TITLé CF THE | NVENTI ON PROCESS FOR PRODUCI NG [err]-CLEFI N OLI GOVERS
BACKGRCUND OF THE | NVENTI'ON The present invention relates to a process for
preparing a-olefin ollgoners More particylarly, it relates to an

i ndustrially advantageous| process of formation of [err]-olefin oligoners in
Mthh{lt I s« possi‘hl.e to pyoduce [err]-olefin oligonmers principally conposed
of 1- hexene fron1ethy|ene with a high selectivity and in a high yield. As
an ol i gonerization process of [err]-olefins such as ethylene, etc., nethods
are known in which a chrom umbased catal yst conposed of a speC|f|c

chrom um conppiig: Fd ﬁég@iﬂmgrganoal um num conpound is used as a
catal yst. For 1 nstance, Japanese Patent Publication (KOKOKU) No. 43- 18707
di scl oses a procesmdowssprosueregutihexereLEF o Gt hydMEres by using a
catal yst consisting of a chromum containing VIB Goup transition netal
conmpound and a pol yhydrocar byl al um num oxi de. Al so, in Japanese Patent
Appl i cati-on Lai d- Cpen (KCKAI) No. 3-128904 is disclosed a nmethod for

ol i goneri zi ngBA WWENTZIAQRal yst obtai ned by reacting a
chron1un}conta|n|ng conpound haV|ng chrom um pyrrolyl bond with an al kyl

netal or a Lew s dthied.preSemth iAfentdoRatehat®sibto catprorces®FToF350 descri bes

a process for producing a-ol efin qligomer using a catalfst systenlobtalned
by preparing o-olefin oligomers. More particularly, it

relates to an industriallyladvantageous process of

formation of a—olefln ollgomers in which it 1s possible to

produce a-olefin ollgomers pr1nc1pally composed of 1-

hexene from ethylene w1th a high selectivity and in a high .
- yield.

As an oligomerization process of 0-olefins such as

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

\/

catalyst composed of a specific chromium compound and -a
specific erganoaluminum compound is used as a catalyst.
For lnstance, Japanese Patent Publlcatlon {KOKOKU) No. 43-
18707 discloses a process for produc1ng l-hexene from
ethylene by using a catalyst consisting of a chromium-
containing VIB Group transition metal compound end a
polyhydrocarbylaluminum oxide.
Also, in‘Japanese Patent Application Laid-Open (KOKAZ;
No. 3-128904 is_disclosed a method for oligomerizing Q-
-olefins by using a catalysctc obtained by reacting a
| chromium-containing compound having chromium-pyrrolyl bor:z
with an alkyl metal or a lewis acid. South.Africa Paten:

Publication ZA93/0350 describes a process for producing =z:

a-olefin oligomer using a catalyst system obtained by

‘ll Y . '.--' "



-2- mxing a chrom um conpound, a pyrrol e-containing conmpound, a netal .

al kyl * conpound and a halide source in a nutual solvent. However, according
to the process of Japanese KOKOKU No. 43-18707, the anmount of the

by- product pol yethyl ene which is producee2w th 1-hexene is large, and if
such .reaction is carried out under the conditions which decrease yield of

t he by-product pol yet hyl ene, the catalyst activity is |lowered. Al so, the
met hod of Japanese KOKAI No. 3-128904 has the problemthat the activity of
the catal yst is. unsatisfactory, although the yield of the by-products such
as polyethylene, etc. is low Further, in this nethod, there are required,
in addition twixing pechiropief qovboyndera Zz Y ool prasedad niags ceprbund,
preparing a chrom um containing conpound at |east having chrom um pyrrolyl
bond from a éhmatalmad&lyl searaendl apgraz drakide mauneestdp af Butuadl ating t he
said chrom um cont ai ni ng conpound, so that not only the oligonerization
oper ations betriteNtoo conplicated but also the construction cost for the -

ol DT Oces o UK AMREERIRE b ok st 4 g MR e
No. 43-18707, the amount of the by-product polyethylene
which is produced with l-hexene is large, and if such
reaction is carried out under the conditipns which decrease
yield of ﬁhe by-prodﬁct polyethylene, the catalyst activity
is lowered. |

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

'chromium—pyrrolyl bond, since they are very sensitive to
air and to moisture. _

South Africa Patent Z&23/0350 discloses that whep an
unsaturated hydrocarbon fc:.improvinq a stabi;itf of the

cataiyst-system is present in excess,. the selectivity



chrom um pyrrolyl bond, since they are very sensitive to air and to

noi sture. South Africa Patent. ZA93/ 0350 di scl oses that when an unsaturated
hydrocarbon for inproving a stability of the catalyst systemis present in
excess, the selectivity -3- and/or acti3wity of the catalyst are | owered.
Al so, the process described in South Africa Patent ZA93/0350 is defective
in that since it also requires a prelimnary preparation process of an
unstabl e catal yst and an isolation process of the catalyst, the operation
is not only conplicated but also requires a high construction cost for the
entire process. As a result of the present inventors' earnest studies in
order to sol vandfer aenicimntdfonde washllest, are bhawebedn fhlsel tithe by
carrying out oligonerization of an [err]-olefin in a reaction solvent by
reacting the PEPFSDI ¥seribedh imniSouph adrigacPaeent veRAHMO ofs a
chroniun}based.catalgst_systen1qonprLsin% a conbination of at |east a

chr omi um conpB8hASE LR 17 Jdert BMSE ditnGLe8np8andres atPFehiting®y sel ect ed
fromthe grOﬁgﬁconsisti ) an_im

( ng of an arg ne, an_ _am de anpd ge' an -

al kyl al umi nu Bﬂ?)ﬁﬁaﬂoréa%r%cﬁ Sget? 88&?8%%5‘3‘@6%%@? i9" a contacting

mode that theiggi8€1$gnprocess of the catalyst, the operation is not
only coﬁplicated but alsolfequires a high construction cost
for the entire process.

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

in ‘a reaction solvent by reacting the o-olefin in a
catalytically effective amount of a chromium-based catalyst
_system'démprising a combination of at least a chromium
compound, a nitrogén-containing compound of at least.one
selected from the group consisting of an amine, an amide
and an imide, an alkylaluminum compound and a halogen-
containing compound, in a contacting modé_that the chromium
compound is not contacted with the alkylaluminum compound
each othér before each of the chromium compound, the
nitrogen-containing compound of at least one selected from

the group consisting of an amine, an amide and an imide,

the alkyialuminum compound and the halogen-containing

- compound and ¢-olefin coexist in the reaction solvent, and
the oligomerization of o-~olefin takes place, Q-olefin
oligomers are obtained in a high yield. On the basis of

this finding, the present invention has been attained.



conpound is not contacted with the alkylal um num compound each ot her before
gach of the chrom um conpound, the nitrogen-containing conpound of at |east
one sel ected fromthe group consisting of,an amine, an anide and an im de,

t he alkylalun1nun1conpound and the hal ogeh- contai ni ng conpound and a-ol efin
coexist in the reaction solvent, and the oligonerization of [err]-olefin
takes place, [err]-olefin oligoners are obtained in a high yield. On the

basis of this finding, the present invention has been attained. - 4-
SUMVARY OF THE. INVENTICN It is an object of the present invention to
provi de a pr f e err]-olefin oligonmer in which it is
possible to prepare a n ol i gomer such as 1-hexene in a high

selectivity and i f}tal@ QtrEl éBﬁ%@g‘%%%& 5§é;é;éer{r]€t NG 1 6ATRY B%dige a

operations. It is anothe i nvention to provi

process for r;mswsswfo&np[r@aﬁ]:w_al;eahna%w@mroy\m&ﬁbf e ivetH he is
activation of a catalyst in a reaction system To achieve these ends, in-a

first aspect mdsditdlepres priepatecahi arpoléhen eol Sgtiaw i slesh asormces&nbor
producing an [err]-olefin oligoner, which conprises carrying out
ol i goneri zat i Dfhiah [Wleletaketiynahd dnsel vegH yield@rithout requiring
any complicated operations. |
Tt is another object of the present invention to
provide a process for producing an -olefin oligomer which
realizes'the activatibn of a catalyst in a reaction system.

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

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

allealuminum compound (c) do notrcontact each other before

- each of said compounds (a) to (d) and the a-olefin coexists



presence of a catalytically effectlve anount of a.chrom um based catal yst
syst em conposed of a combination of at |east (a) a chrom um conpound, (b) a
ni trogen-containing conpound of at |east _gne selected fromthe group
consi sting of an ami ne,” an am de and an imde, (c) an al kyl al um num
conmpound and (d) a hal ogen-cont ai ni ng conpound, wherein each of the
[err]-olefin, the chrom um conpound (a), the nitrogen-containing conpound
(b) of at | east one sel ected from the group consisting of an amine, an
am de and an imde, the alkylalun1nun1conpound (c) and the

hal t d t ] d
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ol i gomeri zati [r ol efin_takes ace. Accordin t he said
process of t P%%%%‘gn |nv4e o] lt i ggnogcﬁaﬁ E%aﬁ/ <fomg“ocﬁddact a

f ti f d t of th
ormation o téﬁﬂégﬁ@@%?gvﬁﬁﬁghyggsehncgt?ffggn aspect o e

present |nvent|on rocess pi oduci ng an

[err]-olefin 0|l90ﬁﬁra e Gy GRS 8% Eﬁér¥k89e99t15¢éﬁEEEH'ZEHéﬁH1ﬁ¥: an
[err] - olefln in a solvent in the presence of a chr om um based cat al yst’

provided a process for producing an O-olefin oligomer,
which comprises ca;ryinq out oligomerization of an -olefin
“in a solveht in the presence of a chromium-based catalyst
system composed of a combination of at least (é) a chromiuﬁ
compound, (b) a nitrogen—containing compound of at ieast 7
one selected from the group cQnsisting of an amine, an
amide And an imide; {(c} an alkylaluminum compound and (d) a
halogen-containing compound,

wherein catalyst components composed of at least the_
alkylaluminum compound (c) and the halogen-containing
compound (d) withouﬁ the chromium compound (a), are heated
to not lower than 100°C in a reaction solvent in advance

and the treated catalyst c:mponents are contacted with the

rest of the catalyst comg-nzr-s and the o-olefin in the

reaction solvent.

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

least one selected from the group consisting of an amine,



system conposed of a conbination of at |least (a) a chrom um conpound, (b) a
ni t rogen-cont ai ni ng conpound of at |east one selected fromthe group
consisting of an am ne, an am de and an Lgide, (c) an al kyl al um num
conpound and (d) a hal ogen-cont ai ni ng conpound, wherein catal yst conponents
conposed of at |east the al kyl al umnum conpound (c) and the

hal ogen- cont ai ni ng conpound (d) wi thout the chrom um conpound (a), are
heated to not |lower than 100[err] in a reaction solvent in advance and the
treated catal yst conponents are contacted with the rest of the catal yst

conponents &Kl dditud QIrld =@l GhiRel, N (ERCah ALY OM S0 M lcorgbidd Rinld. aspect

of [err] present invention, there i's provided a process for [err]

an [err]-ol ef {dy dlmrmjen-\edan@hlﬁqagr tsRpBoGAdS Yi Ng

[err]igonerization of an [err]-olefin in a reaction solvent in [err]
presence of a chroffiengimadde cdtighperiggtiem cHnpascdi-defin in a

conbi nation of at least (a) a chrom um conpound, (b) a nitrogen- contalnlng
conmpound of aredctasin cve vegitedisedohdont etiebyr dupenirisa st g axfe sen canbye,

an am de and an imde, (c) an al kyl al um num conpound and (d) a

hal ogen- conta$n¢¢&F¥ﬂHﬂﬂﬁﬂﬂ§0qmﬁ§peﬁndtﬁé beagbnere zeatakydf qdmpomegitefin in

a reaction solvent is conducted by a sem -batch process or by
selected from the group consisting of the nitrogen-

containing compound(b), the alkylaluminum compound (c) and
the halogen-containing compound {(d) is added as supplement
to a reaction system.
BRIEF EXPLANATION OF THE DRAWING:

Fig. 1 shows a change of the catalytic efficiency with

passage Of time.

DETAILED DESCRIPTION OF THE INVENTION

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

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

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



a continuous process, and at |east one catal yst conponent selected fromthe
group ‘consi sting of the nitrogen- containing conpound(b), the al kyl al uni num
conmpound (c¢) and the hal ogen-contai ni ng cgnpound (d) is added as suppl enent
to a reaction system BRI EF EXPLANATION OF THE DRAWNG Fig. 1 shows a
change of the catalytic efficiency with passage of tinme. DETAILED

DESCRI PTION OF THE | NVENTION I n the present invention, a catalyst
conprising a conbination of at |east (a) a chromi um conpound, (b) a

ni t rogen-cont ai ni ng conpound of at | east one selected fromthe group

consi sting of ognchgbAgumais agi €® @nd Ad,Mnden ek aBodekybahed Nign
canpound and (d) a hal ogen-cont ai ni ng conpound i's used as chrom um based.
catal yst. Thepekferabycoopolesk (tharised in the present invention is
represented by the formula: CrXn, wherein X an organi c group, an inorganic
group or an anioniEhatonqami¢sgnnupsnnqymesehtédtbyGX andthdeabove s not | ess
than 2, X may be the sane or different fromeach other. The valen[err]

-7- of chrom fermyle ipchude wariens rkings afogeotpsnbrying peeablinabl ytnot

| ess than 2. _ .
: 30 carbon atoms. Typical examples of such organic groups

having 1 to 30 carbon atoms are hydrocarbon groups,

carbonyl groups, élkoxy groﬁps, carboxyl groups, B-
diketonate groups; B-ketocafboxyl,groups, B-ketoester

groups and amide groups. .As the hydrocarbon groups having

1 td 30 carbon atoms, an alkyl group} a cycloalkyl group, .
an ar&l group, an alkylaryi gfoup, an aralkjl group and a
cyclopentadien&l Qroup may be exemplified. The inorganic
groups inaclude chromiuﬁ salt-forming groups such as ﬁitrate
group and sulfate éroup. The ahionic {negative) atoms
include-ogygen and halogens.

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

Cr(CH3COCHCOOCH3)3, chromous chloride, chromic chloride,



The organlc groups represented by X in the above fornula include various
ki nds® of groups having usually 1 to 30 carbon atons. Typical exanples of
such organic groups having. 1 to 30 carboi8-at oms are hydrocarbon groups,
carbonyl groups, al koxy groups, carboxyl groups, [err] diketonate groups,
[err]-ketocarboxyl groups, [err]-ketoester groups and am de groups. As the
hydr ocar bon groups having 1 to 30 carbon atons, an al kyl group, a

cycl oal kyl group, an aryl group, an al kylaryl group, an aral kyl group and a
cycl opent adi enyl group nmay be exenplified. The inorganic groups include
chrom um sal chiromgusgbyevigs, sczhombe rhramitde ,ganerang dodidee ghoepicThe
anioni c (negative) atons include oxygen and hal ogens. The preferred
chron1un1conﬂ@@ﬁ&éru§BH°WﬁU§hélﬁﬁﬁ%ﬁﬁnaqqnﬁﬁﬁqmﬁ¢ flaoghdgniath Bekoxi des,
cMomLm1mﬂbmwlmes chromium [err]-di ketonates, salts of cMomLm1wth
ani ons of [ efXFEMPR{ d&dters, and chron1un1halldes Specifically, chrom um

V) tert-butoxid 111 /| acet onat h 1]
(1) Lot bt o) OgopEle oo b o a%%g%%a%aais%%%&éw%

h ' 111 tet th hept E\! Ph
Fepr esent s piTGRFCoBRSATS B At #?fn ST i B GAvpEPPLYastar e,
chron1un1(lllﬁé }fg Eggﬁgngﬁﬁgntg gﬂélg ga%%noghrgn1un1(lll
napht henat e er hromous chl ori de, on1c c

nitrogen-containing compound, an oxygen-contqlnlng
compound, a phosphorus—containing compound and a sulfur-
contaiﬁing compound may be cited.

