and stationary separatlng t ank,
carbon atoms is carried out selectlvely, so that the ratio

of the said o-olefin tq ethylene is not specifically
defined. Actually, 0.0l to 1,000 moles of a-olefin having
n carbon atoms is used to one mole of ethylene, and an
appropriate ratio is selected from this range so that a
p:oduét having the desired compositional distribution will
be obtained.

The a-olefin oligomers preparation process of the
present invention is especially advantageous, in the
following points (i) to (iii), for industrial production of
l-hexene.

(i) The process is capable of producing l-hexene from
ethylene with high ée;ectivity and in a high yield.

(ii) Oligomerization reaction of ethylene is carried
out in a solvent having higher boiling point than l-hexene,
followed by degassing to reduce the pressure to not more
than 3 kg/émz(G), and then the by-products are separated,
so that separation of the by-products is easy to perform.
As the reaction solvent having higher boiling point than 1-
hexene, chain or alicyclic saturated hydrocarbons such as

hexane, heptane, octane, cyclohexane, methylcyclohexane,
/

ﬂthﬂmRTrwﬂi
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the oil layer to aqueous layer ratio in the stirring tank is usually 1 :
0.(%:to 10, preferably 1 : 0.5 to 5, a treating tenperature is usually 25
to60[err]C, preferably 40 to 60[err]C~4ATd a treating tine is usually 5
to-120 minutes, preferably 30 to 90 mi nutes.

43 - Renoval of the catal yst conponents can be perfornmed at any
‘desi-red stage after oligonerization. Therefore, the reaction mxture
contai ning the catal yst conponents is not limted to the reaction m xture
whi ch has just been led out of the reaction system and it n§¥ be the

e et B | et pL LTt LT o o
conponant ar Y it TYAH s PAGHASR<n BER L1 ISPV 0 pr
e e o B ST LRI R Blmarin s e
“renoval operat?%ﬁgyc e#%géﬁeéiéﬂ%gggfgﬂa§§9tEggég %T?s céﬁbongnts needs ?o

be conducted aEe%f’?]?% 5 Helfe [ hR £at ahySEreBIPRRESE Sa Aékatild Vet

concentrated to egree after distillafion of the reaction mxture.

Metal ions in fPgracdthéndrsddikald 9 131BRHS efB] U8L SNl oPdberizend I asid QN
treatnment can be recovered by a known

can be used.

Oligomerization of a-olefin such as ethylene is
usually carried out under pressure,.and ensuing separation
of the by-products is perforhed with the pressure in the
reaction being substantially maintained unchanged. This is
because of the following reason. In production of l-hexene
according to the conventional method, the yield of l-hexene
is unsatisfactory and, under certain reaction conditions,
low-boiling point substance (l-butene) is produced as by-
products in large quantity (about not less than 15 wt%).
Accordingly, when pressure is reduced close to ordinary
pressure after the reaction, the cooling load necessary for
distillation separation of l-butene (boiling point:
-6.47°C) from the unreacted e;hylene is increased.
According to the conventional method, therefore, it is
essential to perform separation of the by-products without
reducing pressure after the reaction and then separate l-
butene-by distillation, with the pressure being gradually
reduced in the ensuing unit operations. However,
separation of the by-product polymers under pressure not

only necessitates a specific solid/liquid separating device
_/’—”_—_ .
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neLhod for exanpl e, a nethod using a chelate resin. "Diaion CR10",
‘&kon CR11" (produced by M tsubi shi Kas%H Corporation)-, can be used as

.chel ate resin.
chrom umions

These chelate resins enabl'e efficient recovery of trival ent
and al um numions. For recovering netal ions, it is also

possible to enploy a nmethod in which the desired substances are
precipitated as insoluble netals by making use of a
44 -pertinent chenical reaction, or a conbination of such method and the

met hod using a,¢hel atL JEPdbr in opeIB@15§as%f9@1éBe<§ Uldho|i9PTRfhe0T the

catal yst conponents is usually washed w

h water to renpve the acid or

al kali nixed tdwsed N NGhdyhamvaeRabatiedibRa® desddvareidds stidrgarers and
sol vent by dlstlllatlon Such distillation separation can be acconplished
by using a knawocldirst idff atHeosodpadr aigaid Jépar£Eew @yedt o Ibyepirodmytbe
recycled to the reaction system In the present invention, other
[err]-ol efin gtolpowers. tOmarche- Icnehenehahdr ekenpl ehexerepitse percanded- oct ene

can also be produced in a relatively

yield. That is, accordin to

the present i RRFRTBNI ko |t§‘ep(9$§ill§FEént ngg%ﬁﬁé PEPIYCL iQf HHAFESS Gdner s
having (n + 4) carbon atons by carrying out oligonerization of ethylene

and an [err]-dt
| ess than 3).
carbon atons

Qﬂ|HF?ﬁﬁﬂqu}QYGHG&PB@nsa96ﬁ31(b$E#Q#rF%P|h$59¥t@HP@§e#noF not

u err]-olefin oligoners having not less than 7
’rfg“fd”q’(%ﬂt? SHPRTRECHBE, TPEPRYLIQN AT (FhfPy-Product

such as l-butene, there is no absolute need for recovering

l-butene, and when it is this by-product by distillation

under ordinary pressure, the cooling load necessary for

distillation separation can be lessened remarkably.

According to the present invention, the content (the amount

produced as by-product) of l-butene.in the «-olefin

oligomer composition can be reduced to not more than 10

wt%, while the content of l1-hexene therein can be increased

to not less than 70 wt%, or even to not less than 85 wt%.

According to the present invention, by-product

polymers can be separated after reducing the pressure to

not more than 3 kg/cm?(G) by degassing after the reaction.

When the pressure is reduced to not more than 3 kg/cm2(G),

use of a relatively simple solid/liquid separator is

possible, and also there is little possibility of the

solid/liquid separator being blocked by the by-product

polymers. It is, however, preferable to reduce the

pressure to not more than 1.9 kg/cmz(G) which is specified

by law as limit pressure of second class high pressure

vessel. It is even more preferable to reduce the pressure
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chron1un}based catalyst are contacted with each other in a contacting node
et.e chrom um conpound and al kyl al umi num , conpound are inhibited from

.previously contacting with each other. ?é the term"[err]-olefin" is

used to refer to both ethylene and [err]-olefin having n carbon atons.

However, when utilizing ethylene and/or [err]-olefin having n carbon

‘atonms as reaction solvent, one of themnmay be previously introduced into

t he *reactor. 45 As [err]- oIefin

havi b h b d b

lerr] ol ef ?Lsoﬁav A6 aotg s a@r%ﬁw“/fﬁ?%@9s§tehte§tssﬁ+%byﬁ'?§2=e5“as%%§
-hexene, 1. P81 8BEconELOMale LGN G A SIELNYECLLPENLENE, Shder | the
pr esent [ nvent I on, ?ﬁe reacti on r| Zeatsl (r)nl'? r ﬁ?sO? I’T'Df es of

et hyl ene and oggdgpgg oﬁrgggﬁ}eolefln having n carbon atonms is carried out
sel ectively, so that ¥he ratio of the said [err]-olefin to ethylene is not

specifically definedii)Asingd|the Qd¥l Tdf %ia%@‘h'ﬁk@énoée{;&fé&i&ﬂa € Nthe

having n carbon atons Is used to one npole of ethylene, and a

appropriate rakeactsofiekervest f1ommdlis l’t@i&%e&@fhhabfare@f@ﬂmé daving the
desired conpositional distribution will be obtained.

[err]-olefin obogom&ts;prb@ﬁgat | (fhept ades dbalainkd rpaeseoh pm@md:t on is

especi'al | y advantageous, in the following points (i) to (iii), for

i ndustrial prodowppehatdén contains a large number of the substances which
are hard to separate from each other, the benefit of
recycling the reaction solvent is lessened because of large
load of distillation separation of the reaction solvent.

In contrast, when l-hexene is produced according to the o-

olefin oligome;s prodﬁction process of the present
invention, the content of l-hexene in the obtained o-
olefin oligomer composition is at least 50 wt%, and it can
be increased té not less than 75 wt%, or even to not less
than 85 wt%. Distillation separation of l-hexene and
reaction solvent can be accomplished by using a known type
of distillation apparatus. Distillation operation may be
either batchwise or continuous. In either case, l-hexene
is usually distilled out from top of the distillation
tower. The reaction solyent recovered as bottom product
contains other 0-olefins than l-hexene, but their content
is small. 1In the present invention, therefore, the
reaction solvent reéovered-in the course of distillation
separation of l-hexene can be recycled in the form as it is
‘to the reaction-system during the period until the content

of other ot-olefins than l-hexene in the reaction system

\\||\|\\\‘iiiii“ il



etryl ene with high selectivity and in a hi yi el d.

(i)

1-ﬁexene. (ij The process is capable of producing 1-hexene from

"O.i goneri zation reaction of ethylene is caffied out in a solvent having
hi gher boiling point than 1-hexene, followed by degassing to reduce the
pressure to not nore than 3 kg/cnferr] (G, and then the by-products are
separated, so that separation of the by-products is easy to perform As

t he reaction sol vent having higher boiling point than 1-

hexene,

chai n or

alicyclic sat %é&@ﬁeéyﬂ%@émé%&%zé&%ﬁ%ﬂ% RERLANS, AOCLANEY e 46

cycl ohexane, nethyl cyc exane,

decalin, etc.
et hyl benzene,

tetrachl oroet hane, etc.; and chlorinated aromatic hy

, r@80Uhbh CsHY B M g1 nShgh sathbere2eeinst RAYEPE, r&¥y €16

nesitylene, tetralin, etc.; chlorinated chaln hydrocarbons
such as carbontot ehée ackhOt iste, syhtem.or aet hanes Ebhﬁ?égﬁ@%f@ﬂ@,to
r

ocar bons such as

chl or obenzene, recgbleruobendiesb: aiount ofamheereaedion solvéht gOsEsvemdd on
of a-olefin such as ethylene is wusually carried out under pressure, and
ensui ng separ atPoRisbilieieny -saramation ofpetherntedohefhnshehprelsure in
the reaction being substantially maintai ned unchanged. This is because
of the follow hgxee@isonin thigpreshsot ddistdfllathorenepanacvonli ean tleet he

conventi onal

met hod, t he gield of 1-hexene

accomplished in the same way as described above, but the

distillation load is greatly lessened because of small

content of said O-olefins in the reaction solvent.

According to the present invention, there is further

provided a novel a-olefin oligomer composition which is a

reaction product composition obtained from oligomerization
reaction of O-olefins, comprising not less than 85 % by
weighf of l-hexene and not more than 15 % by weight oflthe
oligomers having not less than 10 carbon atoms and/or |
polymers.

0-Olefin oligomers useful as various types of

starting material have been obtained from oligomerization

reaction of a-olefins. The reaction product compositions

obtained from oligomeriiation reaction of a-olefins,

especially the compositions in which the content of 1-
hexene is not less than 85 % by weight ére of high
industrial utility, and above all, the compositions with a
l-hexene content of not less than 90 % by weight are of
particularly high industrial value.

In much of the reaction product compositions (-

olefin oligomer compositions) obtained according to the

This Sheet Has Been Reﬂlaced '

(TR




%

I s.unsatisfactory and, under certain reaction conditions, |owboiling
péﬁﬁt subst ance (1-butene) is produced as by- products in |large quantity
-(about not less than 15 w% . Accordi ngi?9-when pressure is reduced cl ose
to-ordinary pressure after the reaction, the cooling | oad necessary for
distillation separation of 1-butene (boiling point: -6.470C) fromthe
‘unreacted ethylene is increased. According to the -conventional nethod,
therefore, it is essential to.performseparation of the by-products

i t hout duci J f th t] t.h X te . 1-. Db
by di sti 11 ati GIETOANIAS FPabElipe DBPnGoDr abart 04 RISt PAYBRS0 ng

unit operations, due¥er, o:96RALA'HGR QL Lhen Y- PEodUot dalyTRrS ager
pressure not only Hecessital 6s 3 Speci Tl ortd/Tiqui'd séparat’'i ng devi ce
47 but is als %ﬁg-'- i I G [ S, LI .may
invite additidﬁ%’ |%§i’J%ﬁ?%%%gqgugégaébfgﬁ%ﬁiﬁﬁg %ékﬁﬁua §§ﬁ?§% Ffabfd _
separator by thies i MRdufovel ek iebied M WhEn Ot AGE 1eMemel- hexene is
produced according to the [err]-olefin oligoners production process of
the present inyeiddndy HHviGRy k- Rex8BA &8BmHeiobtapeskrited pyhinghnyiald
whi | e suppressing formation of the by-product such as 1-butene, there is
no absol ute nesghical reecampde BF compobebion ageh hweied tin & tHvldoy-upr oduct
by distillation wunder ordinary.pressure, the cooling | oad necessary for
distillation Sepstr &y dthecpresentedgwaptorenis kabl follows:

=y

C4: 19%; C6: 40%; C8: 16%; C10: 13%;
Cl2: 7%; Cl4.: 3%; Cl6: 1%; ci8: 1%

In the case of this reaction product composition,
since there are contained many substances which are hard to
separate from each other because of their close boiling
points and also the content of the oligomers having 4 td 8
carbon atoms is small, the fractionating operation is
difficult to carry out and also the load of the
fractionating process is large.

The o-olefin oligomer compositions provided according
to the present invention are rich with the oligomers having
4 to 8 carbon atoms, so that the load of the fractionating
process is small and, therefore, the compositions are
usable as Qarious types of starting material to'industrial
-advantage. The compositions are particularly suited for
use as starting material for L-LDPE which is a very useful
resin, and they can even be used in the form as they are as
starting material for the preparation of L-LDPE with

certain specific properties. 1In the preferred &-olefin

oligomer compositions of the present invention, the content

[T
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ordlng to the present invention, the content (the anount produced as
b “froduct) of 1-butene in the [err] oleé ol i goner conposition can be
‘reduced to not nore than 10 w% while t 4 content of 1-hexene therein can
be-increased to not less than 70 wt% or even to not |less than 85 wt %
According to the present invention, by-product polyners can be . separated
after reducing the pressure to not nore than 3 kg/cnferr] (G by degassing
after the reaction. Wen the pressure is reduced to not nore than 3

kgicnierr] (O, ¢ U Oferke F& ‘:‘i{dtvqle%ss'tﬁgb Fg%{-_@'/ ! {ﬁ'ﬁi f&g{% qwfé&red

possi ble, and also there is Iittle possi ity of

separ at or bei ng-ble£ke do Dygdnhe: Wo@dltebnspatyﬁﬁésmésems,1m»amfn,
preferable to reduce the pressure to not nore than 1.9 kg/cn2(G which is

specified by {He @sntéil loPrEeTeHeR et sSAEONTe Sk aEEahi o RIE Y @hevessel .
It is even nore preferable to reduce the pressure

48 to not noreathatofkehtk P gher biGbmett8de@hdbt Chol¥meSs (assiny mott 0
perform substantially the same operations as under ordinary pressure.
(iii) Since thkespathad IR starboat iadonsepar asuahlpflite 2 rifctomniiess.vent is

smal |, the benefit of recycling of the solvent is |Large. Wen the obtained
reacti on- produ%‘?es%o%p%%‘? 10y P HSAme T SORPPEiGdORENBE tBY RFRSMbst ances

whi ch are har gl 1o, SERArale {4 OGN LI ent UEaBEL de e ing o

olefins after oligomerization reaction thereof.

According to the present invention described above,
oligomers of O-olefins such as l-hexene can be produced in
a high yield with high selectivity without complicafe
operations and in an industrially advantageous way. It is
also possible to prevént'deposition of the by-product
polymers on the reactor, distillation column, other
incidental equipment, and piping. Separation of the by-
product polymers is easy and a significant reduction of
solvent cost is realized. Further, according to the
present invention, purification of a-olefin oligomers to a
very high degree can be attained. Still further, according
to the present invention, since it is possible to obtain 1-
hexene in a high yield, distillation recovery of the
reaction solvent to be recycled to the reaction system can
be practiced at low load, and separation of the by-product
polymers after the reaction can be accomplished under
ordinary pressure or low pressure in an industrially

advantageous way. Moreover, according to the present

invention, there are provided O-olefin oligomer

ThlS Sheet Has Been R
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gycllng the reaction solvent is |essened because of large |oad of
filllation separation of the reaction so%¥en In contrast, when
1 hexene is produced according to the [err ol efin ollgoners producti on
process of the present invention, the content of 1-hexene in the obtained
[err]- olefin oligoner conposition Is at least 50 wt%. and it can be
incréased to not less than 75 wt% or even to not less than 85 w%
Distillation separation of 1-hexene and reaction solvent can be

acconpl | shed D¥.oiidd e3ohaOUA; EXPEre Aedllfidd | SR ARBRLBLYR oL ST 1 L AT1 ON

operation may b el t her mnse or con I nu er case, 1-hexene

i s usual |y di stobtlag@e@uirbmosl i §emefiidrei sh Hdddtaldrons tewaerihBeangaction
sol vent recovered as boettom product contains other [err]-olefins than

1-hexene, but tipgich @eBt @@kh WStBMBhé ol ydmte PMRASARY ny¥enti earvbher ef ore,
the reaction solvent recovered in the course of distillation separation

of 1-hexene caatlms,etheredore tdguits eall tldad flor ERacegaanbtdonsygsdiem
during the period until the content of other [err]-olefins than 1-hexene
in the react,g@egpgtghplefln oligomer compositions can be offgregecgshes a
prescri bed concentration. Al so, part of the reaction solvent containing
such a-ol efi ns vemyjious rtepgsl ef starting matsiial $Hestioduskripd afvantage.
possible to recycle the whole amount of the reaction solvent recovered in
distillation separation of other a-olefins than 1- hexene. In this case,

distillation s%&%&@ikgn can be

The present invention is explained in more detail in
the following Examples and Comparative Examples; however,
it should be recognized that these examples are presented
for illustrative purposes only and should not be construed

as limiting the scope of the invention.

Example 1

A 300 ml autoclave dried by a dryer at 150°C wés
assembled in a hot state and then the atmosphere in the
autoclave was replaced with nitrogen in vacuum. A catalyst
feed pipe equipped with a rupture plate was previously
attached to the autoclave. n-Heptane (45 ml), a n-heptane
solution of pyrrole (0.030 mmol) and a n-heptane solution
of triethylaluminum (0.800 mmol) were charged to the
autoclave, while a n-heptane solution of chromium (III)
acetylacetonate (10 mg, 0.029 mmol) was charged to the
catalyst feed pipe. The total amount of.n-heptane was 50

ml.