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

The oxygen-containing compounds include estérs,
ethers, ketones, alcohols and aldehydes. As typical
examples thereof, ethyl acetate, methyl acetate,
tetrahydrofuran, dioxane, diethyl ether, dimetﬁoxyethane,
diethylene glycol dimethyl ether, triethylene glycol
dimethyl ether, acetone, methyl ethyl ketone, methanol,
ethanol and acetaldehyde may be exemplified.

As the phosphorus-containing'compounds,
hexamethylphosphoramide, hexaméthyl phosphorus triamide;
triethyl phosphite, tributylphosphine oxide and

triethylphosphine may be exemplified.



chronous brom de, chrom c brom de, chronous iodide, chrom c iodide,
cghronbus fluoride and chronmic fluoride may be exenplified. Conplexes
conposed of the above-nentioned chrom um-@enpounds and- -an el ectron donor
can al so be favorably used in the present invention. As the el ectron donor,
a nitrogen-containi ng conpound, an oxygen-contai ni ng conpound, a

phosphor us-cont ai ni ng conpound and a sul fur- containi ng conpound. may be
cited. The nitrogen-containing conpounds include nitriles, am nes and

am des. As typical exanples thereof, acetonitrile, pyridine, o

di met hyl pyri di ne, A$nthéyddlimmmioddaiNimgt kphPorndai dearken |Idisulfide,

ni trobenzene, tetranethylethyl enedi am ne, diethylam ne, isopropylan ne,
hexanet hyl di sREBeEREL afdl f9x%3dR i dRteamprhyd eagefpllfphed. tifhephene and
oxygen-cont ai ni ng conpounds i ncl ude esters, ethers, ketones, alcohols and
al dehydes. Asdtl?gFE&P' grhfple Mandiesrxemplihfiiedcet ate, nethyl acetate,

t et rahydr of uran, djoxane, diethyl ether, dinethgxg;t ane, . di et hyl ene, gl ycol
di met hyl ether, trieghyl&hehft PIFETSt (RPPEEREr O1 At ¥?W%Hmrﬁﬁ@%ﬂuQﬂﬁnﬂ

kot one. ot hangly o8 0300120, 66! 2l SR B oRE oS XSURLLT b1 4004

phosphorus-coﬁ aining ¢ _
ketone complexes, aldehyde complexes, alcohol complexes,

amine complexes, nitrile complexes, phosphine complexes and
thioether éémplexes of chromium halides can be cited. More
specifically, CrCl3-3THF, CrCl3-3dioxane, CrCl3- (CH3CO2n-
C4Hg), CrCls- (CH3CO,C2Hs), CrCls-3(i-C3H,OH), -
CrCl3.3(CH3(CHz) 3CH (C2Hs) CH20H], CrCls-3pyridine, CrClz-2(i-
C3H7NH2),'[CrCl3°3CH3CN]-Cﬁ3CN: CrCls-3PPh3, CrCla-2THF,
CrCly-2pyridine, CrCla-2([(CpHs)2NH], CrClp-2CH3CN and
CrCly-2([P(CH3)2Ph] may be exemplified.

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

Examples of such chromium compounds are chromium B-

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

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

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



hexanet hyl phosphor am de, hexanet hyl phosphorus triam de, triethyl
phosphite, tributyl phosphi ne oxide and triethyl phosphi ne may be
exenplified. As the sul fur-containing conpounds, carbon disulfide,

di et hyl sul f oxi de, tetranethyl ene sulfdﬂ@f t hi ophene and di met hyl sul fide
may be exenplified. Thus, as the conpl exes conposed of chrom um conpounds
and an el ectron donor, ether conpl exes, ester conpl exes, ketone conpl exes,
al dehyde conpl exes, al cohol conpl exes, am ne conpl exes, nitrile conpl exes,
phosphi ne conpl exes and t hi oet her conpl exes of chrom um halides can be

ited. M ecificall . 3THF, - 3di
orr) forr] Brrrenesryteysianamadioays) o5pre) 80 (parmcect Ry Bg [or 1

may be exenplified .gheichroniun1conpound used in the present invention is
preferably on8*®WPEhEe 50l uble i n hydrocarbon sol vents. Exanples of such

chr om um conpound e.chram um [err]- diketonates,.chrom um carboxyl ates,
salts of chrom umsrvmr?% hCharrﬁmo & &P pf’@%’?] gﬁ%t%%s?%?é,l%ﬁhoem g

Eg;;}étg;?car99§¥$9£§§’oﬁ*H‘%Qfﬂ?e%”%%%hcQgpéﬁxﬁﬁgr89££@16%@&@!Qﬂﬂny
is preferably used in combination with other_catalyst
components withoue being supported on a cerrier. In the
present invention, the chromium;based catalyst is used in a
specific contacting mode described later, and according to
such contacting mode of process, it is possible to obtain a
high catalyst activity, even if the chromium compound is -~
not supported on a carrier. When the chromium compound is
used without sup?orting it on a cafrier, it is possible to
dispense with the complicated oﬁerations required for
supporting the chromium compound on a carrier and to avoid
the problem of.increase of the whole amount of the catalyst
used (the total amount of carrier and catalyst components
combined) due to use of a carrier.
| The nitrogen-containinz compound (b) used in the

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

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

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

present invention, diethy_.amine, diisopropylamine,



chrom um car bene: conpl exes, various kinds of cycl opentadi enyl conpl exes of
Ghronfum chrom um al kyl conpl exes and chrom um phenyl conpl exes. As
specific exanples thereof, [err] [err] ¢wherein Cp represents a

cycl opent adi enyl group), [err] (wherein Cp* represents a -10- _

pent anet hyl cycl opent adi enyl group) and [err] may be exenplified. The
chrom um conpound can be used in the form supported on a carrier such as an
i norgani c oxide, but it is preferably used in conbination w th other
cat al yst conpgnents wi thout being supported on a carrier. In the present

i nvention, t H’é%l@ﬁﬁefwsasea' c‘é{-‘a?'%ft'l#%lflﬁve@%%(ta\flgﬁééﬁ’flﬁélé’éhéaé{l?ng
node descrlbed | at er,, and accordi ng, to such contactlng process, it

is possible e FRbedines ﬁW@ﬂaéaiﬁryé?d%&&WQMtﬁp Q$KNPYrF ﬁe hPon1un1 B
conmpound is n orted.on artier en t.he r,om.u ound i s used
wi t hout suppéﬁﬂeﬁ'gp' ] O&eCaSrg ?lm‘?’fhﬂ\sg A%y g]'to gbé{g E&Ptf’ t he
conpllcated t| |red su ng the c on1u ogpound on -a
carrier and qp%%?% ggHBHFeﬁ1 g?eé%g'OOQWfro gk%u%? of the |

Catalyst_ tetrachloropyrrole, 2—acylpyrrole, 3,3 ,4i4"

tetramethyldipyrrolomethane, pyrazole and pyrrolidine may
be exémplified. As the amine used in thé present
invention, a mixture.of a primary amihe and a secondary
amine may be used.

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

The metal amide in the present invention may be a
mixture of metal amides which are induced from pri@ary or
‘'secondary amines.

In the present invention, a secondary amine, a meta:

amide derived from a secondary amine or a mixture therec:



used (the total ampunt of carrier and catalyst conponents combined) due to
use of a carrier. The nitrogen-containing conpound (b) used in the. present
invention is a compound of at |east onelgel ected fromthe group

consi sti ng. [err] arine, an amide and an imde. The amne used in [err]
. [err]ent invention is a primary or secondary am ne. As primry
am nes usable in the present invention, amon[err] [err]yl am ne,

i sopropyl am ne, cycl ohexyl am ne, benzyla[err] , aniline and naphthyl am ne
may be exenplified. As the secondary amines usable in the present

i nventi on, d|€§rBM%#ﬁﬁﬁ?leuS§@proﬁ§lEﬁ?ﬁ@rred efanRlam of) It secondary
dlbenzylanlne bi s(trimethylsilyl)am ne, hol i ne, |n1dazole I ndol i-ne,

i ndol , ~ pyrr ol ¥ines u?ﬂq'rét’h%lh&yﬁ’lrﬁs@ntslﬂv%‘i‘ PPy | BXATVL S,

et oyl Bt | LRIl ?éfeef'ré%if’éfw'r?ol oot hane.

pyrazol e and rrol.idne X fied used in the

pr esent |nven€¥lo'ﬁet%ydjrﬁgﬁ ee’og e (é hg%o%}’nrﬁgel%n? ‘geesondary am ne may

be used. The pp é%? tg% Rg??@Q&eI§H§n5I§n 4 4 Qne derived from
i secon ary e e

a primary or SpeC|
tetramethyldlpyrrolomethane may be exemplified. Among

them, pyrrole and 2,5-dimethylpyrrole are especially
preferred. As preferred exahples of the metal amides
derived from the secondary amines,.aluminum pyrrolide,
ethylaluminum dipyrrolide, aluminum tripyrrolide, sodium
pyrrolide, lithium pyrrolide, potaseium pyrrolide, aluminum .
(2,5-dimethylp9rrolide), ethyialgminum bis(2;5-
dimethylpyrrolide), aluminum tris(2,5-dimethylpyrrOlide),
sodium (2,5-dimethylpyrrolide), lithium (2, 5-
dlmethylpyrrollde) and potassium (2, 5-d1methylpyrrolide)
may be exempllfled Of the pyrrole derivatives, those
having a-hydrocarbon group in the pyrrole ring are
especialiy preferred.

The other amlde used in the present 1nventlon is an
acid amide. As the ac1d amide, compounds represented by
the following general formulas (1) to (3) are usable. The
general formulas (1) to (3) simultaneously include an
imide, which is another ni:rogen compound used in the.
present invention, for convenience' sake.

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

general formulas (1) to (3).



an am de obtained fromthe reaction of a primary or secondary am ne and a
met al “sel ected fromthe group consisting of 1A IIA IIlA and IVB Goups in
the periodic table is usable. As such nmetal ami des, |ithium am de, sodium
et hyl am de, cal cium di @t hylam de, |ithiumdiisopropylam de, potassium
benzyl am de, sodium bis(trinethylsilyl)amde, l|ithiumindolide, sodium
pyrrolide, lithiumpyrrolide, potassiumpyrrolide, potassium pyrrolidide,

di et hyl al um num pyrrolide, .ethylal um numdipyrrolide, alumnumtripyrrolide
and lithium (2,5-dinethylpyrrolide) nay be exenplified. The netal amide in
the present invention may be a m xture of netal am des which are induced
fromprimary or secondary gargihes. In the present invention, a secondary

am ne, a netal am de deried|froma secondary ani ne a mxture thereof
-12- is preferably use®!-As-N+rferred exanpl es of tﬁg secondary ami nes used
in the present invention, pyrrole, 2,5- dinethylpyrrole,

3, 4-di net hyl pyrrole, 2,3, 4- trinethylpyrrole 3,4-dichloropyrrole, 2,3,4,5-
tetrachl oropyrrole, 2- acylpyrrole and 3,3 ,4,4' -
tetranethyldmm&mbdhométEGPEE§Ent§NaEﬁgﬁﬂﬁqdh adomAB®Ng metal element in

the Groups IA, IIA, IB and IIIA of the Periodic Table, rl
represénts a hydrogen atom, an alkyl group having 1 to 30
carbon atoms,.alkenyl group haﬁing 1 to 30 carbon atoms, an
aralkyl group having 1 to 30 carbon atoms, an aryl group
which may have a substituent or an aryl group which may
contain a hetero element, and R? represents a hydro@en
‘atom, an alkyl group having l'to 30 carbon atoms, alkenyl
group having 1 to 30 carbon.atoms,'an aralkyl groué having
1 to 30 éarbon atoms,-an aryl group which may have a
substituent, an aryl.group which may have a hetero element
or an acyl group: -C(= O)R3, (R3 is defined in the same as
Ri, R3 and R! may be éither'the same or different), and R

and R? may form a ring.

M0 o M . |
Lo - (2)
R*-N-C-A-C-N-R .

wherein M2 and M3 independently represent a hydrogen atom,
"or a metal element in the Groups IA, IIA, IB and ITIA of
the Periodic.Table, R4 and R® independently represent a
hydrogen atom, an alkyl group having 1 to 30 cérbon atoms,

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



them pyrrole and 2,5-dinethyl pyrrole are especially preferred. As
preferred exanples of the netal am des derived fromthe secondary am nes,
al um num pyrrolide, ethylalum num di pyrrdki-de, alum numtripyrrolide,

sodi um pyrrolide, lithi'um pyrrolide, potassium pyrrolide, alum num

(2,5-di mrethyl pyrrolide), ethylal um num bis(2,5- dinethylpyrrolide),

alum numtris(2,5-dinmethyl pyrrolide), sodium(2,5-dinethylpyrrolide),
l'ithium (2,5- dinethylpyrrolide) and potassium (2,5-dinethylpyrrolide) may
be exenplified. O the pyrrole derivatives, those having a hydrocarbon
group in thehawingl & tendgOarerkespeztems,y gn éfrrly grouphwhdrchemanni de used in
the present invention is an acid amde. As the acid am de, conpounds
represent ed BPURADT 8 SURPRGtYeRer T f&F AAYS 9rPuR whigh RA¥ B3¥dl@. The
general formulas (1) to (3) sinultaqgously i ncl ude an im de, which is

anot her ni t r TP RI6HRE usB 33F tHie N3ve LOAM Pn¥aRTT oANdf A r TeRFRE N Shee

ke. EX I f ot i d 1 de, i md . d din th t
Tnvent i on ar & AHKIEARCETBY: HBL DI T TP TEMEAR CrGARIFAEeg15oRY - (3).

-13- [err] As examples of an acid amide represented by the

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

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

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

M4

I | |
R6-50,-N-R’ (3)

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

same or different, R7 represents a hydrogen atom, an alkyl



wherein [err] represents a hydrogen atomor a netal elenent in the G oups
A |II'A IBand Il A of the Periodic Table, [err] represents a hydrogen
atom an alkyl group having 1 to 30 carbas-atons, al kenyl group having 1 to
30 carbon atons, an aral kyl group having 1 to 30 carbon atons, an aryl
group which may have a substituent or an aryl group which nmay contain a
hetero el enment, and [err] represents a hydrogen atom an al kyl group havi ng
1 to 30 carbon atons, al kenyl group having 1 to 30 carbon atons, an aral kyl"
group having 1 to 30 carbon atons, an aryl group which may have a
substituent, guou \Hawgmaud woi S0 cay >bavetaméiet &1 loe et e nprduro haaringc

group: -C(=[err] ([err] is defined in the same as [err] and [err] may be
ei ther the sate ¥ chidtfan atoms,apd perlkyandroep rianeng flortn S0 iaagboperr]
(2) wherein M2 and M3 independently represent a hydrogen atom or a netal

el ement in t RE@HUEN 3XYV] |9KoupPBWAAGh| MeA BRVe R PErsHdiveTable® aR¥land R5

car bon at oms SETREMTLGH FEY RAVPnG BerBEa0sLaPEt O eSS aBEPRSI o oup
-14- having 1(é§’f§’é§¥¥%§& LOTRe 20087 YL Q6 0Py WY GRRY may be
| either the same of‘different), and R® and R7 may form a
ring. |
As examples of_the sulfonamides and sulfonimides.
represented by the general formula (3) will be cited
benzene sulfonamide, N-methylmethane sulfonamide, N-
methyltrifluoromethyl Sulfonamide, and the éalté of one of
these.compounds and a metal eiement in the Groups Ia, IIA;
IB and IIIA of the Periodic Table.
Among the above-~described acid amides or imide
compounds, the compounds represented by the general férmula
(1) are preferable, and especially preferable are the imide_

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

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

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

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

other; X is a halogen at.-. :», n, p and g are the numbers



contain a substituent, or an aryl group which may have a hetero el enent,
[err] "and [err] may forma ring, and A represents an al kyl ene group which
may contain an unsaturated bond. As exarpkes of an acid am de represented
by the general fornmula (1) or (2) will be cited acetam de, N nethyl hexane
am de, succi nam de, nal eam de, N net hyl benzam de, i m dazol e-2-carbonam de,
di -2-thenoyl amne, [err]-lactam [err]-lactam [err]-caprolactam and the
salts of one of these conpounds and a netal elenment in the Goups IA IIA
IB and 111 A of the Periodic Table. Exanples of an imde are 1, 2-cycl ohexane
di car boxyi mi digfinest dimiohmgs, pRrKAL | 0fple] and dsd<de, r2spe@tpypdyi dand
trione, perhydroazecyne-2,10-dione, and the salts of one of these conpounds
and a netal et emeghtt ith %t Be=GBoups |A I1A IBand I11A of the Periodic
Table. [err] wherein [err] represents a hydrogen atomor a netal elenent in
the Groups | A |1Ahe BPRVE-AREANSE 2HeY Felymidien rampounds fogludentles

hydr ogen atom an al kyl group having 1 to 30 carb at qons,_ al.kenyl group
having 1 to JFLAMIRLAHRET SANRPERRS) TeRERIHAA Ry £ A 290 1O4HBEn at on,
an aryl group ' contain.a substituent nd R8. bei ei ther the
sanme or diffe$%£§é¥%¥;%¥ép%§§é F%°§%ﬂ§§?%g%ﬁk%}%éﬁhéhPﬁuﬁ%ﬂ Sulids
' represented by the following formula (6), the
alkoxyéluminum compounds represented by the following

formula (7) and the alkylaluminum hydride compounds

fepresented by the'following formula (8):

R1;AL o (5) )
R1LALX3  (1.5Sm<3) (6)
R ALl (OR2) 3., (7)

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

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

The halogen-contaihing compound (d) uéed in the

present invention may be any compound containing a halog=:



group having 1 to 30 Tarbonatoms, al kenyl group having 1 to 30 carbon
atons, an aralky!Tﬂgﬁgg}ng£pﬁl&m&p 30 carbon atoms, an aryl group mhich

may have a substit Y roup whith-may have a hefErg=etement_ 0L
S02R8 group, [GFF]TEMMIHMM'H“ the sane as [err]. and [e{lr{A8EESES Ry
be either the sane and [err] and [err] may}fc '?m; —h
exanpl es of the sul fonan des and sul f oni m des represent ed Yby=tH& gener al
formula (3) will be cited benzene sul fonam de, N nethyl methane sul f onam de,
N nmethyltrifluoronmethyl sulfonam de, and the salts of one of these .
conpounds andabomet BRt etkerefrliavine haleggs-cantpiping Beampounds of) thee
Peri odi ¢ Tabl e. Anmong the above-descri bed acid am des or im de conpounds,

t he conpounds (fpREGePFRELHAP e general fornula (1) are preferable, and
especially preferable fre t he i m de conmpounds in_which [errg i n-the general

formula (1) represBnfLAPCATINGFISHRI CCIPEPREr (1) ahd ReFPTPURE[err] form
ing. Th | k L um ds, din th ' [ th

eprosent 6d  BYFRLATRRI B0 REPR ik 1 CRolps RIERITEra VIR, Ol € | f0se

wh [ d Py '

ioual |y 110 T8 cUpPcand §6F) 68 YHd ersouicmrbbden PRIRD-LOOAMIID o e,

and [ef1] andcheLhoR@yrl hédnaiun ORI, YeLLLUANERLoOIMER T tin X |5

a hal ogen at [err n, p and q are the nunbers
chloride, titanium tetrachloride, zirconium tetrachloride,

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

_ Particularly preferable halogen-containing compounds (1)




-16- defined by O<nferr]3, Jerr]n<3, Jerr]p<3 and Jerr]g<s,
respe€tively, and m+ n + p + g = 3. The above-defined al kyl al um num
conmpounds include the trialkylalum num compeounds represented by the
followi ng fornula (5), the hal ogenated al kyl al um num conpounds represent ed
by the following formula (6), the al koxyal um num conpounds represented by
the following fornula (7) and the al kyl al um num hydri de conpounds
represented by the following formula (8): [err] _

(5) [err] (6) [err] - ' (7) (O<nk3, preferably
1.5[ err] n3) peertarbon tetrachloride, chlEgpfp@upxdichiefeetiviye,
1.5[err]nmc3) As specific exanples of the said al kyl al um num conpounds,
trimet hyl al untAbapinmi eetwachiotifem gerimagdbm getrashhonideli ardytt um num
monochl ori de, diethyl al um num et hoxi de and di et hyl al um num hydri de. may be
exenplified. ARE&HAC éth‘ée al k4 allsurﬁorﬁfrﬁbd-énﬁéu#}% fsBdxfnre et pﬁ‘%sJeﬁ*ﬁSt
invention, a mxture of 2 or nore conpounds above, for exanple, :

trialkylal um fitlfh 8hd“REFSERRBAAS - |
A halogen-containing compbund (2) is a linear

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

especially preferable.

x! x4

|
2~
X=C (9)

-—n—

71_

5 — =
b
®

x3 x3

wherein X! to X8 represent hydrogen atoms or halogen atoms,
and at least three of X! to X3 are halogen atoms, and 1

represents 0 or an integer of 1 to 8.

(Hal'l)l >|<9 /}fll\

2 13
(Bal) = C=¢ \f /X (10)
(Hal)3 x10 \x!2/




al kyl al um num can be used. O these conpounds, trial kylalum numis
especially preferred because of minimzed formation of polyneric

by- products. The hal ogen-cont ai ni ng conpeuwunad (d) used in the present

i nvention nay be any conpound containing a hal ogen -17- atom but the
fol l ow ng hal ogen-contai ni ng conpounds (1) to (4) are preferable. A

hal ogen-cont ai ni ng conpound (1) is a conpound containing an element in the
Goups II1AT1IB, IVA [1VB, VA VB and VIB of the Periodic Table. Concrete
exanpl es thereof are scandium chloride, yttriumchloride, |anthanum
chloride, titaheweihetHatht oré dejalniy eepiresehet hatbgeni seombafxfl wo x13
tetrachl oride, boron trichloride, alum numchloride, diethylalum num

chl ori de, ethyb@kasénunhséeqemciﬂmmicbx hged Adgem @hbmsbdepdcmrbepresents
tetrachl oride, chloroform nethylene chloride, dichrloroethane,
hexachl or obenfe®&, an, dnseger cof of oterene, trityl chloride, silane
tetrachl ori de, trlnethylchlor05|lane germaniumtetrachloride, tin
tetrachloride, tributyltin chloride, pho pho us trichloride, antinony
trichloride, trityl hexacMHaﬁb%nKHmmﬁﬁ 13Nt i mony pentachl oride, bisnuth
trichloride, boron trlbrqqld aluninun1 dlb m de, carbon

I | I/X ' (11)
(Hal)3 (Hal)7\X16n R |

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

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

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

and 1,1,2,2-tetrachloroethane are more preferred.



tetrabrom de, bronoform bronobenzene, iodonethane, silicon tetrabrom de,
hexaf I'uor obenzene and al um num fluori de. As a halogen in the

hal ogen- cont ai ni ng conpound (1), brom ne_pg-chlorine is preferable. Anmong

t hese, compounds having a | arge nunber of hal ogen atons are preferable, and
conpounds soluble in a solvent.which is used in an oligonerization reaction
are al so preferable and especiéTIy chlorine is nore preferred fromthe
synthetic viewpoint of a catalytic activity, a selectivity of the objective
product, etc. Particularly preferabl e hal ogen-containing conmpounds (1)

are carbon tetrachtsei de, tledl g dgmrncoditeindhgetbapeundi {2ni 1gn
tetrachloride, germaniumtetrachloride and tin tetrachloride. It is
possi bl e to uadvantageéouns mdt atnlsedst tthaw ahet heselgbapoactsvigy and

hal ogen-cont ai ni ng conpound (2) is a |linear hydrocarbon which is sustituted
with at | east thiar eelaat bygety avbres tandewhiagle Baeasilyl enkanced bul k8L As
the |inear hydrocarbon as the hal ogen-containing conpound (2), a |inear

sat urat ed hydi8ciPBbnthe @deeseiqmateommd &he ﬁééﬁlggguwa‘é@dpﬁiﬁ%dﬁ)on in
whi ch adj acent ;two carbons are replaced by at |east three hal ogen atons is
more pref er abfd™ealp; ARG 152 R%t ed hydrocarbon which is represented by the

general formila (gk’hglggeglcégggiAfig.compound (3) is a cyclic

hydrocarbon halide. As the halogen-containing compound
(3), a cyclic saturated hydrocarbon is preferable and a

cyclic saturated hydrocarbon which is substituted with

three halogen atoms is more preferable. As the halogen
atom, chlorine or bromine is preferable and especially
chlorine is more preferred fr;h the synthetic viewpoint of
a catalytic activity, a selectivity of the objective
bfoduct, etc.

Concrete examples of the halogen-containing compound
(3) are cyclopropane trihalides such as 1,2,3-

trichlorocyclopropane, 1,1,2-trichlorocyclopropane, 1,2,3-

tribromocyclopropane and 1i,:,2-tribromocylcopropane;

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

1,2,3-tribromocyclobutans and 1,1,2-tribromocylcobutane;



especially preferable. [err] [err] wherein [err] to [err] represent
hydrogen atons or hal ogen atonms, and at |east three of [err] to [err] are
hal ogen atons, and 1 represents 0 or an-integer of 1 to 8. [err] (10) [err]
-19- wherein (Hal)[err] to (Hal)[err] represent hal ogen atons, [err] to
[err] represent hal ogen atons or hydrogen atons, and mrepresents 0 or an
integer of 1 to 8. [err] (11) [err] wherein (Hal)4 to (Hal)7 represent
hal ogen atons, [err] to [err] represent hal ogen atons or hydrogen atomns,
and n represents 0 or an integer of 1 to 8. As a halogen in the
hal ogen- cont aiyuleputameotted ralalicds osucie. aorl J&,@yde is preferable and
especially chlorine is nore preferred fromthe synthetic viewoint of a
cat al yti c actietidachlaroeyedbbutayepfli he2 obitssttnach jprodyciiobutane,
1,2,3,4-tetrabromocyclobutane and 1,1,2,3-
tetrabromocylcobuténe; cyclobutanepentahalides such as
1,1;2,3,4—pentachlorocyclobutane, 1,1,2,2,3—'
'pentachlorocyclobutane,_1,1,2,3,4-pentabromocyclobutane and
1,1,2,2,3~pentabromocylcobutane; cyclobutane-hexahalides
such as 1,1,2,2,3,4-hexachlorocyclobutane, 1,1,2,2,3,3-
hexaéhlorocyclobutane, 1,1,2,2,3,4-hexabromocyclobutane and
1,1,2,2,3,3-hexabromocylcobutane; cyclbbutane heptahalides
such as heptachlorocyclobutane and heptabromocyclobutane;
and cyclobutane octahalides such as octachlorocyclcbutane
and octabromocyclobutane.

Further examples are cyclopentane trihalides such as
1,2,3-trichlorocyclopentane, 1,1,2-trichlorocyclopentane,
1,2,3-tribromocyclopentane and l,1,2-tribroﬁocylcopentane;
cyclopentane tetrahalides such as 1,2,3,4-
tetrachlorocyclopentane, 1,1,2,3-tetrachlorocyclopentane,
l,2,3,4-tetrabromocyclopentané and 1,1,2,3-
tetrabromocyclopentane; cyclopentane pentahalides such as
1,2,3,4,5-peﬁtachlorocyclopentane, 1,1,2,3,4-
pentachlorocyclopentane, 1,1,2,2,3-pentachlorocyclopentane,

'1,2,3,4;S-pentabromdcyclopentane, 1,1,2,3,4~
pentabromocyclopentane and 1,1,2,2,3-
pentabromocyclopentane; cyclopentane hexahalides such as

1,1,2,3,4,5-hexachlorocyclopentane, 1,1,2,3,4,5-

" hexabromocyclopentane and 1,1,2,2,3,4-



etc., and 1, mand n are preferable 0,1,2 and 3, respectively. As the

l,i neaf hydrocarbon halide represented by the general fornmula (9), (10) and
(11) are preferable 1,1,1-trichloroethanez224,1,2-trichloroethane, 1,1, 2, 2-
tetrachl or oet hane, pentachl oroet hane, hexachl r or oet hane,

1,1,1-trichl oropropane, 1,1,2,2-tetrachl oropropane, 1,1,1- trichlorobutane,
1,1,2,2-tetrachl orobutane, 1,1,1- trichloropentane,

1,1,2,2-tetrachl oropentane, 1,1,1-tri- bronoethane,
1,1,2,2-tetrabronoet hane, etc. Anong them 1,1,-trichloroethane,

pent achl or oet hamebrhssagblopestamne @l dpeht2n?- heptabhlodest sacke & e nore
preferred. - -20- Use of the hal ogen-containi ng conpound éZ% I S
advant ageous Aoetl,8nRy3i A, Phhaeptach kenadwaliapeateing epdahdle Relsdl €c¥Tvity of
atrimer are greatly enhanced but also in that the deterioration of the
catal yst wit hRERESRFEMEEYELARCNEARME| FHSTLARERL2RSH QCE5GBARLLERE aF RFAPE T onpound

(3) is a cyclic_hydrocarbon_halide. As the hal ogen-contai ni C oun 3),
a cyclic-satuﬁaﬁeé'ﬁy r dedr BoRCT R UAKGHLIP ng @9gliclsg?ar§?gdy'§t( )

hydr ocar bon mhi%h is substituted with three hal ogen %E.i LS_nore s

pref erabl e. A§Ciﬁ?rﬁ§P8§8%°8?Bﬁ?n%hl?ﬁ?%ﬁ??ﬂtﬁﬁﬁb%Pﬁg |gn§F3fg?S%l% and

especially nonachlorocyclopentane; and cyclopentane decahalides such
as decachlorocyclopentane.