This Sheet Has Been Rerlaced




ac?pnplished in the sane way as descri bed above, but the distillation |oad
| skgi-eatly | essened because of small comt®m of said [err]-olefins in the
reaction sol vent. According to the present invention, there is
further provided a novel [err]-olefin oligomer conposition which is a
reaction product conposition obtained fromoligonerization reaction of
[errT-ol efins, conprising not less than 85 % by weight of 1-hexene and not
nore than 15 % by wei ght of the oligoners having not |ess than 10 carbon
atoms and/or pol ynBisst, the juggdlaecfvias dleagedets astémpendtyreioils
types of starting material have been obtained fromoligomerization
reaction of [efPP-Gland fshen mihwleast was prsdeducednpbereinke xR athrd
fromoligonerization reaction, of a-olefins, especially the conpositions in
whi ch the cont eﬁFagVSE- fegd RiRe it prtemrarativse &F JPByCwei Hhe ZPREWFE hi gh

I ndustri al utilhtg and abqge a “%E*he %gggpsitions wth a, 1- exene
content of not PLEEE FRAANTBBEYEE &hi® €5 PREPEPER| APHyA hFRROMY
i ndustrial val ye, h of the reactio r gu % | 1]
(Lerr1 ol ofi HoBPPEBRere S SR dH ety o0t rite 2B E80y BFnbRE o ahes HAve to
50~ convent| F’Q%Lr@%'ﬂ?gém%}bfﬁ@o&{ E‘;&‘ e%fh[ytfé%eQ' | 9OHBA 8nbayh 091 A réduébq -
carbon atons is not noré than W% that 1's, such “conpositions contain
the polymers ofn¥3hi eHS . oGPPI B Hure reached 35 kg/cm?(G), and
thereafter the overall pressure was kept at 35 kg/cm?(G),
while maintaining the temperature at 100°C. One hour
later, ethanol was injected into the reaction mixture to
terminate the reaction.

After releasing ethylene from the autoclave, the by-
product polymers (mostly polyethylene) in the reaction,
mixture were separated by filtration to obtain a-olefin
oligomers. The results of compositional analysis of this

a-olefin oligomers by gas chromatography are shown along

with other data in Table 1.

Examples 2-12

The same procedure as in Example 1 was carried out
except that the operating conditions shown in Tables 1—3.
were employed. In Example 12, however, 2,5-dimethylpyrrole
was used in place.of pyrrole. The results are shown in

" Tables 1-3.
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begi.de t he above-nentioned. Wen, for exanple, the oligonmer having 4
cakpon atons is represented by "C4", a géﬁlcal exanpl e of conposition
confirmed in a followup test by t he pr € inventors is as foll ows:

C4: 19% C6: 40% C8: 16% C10: 13% Cl2: 7% Cl4: 3%
Cl6: -1% C18: 1% " In the case of this reaction product conposition,
since there are contai ned nmany substances which are hard to separate from
each ot her because of their close -boiling points and also the content of

the oligoners %?$¢$g%ﬁ¥io 8 carbon atons is snmall, the fractionating
operation is to carry out and al so the Ioad of the

fractionating proceﬁ?O %S%eeaagzoce “ﬁen\%ﬂt%f’g%?‘éef 2 orr%gIil crg:)odm tions

provi ded accordi ng resen | gomer s

having 4 to 8tﬁer£§”f (H“%héﬁgnﬁgg é%@ecbﬂégcging oééaﬂéﬂéggﬁ JRﬁQ?eSS

Is small and, ore, the ositions are as various types of
starting ”Hteféﬁa ¢RcomflRidd da afkalisagerndbe; fonQOﬁlﬁé él$olution

particularly suited for use as starting material for L- E which is a

very useful residhrémturk hmﬂa”(ﬁ&%ﬁ%eﬂéﬁdaté)th@of@ém@soéh%cﬂf)e as
starting material for the preparation of L-LDPE with certain specific

properties. |andhe prisdprares solaitafonn ofoki, gedtme tRPPEGLEd DS(®f0Ehe

present invention, the content 51
mmol) were charged to the autoclave while a n-heptane
solution of triethylaluminum (0.400 mmol) was charged to
the catalyst feed pipe. The total amount of n-heptane was

50 ml. The results are shown in Table 4.

Xamp 4-17
' The same procedure as in Example 1 was conducted
except that a 2.4-litre auvtoclave was used for enlarging

the scale of reaction. The results are shown in Tables 4

and 5.

mpa v m
A 300 ml autoclave dried by a 150°C dryer was

assembled in a hot state and then the atmosphere in the
autoclave wés-replaced with hitrogen in vacuum. A catalyst
feedlpipe equipped with a rupture plate was previously
attached to this autoclave. n-Heptane (44 ml), a n-heptane
solution of Chfomium (III) 2-ethylhexanoate (10 mg, 0.021
mmol) and a n-heptane solution of triethylaluminum (0.400
mmol) were charged to the_autoclave, while a n-heptane

solution of 2,5-dimethylpyrrole (0.0650 mmol) was charged

Sheet Has Been Reﬁlaced
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of ,1-hexene is not less than 85 wt% In the nore preferred [err]-olefin
o(rgoner conpositions of the present invention, the content of 1-hexene is
not | ess than 90 wt % and the each contenbSof the origoners and/or polyners
havi ng not |ess than 12 carbon atons is usually 1 to 2 wt%or |ess. These:
[err]-olefin oligoner conpositions of the present invention can be

‘obtdi ned by renmoving the starting a- olefins after oligonerization
reaction thereof. According to the present invention described above,
oligoners of [err]-olefins such as 1-hexene can be produced in a high
yield with hi §® & Be@?F@ﬂU?thFﬁéuPlEﬁwnﬂTQ%HQ?tadpéﬁﬁwpﬁn§faﬁthHt8ﬂ

I ndustrially advantageous way. It is also possible to prevent deposition
of the by-prod‘@@t5 p@ﬂyners on the reactor, distillation colum, other

i nci dental equipnent, and_piping. . Separation of. the o~ Rr.Qd pol ymer s
is easy and a si gnf PrGant t?‘&dﬁb‘gf’ﬁﬁa way beted 4R ]Itaslo Fe%ﬁgzg%nmrther,
according to th present i.nyention Lficati of .Jerrl]- i | goners
to a very hi &‘f%ael&rneeewggnl érg?'g?%e%%rs% ft(u}?D[ é-'rhL 58%8?‘ %El:g?etgg t he

bresent | NVeNlyidl, 2t 1C% dripel3-BRSLE! Sob ODixdien rhiprul@X@gcenuashi of

yield, distilFation recovery o reaction solvefit to be recycled to the

reaction syst epfidfleddfndedCet8GleAl brysiRAd. tANhtSRRAICRL 2gB-0f the
by- product polyners after the Ffeaction can be acconplished under ordinary

pressure or | QHndt®SAPe rioledintBdEBEIbatIyl &Y agrdd away toMstaaver ,
according to the present invention, there are provided a-olefin oligoner
oligomerization of ethylene. Ethylene was introduced until
the overall pressure reached 35 kg/cm?(G). Thereafter the
overall pressure was kept at 35 kg/cm?(G), while
maintaining the temperature at 100°C. One hour later,

ethanol was injected in the reaction mixture to terminate

the reaction. After conducting the same operations as in

Example 1, O-olefin oligomers were obtained. The results

of gas chromatographic analysis of the obtained a-olefin

oligomers are shown along with other data in Table 5.

melr_z
Preparation of Cr compound Al

15 ml of tetrahydrofuran (THF) was added to 0.815 g
(20.3 mmol) of NaH, and to the resultant solution was added
dropwise 1.4 ml (20 mmol) of pyrrole dissolved ip 5 ml of
THF. After stirring at room temperéture for one hour, the
resulting solution was added dropwise to 1.23 g (10 mmol)
of CrCl: suspended in 20 ml of THF. Thereafter 5 ml of THF
was added and the resultant mixture was heated under reflux

for 20 hours. The precipitate was filtered off, 100 ml of

haa}hsBuquiﬁxd

T



52k;conpositions whi ch are reaction product conpositions obtained from

ol ~goneri zation reaction of a-olefins and5&hich are rich with the
oligoners having 4 to 8 carbon atons, therefore require snmall |oad for
fractionation and hence [err]-olefin oligoner conpositions can be offered
as various types of starting material to industrial advantage. - EXAMPLES
The present invention is explained in nmore detail in the follow ng
Exanpl es and Conparative Exanples; however, it should be recognized that

t hese exanpl esP@Peape cd@dhtaddeqd do itheudddarave podpbResnbrtyratttsHAftd not
be construed as, lniting the scope of_ the invention, ., A300 m

aut ocl ave dri eftbyt 22Hr§erememFNHS Afcwes EREPEPIITH RESFOP 3% and

then the at h th t oGl I i t i '

A catalyst T OB pRRbL ST DR W So Pl PORCO R A cthee T R g 3
ttached to th - t 4 =h [ f

oyt ol e (0,030t nnrs afbs dbill Nane Bolfkhne S P2 R it L (0. s00

e £ e 5Efehy LU oo e eyl gateangpione Solution of
catalyst feed pipe. The gptajganpunt @Of s~ Reptang:wesa59; nn: 11.6%.

' A 300 ml autoclave dried by a dryer at 150°C was
assembled in a hot state and then the atmosphere in the
autoclave was replaced with nitrogen in wvacuum. To this
autoclave were charged n-heptane (44 ml), a n-heptane
solution of triethylaluminum (0.120 mmol) and a heptane
suspension of Cr compound A (10 mg). The total amount of
h-heptane was 50 ml. The resultant mixture was treated at
a temperature of 90°C for 30 minutes and then ethylene was
introduced at ‘a temperature of 90°C. After this, the
overall pressure was kept at 35 kg/cm?(G) while maintaining
the temperature at 100°C. 0.5 hour later, ethanol was

injected into the autoclave to terminate the reaction.

Thereafter, the same operations as in Example 1 were

repeated to recover a-olefin oligomers. The results of
gas chromatographic analysis of the 0-olefin oligomers are
shown along with other data in_Téble 5.
In the tables shown below, the following abbreviations
are used:
HP: n-heptane
CHX: cyclohexane

Cr-1: chromium (III) acetylacetonate

e
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53 g First, the autoclave was heated to a tenperature of 100C and then
etﬁyrene was introduced thereinto fromthe _ _catalyst feed pipe at a
tenperature of 100[err]C. The rupture pléﬁg'was ruptured under ethyl ene
pressure and a chrom um conpound was introduced into the barrel of the
autoclave to start oligonerization of ethylene. Ethylene was introduced
until the overall pressure reached 35 kg/cnferr](G, and thereafter the
overall pressure was kept at 35 kg/cnferr] (G, while maintaining the

tenperature at 100[er rc]rc_:_.2: P§'°?“%§’r“r égg{[}egm'eﬁrhg\’né)_ltﬁv&arzalﬂi’é;ygeyé%?? into the

reaction mxture to termna Rg‘ et hyl ene
fromthe autoclave, the by- s , rs (nmostly polyethylene) in the
reaction mxture were separa g%gggaPP?%¥gfion to obtain a-olefin

ol igonmers. The resul t&-of. cRFBASLE QPRk) APV Pnladdlre a-olefin
ol i goners by gas chromat ography are shown along wth other data in Table

1. Exanpl es 2-12 Cr—4;Tmcg§n3-py@§@mge as in Exanple 1 was carried
out except that the operating conditions shown in Tables 1-3 were

enpl oyed. | n. Exanpl e IZx-showeoegCr2s=6culi (eHyl)pyrrole was used in place of
pyrrole. The results are shown in Tables 1-3.
Cr-A: chromium compound synthesized in Comparative
Example 2 |
Also, in the following tables, "contact method A" is a
method in which O-olefin and'chromium compound are
introduced into a solution containing an amine (pyrrole)
and an alkylaluminum compound; "contact method B" is a
method in which a-olefin and alkylaluminum compound are
introdgced into a solution containing a chromiuﬁ compound
and an amine (pyrrole); and "contact method X" is a method
in which chromium.compound and alkylaluminum compound are

first heat-treated and then contacted with a-olefin. The
unit of catalyst efficiency is "g- o~olefin/lg-chromium
compound”, and the unit of catalyst activity is "g- o-

olefin/lg-chromium-hr".

_—
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Exanple 13

that is,
0. 021

a n-heptane sol ution

nmol )

and

The sane procedure as in Exanple 1 was conducted
cept for a change of the contacting nmoda sset ween et hyl ene
“chrom um based cat al yst,

of chromum (111)
(2-et hyl hexanoate) (10 ny,

and a n-heptane sol ution of

2, 5-dinethyl pyrrole (0.065 mmol) were charged to the autoclave while a

n- hept ane
catal yst feed pipe.
are shown in Table 4.
Exanpl e 1 was conduct ed
the scal e of
Conpar ati ve Exanple 1

enl ar gi ng

was

The t ot al

ecept
reaction.

solution of triethylalumnum (0.400 mmpl) was charged to
anount of n-heptane was
Exanpl es 14-17

50 m .

t he

The results

The sane procedure as in

t hat a Iakie lt(dd aut ocl ave was used for

The results are shown in Tables 4 and 5.

A 300 M. autocl ave dried hv a 1Rﬂrprr]F drypr

assenbl e

repl aced with
rupture plate

m),

a n- hept

mmol ) and a n

d in a hot state and]then the atnnspheﬁgahgléhe aut ocl ave was
nitrogen in vacuum A catalyst feed pipe equipped with a
was previously attﬁchedlto this agtoclave g- Fbptane (44
ne —solution of chrém um (I Ll 2- pth\/l helxanoat e (1( Ag—0-021

e e sAlvdnion of triethylalluni num (0.400  mol) |were

charged to thecawhad avmg, while afn-HRm%ne| HP(50) HP (50) HP (50)

Kind of Cr compound Cr-1 Cr-1 Cr-1 Cr-1
Amount of Cr
compound 10 10 10 10
(mg) .

Molar amount of
Cr compound 0.029 0.029 0.029 0.029
{(mmol) (a)

Molar amount of .
pyrrole
(mmol) (b) 0.030 0.060 0.090 0.050
Molar amount of - _
Et3al 0.800 0.800 0.800 0.400
(mmol) (c)

Molar ratio of
catalyst components | ,.,.59 1:2:28 1:3:28 1:2:14
(a:b:c)

Reaction
t(f;‘gl)’erat“re 100 100 100 100
Ethylene pressure 35 35
{(kg/cm?) 35 33
Reaction time 1.0 1.0 1.0 1.0
(Hx)

Contacting method A A A A

—_—
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solution.of 2,5-dinethylpyrrole (0.0650 nmmol) was charged

55t .to the catal yst feed pipe. The total_ unt of n-heptane was 50 ni.
First, the autoclave was heated to 100[err?%?and then ethyl ene was

I nt-roduced thereinto fromthe catalyst feed pipe at a tenperature of
100[err]C. The rupture plate was ruptured under ethylene pressure to
introduce 2,5- dinethylpyrrole into the barrel of the autoclave to start
ol i goneri zation of ethylene. Ethylene was introduced until the overal
pressure reached 35 kg/cnm2(G . Thereafter the overall pressure was kept at
35 kg/cnferr] (G, while maintaining the tenperature at 100[err]C. One-
hour later, ethanol was injected in the reaction mxture to termnate the
reaction. After conducting the sane operations as in Exanple 1,
[err]-olefin oligomers were obtai ned.Tallle X e€liildts of gas chronat ographic
anal ysis of the obtained [err]-olefin oligomers are shown along wi th other
data in Table S . _ _Conparative anple 2 Preparation of C conpound A

15 mM of tetrphydrofuran (THF) maﬁ added to 0.815 gg,La 1%-m‘ml) of NaH,
and to the repultant solution was |added drcnmnse,1~% 20 mml ). of

pyrrole dissofved in 5 mM of THF} After sti|rring at roonftgnper ure jor

one hQur, t he
<Product yield (g)> 16.0 15.4 14.7 14.2
<Compositional distribution: (wt$%)>
Cq 6.4 6.0 6.2 4.8
Cg (total) 45.6 45.7 48.4 47.3
l-hexene content
in Cg
(Wt %) 94.5 94.5 93.6 94.3
|Cs , 8.2 7.7 7.1 5.3
C10-20 26.0 27.8 22.5 17.8
C22-30 6.3 6.8 6.6 6.5
Wax 2.7 2.8 _ 3.8 ©12.4
Polyethylene
(by-product) 4.8 3.3 5.5 5.9
<Catalytic |
efficiency> 1597 1543 1467 1416
‘} <Catalytic 10740 10380 9860 9520
activity> :

‘Sheet Has Been R laced

Hllllll A



rezﬂ]ting sol ution was added dropwi se to 1 23 g (10 mmol) of CCl[err]
suSpended in 20 M of THF. Thereafter 5 of THF was added and the

resul tant mixture was heated under reflux ?or 20 hours. The precipitate
was filtered off, 100 m of 56 pentane
was added to the filtrate and the mxture was left still at a.tenperature
of 5[err]C. The produced precipitate was collected by filtration and
dried to obtain 0.506 g of a dark green powder. The contents of the
conmponent elements in this powder mriﬂ%%{y%uﬁ?m Cr: 19. 1%
C. 52.3% H 5.45% N 11.6% aut ocl ave dried by a dryer
at 150[err]C was assenbled in a hot state and then the atnosphere in the

aut ocl ave was] | EM T vacaum 10 TN S . autocl ave were
charged n-heplane (44 m), a n-heptane solution of B¥3MA4®y| al uni num (0. 120
mmol ) and a heptane suspensi on ofj conmpoupd A (10 n§). The tothl angunt
of n-heptanelwas 50 ml. The resy tant>m xtlre s tréated'at  a
tenperature of_ 90[errJCt1or 30 mnutes an en ethyleme was 1 ntfoduced at
a tenper at ur e} Bindop Erﬁig?enﬁdter t higs,(sbhe | ower@ol) piesspisopnas| kemx (50)
35 kg/ cnferr] { CRMRRPFe™Mhi ntai ning the tenperature at {100[err]C.| 0.5 hour
| at er, et hanol—was—i-hj-ect-ed—irtof-he—aut-ocl-pre—to—terf-Rate—the—teactt+om
Thereafter, tmgiﬁanefopgrabmpaﬁn@s i ncexanpl p 1oxe3e fepeated tofrecdwed
[err]-olefin ¢ligoners. The resultjs of gas Lhronatographic analysis of the
[err]-olefin )llgoner aLe '

Amdunt of

compound 10 10 10 10

(mg)

Cr compound 0.017 0.021 0.021 0.021

(mmol) (a) _

Pyrrole 0.065

(mmol) (b) . 0.050 - 0.050 0.065

EtshAl 0.400 0.400 0.400 0.400

(mmol) (c)

Molar ratio of

catalyst components | ;.3.24 | 1:2:19 1:3:19 1:3:19

(a:b:c) U :

Reaction :

tooperature 100 100 1100 100

Ethylene pressure 35 35 35 35

(kg/cm?) :

Reaction time 1.0 1.0 1.0 1.0

(Hr) .

Contacting method A A A . A

//
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along with other data in Table 5.

In the tabl es shown bel ow,

t h&7f-ol | owi ng abbrevi ations are used: HP: n- hept ane CHX:
cycl ohexane Cr-1: chromium (I11) aeetyl acetonate
58 - "~ Tabl e (1)
Exanple _ 1 4 Kind
sol vent HP(50) HP(50) HP (50) HP(50) Kind of- Cr conpound
Cr-1 -1 Cr-1 Cr-1 Anount of Cr conpound
10 - 10 10 10 - Mol ar amount of (mrol) (a)
0. 029 0. 029 0 .029 0. 029 Mol ar anount of pyrrole
0. 030 0. 060 0. 090 0.050 .. (mmol) (b) anount of
Et[err] Al 0. 800 . : 0. 400
(mmol) (© Mlar ratio of (a:b:c) 1:1:28 1:2:28
1:3:28 1: 214
_Example
5 6 7 8
<Product yield (g)> 9.8 6.5 7.3 11.9
<Compositional disposition (Wt%) |
|Ca 10.6 9.5 10.5 16.3
Ce¢ (total) ' 58.8 68.7 61.0 50.0
1-hexene content
in Cg
(Wt ) 92.0 92.4 92.6 92.1
Cs _ _ 8.8 6.9 8.0 11.2
Ci0-20 20.5 13.2 19.7 21.8
C22-30 1.0 0.7 0.8 0.5
Wax ' 0.1 0.0 0.1 0.0
Polyethylene -
(by-product) 0.3 1.0 0.8 0.2
<Catalytic
efficiency> 979 646 734 1187
|<Catalytic 11350 6000 6790 10990
activity> '
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Re ctlon t enperature 100 100 100 100

Et\ ylene pressure - 35 35 35 35 (kg/ cnferr])
Reaction tine 1.0 1.0 -624.0 1.0 (H) Contacting
met hod A A A A
59 - : ~Table 1 (I1) '
Exampl e _ I 2 3 4
<Product yield (g)> 16.0 15.4 14.7 14. 2
<Conposi tional distribution (w%> derr] 6.4 6.0
6.2 4 .8 (err] (total) 45.6 45.7 48. 4
47. 3 [err]-hexene content in CJerr] 94.5 . 94. 5
93.6 94.3 (W%  derr] Table 3(I) g 2 7.7 7.1
5.3 Cerr] _ 26.0 27.8 22.5 17.8 derr]
6.3 6. & —6 G 65 :
Example
9 10 11 12
Kind of solvent
(amount :m1) HP (50) HP (50) HP (50) HP (50)
Kind of Cr compound Cr-3 Cr-4 Cr-5 Cr-3.
| Amount of Cr
compound 10 10 5 10
(mg)
Cr compound
(mmol) (a) 0.021 0.025 0.020 0.021
Pyrrole .
(mmol) (b) 0.065 0.075 0.060 0.065
Et3Al
(mmol) (c) 4.160 0.510 0.400 0.400
Molar ratio of
catalyst components | ,.3.79g | 1:3:20 1:3:20 1:3:19
(a:b:c) :3: :3:2 :3:
Reaction
temperature
(°c) 100 100 60 100
Ethylene pressure
(kg/cm?) 35 35 35 3§
Reaction time
(Hr) 1.0 1.0 1.0 1.0
Contacting method A A A A

\
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s

vﬁ%ﬁ , 2.7 2.8 3.8 12.4 Pol yet hyl ene
( By=product)

4.8 3.3 -63- 5.5 5.9 <Catalytic
"< Catal ytic 1597 ~ 1543 1467 1416 efficiency>
<Catalytic 10740 10380 9860 9520 activity>
60 - ' ' Table 2(1)
Exanpl e 5 6 7 8
(amount: m) HP( 50) HP( 50) HP( 50) CHX(50) Ki nd
of & conpound Cr-2 - O-3 Cr-3 Cr-3
Amount of Cr conpound 10 - 10 () Cr
conpound 0.017 0. ORable 3UID 021 0.021
(mmol) (a) Pyrrol e (mmol ) (b) 0. 050 0. 050
0. 065 0 _0A5 (ol ) (c) 0400 0 400
0. 400 0. 400 - Mlar rafio of ' cat apyghpg@mponents 1:3:24
1:2:19 1 3:19 1:3:19 (a-h- c)
9 10 o111 12
<Product yield (g)> 13.3 7.4 1.9 27.0
| <Compositional distribution (wt%)>
C4 13.2 4.9 8.0 10.0
Ce (total) 66.6 71.5 . 81.2 60.4
l-hexene content
in Cg
(Wt %) 93.1 92.9 94.5 90.1
Cs 7.8 5.0 . 3.8 6.0
Ci10-20 11.8 16.4 7.0 23.6
C22-30 | o1 0.8 0.0 0.0
Wax 0.0 0.1 0.0 0.0
Polyethylene : '
{(by-product) . 0.5 1.4 0.0 - 0.0
<Catalytic
efficiency> 1332 744 388 2695
<Catalytic 12330 5680 1868 25000
activity>
‘-h"“‘;*‘-~+-‘“_
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Re tlon

tenperature

100 100 100 100
yl'ene pressure 35 35-64— 35 35
(kg/cn{err]) 35 35 35 35
Reaction tine 1.0 1.0 (Hr)
Cont'acti ng met hod A A A
61 - Table 2 (11) -
Exanpl e <Product yield (g)> 9.8 6.5 7.3 11.9
<Conposi tional disposition (% . Clerr] 10.6 9.5
10.5 16.3 (err] (total) 58.8 68. 7 61.0
50.0 1- hexene content (w% 92.0 4 92.6 92.1 Cerr]
8.8 6.9 8.0 11.2 err 20.5
13.2 19.7 21.8 (err] 1.0 0.7
0.8 0. —Vvax 0.1 0.0 0. T
0.0 -Polyethyl ene (by-product) 0.3 Example 0.8
0.2 :
13 14 15 16
Kind of solvent
(amount :ml) HP (50) HP (1000) HP (1000) HP(lOOO)
Kind of Cr compound Cr-3 Cr-3 Cr-3 Cr-3
Amount of Cr
compound
(mg) 10 200 200 200
I Cr compound
(mmol) (a) 0.021 0.420 0.420 0.420
Pyrrole
(mmol) (b) 0.065 17244 1.244 1.244
Et3Al
(mmol) (c) 0.400 2.000 2.000 2.000
Molar ratio of
catalyst components La. .. L. L.
(a:b:cC) 1f3'19 1:3:5 1:3:5 1:3:5
Reaction
temperature '
(°C) 100 60 40 30
Ethylene pressure 35 35 35 '35
(kg/cm?)
Reaction time
(Hr) 1.0 1.0 1.0 1.0
Contacting method B A A A

-
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ef £ ci ency> 979 646 734 1187 <Catal ytic

11850 6000 6790 10990 activid.y>
62 Tabl e 3 (1) _
Exanpl e 9 10 11 12
.Ki nd~ of sol vent HP( 50) HP( 50) HP( 50)
HP(50) (amount :m) Kind of G conpound Cr-3 Cr-4 Cr-5
Cr-3 Anount of Cr conpound 10 10 5
10 (ng) Cr conmpound 0. 021 0. 025 0. 020
0.021 (mml) (a) (mol) (b) 0. 065 0. 075 0. 060
0. 065 (nmmol) (c) ' 4. 168ble 951D 0. 400 0. 400
Mol ar ratio of catalyst conponents 1:3:198 1:3:20 '
1:3:19 (a:b:c) React ion tenperature 100 100 60
100 Ethyl ene pressure 35 35 Exandl 35
(kg/crerr]) 35 35 35 “xamp-e 35
i3 14 15 16
<Product yield (g)> | 32.5 57.4 41.8 45.2
<Compositional distribution (wt%)>
Cq ' 2.0 2.7 3.0 4.1
C¢ (total) ' 71.9 - 90.2 92.1 89.3
l1-hexene content _
in Cg
(Wt ) 92.7 99.2 ’ 998.5 99.4
Csg 1.7 2.5 2.7 3.5
1 C10-20 18.6 4.3 1.4 1.9
C22-30 5.8 0.1 0.0 0.0
Wax | 0.0 0.0 0.0 0.0
Polyethylene
{by-product) 0.0 0.4 0.7 1.1
<Catalytic _
efficiency> 3252 287 209 226
<Catalytic 30100 2758 2012 2174
activity>
Tl




Regction tine

_ 1.0 1.0 1.0 1.0 (Hr).

Contacti ng net hod A A g6 A A
63 Tabl e 3(II§
Exanpl e 9 10 11 12
<Product yield (g)> 13.3 7.4 1:9 27.0
<Conposi tional distribution (w%> 4 13.2
4.9 8.0 10.0 C6 (total) 66. 6 71.5
81.2. 60. 4 [err]-hexene contentsaj ] 93.1
92.9 94.5 '90.1 (vt (err 7.8
5.0 3.8 6.0 derr] 11.8 16. 4
7.0 236 C22-30 ' . T, . 0.0 0.0
0.0 WAx _ 0 .o Example) jj ComparatiyegExample |5 g
Pol yet hyl-ene- [(by- product) 0.5 1.4 0.0
0.0 <Catalvyfic 1332 17 74k 1. 388 2 P695
efficiency> Kind of solvent -

(amount :m1) HP (1000) HP (50) HP (50)

Kind of Cr compound cr-3 Cr-3 Cr-A

Amount of Cr

compound

(mg) 200 10 10

Cr compound . _

(mmol) (a) 0.420 0.021

Pyrrole -

(mmol) (b) 1.659 0.065

Et3Al

(mmol) (c) 2.000 0.409 0.120

Molar ratio of

catalyst components | j.4:5 | 1:3:19 -

Reaction

tsmperature 60 100 100

(°C)

Ethylene pressure |

(kxg/cm2) 35 35 35

Reaction time 1.0 1.0 1.0

(Hx)

Contacting method - A X X

"l



< ‘ a| };t iC
Sa i

Exanpl e

of -sol vent
Cr conpound
conpound

10 C conpound
(a) . (mmol) (b)

(mol) (c)

rati o of catal yst

12330 5680 1868
' Table 4 (1)
13 -67%4 15
Hp( 50) HP( 1000) HP( 1000) HP( 1000) (armount :ml)
Cr-3 Cr- Cr- Cr-3 Anmount of Cr
10 200 200 200 (ny)
0. 021 0. 420 - 0. 420
0. 065 1. 244 1.244

0. 400 - 2.000 2. 000 2. 000

conmponent s

1:3:19 é:g:g 1: 3:5
. 60 _

- b:c) Reaction tenperature
30 _Et hyl ene pressure 35 35 35
(kg/cnferr]). .
Example Comparative Example
17 1 2
<Product yield (g)> 41.5 0.8 0.6

<Compositional distribution (wt%)>

Cq 1.4 3.5 8.3
Ce¢ (total) 92.3  85.3 78.7
l1-hexene content

%:tgf 99.6 90.6 85.0
Cs 2.1 1.6 tr.
Ci0-20 : 3.5 ' 8.1 tr.
C22-30 0.2 0.4 0.0
W;x | 0.0 0.0 0.0
Polyethylene .

(by-product) 0.4 1.1 - 5.1
“Catlyie, 208 | o 69
<Catalytic. 1997 739 628
activity>

This Sheet Has Been Reﬂlac

25000 activity>

16 Kind

0. 420 (nmol)
1.244

1:3:5 (a




2 tlon time (H) ' 1.0 1.0 1.0 1.0
t

‘acting met hod B : A -68- A A
Tabl e 4 (11)

Exanple _ 13 14 15 16
<Product yield (g)> 32.5 57. 4 41.8 45.2 -
<Conpositional distribution (w%> (err] 2.0
2.7 3.0 4.1 C6 (total) 71. 9 -90. 2
92.1. - 89 ExamplehdBene content in (err] 92.7
99. 2 2 99.5 (vt (err] 1.7 2.5 2.7
3. 5. Clerr] There was used8acbpipe reactbr:having a préssure coiled
derr] 5.8 0.1 0.0 Wax
0.0 0. Pipe of 6 @HUln inner gdigmetren mchyﬂlférﬁen( iy gedgtsy ) which
0.0 0.4 1.1 efficiency> 3252
287 209 é@agﬁgﬂgq@d inside the jagkgto and a qug}yst feedrpipe

2174 activity>
y connected to a point 0.5 m from the front end of said

‘coiled pipe. The atmosphere of the bipe reactor was
replaced with nitrogen in vacuum and then the interior
temperature of the jacket was kept at 100°C.
n-Heptane, a n-heptane solution of pyrrole (0.017
mmol/ml) and a n?heptane solutioﬁ of t;iethylaluminum
(0.453 mmol/ml) were introduced continuously from the front
.end of the said pipe reactor at the rates of 253 ml/hr, 10
ml/hr and 10 ml/hr,arespectively, while a n-heptane
solution of chromium (III) acetylacetonate (5.6 mg, 0.0164
mmol/ml) was introduced continuously together with ethylene
(100°C) from.the catalyst feed pipe at a rate of 10 ml/hr.
Reaction pressure was adjusted to 35 kg/cm? by ethylene
pressure. Introduction time of the respective components
was controlled so that retentién time would become one
hour. The reaction mixfure effusing from the pipe reactor
was introduced into a pressure vessel separately provided
in connection to the pipe reactor. Ethanol was injected
into the reaction mixture in the pressure vessel to
terminate the reaction.
After releasing pressure from the vessel, the by-

product polymers (mostly éolyethylene) in the reaction

mixture were separated by filtration to obtain a-olefin
I —

ect Has Been Replaced

R



.
1
.

57

2 Cr-2: chromum (I11) (2,2,6,6-tetranmethyl -3, 5- '
hepganedionate) Cr-3: chromum (I LL}L_2-et hyl hexanoat e Cr-4:
CrCl[err] 3-pyridine Cr-5: (COferrJCr(=CCH err](CCH err]))

Cr-A. chrom um conmpound synt hesi zed in Conparative Exanpl e 2
Al'so,”in the follow ng tables, "contact nmethod A" is a nethod in which

a-ol efin and chrom um conpound are introduced into a solution containing
an am ne (pyrrole) and an al kyl al um num conpound; "contact nmethod B" is a

net hod i n whi chhiliQyomlex@l.ef TheaRdsal ky! 8F UWdipR GOMMRMNG AN s ishbFodreed
into a solution containing a chrom um conpound and an am ne (pyrrole); and
"contact net hodbXaineda oretlleddn biighmehs chy oya sinchoomedoytraphy are

al kyl al um num conpound are first heat-treated and then contacted with
a-olefin. The shuuwn @lcoat sliykt oehércdeteyin STalkgke [6rr]-ol efin/l g-chrom um
conpound”, and the unit of catalyst activity is "g- [err] ' '
ol efin/lg-chrom um hr".

66 :
Examples 19-29
The same procedure as in Example 18 was carried out
except that the reaction conditions shown in Tables 6-8
were emplojed, In Example 29,'however, 2,5~dimethylpyrrole
was used in place of pyrrole. The results are shown in

Tables 5-8.

Example 30

The same procedure as in Example 18 was conducted
except for a change of the contacting mode between ethylene
and chromium-based catalyst, that is, n-heptane, a n-
heptane solution of chromium (III) (2-ethylhexanoate)
(107.6 mg, 0.226 mmol/ml) and a n-heptane solution of 2,5-
dimethylpyrrole (0.012 mmol/ml) were introduced
continuously from the front end of the bipe reactor at the
rates of 253 ml/hr, 10 ml/hr and 10 ml/hr, respectively,
while a heptane solution of triethylaluminum (0.037
mmol/ml) was introduced continuously together with ethylene
(100°C) from the catalyst feed pipe at a rate of 10 ml/hr,

The results are shown in Table 9.

—_—
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Ta Le é.(l) : Exanpl e Conparative

Exaimpl e 17 2 17

1 2 Ki nd of -9&vent (anount
) HP( 1000) HP( 50) HP( 50) Kind of Cr
conpound Cr-3 Cr-3 Cr-A Amount of Cr
conpound 200- 10 10 (ng)

Cr conpound 0. 420 0. 021 - (mmol )
(a) Pyrral e (mrol) (b) 1. 659

0. 065 Examples Bl-d4 1 Al (mol) (c¢) 2. 000
0. 400 0.120 Mol ar ratio of L. cat ayst
component s 1: 4: 5 There wag pseg as reacEpr a multi-stage qﬁ¥%q9 6fnk
Reacti on

Et hyl ene pressuﬂ%"ing 2 sét%n%%r it'ﬂz EQ]FEﬁQ)‘l lit:.gse0 in fluildo%a:?gcityjjoo
: autocliggg$ﬁé§%§éhn§n Fﬁgaes to e£¢§b§ther aﬁh(%?nnected %yox

ntacti ng e
an overflow pipe. Each of the autoclaves, after dried by a

(Hr)
67

dryer at 150°C[ was assembled in a hot state and then the
atmosphere in eéch said autoclave was replaced with
nitrogen in vacuum. n-Heptane, a n—héptane'501ution of
pyrrole (0.124 mmol/ml) and a n-heptane solution of
triethylaluminum (0.200 mmol/ml) were introduced
continuously into the first autoclave at the rates §f 970
ml/hr, 10 ml/hr and 10 ml/hr, respectively, and the
obtained mixed solution was overflowed to the second
.autoclave. At the same time, a n-heptane solution of
chromium (III) acetylacetonate (14 mg, 0.042 mmol/ml) was
introduced continuously together with ethyléne into the
second autoclave at a rate of 10 ml/hr. BAs for the
reaction conditions, those shown in Tables 4 and 5 were
employed. Reaction bressure was adjusted with ethyléne
pressure, and retention time was controlled by the
introduction rates of the feedstocks. The reaction mixture
effusing from the overfiow pipe bf the second gutoclave was
introduced into a pressure vessel provided separately in
connection to the overflow pipe. Ethanol was injected into
the reaction mixture in the pressure vessel to terminate

the reaction.
e —
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T‘a,__l._e !5(I 1) Exanpl e Conparati ve Exanple
172 1

2 <Product yield_(9)> 41.5 0.8
0.6  <Conpositional distribution (W% > derr] 1.4
3.5 8.3 (ferr] (total) 92.3 85. 3 78.7
“1- hexene cont ent . in (err] 99. 6 90. 6 85.0
(wt% Cerr]: ' 2.1 1.6 tr. derr]

8.1 tr. derr] 0.2 0.4

0 0 VX 9.9 the edkePOlomd y-ene
(by- product) After Oreze.easc.ln% preisur romS 1e <Cat al yti cmgf ficiency>
208 8Qroduct me¥l@o¥kh§ polyeth lene) 199%ne reacthdh
628 acti vi ty>Opr Pty ¥ polyethy 68 Exanple 18

There was usednixipape wersetswparatiedgby gidssatgonotd ecbt pipedvdlestn i n
i nner dianeter and 10.5 min | ength, which
oligomers. The results of compositional analysis of the

0-olefin oligomers are shown along with other data in

Tables 9 and 10.
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po{

dlsposed I nsi de the jacket,
At 0.5 mfromthe front end of said
‘pi pe reactor was

¢/

and a catal yst feed pipe
_ed pipe.

tenperature of the jacket was kept at 100[err]C-

.n-hept ane sol ution of pyrrole (0.017

connected to a
The at nosphere of the
replaced with nitrogen in vacuum and then the interior
n- Hept ane,
mmol /m ) and a n-heptane sol ution of

a

triethylalumnum (0.453 mmol/mM ) were introduced continuously fromthe

front

and 10 nml/hr,
acetyl acetonate (5.6 nyg,
together with ethyl ene

respectively, while

0.0164 nmmol/
(100[err]C) fromthe catalyst feed pipe at a rate

end of the said.pipe reactor at the rates of 253 m/hr,

a n- S
wa

10 m/hr

ol ution of chromum (I11)