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

decahalides such as 1,1,2,2,3,3,4,4,5,6-



chlorine is nore preferred fromthe synthetic viewpoint of a catalytic
activity, a selectivity of the objective product, etc. Concrete exanples of
t he hal ogen-cont ai ni ng conpound (3) are -@8cl opropane trihalides such as
1,2,3- trichlorocycl opropane, 1,1, 2-trichlorocyclopropane, 1,2, 3-

tri bronocycl opropane and 1, 1, 2-tri bronocyl copropane; cycl opropane
tetrahalides such as 1,1,2,3- tetrachl orocycl opropane, J[err] 2,
2-tetrachl orocycl opropane, 1,1, 2, 3-tetrabronocycl op[err] [err] and
1,1,2,2- tetrabronocycl opropane; propane pentahal i des such as

pent achl or ocyd¢ caghoienrcyclohexaper r Frt Abhexany chnjr @afEilaldesy clugdr @sane

hexahari de . as hexachl or ocycl opropane and hexabr onocycl opr opane;
[err] tane trePdgeaRiElagIycdohexangt andhrveberramritdgdaqghalides such
,1,2-trichlorocycl obutane, 1,2,3-tribronocycl obutane and

1,1, 2-tri br on®dRyIRIRRAGANSTOCYCIoNexaP| obut ane tetrahal i des such as

1,2,3,4- tetrachl ofocycl qbutane, _1,,1,2,3-tetrach| or ocycl obut ane,

1,2,3,4-tetrabron&%?§%65§F§ﬁ% §n8'?75F2F§i0F%?¥%.9% obut ane;

Cyel oot o RS Bk 21 PRSI BN e

: 1,2,3,4,5-pentachlorocyclopentane and 1,2,3,4,5,6-
.hexachlorocyélohexane are especially preferable.

Use of the halogen—containing compound (3) dis
advéntagéous not only in that the catalytic activity and
the éelectivity of a trimer are grea#ly enhanced but also

.in that the deterioration of. the cataiy§t with passage of
time is ameliorated. ) |

A halogen#containing.compoﬁnd (4)'is a halogenated
allyl compound which is substituted with one or.two halogen

atom at allyl position (at carbon atom adjacent to a double

bond) and represents'by the following formula (12):

x18  y20 y21

N l
C=Cc—C—X?2
Ve R
x1s %23

(12)

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

(4), chlorine or bromine is preferable and especially,



1,1, 2,2, 3-pent abronocyl cobut ane; cycl obut ane- hexahal i des such as

1,1, 2,2, 3,4-hexachl orocycl obutane; 1,1, 2,2, 3, 3- hexachl orocycl obut ane,

1,1, 2,2, 3, 4- hexabronocycl obut ane and 1, 1.242, 3, 3- hexabr onocyl cobut ane;

cycl obut ane ‘hept ahal i dés such as heptachl or ocycl obut ane and

hept abr onocycl obut ane; and cycl obut ane oct ahal i des such as

oct achl orocycl obut ane and oct abr onocycl obut ane. Further exanples are

cycl opentane trihalides such as 1,2, 3-trichlorocycl opent ane, ' '

1,1, 2-trichl orocycl opentane, 1,2, 3-tribronocycl opentane and

1,1, 2-tri bromegybgopent angor€ st Opeiaal ef i tdlkalsydepestiehviswio 2ntd, df
tetrachl orocycl opentane, 1;1, 2, 3-tetrachl orocycl opent ane,

1, 2, 3, 4-t et r albr cana}gtdpeatabeitand 4,k B ct-ivietyr alfr aecybliepeibvane;

cycl opent ane pentahal i des such as 1, 2, 3, 4, 5-pent achl or ocycl opent ane,
1,1, 2, 3, 4- pepradncbroeygclopentane, 1,1, 2,2, 3-pentachl orocycl opent ane,

, 5- pent abr onocycl opentane, 1, 1,2, 3, 4- pentabronocycl opentane and

, 3- pent abr 6ABEyeLepenampke <f dhpdtlasenteeakainday soepourd

, 4, 5- hexachl orocycl opentane, 1,1, 2 3,4,5- hexabronocycl opentane and
3, 4- (4)_gge ﬁéiabrehbe%%pén%- ,CW%&éﬁFaﬁsnﬁepéaﬁgwﬁ%-sl-such

butene, 3,3-dichloro-l-butene, l-chloro-2-butene, l,lf

)
-
’

2,3, 4
,1,2,2
1,2,3
1, 2, 2,
dichloro-2-butene, 3-chloro-3-methyl-1l-butene, 3-chloro-1-
pentene, 3,3—dichloro-l—pentene,'4—chloro-2—penténe, 4,4~
dichloro-2-pentene, l-chloro-2-pentene and 1,1l-dichloro-2-

pentenel Among then, allyl chloride is preferable.

Use of the haiogen-containing compound (4) is
advantageous not only in that the catalytic activity and
the selectivity of a trimer are greatly enhanced but also
in that since the activity based on the halogen atom is

- high, the_amount of the halogen-containing compound used is
small, or since the amount of halogen-containing substances
decomposed during ;eaction steps or in the distillation
step is small, it is possible ﬁo'separate easily halogen-
containing impufities at the dis;illatioﬁ of the trimer and

' to recover the objective product at the high purity.

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

:In the present invention, when the nitrogen-containing

compound (b) is one selected from the group consisting of



1,1, 2, 2,3,4,5-heptachl orocycl.opentane and 1, 1; 2, 2, 3, 4, 5-
hept abr onocycl opent ane; cycl opent ane oct ahal i des such as
1,1,2,2,3,3,4,5-octachl orocycl opentane angl 1,1, 2, 2, 3, 3,
oct abr onocycl opent ane; cycl opent ane nonahal i des such as
nonachl or ocycl opent ane; and cycl opent ane decahal i des su
decachl orocycl opentane. Still further exanples are cycld
such as 1,2,3-trichlorocycl ohexane, 1,1, 2-trichlorocycl ohexane,

1,2,3-tribronocycl ohexane and 1,1, 2-tri bronocyl cohexane; cycl ohexane

tetrahal i des ﬁﬁf%%‘g%%%ﬁ czﬂln’% %e}i@frt%?}%!sz_‘iﬁ‘&gg hexangg preferred to Psg 5 5

1,1,2,3-tetrac exane, étr abf onbcycl'ohexane an

et r abr omocycLRhexaRean £y HLNRIANe Penkahah bdea-sysba Bfing compound
, 3,4, 5-pent achl orocycl ohexane, 1,1, 2, 3, 4- "pent achl or ocycl ohexane,

THIS SHEET HAS BEEN
as HEPLACED

, 2, 3-pengaghl orocycl ohexane, 1, 2, 3, 4, 5-pent abr omocycl ohexane,

, 3, 4- pent abronocycl ohexane and 1,1, 2, 2, 3- pent abr onocycl ohexane;
hexane hexahalndete qumdserns Lr¥edtd o8, 6anhexataf bn oel/tyorhemxiaat iand
4,5, 6- hexabronocycl ohexane; cycl ohexane heptahal i des such as

3, 4, 5, 6raapt dehl s coyrodudtecariar andolpt i8n3by, 8sbng a chromium~
ronocycl ohexane; cycl ohexane octahal i des such as

2, 3, 4, 5basedt aehi by 9t yay BIesk Aeapesgd1of, 2 eombinat jon of the
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nocycl ohexane; cycl ohexane nonahal i des such as '
. 3, 3, 4CBLBLKBRAEPTRARNT olfdx &i9e;(dydBPoHERENne WRRAIR FRIEMMEh as
, 3, 3,

,3,4,4,5, 6- . . :
compound containing a halogen such as chromous chloride is

PRORPITRPORRRER™

used as the chromium compound {(a), such chromium compound
also serves as the halogen-containing compound (d). -
Similarly,'an alkylaluminum cqmpound containing a halogen
such as diethylaluminum monochloride is used as the
alkylaluminum compound (c), such alkylaluminum compound

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

As the a-olefin used as starting material in the

present invention, substituted or non-substituted «-

olefins having 2 to 30 carbon atoms are usable. As such

c-olefins, ethylene, prooylene, l-butene, l-hexene, 1l-

octene; 3-methyl-1-buter2 :m3i 4-methyl-l-pentene may be

exemplified. Ethylene i: - :t2cially preferred since it is
possible to produce l-hex- - as a trimer at a high
selectivity and in a hizn L4,

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

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

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

This-Sheet Has Been Replaced
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-23- decachl orocycl ohexane; cycl ohexane undecahal i des such as
undecachl or ocycl ohexane; and cycl ohexane dodecahal i des such as

dodecachl orocycl ohexane. Anong these, 1,2,3-trichlorocycl opropane,

pent achl orocycl opropané, 1, 2, 3, 4-tetrachi2g~ocycl obut ane,

1,2, 3,4,5-pentachl orocycl opentane and 1, 2, 3, 4,5, 6- hexachl orocycl ohexane
are especially preferable. Use of the hal ogen-containing conpound (3) is
advant ageous not only in that the catalytic activity and the selectivity of
atrimer are greatly enhanced but also in that the deterioration .of the
catalyst with passage of tine is aneliorated. A hal ogen-containing conpound
(4) is a hal cgevredtedt diddocaxipasnduehi eb bensest | tekwshey tdyleme,or two
hal ogen atomat allyl position (at carbon atom adj acent to a doubl e bond)
and representsthylhdnednd,| owisigylensul setta}in] e2t¢. [ Phgse reaction

(12) wherein [err] to [err] represent hydrogen atomor alkyl group having 1
to 30 carbon S@bHRNLS avaY ke Usecr pitbpreséRglnyeF oo dthuR8 Kyl group '

having 1 to 30 cag@gn it ans..or hal.ogen_atom and, one or t. rr] to
[err] is hal ogen 4 %n&iéiefln used as tge g%artlng materfgi(gog(%hé

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

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

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

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

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

kg/cm? is preferable. F<..-.3n time is usually one minute



As a hal ogen atomin the hal ogen-contai ning conpound (4), chlorine or

brom he is preferable and especially,  -24- chlorine is nore preferred
fromthe synthetic viewpoint of a catalytic activity, a selectivity of the
obj ective product, etc.” Concrete exanpl e-nf-the hal ogen-contai ni ng conpound
(4) are allyl chloride, 3,3-dichloro-1-propene, 3-chloro-1- butene,

3, 3-di chl oro-1-butene, 1-chloro-2-butene, 1,1- dichloro-2-butene,

3-chl oro- 3-net hyl - 1- but ene, 3-chloro-1- pentene, 3, 3-dichloro-1-pentene,

4- chl or o- 2- pent ene, 4, 4--di chl oro-2-pentene,  1-chl oro-2- pent ene and

1, 1-dichl oro-2- pentene. Anong then, allyl chloride is preferable. Use of

t he hal ogen- cept adnhagrspnpeefekabl)y ils Sadwant ageess ntheotype idE t hat t he
catalytic activity and the selectivity of a trinmer are greatly enhanced but
al so in that seactibhemaytbeilatdusied orsemicbhsicbyéneadonedst iwpus ¢ he

amount of the hal ogen-containing conpound used is snall, or since the
anount of hal ogen- EBnk & P ¥R b Sitrenss ctec dipdscaraferakle d&hat d¢h Stteps or
in the distillation step is small, it is possible to separate easi|y

hal ogen- cont &PnVA&%i AHURY X REEhe A iRE Sdilst EPPaPP8NPBRSE HRE (3 i FRACHERP t o
recover the OBLEggiYe gggdggtsfghtgnéggé¥}i%ug&tht of hydrogen prevents
the production of a filmy polymer as a by-product.
In a first aspect of the present invéntion, an o-
olefin is-oligomerized by supplying each of the components
(a) to (d) to the reaction system in such a manner that the
chromium compound (a) and the alkylaluminuni compognd (c) do
not come into contact with each othef before each of the
components (a) to (d) and the a-olefin co-exists in a
reactionﬂsolvent and the oligomerization of ¢t-olefin takes
place. By adopting this contacting method, the catalytic
activity is.greatly'improved, the selectivity of a trimer
is grgatly enhanced and the content of l-alkene among the
said ttimer-obtained also.becomes very high.

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

system. Concretely, the «-olefin concentration in the

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

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

to 100 mol % is exemplifi=d.



In the present invention, t-butyldinethylsilyl trifluorate [err],

t.ri spent af l'uorophenyl boron (B(C6F5)3), trifluoronmethanesul fonic acid [err]
hexaf | uor oi sopropanol [err], etc. are alsg preferably usable. In the
present invention, when the nitrogen-containing conmpound (b) is one
selected fromthe group consisting of REPLACEMENT SHEET - 25- ‘nal ei mi des
and derivatives thereof, it is preferred to use an inorganic halides as the
hal ogen- cont ai ni ng conmpound (d). In the present invention, an [err]-olefin
ol i goneri zation reaction is conducted in a solution by using a chrom um

based catalyst sysemconRaset, ot agcaibiagt sen, of of Mg, calal yal omanent s

(a).to (d) is used. An alKkylal'um num conpound” contal ni ng ‘a ogerl such- as

di et hyl al uni hi.oride | .1he, al kyl al uni d_(c),
Cuch 3l kyl al R Compaina oa S68SERsal ket R Yefalindd B & Bk SEompound

(d). As the [#4d |rl&fidh WiRens $tahti BUeFBESH1A! td bdMR Y BNlefin
I nvention, substituted or non-substituted [err]- olefins having 2 to 30

carbon atons wth USabldhrofSui+@lsed catalyst system under the d-olefin

pressufe of about 3 to 250 kg/cm?2, more preferably about 5
to 100 kg/cm?, still more preferably about 5 to 50 kg/cm?,
so that the'oligemerizatioﬁ of the a-olefin can carried out
without needing a eatalyst formation step.