S 1 ntroduced continuously

of 10 mM/hr. [Reaction pressure Wgs adj usted to 35 Kg/c errj by et hyl ene
pressure. Infroduction tinme of the respective conpBX8AP3s® was controlled
so that retengfion tinme woul d becofg one_ hoygr. Tnhe repction m xtjure
effusing fronjthe pipe reactor wds i M8 oduded i hPo a DOr es e vdssel 21
separately prpviaed _Ttn connectirol to tne pi|pe reactor} Ethanol wWas
injected intpKir@ BRI P xt ule i g he fressipe vebsel g t dr ni nagpe
t he reaction. After releasing pressurg fromthe yessel, thg by-
product pol ynprs—Bsty—pol-yet-hyhtene)y—-h—t-He—eact-ent—rtt-e—were
separated by Kiﬁdaéfomrtébmﬂﬁxﬁidﬁ [era::}-pl eflin cr-1 Cr-1 Cr-1
69

Amount of Cr

compound

(mg/hour) >6 56 56 56

Molar amount of

Cr compound ' _

(mmol/hour) (a) 0.164 0.164 0.164 0.164

Molar amount of

pyrrole : 2

(mmol/hour) (b) 0.170 0.340 0.510 0.283

Molar amount of _

Et3al ' 14.530 2.260

(mmol /hour) (<) 4.530 4.530 4.53 _

Molar ratio of

catalyst components | ,,7.7g | 1:2:28 1:3:28 1:2:14

(a:b:c) : o e

Reaction

'jfg“)’erat“re 100 100 100 100

Ethylene pressure 35 35

(kg/cm?) 35 35 -

Reaction time 1.0 1.0 1.0 1.0

(Hr) .n - . . -

Contacting method A A A A
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oI*goners. The results of conpositional

ol \igoners ‘by gas chromat ography are showm, al

"6. Exanpl es 19-29

.out . except that the reaction conditions shown in Tables 6-8 were
.enpl oyed. I n Exanple 29, however,

pyrrole. The results are shown in Tables 5-8.

same procedure as in Exanple 18 was conducted

contacti ng node between ethyl ene
n- heptane, a n-

(0.012 nmol /M) were introduced
pi pe reactor at _the rates of 253

anal ysis of the

obt ai ned a-ol efin

ong with other data in Table

The sane procedure as in Exanple 18 was carried

2,5-di nethyl pyrrole was used in place of

and chrom um based cat al yst,
hept ane solution of chromium (111) (2-ethyl hexanoate)
(107.6 ng, 0.226 mol /M) and a n-heprabdeseékuthon of 2, 5-
continuously fromthe front end of the
10 m /hr and 10 m / hr,

m / hr,

Exanpl e 30

The

except for a change of the

t hat

IS,

di net hyl pyrrol e

respectively,| while a heptane sol
nmol / m ) was

ution of triethyl

nt roduced conti nuoudly together with

,Iunigun1(0.037
fle (100[err] Q)

fromthe catal yst feed. pipe at ajrate, of 10 rﬂlgr. The results pre own
in Table 9. _ 18" 762 20 %H

<Product yield 90.6 87.2 - 83.2 80.4
(g/hour) >
<Compositional distribution (wt%)>
Cq 6.0 6.3 6.0 4.5
Ce (total) 45.8 45.2 48.6 47.6
l-hexene content _
in Cg .
(Wt %) 94.7 94.2 93.3 94.3
Cs 8.0 7.8 7.3 5.5
Ci0-20 26.2 27.9 22.3 17.7
C22-30 6.5 6.7 6.7 6.4
Wax 2.6 2.9 3.4 112.7
Polyethylene

(by-product) 4.9 3.2 5.7 5.6
<Catalytic

efficiency> 1595 1546 1465 1419
<Catalytic 10743 10382 9863 9526
activity>
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Exanpl es 31-34 There was used as reactor a nulti-stage m xing tank
hatithg 2 sets of 2.4 litre (1 litre in fl0kd capacity) autoclave arranged
‘in series to each other and connected by an overflow pipe. Each of the
autocl aves, after dried by a dryer at 150[err]C, was assenbled in a hot
state and then the atnosphere in each said autoclave was replaced with
nitrogen in vacuum n-Heptane, a n-heptane solution of pyrrole (0.124
mrol /m ) and a n-heptane solution of triethylalumnum(0.200 nmol/m) were
i ntroduced continuously into the firgabaatddlhve at the rates of 970
m/hr, 10 m/hr and 10 m/hr, respectively, and the obtained m xed

solution was overflowed to the second. autaclave At the same tine 2

n- hept ane soljution of chromum (J11) acetylacetonaéﬁhﬁﬁﬁgng, 0.042
mml /m ) was{ introduced continuojusly tagether with ethylene intg.-the
second autocllave at a rate of 10 i/ hk, Asjfor ghe rleacthgn conditigps,
those shown i swerk enployel  Reactiod pr
adj usted W t hpethyl.eng,1pEggsure,| and retention time as control lfed by the
i ntroducti on|rares oot “Che ?eedsto:ks.HPThe eactd®on ni|xt ur BF ef f sindﬁ??om
t he overfl ow|pi pe of the second aptoclave was introdced into a|pressure
vessel provi¢ed Separately in_cofmecrion 1o tne overTlom/plge. Et hano
was inj ect ed | KAng ofnhErr 6a@PPBAAN| xt §F62i n {he PFessurle vESSEl t¢ teFRinate
t he reaction :

Amount of Cr

compound 2 5.7

(mg/hour) 5.6 5.7 5.

Molar amount of

Cr compound 0.119

(mmol/hour) (a) 0.096 0.119 0.119

Molar amount of

pyrrole : X 0.368

(mmol/hour) (b) 0.283 0.283 0.368

Molar amount of

Et3al 2 2.260 2.260 2.260

(mmol/Hr) (c) 2.260 )

Molar ratio‘of'

catalyst components | ;.34 1:2:19 1:3:19 1:3:19

(a:b:c)

Reaction .

Sooyeratuze 100 100 100 100

Ethylene pressure 35 35 35 35

(kg/cm?) :

Reaction time 1.0 1.0 1.0 1.0

(Hr)

Contacting method A A A A

—_—
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e _ After
poqé.y'mer s (nostl

y pol yet hyl ene)
filtration to obtain [err]-olefin
analysis of the

rel easing pressure fromthe vessel,
In the reaction

t he by-

pr oduct

m xture were separated by
ol i goner$§- The results of conpositional

[err]-olefin oligoners are shown alo

ng with other data in

Ll

.Tabl és 9 and 10. 72
Table 6(1) Exanpl e
18 19 20 21 Kind of sol vent HP
HP . HP  Kind of Cr conpound Cr-1 Cr-1
Cr-1 Anount of Cr conpound (ng/hour) 56
56 56 Mol ar amount of Cr conpound (mmol /hour) (a) 0. 164
0. 164 0. 164 0. 164 Mol ar rrole
0.170 0. 340 0. 510 0.283 ( mmol / hour) (b) Mol ar anount of
Et[err] Al 4530 4530 4530 2 250 (ol /hour)
(c) Mol ar rftio of Example
21 23 24 25
<Product yield 55.5 36.8 41.3 67.4
(g/hour)>
| <Compositional distribution (wt%)>
Cq 10.8 9.0 10.1 16.5
Cg (total) 58.6 68.7 61.4 50.0
l1-hexene content
in Cg
(Wt ) 92.2 92T6 92.5 92.4
Cs 8.8 7.0 8.2 11.4
C10-20 20.4 13.4 19.5 21.8
C22-30 1.0 0.9 0.8 0.4
Wax 0.1 0.0 0.1 0.1
Polyethylene
(by-product) 0.3 1.0 0.8 0.2
<Catalytic
efficiency> 976 648 736 1189
<Catalytic 11355 6005 6793 10995
activity>
—_—
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caj:al yst conponents

AN

; (a:b:c) :1: 28 1. 2: 28 1: 3: 28
1:¥:-14  Reaction tenperature —76-100 100 100
100 ([err]C Ethylene pressure (kg/cnR) 35 35
35- 35 ' Reaction tine (Hr) 1.0
1.0 - 1.0 1.0 Cont acti ng met hod A A
A - 73
Table 6(11) : Exanpl e
18 . 19 20 2 P t yield 90.6
87.2 83.2 80.4 (g/ hour nposi tional distribution
(w99 > derr] , 6.0 6.3 6.0 4.5
Cerr] (totalp — 45,8 4572 186 a7.0
[err]-hexene [content in Clerr] 94. 7Examplegq. 2 93. 3
94. 3 derr] -0 7.9 7-3 5.5
Jerr] 26. 2 276 9 2722.3 28 17.)[r 29
’ Kind of solvent HP HP HP HP

Kind of Cr compound Cr-3 Cr-4 Cr-5 Cr-3

Amount of Cr

compound

(mg/hour) 5.7 5.7 5.7 5.7

Moiar amount of

Cr compound

(mmol/hour) (a) 0.119 0.142 0.113 0.119

Molar amount of

pyrrole

(mmol/hour) (b) 0.368 0.425 0.340 0.368

Molar amount of

Et3al 2.260

(mmol/hour) (c) 23.50 2.890 2.260 .

Molar ratio of

catalyst components | ;.3.19g8 | 1:3:20 1:3:20 1:3:19

(3:D:C) :3: :3: :3:

Reaction _

temperature

(°C) 100 100 60 100

Ethylene pressure

(kg/cm?) 35 35 35 35

Reaction time

(Hr) 1.0 1.0 1.0 1.0

Contacting method A A A A
_—
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Clé{r] 6.5 6.7 6.7 6.4 WX
2.6 2.9 3.4 12. 7 _Pol yet hyl ene (by-product)

"4, 3.2 5.7 5.6 <Catalytic efficiency>

1595 1546 1465 1419 <Catalytic 10743
10382 9863 9526 activity>

Table 7 (1) , : Exanpl e

21 23 24 25 Kind of solvent ' HP

HP HP CHX Kind of C conpound Cr-2 C-3°

Cr-3 Amount of Cr conpound conpound 5.6

Cr-3
5.7

5.7 5.7 (mg/ hour) Mblar anoun ound (nmmol / hour) (a)
0. 096 0.119 - 0.119 0.119 Mol ar anount or pyrrole
0. 283 0. 283 0. 368 0.368 (mmol /hour) (b) Molar anpount of
Et[err] Al 2.2p0 2.260 2. 460 2. 200 (nnDI/Hr) (c) Mol ar
rati o of catalyst conponents 1:|3: 24 1:2: 19 Example. | 1:3:19
(a :b:e) | 26 27 28 29
<Product yield 75.3 41.9 10.7 152.8
(g/hour)> '
<Compositional distribution (wt%)>
1Cq 13.0 4.6 8.3 10.3
Cg (total) 66.9 71.8 81.0 60.1
| 1-hexene content
in Ce 93.1 92.9 94.5 90.1
(Wt %)
Cs 7.7 4.9 3.7 5.8
C10-20 11.7 16.5 7.0 23.7
C22-30 0.1 - 0.6 0.0 0.1
Wax : 0.1 0.1 _0.0 0.0
Polyethylene
{(by-product) . 075 1.6 0.1 0.0
<Catalytic ' )
efficiency> 1335 742 387 2690
<Catalytic 12335 5683 1869 25019
activity>
“”lfﬁfi‘\‘ﬁﬂ‘ii’“




ok

Rea zt.ion tenperature 100

100 100 100
Et hyl.ene pressure 35 ' 35 _.78- 35 35 (kg/cnferr])
Reaction tine (Hr) < 1.0 - 1.0 .0
1.0-_ Contacting method A A A
75 ) Table 7 (11)
Exanpl e ' 21 23 24 - 25
<Pr oduct yield 55.5 36. 8 41. 3 67.4 (g/ hour)>
<Conpositional distribution (w%> 10.8
9.0 . 10.1 16.5 Cerr] (total) 58. 6
68. 7 61.4 50.0 1- hexene content in C6 (W%
92.2 92.16 92.5 92. 4 Cerr] - 8.8
7.0 8.2 11.4  Celr] Examppe 4 13. 4
19.5 21.8 Clerr] 1.0 0.9 0.
0. 4 30 31 32 §3
Kind of solvent HP Hp HP HP
Kind of Cr compound Cr-3 Cr-3 Cr-3 Cr-3
Amount of Cr
compound
(mg/hour) 5.7 200 200 200
Molar amount of
Cr compound
(mmol/hour) (a) 0.119 0.420 0.420 0.420
Molar amount of
pyrrole
(mmol/hour) (b) 0.368 1.244 1.244 'li244
Molar amount of
Et3Al
(mmol/hour) (c) 2.260 2.000 .2.000 2.0Q0
Molar ratio of
catalyst components .. La. .a. ..
(a:b:c) 1:3:19 1:3:5 1:3:5 1:3:5
Reaction
temperature
Ethylene pressure
(kg/cm?) 35 35 35 35
Reaction time
1 (ar) - 1.0 1.0 1.0 1.0
Contacting method B A A A
,,_;,/————\
B\e\ﬁ\i\eﬁird
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b

Vﬁx 0.1. 0.0 0.1 0.1

Pol@ethylene (by- product) 0.3 1.0 0.8
0.2 <Catal ytic 976 648 -79- 736 1189 efficiency>
<Catalytic 11355 6005 6793 10995
activity> 76
Exanpl e 26 27 28 29 Kind of
sol vent Kind of Cr conpound Cr-3 Cr-4 Cr-5 Cr-3
Amount of Cr conpound 5.7 5.7 5.7 5.7
(mg/ hour) Mol ar anmount- of C conmoound Cr conpound 0.119
0. 142 0.113 0.119 (nmmol / hour) ar anmount of pyrrole 0.368
0. 425 - 0.340 0.368 (mml /hou “vol ar anmount of
Example
30 31 32 33
<Product yield 184.0 57.4 41.8 45.2
{g/hour) >
<Compositional distribution (wt%)>
Cq 2.3 2.4 3.3 - 4.5
g (total) 71.6 90.5 92.1 83.0
l1-hexene content
in Ce 92.7 99.2 99.5 99.4
(Wt%)
Csg 1.5 ' 2.2 2.9 3.6
C10-20 | 18.8 4.6 1.3 1.8
|C22-30 1 s.7 0.1 0.1 0.1
Wax 0.1 0.1 0.0 0.0
Polyethylene
(by-product) 0.0 0.3 0.5 1.1
<Catalytic '
efficiency> 3250 285 211 220
<Catalytic 30111 - 2761 2015 2176
activity> -
: Thxs Sheet Has Been Repl,
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(nnnl/hour) (c) 23.50 2. 890 2. 260 2. 260 Mol ar ratio of
caﬁaiyst conponents 1:3:198 1: 3. 20 1:3: 20 1:3:19 (a :b:c)
Reaction tenperature ' 100 -806 60 ~ 100
Et hyl ene pressure 35 35 35 35 (kg/cnR[err]
Reaction tinme 1.0 1.0 1.0 1.0 (Hr) Contacting
nmet hod A A A A
77 Exanpl e
26 . 27 28 29 <Product yield , 75.3
41.9 10. 7 152.8 (g/ ho sitional distribution
(M9 > 4 13.0 4.6 8.3 10.3
Cerr] (total) 6569 718 81.-0. 60. 1
1- hexene content (w % 9PB. dxample b2.9 94.5
90.1 (err] 7.7 4--8. 3.7 5.8
Cerr] 11.7 - 16.5 34 7.0 23. 7

Kind of solvent HP

Kind of Cf compound Cr-3

Amount of Cr

compound

(mg/hour) 200

Molar amount of

Cr compound

(mmol/hour) (a) 0.420

Molar amount of

pyrrole

(mmol/hour) (b) 1.659

Molar amount of

Et3Al

(mmol/hour) (c) 2.000

Molar ratio of

catalyst components 1:4:5

(a:b:c) e

Reaction

temperature

(°C) 60

Ethylene pressure 35

(kg/cm?)

Reactlon tlme

(Hr) 1.0

Contacting method A
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C2230 - 0.1 0.6 0.0 0.1 Wax
0. 1( 0.1 0.0 0 0 Rel;yet hyl ene (by- product) '
0.5 1.6 0.1 &htalytlc efficiency>
1335_ 742 387 2690 <Catalytic 12335
5683 - 1869 25019 activity>
78 ° Tabl e 9(1I)
Exanpl e 30 31 32 33
Ki nd of sol vent Kind of Cr conpound Cr-3 Cr-3 C-3
Cr-3 Anount of Cr conpound conpound 5.7 200
200 200 (ng/ hour) Mol ar ano f npound
0.119 0. 420 - 0.420 0.420 (mol / hour) (a) Ml ar anount
of (nmmol / hour) (b) 0. 368 1.244 1.244
1.244 WMol ar anount of Htlerr[Al ' 2. 260 2. 000
2. 000 2.000 (ol /jhour)” (c) Mol ar rat|oE8f™@i®alyst conponents
1:3:19 1::3:5 1:3:5 (a:b:c) 34

<Product yield. 41.5

(g/hour) >

<Compositional distribution

{wt3)>

Cyq 1.1

Cg (total) 92.6

1-hexene content

in Cg

(Wt %) 99.6

Cs. 2.5

Ci10-20 3.1

C22-30 0.1

Wax 0.0

Polyethylene

(by-product) 0.5

<Catalytic

efficiency> 213

<Catalytic 2011

activity>

\
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Reagtion tenperature 100 60 40 Ethylene

pressure 35 35 3%2_ 35 (kg/ cnR) Reacti on
tinme 1.0 1.0 . 1. 1.0 (H) Contacting
nmet hod B A A A

79 - Table 9(I1) Exanpl e

30 - 31 32 - 33 <Product yield 184.0

57. 4 41.8 } 45. 2 (g/ hour)> <Conpositional distribution (w%>
derr] 2.3 2.4 3.3 4.5 (derr]
(total) 91.6 90.5 92.1 89.0 .1-hexene
content in Cferr] n-Heptane (47 8%)/ a n-hepéﬁ%ézsolﬁtiong%f5p rrole 99.4
Jerr] 1.5 Py 2.9
3.6 (err] (0.063 mmol), a nlBeBtane soldtfon of tnelth%lalummuml 8
derr] 5.7 0.1 0.1 0.1 Wax

0.1 0. 1(0.400 mmdd)Oand 1, 5-cHchoodpayidryy | ena (boympiodast )

0.0 0.3 - 0.5 1.1 <Catal ytic 3250

285 21kdditional?2@mponent were charged to the same autoclave as

used in Example 1, while a heptane solution of chromium
(I11) (2-ethylhexanoate) (10 mg, 0.021 mmol) was cha:ged to
the catalyst feed pipe. The total amount of n-heptane was
50 ml. Thereafter the same operations as in Example.l were
performed, énd the oligomerization reaction of ethylene was
conducted under the conditions shown in Table 11. The

" results of gas chromatographic analysis of the resultantly
obtained a-olefin oligomers are shown along with other
data in Table 11.