In the present contact mode of the present invention,

the presence of high concentration of a-olefin can improve -
the ceﬁalytic activity of the;a-olefin oligomerization.
The reason is not clear at present, But it is presumed as
follows."
. That is, when the chrohium compound is contacted with
the alkylaluminum compound, the alkylation of the chromium
compound followed by reduction of it, via reductive
elimination,_may proceed to give the low valent,
coordinatively unsaturated chromium complex(es). Such low
valent, ccordinetively unsaturated chromium complex(es)
themselves easily decompose because of their instability.
On tpe other hand, 0-olefin can coordinate to the metal
center in the low valent, coordinatively unsaturated

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

the optimum chromium-olefin complexes for the

when the chromium compour: is contacted with the

alkylaluminum compound. The high concentration of



a-ol efins, ethylene, propylene, 1-butene, 1-hexene, 1- octene,

3- met Hyl - 1- but ene and 4-net hyl - 1-pentene may be exenplified. Ethylene is
especially preferred since it is possible to produce 1-hexene as a trimer
at a high selectivity and in a high yiel€29As the solvent used in the
reaction of the present invention, there can be used acyclic or alicyclic
saturated hydrocarbons having 3 to 20 carbon atons such as butane, pentane,
3- et hyl pent ane, hexane, heptane, 2-nethyl hexane, octane, cyclohexane,

met hyl cycl ohexane, decalin, etc.; -26- aromatic hydrocarbons such as
benzene, toluene, xylene, ethylbenzene, nesitylene, tetralin, etc. These:

reaction sol vesesisBYnyeatSESE B thile Siitglaiv@htagedusl ¥oUESrm THEch
[err]-olefin used as the starting material for the reaction or the

[err]-ol efi nscRtBRLuhbaNef e dBHIL A .t | RBeFREBELR whoh tHE dpdsdign can
al so be used as a reaction solvent. The [err]-olefin can be incorporated

i nto chrom umcohpsgfidcanal §isd HYSiRIDUAE nainC ababyEhdCoopoacts awitore the
initiation of the oligonerization. An [err]-olefin having 4 to 30 carbon
atons, especi 8khgranifeth¢-bigh igpnganddratsion gfi 6-atefobnreenbekaiture is
preferred as a reaction solvent. As a reaction solvent, a chain saturated
hydr ocar bon therewith, the olefin comp;exes are produced quite

effectively.

Furthermore, the advantage using the high
concentration of o~olefins is as follows. Since there is

dissociation equilibrium between the coordinated olefin in

the olefin complexes and free O-olefin in the solution, the

concentration of the olefin cdmplexes is increased and the
olefin complexes are stabilized in the presence of the high

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

complexes wouid be more stable under the higher

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

of a-olefins and of its strong coordination bond to

chromium metal center. From these respects, ethylene is



having 4 to 7 carbon atons or alicyclic saturated hydrocarbons having 4 to
7. carbon atons is preferably used. Use of a solvent such as nentioned above
proves hel pful for suppressing formati on of the polynmeric by-products.
Further, in case of usi'ng an alicyclic hyftocarbon, a high catalytic
activity can be [err]tained. As typical exanples of such saturated
hydrocarb[err] - . [err] tane, pentane, hexane, heptane or cycl ohexane
[err] exenplified. These solvents may have a branched chalerr]
[err]ture. Reaction tenperature [err]Jually O to 250[err],
preferably 10 to 150[err], nore prefer to 100 [err]. Reaction
pressure can bnesrmstabé\yltable o-{cdrefliad £biorhbed Meomdr kKzd teidh aird 2D
kg/[err] but a pressure- [err]ween about 5 kg/[err] and 100 kg/[err]
i s preferabl epresent eintentdiome is usually one m nute -27- to 20 hours,
preferably 0.5 to 6 hours. The type of reaction may be batchw se,

sem -bat chwi se or &omdxammles din thiee speedént coveatt omy mddd,s ghreef er abl e
that 0.1 to 15 vol % of -hydrogen exists in the gas phase of a reaction
vessel . Use ofoklewing gpetdiddss Grioget (89 Wyéllolgencm%@entﬁsaql'h@fprt@@uctlon
of a filny polyner as a by-product. In a first _aspect of the present

i nvention, anf@lley&ey rsekutgiqngors |°Eé’dnBFl§Mp§P’§'fF% Ak 19 tthe conponent s

reaction solvent.

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

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

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

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

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

the nitrogen-containing cocmpound (b).



(a) to (d) to the reaction systemin such a manner that the chrom um
conpound (a) and the al kyl al um num conpound (c¢) do not cone into contact

wi th each other before each of the conpommmns (a) to (d) and the
[err]-olefin co-exists in a reaction solvent and the oligonerization of
[err]-olefin takes place. By adopting this contacting nmethod, the catalytic
activity is greatly inproved, the selectivity of a trimer is greatly
enhanced and the content of 1-al kene anong the said trimer obtained al so
beconmes very high. In the contacting node of the present invention, for

i nprovi ng the cat al§) idetdodd Wt inane iubdngekbet ehropiah ¢drepmbjdectadlve
product, it is preferable to adjust the concentration of [err]-olefin in
the reaction §§8teatedemreantaHay e copreradi Ad) sapdnthet @ igtin tipko a
chrom um based catal yst system Concretely, the a-olefin concentration in
the reacti on Selvehen oeontmlnigur ttinen nd¥SOERNOLOBtaHN 10D FRIMPIRLGHr &)
preferably 10 to 100 npl %, still nore preferably 2[err] to 100 mol %is
exenplified. 2anrd-phe ahkylplumidumicomeorea; (Colefin of a | ow boiling point,

Systom Tt 1o prof STRHEROR G e FHAT S FBe: HERPPRE RSB G A ased.
cat al yst SyStggéugggéoégﬁiéégggfﬁgégiégmpound'(b), the halogen-
'containing compound (d) and the a—oiefin_intb a solution
containing the alkylaluminuﬁ compound {(c).
| (8) Method of introducing the halogen-containing

compound (d), the nitrogen-containing compound (b), the

alkylaluminum compound (c) and the G-olefin into a solution

containing the chromipm compound (a).

(9).-Method of introducing the chromium compound (é),
the nitrogen-containing compound (b), the alkylaluminum
compound (c), the halogen—cbntaining compound (d) and.the
o-olefin into a reaction system simulténeously and
'independently of each other.

" A method of maintai:i:;.the chromium compound and the

alkylaluminum compound ir .:2 a manner as not to come into

‘contact with each other :- - := the ihitiation of an
oligomerization réactioa. : simultaneously and separately
supplying the chromium ..% and the alkylaluminum
compound with the 0~ole: . . the reaction system at the
time of ah oligomerizat.  -::zion can be carried out.

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

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



pressure of about 3 to 250 kg/cn2, nore preferably about 5 to 100 kg/[err],
still ‘more preferably about 5 to 50 kg/[err], so that the oligomerization
of the [err]-olefin can carried out w thotd2-needing a catalyst formation
step. In the present contact node of the present invention, the presence of
hi gh concentration of [err]-olefin can inprove the catalytic activity of
the [err]-olefin oligonerization. The reason is not clear at present, but

it is presuned as follows. That is, when the chrom um conpound is contacted’
w th the al kylal um num conpound, t he al kyl ati on of the chrom um conpound
foll onwed by redetinitigtian off @y edigpimesiett omateast ionly neescedediato gi ve
the | ow val ent, coordlnatlvely unsat urated chrom um conpl ex(es). Such | ow
val ent, coor di #o®i qmma&qmp&mal @ﬁﬂoﬁh@nﬁébmm@wm tRmRsaInde fx€asi | y
deconpose because of . their instabil On the other hand, [err]- olefln can

coordi nate to PN dehitdils Wopﬁenpémpﬂéyeﬁ?fOE%o?Qﬁrﬁﬁ%qkﬁﬁ}On of
unsaturated chp R”&fﬁ%&ﬁggnéﬁgfgﬁ Eé&cEQ%anSEe%fgoO&héﬁréédfq*gdél.%Ptg'Ve

the optimum chromu I"'exes fort oneri zatton o

[err]-olefin '8%%P§n %ﬁ?ewgta un‘con% §Qsthe Chr%ﬁl rq§£r1rea€%;on

contacted with e al centration
vessel. The said specific contacting mode, however, is of

a preferable mode required at the time of the formation of
the catalyst from the catalyst components, and after the
formation of the catalyst, this mode is unnecessary.
Therefore, after the formation of the éatalyst by the said

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

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

" to conduct (-olefin oligcmerization reaction using a

stirred-tank reactor.



-29- coexisting a-olefin makes it advantageous to form such chrom umolefin
conpl exes. Therefore, when the chrom um conpound and the al kyl al um num
conmpound contacts each other, if the highk38encentration of [err]-olefin
coexists therewith, the ol efin conplexes are produced quite effectively.
Furthernore, the advantage using the high concentration of [err]-olefins is
as follows. Since there is dissociation equilibriumbetween the coordi nated
olefin in the olefin conplexes and free [err]-olefin in the solution, the
concentration of the olefin conplexes is increased and the ol efin conpl exes
are stabilized in tle 3psesondeasbechechi yhe corrRIgnt dirventgiony hghe
[err]-olefin. Therefore, since the olefin conplexes would be nore stable
under the hi gH&tEoiftefROmRONGRLST Whheh [ 6P bt 8% NteRstadd® of the reason
descri bed above, it is nore preferable to initiﬁ%ﬁh%he ol i goneri zati on of

t
the [err]- ol ef3H G2 YT S OmPRENGN AR « R CHID T g P8ont act ed
ith-th | kyl ) d.wi_thqut th t al yst ti, t
Cdescribeq i n SREHHELEERRCERLER 'B5s A5 Bl SRSl o eh
L i ¢ - . L ;
cL?on?ﬁnlg:e¥in %onp(giggvkg%bpﬁgﬁgnggngbﬁg?gﬁggeé%%ﬁgﬁ%gﬁb%%t%ee

[err]-acceptor.gididy YJidehe §a0kdiRated 9%@fiﬂé EldM RN @R 1lag oSt

profitable a- olefin because of its potent [err]-acceptor propérty anong

all - components are contacted with the rest of the catalyst

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

after the specific catalyst components are heated they are

contacted with the remaining catalyst components and Q-

olefin, the reaction selectivity is_improved.

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

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

oligomerization is accel=z=rczzed by the preheating.



of [err]-olefins and of its strong coordination bond to chrom um net al
center. Fromthese respects, ethylene is -30- the nost suitable
[err]-olefin for the-oligonerization in the present invention. As exanples
of the specific contacting node, the fol Lggwng nethods (1) to (9) wll be
cited. Each of the follow ng solutions is ordinarily fornmed by using a
reaction solvent. (1) Method of introducing the chrom um conpound (a) and
the [err]-olefin into a solution containing the nitrogen- containing
conmpound (b), the al kyl al um num conpound (c) and the hal ogen-contai ni ng
conmpound (d). (2) Method of introducing the al kylalum num conpound (c) and
the [err]-olefin ifhe absoétliésdrived Pprineatting akthsduiscprpdefsblya), the
hal ogen- cont ai ni ng conmpound (d) and the nitrogen-contai ning conpound (b).
(3) Method of combdoedciwaght ke nhe ook e £ ot aiodenghaonpbandhtbpiumhe

al kyl al um num conpound (c) and the [err]- olefin into a solution containing
the chrom um &GMPOURE payl bhe 2 hHey bl wyaie eemponindg deorpbuadng dint ¢ 4)

Met hod of introducing the chrom um conpound SF)“ t he ni trogen-containing
conpound (b) &PRLARE FefFP) caFRfPRPeRiReLore the initiation of a |

reaction”. For example, in the case of the introducing
method (1), én o-olefin aﬁd the chromium compound (a) are
introduced into a solution contaihinq the nitrogen-
containing compound (b), the alkylaluminum compound (c) and
the halogen-containing compound (d), which is preheated to
a temperature of not lower than 100°C. For another
ekample,'in the caée of the_introducing method (4), an.a-
olefin, the chromium compound (a) and the nitrogen-
.containiﬁg compound (b) are introduced into a solution
containing the alkylaluminum compound {(c) and the haldgen—
containing Eompound (d), which is preheated to a
temperature of not lower than 100°C. This method produces
an excellent result in the reactioh'selectivity,-the
catalytic activity, etc. in comparison with the method in
- which after a solution containing the chromium compound
fa),_thé alkylaluminum compound (c) and the halogén-
‘containing qompound (d) is preheated to a temperature of
not lower than 100°C, and thereaftér an o~olefin is
introduced into the resultant solution.
In the preheating method, a halogen-cohtéinihg
compound which contains an element in the Groups iIIA;
IIIB, IVA, IVB, VA and VB in the Periodic Table is

preferably used as the halogen-containing compound (d).



a solution containing the al kyl al um num conpound (c) and the

hal ogén- cont ai ni ng conpound (d). (5) Method of introducing the

al kyl al um num conpound (c), the hal ogen-containi ng conpound (d) and the
[err]-olefin into a solution containing the-chronmi um conpound (a) and the
‘ni trogen-cont ai ni ng conpound (b). -31- (6) Method of introducing the
chrom um conpound (a), the hal ogen-contai ning conpound (d) and the
[err]-olefin into a solution containing the nitrogen-containing conpound
(b) and the al kyl al um num conpound (c). (7) Method of introducing the
chrom um conmpound (a), the nitrogen-containing conpound (b), the hal ogen- "
cont ai ni ng conpoundn( dheaabotv&ementol@idd speicd fa csebhtaoningnedei agdt he

al kyl al um num conpound (c). (8) Method of .introducing the : :
hal ogen- cont aprrehgatdngounnde { dihe tdrel g1 it gerouatnbdi nhegcboopbumd (b) t he
al kyl al um num conpound (c) and the [err]-olefin into a soluti-on containing
t he chrom um compound (a). 1Q9§h$k¥¢ﬂﬁtkﬁn|Sﬂ$¢@mu95ngrﬂhaachlbniuh1b@ﬁbound
(a), the nitrogen- contalnlng conmpound (b), the al kyl al um num conpound (c),
the hal ogen- c&®t 8i-Ai R§LcoRPRERERREY and ¥hé FerP}2onedi Mesg P&e LiYon

system si nul t gneoyslLy and
y % X %E‘Z to 5 x 1072 mol based on one litre of the reaction

solvent. The existing amount of the nitrogen-containing
compound (b) in the reactioﬁ system is ordinarily 1 x 10~7
to 0.1 mol,.preferably 5 x 107 to 5 x 10~2 mol,; more
preferably 1 x 10-6 ﬁo 1 x 1072 mol based on one litre of
the reaction solvent. The existing amount of the
alkflaluminum'compouhd (c) in‘*the reaction system is
ordinarily 1 x 1077 to 7 x 1072 mol, preferably 5 x 10‘7 to
5 x 10-2 mol more preferably 1 x 1076 to 1 x 10'2 mol based
on one litre of the reaction solvent. The existing amount
the halogen—containing_compound (d) in the reaction system
is ordinarily 1 x 10~7 to 0.1 mol, preferably 5 x 10-7 to 5
x 1072 mol, ﬁore preferably 1 x 1076 to 1 x 10-2 mol based
on one litre of the reaction solvent. It is preferred to
use a caﬁalytically effective amount of each of the
catalyst components.