The symbol "a-1" indicating the additional component

in Table 11 is 1,5-cyc¢looctadiene.

_—
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< .:ﬁlytic 30111 2761

- 2015 2176 activity>
80 V- Tabl e 10(1) _aa. Exanpl e
34 Kind of solvent - HP Ki nd of %} conpound Cr-3 Amount of
Cr conpound 200 (ng/ hour) Mol ar anount of Cr conpound
0.420 (nmol /hour) (a) Ml ar anmount of pyrrole 1. 659 (mol
[ hour) (Db) 1.659 Mol ar anpunt of Et[err] Al 2. 000
(mrol / hour) (c) Mol ar ratio of catal yst conponents 1:4: 5 (a:b:c)
Reaction tenperature ([err]C : Table 11(I)
Example
35
Kind of solvent
(amount :ml) HP (50)
Kind of Cr compound Cr-3
Amount of Cr
compound 10
(mg/hour)
Molar amount of
Cr compound
(mmol/hour) (a) - 0.021
Molar amount of
pyrrole
(mmol/hour) (b) 0.063
Molér amount of
Et3Al
(mmol/hour) (c) 0.400
Molar ratio of
catalyst components ..
(a:b:c) 1:3:19
Kind of additional
component a-1
Molar amount of
additional
substance (mmol) 9.410
Reaction
temperature

-
ThlS Sheet Has Been Re

IR il N



Eﬂ_ylehe pressure
1.G. Contacting nmethod
Exanpl e

35 (kg/cnferr])
A

34 <pPritfiict yield

(g/ hour)> <Conpositional distribution (Ww%> (err]

Reaction tinme (Hr)

Tabl e 10(11)
41.5 _
1.1

Cerr] (total) 92.6 1-hexene content in Cerr] (W%
99. 6 derr] 2.5 derr] 3.1 Cerr]
0.1 Wax 0.0 Polyethylene (by-product) '
0.5 . 11 |
Example
35
Ethylene pressure’ 35
2
(kg/cm<)
Reaction time
(Hr) 1.0
Contact method A
<Product yield 9.2
(g/hour) >
<Compositional distribution
(wt%) >
Cq 15.1
Cg (total) 52.3
l1-hexene content
in Cg (wt%) 95 .0
Cg 12.3
Ci10-20 20.1
C22-30 0.1
Wax 0.0 ]
Polyethylene
(by-product) 0.1
<Catalytic
efficiency> 922
<Catalytic
activity> 8583

_
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<Catal ytic 213 efficiency> <Catalytic 2011
activity> -85- 82 Exanple 35

n- Heptane (47 m ), a n-heptane solution of pyrrole (0.063 nmmol), a
n-heptane solution of triethylalumnum (0.400 nmmol) and 1, 5-cycl ooct adi ene
(9.410 mol ) as additional conponent were charged to the sane autocl ave as
used in Exanple 1, while a heptane solution of chromum (I1l1)
(2-et hyl hexanoate) (10 ng, 0.021 mmol) was charged to the catal yst feed

pi pe. The totagxanpues -3V heptane was 50 ml. Thereafter the sane

operations as in Exanple 1 were perfornmed, and the oligonerization
reacti on of ethyl enphaasame onrhmddattelrdernint Exampidi 85 owss stonduttedabl e 11.
The results of gas chromatographic analysis of the resultantly obtained
[err]-ol efin okkgeper fonra ciovwe alforihenvaddisiberl davrponenTadne 11.
The synmbol "a-1" indicating the additional conponent in Table 11 is
1, 5-cycl ooct adempéoyment of the reaction conditions shown in Table 12.
In Example 39, mesitylene was used as additional component
in place of n-heptane (47 ml). The results of gas
chromatographic analysis of the obtained a-olefin
oligomers are shown along with other data in Table 12.
The symbols indicating the additional components in
Table 12 denote the following.
b~1: mesitylene

c-1: 1,3,5-tri-tert-butylbenzene

d-1: hexamethylbenzene
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Table 11 (1) - Exanpl e _
35 %Ki nd of sol vent HP(50) (amount :m) Kind of Cr conpound

Cr-3 Amount of C conpound -86-10 (ng/ hour) Mol ar anount of
Cr conpound (mol / houm) (a) 0.021 Mol ar anount of pyrrole

0.063 (mmol /hour) (b) Mlar amount of (mmol/hour) (c)
Mol ar’ ratio of catal yst conponents 1:3:19 (a:b:c)

0. 400
Ki nd of additional

conmponent a-1 Mol ar anount of additional substance (nmol)
React.i on tenperature 100 ([err!C?
84 Table 11 (11) . :
Example
36 37 38 39
Kind of solvent '
(amount :m1) HP (49) HP (49) HP (49) HP (3)
Kind of Cr compound Cr-3 Cr-3 Cr-3 Cr-3
Amount of Cr
compound
Mclar amount of
Cr compound
(mmol/hour) (a) 0.021 0.021 0.021 0.021
Molar amount of
pyrrole .
(mmol/hour) (b) 0.063 0.063 07063 0.063
Molar amount of
EtaAl ' -
(mmol/hour) (c) 0.400 0.400 0,409 0.400
Molar ratio of
catalyst components Lo, Lo oL .
(a:b:c) 1:3:19 1:3:19 1:3:19 1:3:19
Kind of additional
component b-1 c-1 d-1 b-1
Molar amount of
additional
substance (mmol) 9.410 9.410 9.410 340.0
Reaction
tegyeratuxe 100 100 100 100
/———————"‘.
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ﬂple

35 Et hyl ene pressure
(kgtenferr]) Reaction tine 1. 0,6H) Cont act net hod.
A <Product yield 9.2 (g/hour)> nposi ti ona
(> 4 15.1 derr] (total)
1- hexene content in Cerr] (WM% : 95.0 (err]
12.3° Jerr] 20.1 (derr]

0.0 Polyethylene (by- product)

0.1

di stribution

52.3

Wax

0.1 <Catalytic efficiency>

<Catalytic activity> 858%aple 12(II)
85 Exanples 36-39
Example
36 37 38 39
Ethylene pressure
(kg/cm?) 35 35 35 35
Reaction time
(Hr) 1.0 1.0 1.0 1.0
'Contact-method A A A A
<Product yield
<Compositional distribution (wt%)>
Cq 15.8 14.4 13.8 26.7
Cg¢ (total) 48.1 52.8 55.5 28.8
l-hexene content
in Cg
(Wt %) 96.1 94.1 95.5 98.1
Cs 13.3 10.9 10.6 16.8
C10-20 22.0 21.1 19.1 26.4
C22-30 0.5 0.3 0.6 0.7
Wax 0.0 0.0 0.0 0.0
: Polyethyléné ' .
(by-prodget) 0.2 0.4 0.4 0.5
1<Catalytic
efficiency> 910 1076 . 892 689
<Catalytic
activity> 8425 9964 8258 6382
Sheet Has Been Replaced
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Tﬂgmsane procedure as in Exanple 35 was conducted except for a change of

t Rg:maddi tional conponent and enpl oynent _gh_the reaction conditions shown
in Table 12. In Exanple 39, nesitylene was used as additional conponent

in place of n-heptane (47 m). The results of gas chromatographic anal ysis
of the obtained [err]-olefin oligonmers are shown along with other data in

Tabl.e 12. The synbols indicating the additional conponents in Table
12 denote the foll ow ng. b-1: nesityl ene c-1:

1,3, 5-tri-tertgupydenzens d- 1: hexamet hyl benzene

86 _ Exampl e

36 37 The sihe procedus? aK D Pkamsrd V¥twas conducted HP(49)

HP( 49) HP( 49) HP(§3 Kind of Cr conpound Cr-3 Cr-3
Cr-3 Cresdcept\NiBinta hafigeCoipeiedadditional componentl@nd 10

10 10 (mg / Hr) Mol ar anount of Cr conpound 0. 021
0. 021 0. GsMploymer: @¥l the reaction conditions shown in Tables 13

and 14. In.Example.42, toluene was not charged to the
autoclave as an additionai component, and 1 ml (9.41 mmol)
-0of toluene was qsed for making a solution of chromium (III)
(Z—ethylhexanoate) and.was charged to a feed pipe. 1In
Examples 46 and 47, 2,5-dimethylpyrrole'was used in place
of pvrrole. The results of gas chromatographic analysis of
the obtained o-olefin oligomers are shown along with other
data in Tables 13 énd 14.

The symbols indicating the additional components in
Tables 13 and 14 denote thé following.

e-1l: benzene

f-1: toluene

g-1l: m-xylene

-
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Nbd?r anDunt of pyrrole. _ 0. 063 0. 063 0. 063

3. (mol / hour) (Db) Mol ar anount - of (Qﬂﬁjlhour) (c) 0. 400
0. 400 0. 400 0. 400 Mol ar ratio Oof catal yst conmponents (a: b:c)
1:3:19 1:3:19 1:3:19. 1:3:19 Kind of additional conponent
b-1 - c-1 d-1 b-1 Ml ar anpbunt of additional
substance (nmol ) - 9.410 9.410 9.410
340.0 Reaction tenperature 100 100 100
100 ([err] QO Table 13(I) 87
Tabl e 12 (11) Exanpl e
36 37 38 39 Ethylene pressure (kg/cnferr])
35 35 35 ReaCtT oM tT1TE 0
1.0 1.[0 1.0 (H) Cgntact nethod Example A A
A A | <Product yield . S 108 S-
6. 9 (9g/hour)> 40 - 41 42 | 43
Kind of solvent
(amount :ml) HP (50) HP (50) HP (50) HP (50)
Kind of Cr compound Cx-3 Cr-3 Cr-3 Cr-3
Amount of Cr
compound
(mg/hour) 10 10 10 10
Molar amount of
Cr compound
(mmol/hour) (a) 0.021 0.021 0.021 0.021
Molar amount of
pyrrole
(mmol/hour) (b) 0.063 0.063 : 07063 0.063
Molar amount of
Et3Al .
(mmol/hour) (c) 0.400 0.400 0.400 0.800
Molar ratio of
catalyst components Lo, La. 2. ..
(a:b:c) 1:3:19 1:3:19 1:3:19 1.3.38
Kind of additional
component : e~-1 £-1 £-1 £f-1
Molar amounﬁ of
additional : 3
substance (mmol) 9.410 9.410 9.410 9,410
Reaction _
oy ature 100 100 100 100
ThlSSheetHasB
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rAposi ti onal

derr]

di stribucion (w% >

derr] 15.8
13.8 26.7 (err] (total)gg. 48. 1 52.8
28.8 1-hexene content in Cerr] 96. 1
95.5 98.1 Cerr] 13.3 10.9
16. 8 derr] 22.0 21. 1 19.1
0.5 0.3 0.6 0.7 Wax
0.0 0.0 _ 0.0 Pol yethyl ene (by-product)
0.4 0.4 talytic efficiency>
1076 892 " 689 <Catalyt|c activity>
9964 8258 6382
Exanpl e
41 42 43 | Kind of solvent F3aPRHt: m)

HPSSO) HP( 50) h (50) Kihd of & ¢ npougp’ 1Cr-3 3
Cr -3 Cr 3  Anpunt pf Cﬁoconpound 10 ¢
10 hvl %ng/hour Mol'ar amopnt of Cr gonpound (fmol / hour
0. 02Ethy egs g5gSsureg op1 35 0/ 02135 35 35

(kg/cm<)

Reaction time

(Hr) 1.0 1.0 1.0 1.0
Contact method A A A A
<Product yield .

(g/hour)> 6.9 6.3 6.4 9.0
Cq 18.8 8.3 22.5 15.0
Cg¢ (total) 47.8 63.0 49.8 58.2
l1-hexene content
in Cg
(Wt %) 96.1 96.5 96.7 96.0
Cg 13.4 7.9 13.4 10.3
Ci0-20 ° 19.3 19.1 ©13.8 15.4
C22-30 0.6 1.5 0.3 0.6
Wax 0.0 0.0 0.0 0.0
Polyethylene
(by-product) 0.1 0.4 0.2 0.5
<Catalytic

efficiency> 694 625 644 902
<Catalytic 6430 5783 5960 8359

activity>

\‘\\\\‘\\\“‘--“
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e

anount of pyrrole

0. 063

0. 063

0. 063

0. 063

hour) (b) Molar anpount of Et[err]A __(mol/hour) (c) 0. 400
0. 400 0. 400 0.800 Ml ar ratha?%bbatalyst conponents (a:b:c)
1:3:19 1:3:19 1:3:19 1:3:38 Ki nd of additional conponent
e-1 - f-1 f-1 f -1 Ml ar amount of substance (mmol)
9.410 9.410 9.410 9.410 Reaction tenperature
100 100 100 ([err] O
Table 13(11) : Exanpl e '
40 41 42 43 ressure 35
35 35 35 (kg/cn2) Reaction tinme (Hr)
1.0 6 6 6 Contact—metthod— -
A A A  <Produ¢t yield Exafple 6.3
6.4 9.0 (g/ hour )>
44 45 46 47
Kind of solvent
(amount :m1) - HP (50) HP (50) HP(SO)_ HP (50)
Kind of Cr compound Cr-1 Cr-3 Cr-3 Cr-3
Amount of Cr
compound
(mg/hour) 10 10 5 10
Molar amount of
Cr compound .
(mmol/hour) (a) 0.021 0.028 0.010 0.021
Molar amount of
pyrrole
(mmol/hour) (b) 0.085 0.063 0.031 0.063
Molar amount of
(mmol/hour) (c) 0.570 0.400 0.200 0.
Molar ratio of _
catalyst components 1:3:19 1:2:14 3:3:20 1:3:19
(2a:D:C) 13 12: :3:
Kind of additional
component £-1 g-1 £-1 £-1
Molar amount of
additional
substance (mmol) 9.410 9.410 9.410 47.05
Reaction
temperature
(°C) 100 100 20 80
This Sheet Has Been R
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- CA e 18.8 8.3 - 22.5 15.0 (err]
(tbtal) 47. 8 63.0 gg 8 58.2 1- hexene cont ent
in C6 (W% 926. 1 8 96. 7 96. 0
Clerr] 13. 4 7.9 13. 4 10.3 Cerr]
19. 3- 19.1 13.8 15.4 Jerr] _ 0.6
1.5~ 0.3 0.6 Wax 0.0 0.0
0.0 0.0 Pol yet hyl ene (by-product) 0.1 0.4
0.2 0.5 <Catalytic. eff|C|en§¥5]e 235{11 694 625
644 902 <Catalytic 5783 5960
8359 activity> 91 :
Table 14 (1) EX e
44 45 46 rd? Ki nd of sol venExample  Hp(50)
HP( 50) HP( 50) HP (50) (anmgunt:ml ). K nd ol O pompound Tr- T
Cr-3 Ccr{3 Cr-3 Amount] of & conpound5 46 107
10 : 5 T0 (ng/7nhoar ) Norar _anpunt_ ot
Ethylene pressure 35 35 35 35
(kg/cm?) |
Reaction time L
(Hr) 1.0 170 1.0 1.0
Contact method ' A A A A
<Product yield '
(5/hour) > 9.6 6.0 4.6 5.2
<Compositional distribution (wt%)>
Cq 5.1 18.9 56.8 57.9
Cgs (total) 49.4 48.7 32.1 29.8
l1-hexene content
in Cg '
(Wt ) 94.9 96.3 96.5 98.3
Ce 6.0 12.7 7.3 8.5
Ci10-20 22.6 | 18.6 3.5 3.6
C22-30 9.3 0.4 0.0 0.1
Wax 0.0 0.0 0.0 0.0
Polyethylene : '
(by-product) : 7.7 0.5 0.1 0.2
<Catalytic
efficiency> %64 596 909 523
<Catalytic
activity> 6470 5514 8420 4843
i



£,conpound 0. 021 0. 028 0. 010 0.021 (ol / hour)
(&)

Mol ar amount of pyrrole 0. 085 0.063 0. 031
0. 063 (mmmol / hour) (b) Mol ar anount of Et9[ er] Al 0. 570
0..400 0. 200 0.200 (mmol /hour) (c) Molar ratio of catalyst
conponent s 1:3: 19 1:2: 14 "3:3:20 1:3:19 (a:b:c) Kind of
addi.ti onal conponent f-1 g- 1 f-1 f-1
Mol ar anount of additional substance (nmol) 9.410 9.410
9.410 47. Cid Odg t ENPEr ature 100 100
90 - 90 ??%$%¥¥§145559 .92
Tabl e 14(11) gx&gmj&ted
44 45 The4%Fme proce%rfe Ethypeﬁgagrégsa?ewa
35 35 exce t3§h£ggﬁﬁﬁm3ddlﬂ%$%al'QmebHEnt and emploﬂméht of the 1.0
1.0 1.0 ?Fﬁ? Cont act net hod A

<Product yieldreaction(8bh@LEiconhs were chlrGed aG.Qhown in Tdbléb 15-17. 5. 2
In Example 42, 1 ml (9.41 mmol) of a toluene solution of
chromium (III) (2-ethylhexanoate) was charged to the
autoclave as an édditional component instead of toluene.

In Examples 46 and 47, 2,5-dimethylpyrrole was used in
place of pyrrole; The results of gas chromatographic

analysis of the obtained a-olefin oligomers are shown

along with other data in Tables 15-17.

In Tables 15-17, "h-1" indicating the additional
component is tris(pentafluorophenyl)borane. "Contact
.method A" is a method in which a-olefin, chromium compound
and additional component {tris(pentafluorophenyl)borane:
B(CgFs)3) are introduced into a solution containing pyrrole
and alkylaluminum compound; "contact method Az" is a method
in which 0-olefin and chromium compound are introduced
- into a solution contéining pyrrole, alkylaluminum compound
and additional substance; "“contact method D3" is a method
in which a-olefin, chromium compound and pyrrole are
introduced into a solution containing alkylaluminum
compound and.additional substance; and "contact method F"
is a method in which a-olefin is introduced into a
solution prepared by successively feeding the additional

component, alkylaluminum compound, pyrrole and chromium

compound. S \§\\“\““‘--~\‘
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< distribution (vt %> . 5.1
1 ; 56. 8 57.9 (derr] (total)g- 49. 4 48. 7
32. 29.8 1- hexene content in Cerr] 94 .9
9 96. 5 98.3 (err] 6.0 12. 7
7. 8.5 (err] 22. 6 18.6 3.5
3. derr] 9.3 0.4 0.0 0.1 Wax
0. 0.0 0.0 0.0 Polyethylene. (by-product)
7. 0.5 0.1 0.2 rs6pd alytix efficiency > 964
596 909 523 <Catalytic ' 6470 5514
8420 4843 activity> 93 Examples
48- 59 The sane procedure as}in Exanple 35 wag con ucted except that
the additiongl conponent and enpl pynment of the EPM™8n condi tions were
charged as shjown in Tables 15-17.| In anplfe 42, .1 m} (9. ﬁ} mgl ) ogl
t ol uene sol utli on of chroniun1(|| ) ( ethylhexdﬁ%ate) mas charded to the
aut ocl ave as [ap, addi quﬁﬁ %Mgpon=nt I nstead of toluenje. In Exdnples 46
and 47, 2,5- %ﬁ‘g‘l _g% u$edis (50)pl qceHBISQYr ol B2 (Fhe rlesHP {80 bf
gas chromat ogr 3Iy5|s of {he obtaingd [err]-ollefin oligdners are
shown
) Kind of Cr compound Cr-1 Cr-1 Cr-1 Cr-1
Amount of Cr
compound 10
(mg/hour) 10 10 10
Molar amount of _ .
Cr compound .021
(mmol/hour) (a) 0.021 0.021 0.021 0
Molar amount of
pyrrole : 0.060
(mmol/hour) (b) 0.060 0.060 0.060
Molar amount of
Et3al 0.400 0.400
(mmol/hour) (c) 0.400 0.400
Molar ratio of _
catalyst components | ,.3.39 | 1:3:19 | 1:3:19 | 1:3:19
(a:b:c) T ' S
Kind of additional
component h-1 h-1 h-1 h-1
Molar amount of
additional 0.020 0.020 0.100 0.020
substance (mmol)
Reaction
74 etk 100 100 100 100
This Sheet Has Been Re
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aloghg wth other data in Tables 15-17. In Tables 15-17, "h-1"
i ndi‘cating the additional conponent is tgbggpentafluorophenyl)borane.
"Contact nethod Alerr]"” is a nethod in which a-olefin, chrom um conpound
and additional conponent (tris(pentafluorophenyl)borane: B(Cerr]Ferr])3}
are introduced into a solution containing pyrrole and al kyl al um num
conpound; "contact nmethod A2" is a nethod in which [err]-olefin and
chrom um conmpound are introduced into a solution containing pyrrole,

al kyl.al um num conpound and additionagaﬁygsigqffi "contact nmethod Dierr]”
iIs a method in which [err]-olefin, chromum conpound and pyrrole are

I ntroduced into a solution containing al kyl al um num conpound and
addi ti onal subStance, and contaca!nernoa F— 15 a nmernod T Wil ch [err]

-olefin is infroduced into a sol ytion prepared by B¥R®eksively feeding thg
addi ti onal cpnponent , al kyl al um

um conpoung, rrolef and chronyum
18" A 50

conpound. _ _ _ 51
Table 15 (1) EXamnpl €
48 49|Ethylengopressure g1 Kggd of| sol went (prmounts ) 35
HP( 50) HP{ 389/ cm4) HP( 50) HA(50)  Kind of Cr cprpound Cr-1
Cr-| Cr H- Cral—

Reaction time .

(Hr) 0.25 0.25 0.25 0.25

Contacting method Ay Az Ay ' F

| <Broduct yield 14.4 14.4 38.0 13.7

(g/hour) >

<Compositional distribution (wt%)>

Cq 1.7 1.9 0.2 1.4

C¢ (total) 1 79.5 74.5 83.2 1803
1-hexene coetenﬁ

?3t§f | 94.6 94.6 94.4 94.9
of : : : 2.7 3.0 0.5 2.1

C10-20 o ' 13.9 17.9 15.2 14.0
622—30 _ ' 1.4 2.0 - 0.5 1.3

Wax 0.0 0.0 0.0 0.0

Polyethylene

{(by-product) ' 0.5 0.3 0.3 0.7

iy, 1439 1439 3799 1367
PRI s 53313 53328 | 140699 | 50616

" This Sheet:Has Been Replaced




Annunt of Cr conpound 10 10 10 10
(né Mol ar amount of Cr conpound (nggl/hour) (a) 0. 021
0.021 0. 021 0. 021 Mol ar anount ™ of pyrrole 0. 060
0. 060 0. 060 0. 060 (mol / hour) (b) Mol ar anount of Et[err] Al
(mrol-/ hour) (c) 0. 400 0. 400 0.400 0. 400 Mol ar ratio
of cataltst conponents 1:3:19 1:3:19 1:3:19 1:3:19 (a :b:c)
Ki nd of additional conponent h- | h- | h- |
h-1 anount of additional subst ) 0. 020 0. 020
0. 100 0. 020 Reaction tenperature ' 100 100
100 100 ([err] Q) 95
Tabl e 14(11) ' Exanpl €
48 49 50 51 Example
52 53 54 55
Kind of solvent
(amount :ml) HP (50) HP (50) HP (50) HP (50)
Kind of Cr compound Cr—l. Cr-1 Cr-1 Cr-1
Amount of Cr
compound
(mg/hour) 10 10 10 10
Molar amount of
Cr compound
(mmol/hour) (a) -0.021 0.021 0.021 0.021
Molar amount of
pyrrole
(mmol/hour) (b) 0.060 0.060_ 0.060 0.060
Molar amount of
Etsal 0.400 0.400 0.400 0.400
(mmol/hour) (c) ) ’ )
Molar ratio of
catalyst components Lo, L. Lo, T2,
(a:b:c) 1:3:19 1:3:19 1:3:19 1:3:19
Kind of additional , :
component h-1 h-1 h-1 h-1
Molar amount of
additional ‘
substance (mmol) 0.020 0.100 0.100 0.060
Reaction
eoyerature 100 60 a5 100

i ShiTlliii“Bmil‘Iﬁmd




Ethylene pressure (kg/cnferr]) 35 35
354 35 Reaction tine 0. 25 0. 25 0. 25
0.25 Cont acti ng nethod ' A[erF?7' _ Alerr]
Alerr] F <Product vyield 14. 4 14. 4
38.0- 13.7 (g/ hou)> ' 14. 4 14. 4 38.0
13.7- <Conpositional distribution (w%> Cerr] 1.7
1.9 0.2 1.4 Cerr] (total) 79.5 74.5
83 .2 80.3 1- hexene cont ent % 94 .6
94 .6 94. 4 94 .9 der 2 .7
3.0 0.5 2.1 Cerr] : 13.9 17.9
15. 2 Ho—Cterri —+% 270 %
1.3 Wax a0 0. 0 Exampleo 0 0.0
Pol yet hyl ene (by- product) 0~ —O13 073
0.7 <Catal yfic 143952 1489 $A99 55 1367
ef ficiency> <@atatytiT - 58318 D —TH#0699
50616 activityBthylene pressure 5 96 35 35
Table 16 (1)1 (kg/cm?) 33 3
Reaction time -
(Hr) 0.25 | 0.25 0.25 0.25
Contacting method D3 2} D31 Dy
<Product yiéld
(g/hour) > 19.1 23.0 24.7 33.2
<Compositional distribution (wt%)>
Cq 1.2 0.3 0.7 0.3
1Ce (total) 79.1. 85.5 81.8 82.8
l-hexene content
in Ce 94.4 95.3 94.8 94.2
(wt%)
Cs 1.9 0.7 0.9 0.6
Ci10-20 15.7 11.3 14.3 15.2
1 C22-30 1.1 0.3 0.4 0.5
Wax 0.0 0.1 0.2 0.1
Polyethyiene
(by-product) 0.7 1.8 1.8 0.5
<Catalytic
efficiency> 1910_ 2302 2476 3318
<Catalytic 70729 85272 91720 122885
activity> .
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anple 52 53 54 55
Kiliid. of sol vent HP (50) HP( 50) HP( 50) HP (50)
(anount m) Kind of O conpound Cr —p8- Cr-| Cr-1
Cr.-1 Amount of Cr conpound (ng/ hour) 10 - 10
10 10 Mol ar anount of Cr conpound 0. 021 0. 021
0. 021 0.021 (mol /hour) (a) Molar anpunt of pyrrole 0. 060
0. 060 0. 060 0.060 (mol /hour) (b) Mlar amount of (ol / hour)
(O . 0. 400 0. 400 0. 400 ; 0.400 (mol /hour ) (c)
Mol ar ratio of catal yst conponents . 1:3:19 = 1:3:19
1:3:19 (a :b: c) Ki nd of addi t.i onal conponent h-1
h-1 —2 Mo-a—arrout—ef—addi-t+enal—substance—{rrot)
0. 020 0. 100 0. 100 0. 060 subakamp&e(nnnl) Reacti on
tenperature 100 ' &6 45 +O0~(fer+1ES
97 56 57 58 59
Kind of solvent ' .
(amount :m1) HP (50) HP (50) HP (50) HP (50)
Kind of Cr compound Cr-1 Cr-1 Ccr-1 Cr-1
Amount of Cr
compound
(mg/hour) 10 10 10 10
Molar amount of
Cr compound
(mmol/hour) (a) 0.021 0.021 0.021 0.021
Molar amount of
pyrrole
(mmol/hour) (b) 0.060 0.060 0.060 0.060
Molar amount of
Et3Al 400
(mmol/hour) (c) 0.400 0.400 0.200 0.
Molar ratio of
catalyst components LA, Lo, .a. L.
(a:b:c) 1:3:19 1:3:19 1:3:10 1:3:19
Kind of additional
component . h-1 h-1 h-1 h-1
Molar amount of
additional
substance (mmol) 0.004 0.004 0.004 0.004
Reaction
teoperarure 100 100 100 100
\
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Table 16(11) Exanpl e
52Qﬁ1 53 54 55 Ethylene pressure 35 35
35 35 (kg/cnierr]) Reaction tinmg 22" 0. 25 0. 25
0.25 0.25 (Hr)- Contacting nethod Derr]. D er]
D err] ~Dlerr] <Product vyield 19.1
23. 0- 24. 7 33.2 (g/hour)> <Conpositional distribution (W% >
4 1.2 0.3 0.7 0.3 derr]
(total) 79.1 85151 EIZ‘[11431.8 82.8
[err]-hexene content in CJerr] 94.4 . - 94.8 94.2 (err]
1.9 0.7 0.9 0.6 (err] ' ~15.7 11.3
14. 3 15. p—€22=36 % 68 O
0.5 Wax ' 0.0 0.1 ‘Hxample 0.1
Pol yet hyl ene.| (by- product) o7 8 18 05
<Catal ytic efficiency> . 191066 230257 24788 33358
<Catal ytic acgivity> 10729 185272 91720 TZ2885
Ethylege pressure 35 20 35 35
(kg/cm?) {(H:3.5KG)
Reaction time
(Hr) 0.25 0.25 0.25 0.25
 Contact method D3 D3 D3 D1
<Product yield .
(g/hour) > 6.7 15.9 3.9 14.9

<Compositional distribution (wt%)>

Cq 2.4 3.5 3.6 1.9
Ce (total) . 78.7 78.2 79.4 78.8
l-hexene content

in Cg '

(Wt $) 94.5 95.0 94.3 92.0
Cg 3.5 3.9 3.6 2.2
Ci0-20 14.2 13.9 12.2 16.7
C22-30 1.1 0.5 0.8 0.4
Wax ' : 0.1 0.0 0.1 0.0
Polyethylene

(by-product) 0.1 0.1 0.3 0.1
<Catalytic |
efficiency> 667 _ 1588 386 1488
<Catalytic ;

act ivity> 24711 58797 14303 55111
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gé;_ Exanpl e

56 i 57 58 59 Kind _of sol vent HP (50)

HP( 50) HP( 50) HP( 50) (anount:n1Y100Kind of Cr conpound Cr-1
Cr-l Cr-1 Cr-1 Amount  of Cr conpound .10

10 - 10 10 (mg/ hour) Mol ar anount of Cr conpound

0. 021 0. 021 0. 021 0. 021 (mmol / hour) (a) Mol ar
anount of pyrrole (mol/hour) (b) 0. 060 0. 060 0. 060

0. 060 Mol ar anount. _of. .Et[err] Al - 0.400 0. 400 0. 200
0. 400 (nmmol /ho Mol ar ratio of catal yst conponents 1:3:19 '

ol e ospefaieltob6 al) Vg g Helf s, BOALEBRTpECRTPROTE
0. 004 O-OQﬁ.244 mﬂogigsnd a SLﬁgﬁkéﬁgﬁ§é¥H§Eﬁfng%lkrie?gggsiﬁﬂinum

tenperature
(8.000 mmol) were charged to a 2.4 litre autoclave same as

used in Example 1 while chromium (III) 2-ethylhexanoate
(200 mg, 0.420 mmol) made into a solution with n-heptane
was charged to the catalyst feed pipe. A n-heptane
solution of an antistatic agent A specified below (1 mg/1l)
also charged to the autoclave.

Antistatic agent A: "ASA-3" (produced by Shell
Chemical Co., Ltd.)

The composition thereof.comprises 20 wt% of chromium
(I1I) alkylsalicylate having Cig-3g alkyl group, 10 wt% of
calcium salt of di-2-ethylhexyl sulfosuccinate, 45 wt% of
copolymer (high polymeric electrolyte) of 2-methyl-5-
vinylpyridine and methacrylic acid Ci7 alkyl ester.

First, the autoclave was heated to a temperature of
40°C and then ethylene was introduced thereinto from the
catalyst feed pipe at a temperature of 40°C. The rupture
plate was ruptured under ethylene pressure, in;roducing the
chromium compound into the barrel of the autoclave to start
oiigomerizqtion of ethylene. Ethylene was introduced until
the overall pressure reached 35 kg/cm?(G). Thereafter the
overall pressuré was kept at 35 kg/cmz(G), while
maintaining the temperature at 40°C. One hour later,
ethanol was injected into the reaction mixture to terminate

the reaction.
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99 _ Tabl e 17(11)

Exéirpl e 56 57 58 59
Et hyl ene pressure 35 707101- - 35 35 (kg/cnR)
( Herr]: 3. 5KG Reaction tine 0. 25 0. 25 0. 25
0.25-(Hr ) Cont act net hod Derr] Der] - Derr]
Derr] <Product yield 6.7 15.9 3.9 : 14.9
(g/ hour )> <Conposi tional distribution (wm%> derr]

2. 4. 3.5 1.9. (err] .(tatal 18..7

78. 2 %6 4 Then ghg same operalicfizl ih gng%%Fr} were repedted
94. 5 95 Qo obtalng& Slefin ofﬁbéﬁeé&erﬁk this example, no 39

3.9 3. .2 (err] 14.2 13.9

3242 Ve 16. aepo§1€§6$ of the by-product po&yﬁers took Bléce on thQ-g

Pol yet hyl ene (D¥nBEOHHEL)of the autoclave.l The resfiis of comp@kﬁklonal
0.1 <Catal ytic

analysis of the obtained &-olefin oligomers by gas

chromatography are shown along with other data in Table 18.

Examples 61 and 62

The same procedure as.in Example 60 was conducted
except for a change of réaction temperature, solvent and .
antistatic agent as shown in Table 18. The results of gas
chromatographic analysis of the obtained O-olefin
oligomers are shown along with other data in Table 18. 1In
both examples, no deposition of the by-pfoduct polymers was
observed on the inner wall of the autoclave. In the table,
antistatic agents "B" and "C" are as specified below:

Antistatic'agent B: "Stadis 450" (produced by E.I. Du
Pont de Neymours & Co.)

The composition thereof éomprises 14 wt% of polybutene
sulfate, 3 wt% of aminoethanclepichlorohydrin polymer, 13
wt¥ of alkylbenzenesulfonic acid, 70 wt% of toluene and
trace amounts of quaternary ammonium salt of aliphatic
alkyl and isopropyl alcohol.

Antistatic agent C: "Stadis 425" (produced by E.I. Du
Pont de Neymours & Co.)

The composition thereof comprises 2-7 wt% of

polyaminopolyol, 2-8 wt% of dodecylbenzenesulfonic acid,

60-70 wt% of kerosine, 10-20 wt% of toluene, less than

: Thls Sheet Has Been Replaced
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effici'ency > ' 667 1588 386 1488 <Catal ycic
2%711 58797 14303 55111 activity>

100- Exanple 60 n- Hept ane (980 m )510%2n- hept ane sol ution of pyrrole
(1.244 mmol) and a n-heptane solution of triethylalumnum (8.000 mmol)
were- charged to a 2.4 litre autoclave sanme as used in Exanple 1 while
chromum (111) 2-ethyl hexanoate (200 ng, 0.420 mml) nmade into a sol ution
with n-heptane was charged to the catal yst feed pipe. A n-heptane

solution of an antistatic agent A specjfied pelow (1L I charged to
t he autocl ave.0.017 Wt&ntoifsPSPizénﬁgég? %‘J’ wihg 232 ﬁlﬁfggﬁlﬁi‘(&%a I

Chemi cal Co., Ltd.) The conposition thereof conprises 20 wt % of
chromum (111995980 %29 ate having Clerr] alkyl group, 10 wt % of

cal ciumsalt of di-2-ethyl hexyl sulfosuccinate, 45 wt% of copol ymer (high
polynmeric electrolyte) of 2-methyl-5- vinvlpyridine and nethacrylic acid
Cl7 al kyl ester. First, the autoclave was heated to a tenperature of
40[err] C and then ethylene was introduced thereinto fromthe catalyst feed
pipe at a tenperature of 40[err]C. The rupture plate was ruptured under

et hyl ene pressure, introducing the chrom um conpound into the barrel of
the autoclave to start oligonerization of ethylene. Ethylene was

i ntroduced until the overall pressure reached 35 kg/cn2(GQ . Thereafter the

This. Sheet Has Been Rzilaced .
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overal |
te
reaction m xture
101:

[err]-olefin oligoners.
pol yners took place on the

conpositiona

and 62
a change of
Tabl e 18.

react

The results of gas

to term nate

I on tenperature,

| at er,
t he reactlon
Then the sanme operations-as in Exanple 1 were repeated
In this exanple,
I nner wal |

sol

pressure was kept at 35 kg/cnjerr] (G,
pérature at 40[err]C. One hour

no

whi | e

ntistatic agent as shown in
chromat ogr aphi ¢ anal ysi s of the obtained

mai nt ai ni ng the
fanol was injected into the

The results of

Exanpl es 61
except for

to obtain
deposition of the by-product
of the autoclave.
anal ysis of the obtained [err]-olefin oligoners by gas
chr omat ogr aphy are shown along with other data in Table 18.
The sane procedure as in Exanple 60 was conducted

[err]-olefin oligomers are shown along with other data in Table 18. In
bot h exanpl es, n¢ deposition of .the Dly-product pohgners was observed on
the inner wall off the autoclave. In the table, aR¥#®®%%ic agents "B" and
"C' are as speci#ied bel ow. Antystatic agpent B "Stadis 450"
(produced by E. 1| Du 60 bont ®de Neymour® & Cf. )
The conposition tthereof conprlses 14 W% of pol ybutene stltate, 3 W % of
aninoethanolepicFﬁGF&ﬁ§8Fﬂﬁ GERE 13wk % of | al kyBbenzgnesukfoni ¢ acid,
70 W % of t ol ueng—and

Kind of solvent

(amount:liter) HP (1) HP (1) HP (1)

Reaction

temperature 40 60 60

(°C)

Ethylene pressure

(Kg/cm?) 35 35 35

Reaction time

(Hr) 1.0 1.0 1.0

<Product yield

(g/hour)> sa..z 102.7 123.8

<Compositional distribution (wt%)>

oF 12.2 15.3 18.0

C¢ (total) 74.7 . 74.2 71.6

l-hexene content

in Cg .

. ) 6.