In the preseht invention, the molar ratio of (a) the
chromium compound, (b) the amine or metal amide, and (c)
‘the alkylaluminum compound in the reaction system is
adjusted ordinarily so as =0 (a) : (b) : (¢} ¢+ (d) =1
0.1 to 100 : d.l to 500 : .1 to IQO, preferably {(a) : (b)

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

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



I ndependently of each other. A nmethod of maintaining the chrom um
-conpound and the al kyl al um num conpound in [err] a manner as not to
cone into contact with each other [e;ﬁ%e'the initiation of an

ol i goneri zation reaction [err] si mul t'ateousl y and- separately supplying

t he chrom um [err] and the al kyl al um num conpound with the
“[er]-olefin [err]the reaction systemat the tinme of an ollgonerlzat[err]
lerr]ion can be carried out. In the present invention [err]the
expression of "in the node that the chromum/[err] and the

al kyl al um num. c ound do .not. cone in each ot her
before -39° ?ﬁg fﬁ#tﬁ%ﬂﬁkﬂ%%% &5 Lpsgkéﬁfzﬁ?gght %Tl%hflﬁnyans t hat
the chrom unbsggp@wdt@%a&ifcéld%l@ﬂm @q%eaaﬁguneoer@x%m ained in this
node not only before the initiation of an ol'i gomerization reaction but also

when addi ti Oﬂé‘keﬁe%mfrﬁ | A £afAlygt 1QQEDEH§Ht goa;g %?Wdrﬁ? (tf%ttl%e

reacti on vessel e said speC|f|c contacti ng node, however, 1s of

preferabl e npgdetheatbt £ Bouidte df PrcdhuctBe, f QhaBELSEN&F, thes cat al yst from
t he catal yst conponents, and after the formation of the catalyst thi s node

i s unnecessasyledbevefPres Biticaterdchanf @hBRp-oauobdt hexendslyai day the said
node, it is possible to recycle the catal yst solution
enhanced to 99% or more.
In a third aspect of the present invention, the
oligomerization of an ¢-clefin in a reaction solvent is

conducted by a sémi-batch process or by a continuous

process, and at least one catalyst component selected from -
the group consisting of the njtrogen-containing compound
(b), the alkylaluminum compound (c) and the halogen-
cdntainihg compound (di is added as supplement to the
feaction system. According to this process, the activation
of the catalyst in the reac;ion system is realized, so that

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

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

a high yleld and high sel:.-ivity

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

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

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

use the catalyst only onz: and then throw it away.



recovered fromthe reaction systemto the reaction vessel and it does not
contradict with the contacting node of the present invention. Anmong of the
above-nenti oned contacti ng node of the present invention, the catalytic
activity is remarkably inproved by contir36usly supplying [err]-olefin to
the reaction systemand continually supplying each of catal yst conponents
the chrom um conpound (a),- the nitrogen- containing conpound (b), the

al kyl al um num conpound (c) and the hal ogen-contai ning conpound (d) to the
reaction systemas conpared with a batch reaction and the sem -batch

reaction. In case of supplying continuously the each catalyst conponent to
the reaction ArREALNG tics theepbpdbgescoibehdiracedwnr tfhis demand is
ol i gomerization reaction using a stirred-tank reactor. -~ -33- In a second

aspect of the §tesHi®d-nvention, the catal yst conponents which contain at
| east the-al kyl al umi.num conpound (c¢) and the hal ogen-caontai ni ound

(d) and whi ch” does "'?JP(?[ IEGAACR e dcAPBATRMT SO IFRFRFS &)° z%c@i%gﬁgga to not

catal yst conparantiridhly SREH1IIn g  pH Bt 82 BN he W dniind RSR,
and the reaction in a continuous process is achieved by
uSing a tubular reactor or a multi;staged stirred tank.
The tubular reactor is fundamentally a reaction apparatus
for introducing a reaction componént from one end of a
straight tube or a coiled or a U-shaped tube and
discharging the reaction product from the o;her end
thereof.‘.The multi-staged stirred tank is fundamentally a
reaction apparatus compésed of a pluiality of stirred tanks

- which are arranged in series. A reaction component is
introduced to a first stirred tank, then it is moved to
subsequent tanks and the reaction product is discharged
from the final stirred tank.
lThis mode pf adding a specific catalyst component is

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

constant pressure, and the above-described specific



conponents and an [err]-olefin in the reaction solvent. If after the
specific catal yst conponents -are heated they are contacted with the

remai ni ng. catal yst conponents and [err]--8Befin, the reaction selectivity
is inproved. The preheating tenperature for the catalyst conponents is
preferably not |ower than 100[err], but if the tenperature is too high,
there may be a fear of the al kylal um num conpound (c) being nmetallized. In
consi deration of the progress of side reaction and econom cal efficiency,
the preheating tenperature is ordinarily set to be not higher than.

200[ err]. The cpteflgstbremperartit i hpddahdrattee teactiont yessolerrIn wkel t he
more preferable tenperature is 120 to 160[err]. The preheating tinme depends
on the preheat®8§ PénPefantiiBuUopst r¢acy iorHmAFRSS! WS§ngoa12BPHLALL es,
preferably 30 to 90 mnutes. Although it is not definiteIX cl ear why the
sel ectivit ofreaFﬁQrCaFgPyF?Ea}%%Et'QWP?Q?W&@h&ﬁ@@&,tPFniE Br ERERBY Phat t he
chrom um based, _cat al yst _systemis formed effectively and. the [err]-olefin
ol i goneri zat i STPSYECc8F &r é?g’a‘?%‘i/c?‘ﬁeg%%ﬁ‘&ﬁ ier?&. of tp‘§4?‘ul?ﬁgar -

above- descri bedpiehcahhfgt ARt K0d1 b8i R £{Era YertMlive ¢ otpblinihg raet hod of
"a node that the chrom um conpound and the al kyl al um num conpound do not

come into introduced from a middle of the tubular reactor. After all
of the catalyst components and G-olefin are contacted and a
oligomerization is initiated, the specific catalyst
component is introduced from an appropriate position of the

~ tubular reactor. In the case of a continuous reaction

process using a mplti—staged stirred tahk, the chromium-
based catalyst';nd a-olefin a}e introduced to the first
stirréd tank, and the-specifié cata}yst component is added
to a stirred'tank'after the first stirred tank.

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

the types of the catalyst c-zmponents, but it is about 15 to



contact with each other before the initiation of a reaction". For exanple,
in the case of the introducing nmethod (1), an [err]-olefin and the chroni um
conpound (a) are introduced into a solution containing the nitrogen-
cont ai ni ng conmpound (b), the alkylal um num-<€onpound (c) and the

hal ogen- cont aini ng compound (d), which is preheated to a tenperature of not
| ower than 100[err]. For another exanple, in the case of the introducing

nmet hod (4), an a- olefin, the chrom um conmpound (a) and the nitrogen-
cont ai ni ng conpound (b) are introduced into a solution containing the

al kyl al um num conpound (c) -and the hal ogen- containing conpound (d), .which

i's preheated E:@aétEGHDW}I%Nrt@m@fré&tdén@ée'tlinéaaflgﬂéeal’-blefbﬂxSayeéﬁ@d
produces an excellent result in the reaction selectivity, the catalytic

activity, etcrawnmaegpﬁais@,&é/a&sh :.tmor@tohaqnuee%' ch after a solution
contai ning the chrom um conpound (a), the alkylal um num conpound (c) and

the hal ogen- cont ahsi fifle COIPEsYSh {dbntia3 nihgheaipduha @bf enreg at ure of not
| ower than 100[err], and thereafter an [err]-olef in ‘is introduced into

t he resultantaihymhlamlnmm ¢dmepqurehea)i rgdmehkotalagbatogeta Lmirigi ni ng
conmpound whi ch contains an element in the Goups:III1A |I1IB VA 1VB VA
and VB in thecPappudilc (Tnbveicls grefargilepensed as the he&@@e@ﬂcﬁvﬂtﬂmn ng
conmpound (d)..
as the specific reaction compound, the same compounds as
the catalyst components whiéh are used for the initiation
of the oligomerization, but it is not always'ﬁecessgry that
they are the same. The specific catalyst component may be
added to the reaction system any numbér of times until the
catalyst completelf deactivatés. For example, in the case
of a.semi-batch process, it is possible to add the specific
cétalyst component every time a predetefmined'reaction time
elapses; In the case of a continuous reaction using a
tubular reactor or a multi-~-staged mixed tank, it is
possible to add the specific catalyst component from
appfopriate positions at which the residence time is
different. | |
In case of.adding the said catalyst components, the
amount of the chromium compound used in the initiation of
the oligomérization is 1 x 107 to 0.5 mol, preferably 5 x
107 to 0.2 mol, more preferably 1 x 10‘5-to 5 x 1072 mol
based on one litre of the reaction solvent.
The amount. of each componeht added as supplehent each
time is not defined as the deactivation sbeed of the

catalyst system can not uniformly defined because it is

- changed due to the reaction conditions, but an amount of



-35- In the above-nentioned specific contacting node and preheating node,
t he existing anmount of the chrom um conpound (a) in the reaction systemis
ordinarily 1 x 10-7 to 0.5 nol, preferablgy5 x 10[err] to 0.2 nol, nore
preferably 1 x 10-6 to 5 x 10[err] nol based on one litre of the reaction
solvent. The existing anmount of the nitrogen-containing conpound (b) in
the reaction systemis ordinarily 1 x 10-7 to 0.1 nol, preferably 5 x

10[err] to 5 x 10[err] nmol, nore preferably 1 x . 10[err] to 1 x 10ferr] nol

based on one litre of the reaction solvent. The existing anount of the

“al kyl al um num tompEmddnt)a linihbe coppehhan (5Y st&m doudigrarily 1 x 10[err]
to 7 x 10[err] nol, preferably 5 x 10[err] to 5 x 10[err] nol, nore
preferably 1 adX@laiunintum tompdbBher (E) n@hd bas eshauntores IHalogerf- t he
reaction solvent. The existing anmount the hal ogen-containing conpound (d)
in the reactienBigniag iconpogindandd y @hici Odes rdddend (sl supip,lemetter akky 5
10[err] to 5 x 10[err] mol, nore preferably 1 x 10[err] to 1 x 10[err] nol
based on one ¥§$3RCUValie prederpbaysoPyenere |thas I afadrr edbrieo use a
catalytically effective anount of each of the catal yst conponents. In the

present i nve)r/ﬁ’i’ I3y Poilator 30 Bobi $8I1E Heors RyALARAIYDAURS, S(BPLe he
am ne or met al . éd and (¢ rt_hg aLk b Iuninunlco_ ound in the reaction
systemis adjéjséaf;‘ur%r]afl e I"%? §othe t§o/ ?a’}‘o.' e Preferably d) te 100
mol, still more preferably 5 to 50 mdl, preferably not more
than 20 mol, more preferably 0.1 to 20 mol, still more
preferably 1 to 10 mol, per one mol of the chromium
compound (a) added at the initiation of the .
oligomérizatiqn;
According to this method of supplementing a specific
catalyst-component, it is poésible to activate the
chromium-based cataiyst whose catalytic activity'(g-a—
olefin/g—chromium-Hr) in the reaction system gradually
‘lowers and continuously to use the chromium-based catalyst.
It is, therefore, possibié to greatiy enhance the
efficiency of the chromium-based catalyst by using it until
it completely deactivates, for example, due to the thermal
hiétcry.
In the method of adding a specific catalyst component,
a halogeﬁ-containing compound which contains an element in’
the Groups IIIA, IIIB, IVA, IVB, VA and VB in the Periodic
Table_is preferably used as the haldgen—containing compound. -
(d) . |
The O-olefin oligomerization ‘can also be:cérried out

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

x



0.1 to 100 0.1 to 500 : 0.1 to 100, preferably (a) : (b) (c) : (d) =1
0-1to - 10 1 to 100 :0.1 to 20, nore preferably (a) (b) (c) (d) =1
lto5: 5to50:1 . -3 6- to 10. By conbining such specific
conditions, it is possible to produce [erffl-olefin oligonmers, for exanple
hexenes, in a yield of not less than 90 % by weight (ratio to the total
anount of products), and further, the selectivity of 1-hexene in the
produced hexenes can be enhanced to 99% or nore. In a third aspect of the
present invention, the oligonerization of an [err]-olefin in a reaction

solvent is cond ctg& by . a sgni1batch%£$oc%£s or by a continuous grocess,
and at | east % ap§§¥l€ HPLABAL CYRPAM LA Fr o e §PGH1eBNnS¥SEPRg of

t he nitrogen-containing co und_(b), the alkylalum _num cogpound (c) and

t he hal ogen- gsg’rﬁ é”lxr?fqﬁg_eéoﬁgﬁﬂaaéﬁ)u?%gla?ﬁ_jetg}/e_asr%o@rréﬁgeFBgt ﬂéyr eaction
system Accordidia g LhLScPi8gCsgn LG, ACLE VAl O Ol LR ARLALYSE LDebe
reaction systemis realized, so thal it 1S possibleto produce a

[err]-olefin qg QQ&F&e%Q%EBhSEBQKég PS{ B udd¥nd BN tbNghgdkenh

especially fromethylene with a hi el d” and "high se[err]ivity. In the
catal yst systeftio @FTRBRCEath1bE BbAYSn&RSE! IR molar ratio of water

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

profitable in industrial.

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

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



>

catal yst components, sir- : catal yst begins to deactivate about 30 to
[err]fes after the initiation of a reaction (when the resi[err]

[err]me of the [err]-olefin as the raw mat¢zfi al exceeds 3C

mnutes), it is very inportant to enhance the [err]tic efficiency.
It is preferable to inprove th[err] [err]lytic efficiency by
activating the catal yst the reaction systemin order to use the catalyst
only once and then throw it away. -37- According to the above-descri bed
process, this denmand is satisfied. The reaction in a sem-batch process is
achieved by coathhudtistompongritsd aprabpeausedf ifart phe hdes beeat g eyl ., and
the reaction in a continuous process is achieved by using a tubular reactor
or a nulti-stafedhifi FreRl tSiCe BlaNlnoKaae isabvoprodueedhdeyreiial ly a
reaction apparatus, for introducing a reaction conponent fromone end of a
strai ght tubef8RCRIERI PEARR AlhylHapdurusermRAEndi 38RarYHy teRf3%ection

duct f the oth dth f. Th | ti-st d ' d tank i
Fundanent al |y ALPaaRE] R i s SOMGBER GPSaapriral PEYSER M dt anks

whi ch are arrapggd | ries..,Areactiaon c onent.is. Lntroduced to.q first
stirred tank,gghgg #?efgrﬂ%ieEP%%f¥%e_pg&dd%ga afuﬁlnsxéﬁg 1s eﬁ%&edé%y
filtration, etc.
in the present'invention, it is possible to add at
least one selected from the group consisting of an

alkylating agent, a reducing agent and a halogen-containing

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

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

In this method of the present invention, distillation
for séparating 0-olefin oligomers may not necessarily be

conducted on all of the substances in the reaction mixtur--

For instance, in case of zroducing l-hexene from ethylen-=,



subsequent tanks and the reaction product is discharged fromthe final
stirred tank. This node of adding a specific catalyst conponent is
preferably conmbined with the nethod of "a4kede that the chrom um conpound
and the al kyl al um num conpound do not cone into contact with each other
before the initiation of a.reaction” .In the case of a sem -batch process
for the reaction, after the catal yst conponents are contacted in the
above-descri bed specific node, the reaction is initiated in the reaction
vessel, an [err]-olefin is continuously supplied to the reaction vessel in

such a manner smadll theuh€acti OOhPF EGSHIEE i dRigUmdidieduah asCQRstaBhe
pressure, and the above-descri bed specific -38- catal yst conponent is

added to the mRaclleONe¥esshl théNrédet LS Mmidlt L YkhdueUSep8REELOA . Pr OCESS
using a tubul ar reactor, the catalyst conponents other than the chrom um

conpound are iAltsogdthedbfrprother enshed 4hec toubsll eompratisomayabed tleEt
[err]-olefin and the chrom um conpound are introduced froma mddle of the
tubul ar react dn tAkt eeaaklioonfmikeucatal yst conponents and [err]-olefin are
contacted and a oligonerization is initiated, the specific catalyst
conponent i s introdgcedanpbesant appraiky l@td ngosigeingnadfiedheo the
solvent containing the catalyst componenﬁs alkylaluminum
compounds such as triethylaluminum, which is described
above as one of the catalyst components are usable. Other
examples of the alkylating agent are a Grignard reagent
(RMgX) , alkyl iithium (RLi), and alkyl boron (BR3). The -
_ alkyléluﬁinuﬁ compound élsoISQrves as a reducing agent.
Therefore, as the reducing agent which is added to the
solvent ¢ontaining the catalyst components, ah
alkylaluminum compound as an alkylatinq agent is uséd, but
the reducing agent is not restricted thereto and ofdinary
reducing agents are usable. The ordinary reducing agents
are, for example, NaBH4, LiAlHg4, LiH,'NaH; KH, Na, K, Mg
‘and Hz. As the halogen-containing compound, each halogen-
containing compound which is described above as one of the
 catalyst éomenents is usable.
';The amount of each c:mponént added each time is not
;estricted, but in the cas2 of an alkylatiﬁg agent or a
reducing agent, a preferr=d amount gf alkylating agent {the

reducing agent is regarded as the alkylating agent) added

mol of the chromium comp:;;i (a) used at the initiation of

the oligomerization. A grazferred amount of halogen-



tubular reactor. In the case of a continuous reaction process using a

nul ti-staged stirred tank, the chromum based catalyst and [err]-olefin
are introduced to the fjrst stirred tank,g@and the specific catalyst
conponent is added to a stirred tank after the first stirred tank. The
timng at which the specific catalyst conmponent is added is not limted,

but ordinarily it is after the time at which the catalytic activity beglns
‘to lower. It is possible to add the specific catal yst conponent after the -
deactivation of the catalyst, but to provide a | ong deactivation period is

industrially gdbaedisinqoami. dddeds.ist beneter 20 noef enedbé epifsxibiha
specific catalyst conponent in the period between the time at which the
catal ytic acttwil§ helisessdd droweie @ad bifethenmehadmivun chompmurcdt 6y st
deactivates. This period varies according to the types of the catalyst
conponents, buseitat stidoinitlimtic@fnichet ed igbmerizéeiom. i nitiation of the
ol i goneri zati on -39- reaction (when the residence ti

[err]-olefin as thEh?a%/%%&%}qeﬂl¥%¥%%d§31§eF8vgéeﬁ1H&t%§7t1¥élT$ pIf

ni t rogen- cont aj ni ng_ conpound (b), the al kyl al um num.conpound ( and t he
hal ogen- cont aEREn§CE BN A §30)EhehiRod vArE 1S BYrBRBAr Sk +ﬁ ??R??%&ﬁﬁl(Jn

system from the reaction liquid, and the a-olefin oligomer is

purified, if necessary. For the_putification, a
distillation proéess.is ordinarily adopted so as to recover
the objective compound of a high pur;ty.

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

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

The said solid/liquid separator is mainly composed of

an external bowl having a shape of a cylinder and a cone



as the specific reaction conpound, the sane conpounds as the catal yst .
conponents which are used for the initiation of the oligonerization, but it
i s not always necessary that they are the sanme. The specific catalyst
conponent may be added to the reaction sjé?én1any nunber of tines until the-
catal yst conpletely deactivates. For exanple, in the case of a sem -batch
process, it is possible to add the specific catal yst conponent every tinme a
predeterm ned reaction tine elapses. In the case of a continuous reaction
using a tubular reactor or a nulti-staged m xed tank, it is possible to add

the specific ¢ ; comonent, fr appRropri pasi ti.o t I ch the
resi dence ti rm&%@%’%q eF en g.r%{lﬁycggghoggggd?%}géfhe&eaiSflgtbgw}\é\{gemg
conmponents, t t:he, ] C . | i nidiathon of
he ol i gomer | Z2ton it 5 41y EPERTPHAL VT BPRELIEE e et Ak O
0.2 nol, nore @f&e&iedAdd Yookt £H %I’e?hrseiﬁgxli%faranmolb@ﬁ%t%rqnanl itre
of the reaction solvent. The anount of eacCh conponent added as suppl enent
each tine i s npitéeddNeshiss tdieadgaat iMatienospers id hwaataaysa1gyst em

can not uniformy defined because it is changed due to the reaction
condi tions, butherewimhyntaraf havingOequipped therearound a screw blade
and a plurality of liquid spouts in the body portion; a
feed tube for feeding the stock solution through the liquid
spouts in the body portion of the said internal screw; a
.rotatory mechanism'(planetary gears) designed to produce a
rotational difference between the saidlexternal bowl and -
internal screw in the same_di;ectioﬁ; and a casiﬁg
enclosing said external bowl, and havihg a discharge port
for separating liquid and solid matter. There are two
types of separatoﬁ such as a vertical separator and
horizontal separator.

In operation of the above solid/liquid separator, the
external bowl ;s rotated at high speed while the internal
screw is rotated at a lower speed, whereby the stock

~solution supplied from the feed tube is centrifuged, with

~ the solid matter being separated to the wall surface side
'of the said bowl and discharged out of the system by the
conveYing action of the screw. In the present invention,
the operating conditions 2<% the said solid/liquid separator
are not subjected to any sgecific ;estrictions, but usually
the external bowl is operz:ed at a speed of 2,000 to 6,000

r.p.m., while the internal screw is operated at a speed



ni t rogen-contai ning conpound (b) an anount of al kyl al um num conpound (c)
and an anount of hal ogen- contai ning conpound (d), which are added as

suppl ement, are respectively preferably not nore than 10 nol, nore
preferably 0.1 to 10 nol, still nore prefdbably 1 to 5 nol, preferably not
nore than 100 nol, nore preferably 1 to 100 nol, still nore preferably 5 to
50 nol, preferably not nore than 20 nol, nore preferably 0.1 to 20 nol,
still nmore preferably 1 to 10 nol, per one nol of the chrom um conpound (a)
added at the initiation of the oligonerization. According to this nmethod of
suppl enmenting a specific catal yst-conponent, it is possible to activate the
chr om um based®RHaIZL trhdsO08araPyhi cLateF vian (ts-sreesk iof/ §hehr omi um
Hr) in the reaction systemgradually | owers and continuously to use the
chrom um based®¥HRHRSPWY i s, therefore, possible to greatly enhance the

cLi1erency of the onumbased: alal Yol ol HUTLL Lol L camplet el v

o 102 ShoCI ) AL EREPRREPL o e QORRATY ByraRaaP e, Y o

oL ) TaPL SR X 1edenaal e I Agneya s e akat ()
the reaction is carried out under pressurization. If the
polymeric by-product is dispersed by stirring the reaction
liquid prior to the supply of the reaction liquid to the
solid-liquid separator, it is possible to control the
particle size of thé pblymeric by-produtt. : ' -

In thé preéent invention, the reaction solution

containin§ the catalyst components is contacted with an
‘aqueous écidic or alkaline solution of not more than 2.5
mol/litre so as to remove the catalyst components
therefrom, so that it is possible to enhance the purity of

the o~olefin oligomers.

The various substancssz obtained from the

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

surfactant.



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

al kyl al um num conpound (c) in the reaction system For exanple, n-heptane
used as the reaction solvent may contain about 100 ppm of water. |f such
n- heptane is used as the reaction solvent74?hough depending to the nol ar
rati o of the catal yst conponents, the nolar ratio of water acconpani ed from
the reaction solvent to the al kyl al um num conpound (c) is nore than 1.5

mol, so that a |arge anmount of .polyners such as pol yethylene, etc. is

by- produced and the selectivity of the objective products is renarkably

| owered. However, it is relatively easy to decrease the water content of
n-heptane to 5 to ZBPppmtirdmdtanginiances pasétvniof drtfiBRPdvaes by a

distilling colum, the distilling colum having a relatively small nunber
of stages can piefitedolyrmersdy meneatingd tbenpataingt usempeRaiT Gatdng
agent which is a little utility as conpared with the distilling colum.

Therefore, by 8Ri SRFemivhtemRiung gontadneds ifpthase’dchirn HELERUEA diSum num

conmpound (c) i'n_the reaction system it K is possible to pare do refining
cost which is GfRBEERRGI! dRE iqT (NS &R&iR4SI gu’a?sm%m ﬁ%‘}?ﬂi%‘?ﬂ} al

e [ o tReCPELfdner 1zat iod Aladd1®neBEabYBh o FORPOMRREShed 16 TeaCt i On

[err] and [err

depending on the conditions of distillation separation of
thé substancés, there may arise thé problems such as
deposition of the catalyst components such as chromium
compound on distillation column, so that it is necessary,
from such aspect, to reﬁove the catalyst components such as .
chromium compound contained in the reaction mixture.

AS the acids for removing the catalyst compohents
contained in the reaction mixture, nitric acid,

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

Contact of the reaction mixture containing the
éatalyst components with an aqueous acid or alkali soluti:cn

-can be accomplished by using &arious typeé of extractor,
but it is preferred to uss an apparatus composed of a
stirred tank and a statiocnary séparating tank. Such tan-
may be arranéed in single stage or multiple stages. The

extraction system may be either batchwise or continuos.



previously treated with . ccating agent, such as nol ecul ar sieves,
t-o ad[err] . wat er content existing in the reaction system Alerr]
resi ccati ng agent, nol ecular sieve are usable. Al so, [err]rder to dry
the reaction solvent, the al kylalum um -ggnpound which is one of the
-42- catal yst conponents can be used for the desiccating agent. In this
case, since alum noxane is by-produced by the reaction of the al kylal um num
conpound and water, -before using as the catal yst conponent the
al kyl al um num conmpound, it is preferred that the produced al um noxane is
renoved by filtration, etc. In the present invention, it is possible to add
at | east one sel ectBre feaaliyhet goowpneahsi sashly ofemoved Ky dthengadgent, a
reduci ng agent and ‘a hal ogen-cont-ai ni ng conpound to the sol vent containing
the catal yst cexpbachienwikthdugly owaniabde Pgpreaganatomgthectyre rdf ol efin
oligonmer fromthe reaction solution by distillation, and to circulate the
m xed sol vent EStFRRLIRAAIUH Hpadeniacither pdkali aguEelsi$PBItiPMotivate
the catal yst by a sinple operation of adding the aboye-described specific
kre Fosh By

conpound to th LY cHHCR it Fampeuag 4Py st EREnPOREATEN R R4 t hout
saying that there L 2n80 BR%Add HENGT Ul bl GULEELAY OF. 2ctd valed
present invention, if'necessary, there may be used two
stirring tanks to perform extraction with both an.acidic
aqueous solution and an alkaline aqueous solutioﬁ.

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

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

Removal of the.catalyst components can be performed at
any desired sﬁage after oligomerization., Therefore, the
reaction mixture containing the catalyst coﬁponents is not
limited to tﬁe reaction mixture which has just been led out
of the'reacﬁion system, énd it may be the reaction mixture -
distilled off the main ccmponents of o-olefin oligomers
and/or solvent. However, in case the cotalyst components
are removed from the react-ion ﬁiXture_distilled'off the
great part of o-olefin oiigomers and solvent, there may

, a:ise the problems such a3 depositioh of the'catalyst
compooents on the distillazion column in the distillation

separation just before the removal operation. Therefore,



catal yst to the reaction systemtogether with the added conponent. In this
et hod, a hal ogen-cont ai ni ng conpound wﬁhgh contains an elenent in the
Goups IIlA 111B, IVA 1VB, VA and VB in"the Periodic Table is preferably
used as the hal ogen-containing conpond (d). In this method of the present

I nvention, distillation for separating [err]-olefin oligoners may not
necessarily be conducted on all of the substances in the reaction m xture.
For instance, in case of producing 1-hexene from ethyl ene, -43- smal |

amount of ot hely L1y 0legd %a%h.ggg%mgg@?ﬁ% rgey@ofg etg;ebréaxeo%u'c%a[ égr}he

reaction m xture W thout separation. -product's such as

conpounds may, he dqf turidtd e 8aEH 9L MEShpEfantS H@mYeyedf an al kyl ating

agent added to the solvent containing the catal yst conmponénts al kyl al um num

conpounds sucCdbraferdtdaiddy kdl WhAYR) qvhied 4 £t sleseiddiad athene ogstaee of the
catal yst conmponents are usable. O her exanples of the al kylating agent are

a Gignard resgestidrRMPRtur@l . kyl lithium (RLi), and al kyl boron [err]. The
al kyl al um num conpound al so serves as a reducing agent. Therefore, as the
reduci ng agent whilphthe zddedoforéheving the catalyst components, the
concentration of the chromium compound (a) in the reaction
solution is preferably comparativély low. The
concentration 'of the solvent is preferably in the range of

1.0 x 10-7 to 0.1 mol/litre, and more preferably 2.0 x 107

to 0.02 mol/litre.

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

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

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



o

sol vent containing the catalyst conponents, an al kyl al um num conpound as an
~alkyrating agent is used, but the reducing agent is not restricted thereto
and ordi nary reducing agents are usable. The ordinary reduci ng agents are,
for exanple, NaBH4, [erfr], LiH NaH, KH,"RQT K, My and H2. As the

hal ogen- cont ai ni ng conpound, each hal ogen- containing conpound which is
descri bed above as one of the catal yst conponents is usable. The anount of
each conponent added each time is not restricted, but in the case of an

al kyl ati ng agent or a reducing agent., a preferred -anmount of alkylating

t (th duci i . I
5 100 i, m5he E%a?gﬁghF{;f@r?%_aéﬁ?%aass&%‘&&%bﬁ%éﬁé's” B R PRRT DR
conpoun he initiati t ; . .
amount of hal sgerecovebadn BiptEHhR Ml bpl AT L LBE sonBBRRLTC

preferably 1 to 1 I S o] . fhe chrom um conmpound (a) used
at the initiafﬁghQgggfﬁggoﬁﬁao%%gggzgg%ﬁgé 62 [err]-olefin oligdner)is

recovered by distibhipgigff ;hhensokyentofiding e 1Rl ¥BRERS: Pt RERUNE i S
separated fromthe reaction liquid, and the [err]-olefin oligoner is
purified, if ngcespRbus Ekalhespuitidfatich . exmple, since it is
possible to suppress the reaction between an amine such as
pyrrole and a halogen compound, it is:possible to recover
the expehsi&e amine which remains in the oil layer by
distillation or the like and to reuse the recovered.amine.
In the case of using a low concentration of an acid aqueous '
‘solution, since it is possiblg to suppress the |
-polymerizatidn réaction of an amine such as pyrrole, it is
pos$ible'to recover the expensive amine by distillation
after the neutralization step or the like, and to reuse the
recovered amine.