(Wt %) 96.2 95 96.0

Cs 2.1 3.1 3.2

Ci0-20 20.2 6.8 6.7

C22-30 0.1 0 0
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trace anounts of quaternary ammoniumsalt of aliphatic alkyl and isopropyl
al aghoel . Antistatic agent C. "Stadis 425" (produced by E. 1. Du

Pont de Neynours & Co.) The conposrﬁpéﬁ t her eof conprises 2-7 wt % of
pol-yam nonol yol , 2-8 wt % of dodecyl benzenesul fonic acid, 60-70 wt % of

ker osi ne, 10-20 wt % of tol uene, |less than

102 ° 0.017 wm % of benzene and 2-7 wt% of a nmixed aromatic solvent ((err])

103 Table 18 (1)
Exanpl e 60 61 62 Antistatic
agent A B : C Kind of solvent (amount:liter)
HP( 1) HP( 1) HP( 1) Reacti on tenperature 40
60 60 ([err] O
Table 18(II)
Example
60 61 62
Wax 0 | 0 0
Polyethylene
(by~product) 0.7 0.6 0.4
<Deposition
efficiency> Nope None None
<Catalytic
efficiency> 441 513 619
<Catalytic 4239 4936 | 5952
activity>
-
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s

Et’ | ene pressure (Kg/cnferr]) 35 35 35

Redc¢tion time (Hr) 1.Q 1.0

1.0 1.0 <Product yield (g/houry0%~ = 88.2

102. 7 123. 8 <Conposi tional distribution (w%> derr]

12.2 - 15. 3 18.0 = CB (total) 74.7 74. 2
71.6° 1-hexene content in (err] 96. 2 95.7 96. 0
(Wt % derr] 2.1 3.1 3.2 derr]

20.2 . - 6.8 6.7 Cerr] 0.1 0

0 104 Tabl e
18(tH1) Example 63 : Exanpl e .
60 61 62 WX 0 0 0

A 2.4-litre autoclave dried by a dryer at 150°C was

" assembled in a hot state and then the atmosphere in the
autoclave was replaced with nitrogen in vacuum. A catalyst
feed pipe equipﬁed with a rupture plate and a stirrer
equipped with a one-stage simple paddle—typé (flat vane-
type) blade had been attached to the autoclave. n-Heptane
(980 ml), a n-heptane solution of pyrrole (1.244 mmol) and
a n-heptane solution of triethylaluminum (8.000 mmol) were
charged to ﬁhe autoclave while a n-heptane solution of
chromium (III) 2-ethylhexanoate (200 mg, 0.420 mmol) was
charged to the catalyst feed pipe. The total amount of n-
heptane was 1 litre.

First, the autoclave was heated to a temperature of
40°C' and then ethylene was introduced thereinto from the
catalyst feed pipe at a temperature of 40°C. The rupture
plate was ruptured under ethylene pressure to introduce the
chromium compound into the autoclave, thus starting
oligomerization of ethylene. .The stirrer was operated at
400 r.p.m. and ethylene was introduced until the ove;all
pressure feached 35 kg/cm?(G). Thereafter the overall
pressure was kept at 35 kg/cmz(G), while maintaining the
temperature at 40°C. One hour later, ethanol was injected
into the autoclave to terminate the reaction.

After releasing ethylene from the autoclave, the by-

product polymers (mostly polyethylene) in the reaction

eet Has Been
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ilthylene (by-product) : 0.7 0.6 0.4 <Deposition

None None efficiency> <Catalytic <Catalytic
513 619 efficiency> <Gar@éytic 4239
5952 activity> 105 Exanpl e

A 2.4-litre autoclave dried by a dryer at 150[err] C was assenbl ed
in a‘hot state and then the atnosphere in the autoclave was replaced with
nitrogen in vacuum A catalyst feed pipe equipped with a rupture plate and
a stirrer equipped with a one-stage sinple paddle-type (flat vane- type)

bl ade had been mitwohedidr@e tdepardteal Byerint Hepidmero (&hi Ja~alagfiiept ane
solution of pyrrole (1.244 mmol) and a n-heptane sol ution of

triethyl al um num {gbrids Muin t\mrseexahgw?dtﬁ@ BPp ot ] P yitidse were

n- hept ane solution of chromum (I111) et hyl hexanoate (200 ng, 0.420 nmol)
was charged t ogrdverleat al HO0-H0fefimpiipegraThesinenlarmbhhhe foflteringept ane
was 1 litre. First, the autoclave was heated to a tenperature of 40C
and then et hyl ermewstsi omtacadu ¢ peeforméd veoyn sheotltht al yBie fresch Igispefat
a tenperature of 40[err]C. ~ The rupture _.plate was ruptured under, ethylene
pressure to i nt¥SH st ographic analysis of the obtained G-olefin

oligomers are shown along with other data in Table 19,

Examples 64 and 65

The same procedure as in Example 63 was conducted
except for a change of reaction temperature and sti;ring
speed as shown 'in Table 20. The results of compositional
analysis of the obtained G-olefin oligomers are shown
along with shape of the by-product polymers and other data

in Table 19,

’,,,J»f’“”’/¢’ﬂ//’ﬂi
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chic
et\fiyl-ene.
i ntroduced un
t he overal

reaction
filtration to
by- product po
filtering
chr omat ogr aph
along with ot
procedure as

t enperature aqg

conpositiona
along with sh

m um conpound into the autoclave,
The stirrer was operated at

til-the overal
One hour
t he by-

obtain [err]- ol efin

| ater, et

ol i goners.

thus starting
4090
pressure reached 35 kg/cnjerr](G.
pressure was kept at 35 kg/cnjerr] (G,
tenperature at 40[err]C
autoctlave to termnate the reaction.
t he aut ocl ave,

After

ol i goneri zati on of

.p.m and ethyl ene was

hanol was

I nj ected

Thereafter

whi | e nmai ntai ning the

into the

rel easi ng et hyl ene from
product polyners (nmostly polyethylene) i

n the

m xture were separated by

In this

exanple, t

he

| ymers were granular (100-300 [err]min grain size) and the
operation could be perifforned very snDotth The resuljs of gas
c-analysis of the ot ai ned a- ol &@FPIE i goners ar € shown
her data in Table 19. éﬁanples o4 andj 5 he sane
n Exanple 63 was conduct cept chaﬁae of| reaction
qub speed a$ shown 1 njlTable 20 The resuljts of
ﬁé e obfjai medipern] - edegfiiyn gl i gr@Ens are shown
aﬁ% dﬁ %T1 ﬁﬁf product pol yners{and other |data in Table 19.
Reaction
temperature _
(°c) 40 60 60
Ethylene pressure '
(Kg/cm?2) 35 35 35
Reaction time
(hour) 1.0 1.0 1.0
Stirring speed
(r.p.m.) 400 600 800
<Product yield
(g/hour) > 102.7 102.7 102.5
<Compositional distribution (wt%)>
Cq 15.3 15.8 15.5
Cg (total) 74.2 73.9. 74.5
l-hexene content
in Cg .
(wt$) 95.7 95.5 95.8
Cs 3.1 2.9 3.3
Ci0-20 6.8 6.9 6.2
C22-30" 0 0. 0
-
il i\eﬁird
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10Z¢, : Tabl e 19(1)
Exanpt e _ 64 65 Kind of
sol vent HP( 1) HP( 1) Hﬁ?ﬁ) (amount liter) Reaction
t emperature 60 60 60 ([err]C) Ethylene
pressure ( Kg/cnferr]) . 35 35 35 Reaction tine
(hour) 1.0 1.0 1.0 Stirring speed
400 600 800 (r.p.m) <Pr oduct yield 102. 7
102. 7 102.5 <Conpositional distribution (w%> C4
15.3 15.8 15.5 C6 (total) : 74. 2 73.9
74.5 1-hexene content in ([err] 95.7 - 95.5 95.8
C8 3.1 2.9 3.3 (err]
6. 8 6.9 6.2 Clerr] Table 19¢(II) 0 0
0 .
Example
63 64 65
Wax 0 0] _ 0
Polyethylene (PE) .
(by-product ) 0.61 0.50 0.50
<Shape of PE> Granular | Granular | Granular
<Grain size of PE -
(m) > 100~300 50~300 50~300
<Catalytic .
efficiency> 513 520 508
<Catalytic 4936 5003 4888
activity>
Tl
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1023_ : Tabl e 19(11)
Ex&ip! e. 63 64 65 WX

0 - 0 0 Polyethyl ene (PE) ('b];p-gp'r oduct ) 0.61

0. 60 0.50 <Shape of PE> G anular G anular G anular
<Grain size of PE 100- 300 50- 300 ' 50- 300 <Catal ytic

513 - 520 508 efficiency> <Catalytic 4936

5003 4888 activity> 109 Exanpl e

66 . n- Heptane (4. litres), a n-heptane solution of pyrrole (6.22

mmol ) and a n-%ﬁ%&% ution of triethylalum num (40.00 mvl) were

charged €0 2 10 11 beneihgel CarTe 28t ool AT Sebyth 522,
pyrrole (6.22 mmol) and a n-heptane sclution of
triethylaluminum (40.00 mmol) were charged to a 10 litre
auntoclave same as used in Example 1, while a n-heptane '
solution of chromium (III) 2-ethylhexanoate (1.00 g, 2.10
mmol) was charged to the catalyst feed pipe. The total
amount of n-heptane was 5 litres.

First, the autoclave was heated to a temperature of
40°C and then ethylene was introduced thereinto from the
catalyst feed pipe. The rupture plate was ruptured underx
ethylene pressure, introducing the chromium compound into
the autoclave to start oligomerization of ethylene.
Ethylene was introduced until the overall pressure reached
35 kg/cm?(G) . Thereafter the:overall.pressure was kept at
35 kg/cm?(G), while maintaining the temperature at 40°C.
One hour later, ethanol was injected into the autoclave to
terminate the reaction. The resulting reaction mixture
contained granular by-product polymers.

After releasing ethylene from the autoclave and then
the obtained reaction mixture was supplied into a vertical
"Sharples Super Decanter" (manufactured 5y Tomoe Kogyo Co.,
Ltd.) to separate the by-product polymers. The separation
was conducted at an external bowl speed of 4,000 r.p.m. and
an internal screw speed of 3,500 r.p.m. The by-product
polymexrs assumed a favorable fluid state like powder and

could be efficiently separated from the reaction mixture.
\
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%) was charged to the catal yst feed pipe. The total anount of n-heptane
wasi5-litres. First, the autoclave v heated to a tenperature of
40[err]C and then ethyl ene was introduced ereinto fromthe catalyst feed
pi pe. The rupture plate was ruptured under ethylene pressure, introducing
t he chrom um conpound into the autoclave to start oligonerization of
et hyl'ene. Ethylene was introduced until the overall pressure reached 35
kg/cnierr] (G . Thereafter the overall pressure was kept at 35
kg/cnferr] (G, M lRdmicat dtniglg tReohEIDGEAIM & @Aaf%h%f 'fCtheOBBLARHEG
| ater, ethanol was injected into the autoclave to térm nate the reaction.
The resultlrm)runniaﬁmnrubMQmmerscambashedngaanm¢aw;&n/thmdudbtpouwners.
After rel easing ethylene fromthe autoclave and then the obtained reaction
m xture was sumaEbled 20nto a vertical "Sharples Super Decanter”

(manuf actured by Tonoe Kogyo Co., Ltd.) to separate the by-product
polyners. The separation was conducted at an external bow speed of 4,000

.p.m and an internal screw speed of 3,500 r.p.m The by-product
polyners assuneEBElRfeObRrad 68i d state |i ke powder and coul d be
efficiently separated fromthe reaction m xture. -

110 The results of T§&s SEACORECEGAEFRI @S abial Exampln ﬁqu¥a§bF§FﬁéGd out

[err] ol efin oluggners are s own alon with other data in Tab
ept for a change of reaction temperature and so vent as

shown in Table 20. The results of compositional analysis
of the obtained a-olefin oligomers are shown along with
other data in Table 20. 1In both examples, granular
polymers were formed as by-product polymers and these by-
product polymers could be separated efficiently as in

Example 66.

I
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nples 67 and 68 The sane procedure as in Exanple 66 was carried
out: except for a change of reaction tenperature and solvent as shown in
Table 20. The results of conpositional armdiysis of the obtained
[err]-olefin oligoners are shown along with other data in Table 20. 1In
bot h ~exanpl es, granular polyners were forned as by-product polyners and

t hese by- product polyners could be separated efficiently as in Exanple
66. Table 20 (1)
Exanpl e 66 67 68 Kind of
sol vent HP( 5) HP( 5) HP(5) (amount: liter) Reaction
tenperature 40 60 60
Et hyl ene pressure (Kg/cnjerr]) X ' 35 . 35
45 Reaction tine . 1.0 Iak]s&Zﬁ(I] 1.0
Example
66 67 68
Kind of solvent
(amount:liter) HP(3) HE () HP (5)
Reaction ,
temperature -
(°C) 40 60 60
Ethylene pressure 4
(Kg/cm?) 35 35 5
Reaction time 1.0 1.0 1.0
(Hr) . 1. .
<Product yield '
(g/hour) > 441 514_ 619
—_—
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<Prmduct yield 441 514 619 (g/ hour)>

114 . Table 20(11) .,
Exanple 66 ~ll2g7 68 <Conpositiona
distribution (%> (err] 12. 2 15.3 18.0
Clerr] (total) 74.7 74.2 71.6 1-hexene content
In Cerr] 96. 2 95.7 96.0 (Mt% C8
2.1 3.1 3.2 (Jerr] 20.0 6.8 6.7
derr] 0.1 0 T l% ZQ[f&] Wax 0
0 0 Polyethylene (PE) 0.6 0.4
(by-product) <Shape of PE> C?anular G anul ar G anul ar
efficiency> A4t 543 6+9—<Cat-atyttc
4239 49B6 5952 activity> Example 113
66 67 68

<Compositional distribution (wt%)>

Cq 12.2 15.3 18.0

Cg (total) 74.7 74.2 71.6

l-hexene content

in Cg

(WE?) 96.2 95.7 96.0.

Cs , 2.1 3.1 3.2

Ci0-20 20.0 6.8 6.7

C22-30 . 0.1 0 .0

Wax 0 0 0

Polyethylene (PE) )

(by-product ) 0.7 0.6 0.4

<Shape of PE> Granular | Granular | Granular

<Catalytic

efficiency> 441 513 619

<Catalytic 4239 4936 5952

activity>
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Cctane (n-form 90 % by weight; i-form 10 % by weight)
an octane solution . of pyrrole La %44 nmmol ) and an oct ane
sofutlon of triethylalumnum (8.000 nmmol) Were charged to a 2.4 litre
autocl ave sane as used in Exanple 1 while an octane solution of chrom um
(11r1)-2- ethyl hexanoate (200 ng, 0.420 mmol) was charged to the catalyst
feed-pipe. The total anount of octane was 1 litre. First, the
autocl ave was heated to a tenperature of 60[err]C and then ethyl ene was

i nt roduced thet%hﬁ?isiﬁﬁ”‘the catal yst feed pipe at a tenperature of
60[err]C. The rupture plate was ruptured under ethylene pressure,-

introducing the chpeibHE GAORGHRY 461t B%%&l&k@c' ALELR: SRl k

ol i gomeri zation of ethylene. Efhylene was introduced until the overal
pressure reachaéléatkg/(wbem}(cﬂn dJoedpafdSutig oFveiarbler esspne was
kept at 35 kg/cnferr] (G, while maintaining the tenperature at 60[err]C.
One hour | at er mmoahhandl anasctahecisTut ¥ dhea Aditogialemiauiner sl 060e the
reaction. After releasing ethylene fromthe autoclave and the by-product
pol ymers (nost mnoldl yetreychaeyednto he 2 redditi s aubdclagewsempesepanaeddiby
filtration to recover the reaction m xture. The results of gas

chr omat ogr aphi Exaxgpdleydi yhaflet An ?etaqecﬁQﬁuUiQﬂ|qﬁ3ﬁﬂn9m1nmthé1ﬂéa3tlon
m xture are shown along with other data in Table 21 (Exanple 69A).

Then the react eshYheraneakas (AP811g Rl 43R THreiar aasd ChaFe§dahootPne

fraction, a fractigon with 4-6 carbon atons
catalyst feed pipe. The total amount of octane was 1

litre.

First, the autoclave was heated to a temperature of
60°C ana then ethylene was introduced thereinto f;om the
catalyst feed.pipe at a temperature of 60°C. The rupture
plate was ruptufed under ethylene pressure, introducing the
chromium compound into the autoclave to start
oligomerization of ethylene. Ethylene was introduced until
the overall pressure reached 35 kg/cmZ(G). Thereafter the
overall pressure was kept at 35 kg/cm?(G), while
maintaining the temperature at 60°C. One hour later,
ethanol was injected into the autoclave to terminate the
reaction. After releasing ethylene from the autoclave and
the by-product polymers (mostly polyethylene) in the
reaction mixfure were separated by filtration to recover
the reaction mixture. The results of gas chromatographic
analysis of the a-olefin oligomers in thé reaction mixture
are shown along with other data in Table 21 (Example 693) .

,Then the reaction mixture was distilled and separated

into an octane fraction, a fractlon w1th 4-6 carbon atoms

nm\\\\\f““ il
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114,-and a fraction with carbon atons of not |ess than 8. The latter
fraéﬁion was subjected to a hydrogenation-{1eatnent. This hydrogenation
treatment was carried out at a tenperature of 90[err]C under a pressure of
40 kg/cnferr] (G by wusing a Pt/[err]-alum na catalyst. The results of gas
chr omat ogr aphi ¢ anal ysis of the hydrogenation product are shown along with
other-data in Table 21 (Exanple 69A). Then said octane fraction and

t he hydrogenation product were recycled to the oligonerization reaction
system as a solarmshta dirhdatheonsanithr eacboonatsmslestradiedle sbamhands r &peat ed.
The sol vent conposition in this reaction was total octane/([err] =

98.9/ 1.1 (by welafifior friawtiosswisssvbjgatedhtonathydeqadenatdeal yreataenthe
[err] olefin oligonmers in the reaction mxture and said hydrogenation
product are shoviisltvifFoenitdoretraataenh waabtar pieq putmste 2698) .

In Table 21, "OCT " denotes octane.
115 temperature of 90°Crupger -3 Rygssure of 40 kg/cm?(G) by

Exanpl e using a Pt/y-alumina caté%%ét, The results of 83?
chromatographic analysis of the hydrogenation product are
shown along with other data in Table 21 (Example 69A).

Then said octane fraction and the hydrogenation
product were recycled to the oligomerization reaction
system as a solvenﬁ and the same reaction as described
above was repeated. The solvent composition in this
reaction was total octane/Cjyg-20 = 98.9/1.1 (by weiéht).
The results of gas chromatographic anaiyses of the o-
olefin oligomers in the reaction mixture and said
hydrogehation product are shown élong with other data in
Table 21 (Example 69B).

In Table 21, "OCT" denotes octane.

_—

—
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KI"d of sol vent

OCT(1) ‘OCT/C[err] (98 .9/1 . 1) (1) (anount
: 1k"Reaction tenperature -116Q 60
([érr]C) Et hyl ene pressure 35 35
(Kg/cnferr]) 35 35 React i on
time - 1.0 1.0 (Hr) <Pr oduct yield
107. 9 <Conposi tional distribution (w%> derr]
13. 7 12.0 C6 (total) T 75.5
1- hexene content in C6 Table 213719 _ 95.5
- 2.9 3.8 derr]
7.3 8.3 Jerr] 0
0. Wax D 1 0
116 Thble 21 (11)  Example
692 69B
Kind of solvent OCT (1) | OCT/Cyp-20(98.9/1.1) (1)
(amount:1)
Reaction
temperature
(°C) 60 60
Ethylene pressure
(Kg/cm?) 33 33
Reaction time
(Hr) 1.0 1.0
<Product yield
(g/Hr) > 107.9 105.1
<Compositional distribution (wt%)>
Cq 13.7 12.0
Cg (total) 75.7 75.5
l-hexene content
in Cg
(WES) 95.9 95.5
Cs 2.9 3.8
Ci10-20 7.3 8.3
C22-30 0 0
Wax 0 0
\
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Eﬁanplé 69A 69B <Conposi tional distribution of
d

rogenated fraction> C8 116- 28.0 (err]
72.0 _ Polyethylene (PE) ‘ 0.4 (by-product)
0.4 <Catalytic 536 efficiency>
540 - 536 < Catal ytic 5189 5151
activity> ' 117 Exanple 70 I n

Exanpl e 60, after the by-product polyners (nostly polyethylene) in the
reaction m xture have been separated fromthe reaction m xture, the
filtrate was introduced into a 2-litre vessel equi pped a condenser and
stirrer, and extracted with a 10 % HNJ err] aqueous sol ution (-organic

| ayer/ aqueous layer = |/l (v/v)) at a tenperature of 50[err]C for one hour
wWith stirring. Thereafter, stirring ®ablesPopp®l and the solution was |eft
still. Concentration of the metallic substances in the separated aqueous

| ayer was determ ned by high-freqguency plasnma _enission speciroscopic
analysis. Ag a result, chrom umjnd al um na wer%xgﬁkﬁgted, and their|
anount as dettermned fromthe calul ation of

69A 69B

<Compositional distribution of hydrogenated fraction>

Cs - 28.0 -

C10-20 ' 72.0 | ' -

yipromuets | 0. 0.4

<§?§?i§:ﬁ§y> : 540 536

<Catalytic 5189 5151
activity>
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coucentratlon was substantially sane as the anmobunt used as catal yst
fponents in the reaction. Exanmple 71 The sane procedure as in
Exanpl e 70 was conducted except that 20/lhaCH aqueous sol ution was used
i'nstead of 10% HNJ err] aqueous sol ution. Chrom num and al um num were
recovered in NaOH aqueous sol ution, quantitatively. Exampl e 72
1- Hexene (980 m ), a n-heptane solution of pyrrole (1.244 mmol) and a
n-heptane sol ution of triethylalumnum (8.000 nmvl) were charged to a 2.4
litre autocl avexsa®e apg Used in Exanple 1 while a heptane solution of
chrom um 118 (I111) 2-ethyl hexanoate
(200 ng, 0.420 ol }n VEgakded GRA taqtetrhﬁheawl-ié%du@@ &1;{}&:5 hgnd 18}

anount of 1-hexene and n- heptane was 1 litr t he autoclave
was heated to golgsbteyréngr i trfeo[z@larck@oanﬁhkhﬁﬁeewvé epeenasepadtadiiced
thereinto fromthe catalyst feed pipe at a tenperature of 60[err]C. The
rupture pl ateframs thetreack iorderi el enhepféisrate twas Nintchrhecddieinto
chrom um conmpound into the autoclave to start oligonerization of ethylene.
Et hyl ene was iatZ2olliteel wersel echdppedr al kopdesserecandasthinreds and

kg/cnferr] (G . Thereafter the overall pressure was kept at 35 kg/cn2(Q,
whi |l e extracted with a 10 % HNO3 aqueous solution (organlc

layer/aqueous layer = 1/1(v/v)) at a temperature of 50°C
for one hour with stirring. Thereafter, stlrrlng was
stopped and the solution was left still. Concentration of
the metallic substances in the separated aqueous layer was
determined by.high—frequency plasma emission spectroscopic
analysis. As a result, chromium and alumina were detected,
"and their amount as determined from the calculation of
concentration was substantially same as the amount used as

catalyst components in the reaction.

Example 71

The same procedure as in Exampie 70 Qas conducted
except that 20% NaOH aqueous solution was used instead of
10% HNO3 aqueous solution. Chrominum and aluminum were

recovered in NaOH aqueous solution, quantitatively.

Example 72

1—Hexenel(980 ml), a n~heptane solution of pyrrole
(1.244 mmel) and a n-heptane solution of triethylaluminum
(8.000 mmol) were charged to a 2.4 litre autoclave same as

used in Example 1 while a heptane solution of chromium
-
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y-nt ai ning the tenperature at 60[err]C. One hour later, ethanol was
j:ected into the autoclave to termnate_{f. reaction. After

r€l easi ng ethyl enefromthe autoclave, the by- product polyners (nostly

pal yethylene) in the reaction nixture were separated by filtration to
obtarn [err]-olefin oligonmers. The results of gas chromat ographi c anal ysis
of the obtained [err]-olefin oligoners are shown along with other data in

Tabl e 22. I'n Tabl e 22, "HEX" denot es 1-hexene anq "OCTE" denotes
1-octene. ANMDWIIT)S 2~k hgQHRixBa8a88DYRD0 Ohg| €0 1420 GinRf1)N waikd chadigeanto
Exanple 73 The sane procedure as in Exanple 72 was conducted except

t hat 1-oct ene t(i#8Gatal ywsas fle&edpuﬁepl atrre of ola heatennt (BQA-MHexenéhantesul ts
are shown in Table 22.
n-heptane was 1 litre.
First, the autoclave was heéted to a temperature of
60°C and then ethylene was inﬁroduced thereinto from the
.catalyst feed pipe at a temperature of 60°C. The rupture
pla;e was ruptured under ethylene pressure to introduce the
chromium compound into the autoclave to start
oligomerization of ethylene. Ethylene was introduced until
the overall pressure reached 35 kg/cm?(G). Thereafter the
overall pressure was kept at 35 kg/cm?(G), while
maintaining the temperature at 60°C. One hour later,
ethanol was injected into the autoclave to terminate the
reaction. |
After releasing ethylene from the autoclave, the by-
product polymers (mostly polyethylene) in the reaction

mixture were separated by filtration to obtain o-olefin

oligomers. The results of gas chromatographic analysis of

the obtained a-olefin oligomers are shown along with other

data in Table 22.

In Table 22, "HEX" denotes l-hexene and "OCTE" denotes

l-octene. Amount is the combined amount of o-olefin and

solvent.
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Tdbl'e 22(1) _Exaspl e
7z 73 Kind of [err]-olefin

-

Example 73
The same procedure as in Example 72 was conducted
except that l-octene (980 ml) was used in piace of l-hexene

(980 ml). The results are shown in Table 22.

\
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"':I) HEX(1 ) OCTE( 1) Reaction tenperature

60 ([err]C) Ethyl ene pressure,,_ 35 35
_Reactlontlrre(Hr ) o 1.0 1.0 75.2 111. 4
(d/ hour) > Tabl e 22(11)

Exanpl e 72 73 <Conpositional distribution (w%>
derr] 29. 2 4.3 Cerr] 0.8
22.7 (err] ' 18.4 13.7 (derr]
43. 2 46.9 (err] 5.3 9.2 (err]
2. 7 2.6 Clerr] 0 0.1 Wax
0. 0
Table 22(I)
Example
72 73
Kind of o-olefin . 0¢ 1
{amount:1) HEX (1) TE(L)
Reaction
t(fg\;)':erature 60 60 :
Ethylene pressure
(Kg/cm?) : 35 33
Reaction time :
(Hr) 1.0 1.0
<Product yield _
(g/hour)> | 75.2 111.4
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PoFyetherne (PE) (by product) 0.4 0.6 <Catalytic

ef tici ency> 557 <Gahal ytic 3613
5355 activity> ' - 122 - 1. A
process for preparing an [err]-olefin oligomer which conprises
oligonmerizing an [err]-olefin in a solvent in the presence of a
chrom um based catal yst system conprising a conbination of at |east a
chronmi um conpound, an anine or netal amide, and an al kyl al um ni um conpound,
in a contacting node that the chrom um conpound and the al kyl al um ni um
conpound are not previously contacted with each other. 2. A process
according to claim1l wherein the a-olef in and the chrom um conpound are
introduced into a solution conprising the ami ne or netal am de and the

al kyl al um ni um conmpound. 3. A prBebie 22¢DEHing to claim| wherein the
[err]-olefin and the al kylalum niumare introduced into a solution

conprising the chr de. 4. A
process according §o claim1 wherein the [err]gzal iéL t he am ne or netal

am de and the al kyl al um ni um conpound e inptroduced int sol ution
conprising the chrdm um conpound. 5 Aqproceps aggordihg to claim1l
vmerar1the[erﬂ-(|pfin the chrom umiconpound ahd the anihe or netal

am de ‘are introducggd %Bs§t§8hHi'8Ps€ ﬁfgﬂu%dﬁgg>alkylalJniniun1
: /pro

conmpound. 6. ess according to aim|.wherein the chrom um
conpound, the am ng_or meral am de, thg arRyraranfni um conppund and t he
[err]-olefin are iffRdduced into.a reactor2§|ﬁultaneoﬁs$y hnd separately.
7. A process according.to any one of the prereding clains wherein the
mol ar ratio of (a) |iche chrom um conpound, (d)gt he| amzze 7or et al am de, and
(c) the al kyl al unmi i um conpound is (a) | (b) : (c) = 1. 2 tp 4. 4 to 8 and

the reaction is canfrjed out at a tenperfature.of Ofto YO%err C. 8.. A
process according tjo4any one of the precedﬂﬁg4cla reih the reaction
is carried out in tthe—presehrece—sf—a—hoh-coor-di-rattng Lbﬂkﬁ—ﬂCId cont ai ni ng
conmpound. 9. Aqgrocess according tp amg.ane pf talee 9pr e¢edi ng
Cs 5.3 9.2
Ci4-20 2.7 2.6
C22-30 ' 0 0.1
Wax 0 0
Polyethylene (PE)
{(by~-product) 0.4 0.6
<Catalytic
efficiency> 376 . 537
<Catalytic - 3613 5355
activity>
—_—
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- 122 - CLAIMS 1. A process _for preparing
an\a-ol efin ol igomer which conprises oligonerizing an [ er. ininas
sof'vent in the presence of a chrom um based catal yst sysjy ® Répligeqa-
conbi mation of at |east a chrom um conpoundgzzan anine or [ ﬁﬁ%%d-

' ound

an al-kyl al um ni um conpound, in a contacting node that th
and t he al kyl al um ni um conpound are not previously contacted with eacC

ot her. 2. A process according to cle%é¥£M¥Merein the [err]-olefin and
t he chrom um conpound are introduced int ution conprising the am ne
or netal am de and the al kyl al um ni um conpound. 3. A process according

to claim!| wherein the J eipdcdLiddy %ﬁg}q%}u% LYY 4N A Ry drill

into a solution conprising the chrom um conpound an thé'anlne_or nmet a '
ani de. 4. COMPIIRSSS LHAME 37D & A1RIeSed @ R Vet |imitdie n, the
am ne o met alpraBditce a;{]nd d rtﬂmrcadikw-adaﬂa'mijda%ﬂqrgxo@y%ﬁne ddﬁﬁﬂ@'&ﬁ%_é nto
a solution conprising the chrgm.um gonpoynd. 5. ocess according to
I atm 1 wher SPTETIAD] G &Y reRsto B AT SRARAI T IR | of
metal am de ametialt reowiced amt ara aldtydta lomicdngw icomppurid, alrkyd adontiagting

comound. 6. node AHHCWRS ALSALAN A ALA Tda IR Sl ilhio ST

conpound, the amne or am de, umnrum’ t he
[err]-ol efi n &WEMNNTDAKRENINIRE eV b recaitasteth soddl eaghl afdirrat el y.

7. | tA_ pr o%e.?S) afﬁorﬁLﬁxgoé&.@%m%{g Eﬂgﬁ ﬂlﬁﬁ@dﬂ %éﬂ@sﬂmfu?mefa%ibﬁﬂed
nolar rati 0 O a e _cnrom um conpou , , e.amhne, or netal, am de, an
(¢c) the al kyl AN W& FEERHMETP %[)‘41 arq b’%nt.r‘tddﬁce_d £NEP &, SPIYLiqn g

and the react icomprsisciarg itdte Guiired @r treseer atmirde Gind) thee Allkerkd mmhium
A process acchghﬂgﬁkg any one of the preceding clains wherein the reaction
Is carried out 1M the presence of a non-coordinating Lew s acid-containing
conpound. 9. 3. A prdedEeeRs®rafrdinarke cna gl k hhenaeidediiy a-olefin
and the alkylaluminium are introduced into a solution
comprising the chromium compound and the amine or metal
amide. _
4. A process according to claim 1 wherein the
a-olefin, the amine or metal amide, and the alkylaluminium
compound are introduced into a solution comprising the
chromium compound. .
5. A process according to claim 1 wherein the
a~-olefin, the chromium compound and the amine or metal amide
are introduced into a solution comprising the alkylaluminium
compound. .
6. A process according to claim 1 wherein the chromium
compound, the amine or metal amide, the alkylaluminium
compound and the a-olefin are introduced into a reactor
simultaneously and separately.
7. A process according to any one of the preceding
claims wherein the molar ratio of (a) the chromium compound,
(b) the amine or metal amide, and (c) the'alkylaluminium
compound is (a) : (b) : (c) = 1: 2 to 4: 4 to 8, and the
reaction is carried out at a temperature of 0 to 70°C.
-8. A process according to any one of the preceding
claims wherein the reaction is carried out in the presence
of a non-coordinating Lewis acid-containing compound.
9. A process according to any one of the preceding

*




P~

'1§ﬁicléins wherein the reaction is carried out in the prd8&ghest ks Been Replaced -
non+'conj ugat ed di ene conpound. 10. A process accordiﬂﬁ ' H f
t\e preceding clainms wherein the reaction is carried out i of
ap arsemati c hydrocarbon conpound. - 123 - - 124
- 15, A process according to any one of the preceding clains wherein

the ol igonerigaains whegdlihi €HeOrbatbiansakucatreiefydntcanbenespregshce
havi ng not nnrf than 7 capbgg agogs at a tenﬁerature of 0 to 70[err]C, and
then by- produlf Bol§REFEPIRIAKET B48PF oROMPREIRe are separated and rerpved
to recover thaOferr]-oReprrcebsganeordingotic anytong ofiethe preceding

by'prOd“Ct3po&!ﬁ?&%éyﬂéreiﬂethé PéQEE§8na§§0&Q¥P@e&9039y19n€h8fFEQEence

precedi ng cl al ns elnt reactron mxture conprising the catal yst
conponent s i sCEoARatFeBakACHNYAT aEREPENoFCRPRUNANE aqueous sol ution to

renove the cajglyst coappresess tér prepaplifigeas aceledifijolfgangronhieh
the.. preceding clains fotproducing 1-hexene mchh.conprlies ﬁanrykggloyt-
oI|goner|zatl8ﬂmBF1§Fﬁyﬁéﬁg°Wﬁrézgﬁchpoﬁ SbPE LRt 1Rafi RELXSAFgAEr SB5i 1i ng
poi nt than thpreeénbehefeaechndmdum—pgsedupataiyabtsyesgm;bamptﬁsipg_a
ko enlerrl (O chgyroRbaiBnaRel SET hobeTLNCRELASER' oSARBARL! | 8 GATRE! BN

1- hexene, then UCIUS the pressure of t eactron sysfemto not nore
than 3 kg/ cni BeEpd. epipge,dafasdkidalundnivparcampPayndheany- r BANCt s

therefrom 18coorainAtRhgCeewiacaehdi-nentainingobempbuhicol’ geemung qlsyi s
for producing 1l-hexene wherein an oligonerization reaction of ethylene is

carried out t8FobfAfn an [err]-olefin pligoger genposition with a 1-hexene
content of not less than 50 wt % then {-hexene dnd the reaction solvent are
distilled off fromthe reaction iﬂ@?hr rAngit k@ [r ecover ed..r eacti on sol vent
Is recycled to the reaction system 19 I3 An| [err]-o éfin ol i gomer
conposi tion obtainable froman oligone i zafi on deaction of an _ .
[err]-olefin, conprising not |ess than 85% by wei ght of 1-hexene and not
more than 15% by wei ght of oligonmers ghaving not |ess than 10 carbon atons

and/ or pol ymers. _ ? (7)

R'~M— R®
wherein M' and M? are each an element selected from groups
IIIB, IVB, VB and VIB of the periodic table; R' to R’ are
each independently an organic group, an inorganic group or
an anionic atom; and [L]* is a cation containing an element
selected from groups IA, VIIA, VIII, IB and IIIB-VIB of the
periodic table.
12. A process according to claim 8 or 11 wherein the
a-olefin and the chromium compound are introduced into a
solution comprising the amine or metal amide, the
alkylaluminium compouﬁd and the non-coordinating Lewis
acid-containing compound. _
13. A process according to claim 8 or 11 wherein the
a-olefin, the chromium compound and the amine or metal amide
are introduced into a solution comprising the alkylaluminium
compound and the non-coordinating Lewis acid-containing
compound. ' '
14. A process according to claim 8 or 11, wherein the
a-olefin and the alkylaluminium compound are introduced into
a solution comprising the chromium compound, the amine or

metal amide and the non-coordinating Lewis acid-containing

L

compound.
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15. A process according to any one of the preceding
claims wherein the oligomerization is carried out in a
saturated hydrocarbon solvent having not more than 7 carbon
atoms at a temperature of 0 to 70°C, and then by-product
polymers in the reaction mixture are separated and removed
to recover the a-olefin oligomer without melting the
by~product polymers.

16. A process according to any one of the preceding
claims wherein the reaction mixture comprising the catalyst
components is contacted with an acidic or alkaline agueous
solution to remove the catalyst components.

17.. A process accordlng to any one of the precedlng
claims for producing l-hexene which comprises carrying out
oligomerization of ethylene in a reaction solvent having a
higher boiling point than that of l-hexene under a pressure
of not less than 10 kg/cm’(G) to obtain an a-olefin oligomer
composition comprising l-hexene, then reducing the pressure
of the reaction system to not more than 3 kg/cm?(G) by
degassing, and separating the by-products therefrom.

18. A process according to any one of the preceding
claims for producing l-~-hexene wherein an oligomerization
reaction of ethylene is carried 6ut to obtain an a-olefin
oligomer composition with a l-hexene content of not less
than 50 wt%, then l-hexene and the reaction solvent are
distilled off from the reaction mixture and the recovered
reaction solvent is recycled to the reaction system.

19. An a-olefin oligomer composition obtainable from an
oligomerization reaction of an a-olefin, comprising not less
than 85% by weight of l-hexene and not more than 15% by
weight of oligomers having not less than 10 carbon atoms
and/oxr polymers.
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