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

polymerization catalyst.



distillation process is ordinarily adopted so as to recover the objective
eonpound of a high purity. The pol ymeric by-product is separated fromthe
reaction solution by appropriately using a_known solid- |iquid separator.

In the present invention, it is preferabrélfo_use a solid-liquid separator
having a structure of discharge of the solid contents by using a rotary
screw whil e separating the solid contents by centrifugal separation. By
using the solid-liquid separator having such a structure, the separation of -
the powdery polyneric by-product is greatly facilitated. A solid/liquid

separator having e NAREAEScL Dok gD SILIY oSS oS pREToL

For exanple, this type o epar a Co rcia

trade name of 51SRAIMRIXES cBUBLL1RECANEET subiBasf AdURL RunT &S KagreqCo.
Ltd.). Also, various types of screw adapted centrifuges are nmarketed by

| shi kawa | ™ Hg 1478, 1gA049LnaRl1 6. 14k e Tk Spi) SAlthdhl Qb1 3egBEA OF i s

mai nly conposed of an external bow having a shape of a cylinder and a cone
-45- conbi ned dgde@idnlsy ankdt Rneaghi RENSE rid 1By RivhrtAYedhai Raysupperted at

its both ends by bearings and equipped with a
also possible to prevent deposition of the polymeric by-

products on the réactor,_distillation column, other

incidental equipment, and piping. According to the present

invention, it is possible to activate thé catalyst in the

reaction system; and to.circulate the activated catalyst to

the reactioén systém by a Simple operation. Still further, B
according to the present inveption, since it is possible to
obtain l-hexene in a high yield, distillation recovery 6f

- the reaction solvent to be recycled to the reaction system
'can be practiced at low load, and separation of the
polymeric by-products after the reaction can be

accomplished under ordinary pressure or low pressure in an

industrially advantageous wav.

EXAMPLE:

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

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

reactions such as the cous: :sition analysis of O-olefin



di scharge port for separating liquid and solid matter; an internal screw
arranged inside of the said bow coaxially therewith, and having equi pped

t herearound a.screw bl ade and a pIuraIity’%ﬁ'Ii qui d spouts in the body
portion; a feed tube for feeding the stock solution through the Iiquid
spouts in the body portion of the said internal screw, a rotatory nechani sm
(planetary gears) designed to produce a rotational difference between the
said external bowl and internal screwin the sane direction; and a casing

encl osing said_gex l,..bow ,_ and havin | schar ge. port, f-or separat.i ng
lqud and a0l PEESEHTE oY Hidas” MAsSRAL 8- RoRl O3P8 861 BALLs Vel SERRIER
vertical separ {eand horizontal separator. In.operation of the above

solid/liquid separator, the external bow is rotated at high speed while

the internal screw s faidLd @r @EHAME! S8886se ML @V6 iR Stzagly 20l ution:

supplied fromthe feed tube is centrifuged, wth the solid matter being

separated to t&ehyblhesandaee asidde Eehal herspidsdovd ik tivehangedmout of
the system by the conveying action of the screw. In the present invention,

t he operating ThaUsfmenss aind the saimdraaki dal thei Kisepef adiivearts nole
subjected to any specific restrictions, but usually the external bow is
operated at a kjpmddobHfn i Gfen-coft@ldingpcompowhd | &nd hehe iKievdhalf screw i s
operated at a speed _ ' :
halogen~containing compound represent as follows.
<Kind of solvent>

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

<Kind of nitrogen—containiﬁg compound>

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

<Kind of halogen—édntaining compound>
(i;:-CClq, (2): SnClgq, (3): n-BuzSnClz, (4): Ph3CCl,
(5) : Ph3CSbClg, (6): Ge¢14, (7) : CHCl3, (8): EtAlClp,
(9) : EtpAlCl, (10): Et3AlCls, (1l1): ._n-BuzsnBrz,
(12) : ClpCHCHClz, (13): CH2Clz, (14): CBryg, (15): CH2Brp,
(16) : CsHy1Br, (17): t-BuMe;SiOSO,CF3, (18): B(CgFs) 3,
(19) : CF3SO03H, (20): (CF3)2CHOH '

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

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

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

alkylaluminum c¢ompound irzo a solution containing a



-46- about 500 to 1,000 r.p.m |lower than the speed of the external bow .
JThe reaction liquid is supplied to the solid-liquid separator without
melting the polyneric by-product after the pressure is |owered to an
appropriate pressure when the reaction i®3carried out under pressurization
| f the polyneric by-product is dispersed by stirring the reaction liquid
prior to the supply of the reaction liquid to the solid-liquid separator,
it is possible to control the particle size of the polyneric by-product. In
the present invention, the reaction solution containing the catalyst
conponents is contacted with an aqueous acidic or al kaline solution of not
nor e than 2. sehapmiyn compeouns 1 8 PéEBECPneCRER R IRG RIREh 8% Rer ef r om
so that is possible to enhance thepﬁurlty of the [err]-olefin oligoners.

The various SRASRHREL R ARG PPBRPT Re oligonerization reaction  of
[err]-ol efins can gﬁ agﬁ3 i.ed t varroas uses. nst.ance err
fr

. 1- hexene recovere ot i Ié&tfg IS ¥%ﬁ(ﬁ%ﬁ“um und,
: conposi tion f&é}ﬁ%:&%ﬁﬁrga%hagunaneﬂcrat - e £ erifde Pla usef ul

polyners such as near | ow density pol _ [err] (L-LDPE). Also,
1-butene or % Anes J&Hﬂglnan%CFeEﬁEBklum comp&@ﬁé]éﬁﬁ“%(ﬁl eh~ etc.
can be converted 1nto correspond

err| [err]fonic acids erlvatlves
by containing compound. :

(4) : Method of introducing a chromium compound, a
halogen-containing.compound_and an a—olcfin into a solution
containing a nitrogen-containing compound.and an
alkylaluminum compound. |

(X): Method of intrcducing_a nitiogén—containing
compound, a'halogen—containing COmpound'and an a-olefin
into a solution containing a chromium'compouhd and an
alkylaluminum compound.

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

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

% by weight.

Example 1

A 300-ml autoclave which was heated and dried by a
dryer of 120°C was assembi2d while it was hot,,and the air
in the autoclave was replz:2d by nitrogen under a vacuum.

A catalyst component feed tube provided with a rupture



addi ng hydrogen sulfide [err]idizing the resultant m xture. Salts
of such [err] acids are useful as surfactant. -47- Thus, trying to
enhance purity of the produced [err]- ol®¥i ™ oligonmers by renoving the
cat al yst conponents such as chrom um conpound contained in the reaction

m xture is inportant in use of the various substances obtained fromthe

ol i gonerization reaction of [err]-olefin. Further, depending on.the
conditions of distillation separation of the substances, there may arise

t he probl ens sgch as dgﬁgshtio of the tal yst comgonents such as, chrom um

conpound on dP&3%§ MRS S THATTY §5?Fﬁ5{ggi Foi Ehqeteehdve £ 1 orh f@h aspect

t th t . ent h h ] d i ned |

Lhe roncti on BES? (ot LR AR 38 EoRReE b Pt ¢ T TR SR Ao o
reactl o e Mitric o d : Hitsiel

St or o act PEESSERL OO MM orTab bl Shk) e T AT B et ar e,

pot assi um hy dg i Gie ik o GI-HBANALOXLAGL 268 D ©f S5 PP amaisesk 2Such an acid

or alkali is used at a low concentration such as not higher than 2.5
mol /1itre. A @igéeiyBsy SUGENt a-hepta8heaBodGt doh Sod - &, 00 Ky 50.952 0

mol/litre, and a preferred
mmol) of carbon tetrachloride (CCly) and a n-heptane
solution of 0.390 mmol of triethylaluminum were charged
into the autoclave body side in that Qrdéf, and a n-heptane
solution of 12.5 mg (0.026 mmol) of chromium (III) 2-ethyl
hexanoate was charged into the catalet component feed
tube. The total amount of n-heptane was S ml. At this.
point of time, the chromium campound was not in contact
with thg_triethylalﬁminum.

The autoclave was first héatéd to 80°C and ethylene
was then introduced from the catalyst componeﬁt feed tube
at 80°C. The rupture plate was burst by thé pressure of
ethylené, so that the chromium compound was introduced to
the autoclave body side to start the oligomerization of

- ethylene initiated. _Ethylené was introduced until the
total pressure reached 35 kg/cm? G, and thereafter, the
total pressure was maintained at 35 kg/cm? G and the
reactién temperature at 80°C. 30 minutes after, ethanol
was injectéd-into the autoclave to terminate the reaction.
_Aftér releasing ethylene from the autoclave, the polymeric
by-product (mainly polyethylene) in the reaction liquid wasl

removed by a filter to obtain an O-olefin oligomer.



concentration of an alkali is 3.0 x 10[err] to 2.0 nol/litre. Contact of
t-he reaction m xture containing the catal yst conponents w th an aqueous
acid or alkali solution can be acconplishe€b-y using various types of
extractor, but it is preferred to use an apparatus conposed of a stirred
tank and a stationary separating tank. Such tan[err] may be arranged in
single stage or nmultiple stages. The extraction system nmay be either

bat chwi se or conti nuos. -48- The catal yst conponents easily renobved by
t he -said extraction, although variable depending on the type of extracting
agent used (acksamRl&lkali aqueous solution), are nostly chrom um conpound

(a), the nitrogen-containjng conpound (b) and al kyl al umi hum conpound (c).
In the present invett i%?P?l‘?#ql.rhégg@é’él‘reﬁ “')FﬁePéoﬂ‘éﬁg’ﬂel%stetbe t S t5FAGTHYD
tanks to performextraction with both an aci di c_agueous_ sol ution and an

al'kal i ne aqueo®$ | EX3THLe PheXSoPtadOrnySedfdt 81 dridd af® dA mQl)i €4, but

in case.of using stirri t.an d stationary separating tank vol.une
ratio of the of I%?/télfa r}gloarqlu&éeoﬁ(s%nlcg‘)’erl?np i.%cée s&?r?af?goq}é‘ ri,ag%_l}&féﬁley 1.:
0.1 to 10, preferably 1 : 0.5 to 5, a treating tenperature is usually 25 to
60[ err] prefer_ably 40 to 60[err], and a treating tinme is usually 5 to

Example 3

An 0-olefin oligomer was produced in the same reaction

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

tetrachioride.

Example 4

An q—olefin oligomer was produced in the same reaction

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

tetrachloride.

An 0-olefin oligomer was produced in the same reaction

as in Example 1 except for using 24.3 mg (0.042 mmol) of

triphenylmethyl hexachloroantimonate (Ph3CSbClg) in place

of carbon tetrachloride.

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

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



120 )m nutes, preferably 30 to 90 m nutes. Renoval of the catal yst
“conmponents can be performed at any desired stage after oligonerization.
Therefore, the reaction mxture containigqyg the catal yst conponents is not
limted to the reaction m xture which has just been led out of the reaction
system and it may be the reaction mxture distilled of f the main
conponents of [err]-olefin oligoners and/or solvent. However, in case the
catal yst conmponents are renoved fromthe reaction mxture distilled off the
great part of [err]-olefin oligonmers and solvent, there may arise the
probl ens suc&eﬂﬁamﬂn@siéummfoﬁﬂa@ qabguystlﬁmmﬁ cHrddae distillation
colum in the distillation separation just before the renoval operation.
Therefore, tetdAfehI®rmel of the catal yst conponents needs to be conducted
at a stage where the catalyst conponents are not yet concentrated to a high
degree after distillation of the reaction nmixture. In the case of renoving
t he catal yst conponents, the concentration of the chrom um conpound (a) in
the reacti onEsameie€ och is preferably conparatively | ow. The concentration of

the solvent is preferably in the range of 1. err] to 0.1 nol/litre,
and nore preferg 1& Q} ﬁ&nqgaqomergwas produced £ Ae same reaction

as in Example 6 except for using 120 ml of n-heptane in

place of 120 ml of cyclohexane.

Example 8

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

germanium tetrachloride.

Example 9

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

2,5-dimethylerrole.

Example 10

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

A catalet component fex: -“ube provided with a rupture



t0.0.02 mol/litre. Metal ions in the acidic or al kaline aqueous solution
after extraction treatnent. can be recovered by a known method, for exanple,
a method using a chelate resin. "Diaion CRLO", "Diaion CR11" (produced by
M t subi shi Cheni cal Cofporation), can beSldsed as chel ate resin. These

chel ate resins enable efficient recovery of trivalent chromumions and
alumi numions. For recovering netal ions, it is also possible to enploy a
met hod i n which the desired substances are precipitated as insoluble netals
by maki ng use of a pertinent chem cal reaction, or a conbination of such
met hod and the nethod using a chelate resin. In the present invention,
since the corl@is MaASoPrEVIENELEqREBRSNER P drhenlautiqcldyrut i & BaEd for
removing the catalyst_is low it |s possible to reduce the |oad at_the step
of neutraliziQﬁfoﬁQanﬁmﬁéttQFttHbetgﬁﬁt%ﬁergiﬁﬁﬁﬂW3ﬁg“Pﬁe%ﬁ§ﬁglbVoﬁs. I'n
addition, since a |ow concentration of =50-,1 agueo i d or .al kal
solution is R&FSH5® i°§£0r5‘(3‘§§f°ﬂfag P5 7Ry e %chn%engzé@e%zmgge fromthe

catal yst componeilis At Q4 heHaBehRE LEEAVESALAT P mhdAl oS, b0 the case
g a | ow concentrdtion o .
dimethylpyrrole, a n-heptane solution of 37.2 mg (0.312
mmol) of chlorbform (CHC13) énd a n-heptane solution of 2.3
mmol of triethylaluminum were charged into the autoclave
- body side in that order,lénd a n-hept&ne solution of 75.2

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

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

pfocedure as in Example 1.

Example 11
A 300-ml autoclave-prepared in.the same procedure as

~in Examplé was used. 120 ml of cyclohexane, a n-héptane
Solution.of 0.078 mmol of 2,5~dimethylpyrroie, a n-heptane
solﬁtion of-0.39 mmol of triethylaluminum were ¢harged int
the autoclave sody side in that order, and a n-—heptane
solution of 12.5 mg (0.02¢ mmol)_of chromium (III) Z-ethy:
hexanoate and a n—heptane.solution of 8.00 mg-(0.052-mmol
of carbon tetrachloride (Cl1lgy) were.charged into the
catalyét component feed tube. The total amount of n-

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



an-aqueous al kali solution, for exanple, since it is possible to suppress

i he reaction between an ami ne such as pyrrole and a hal ogen conpound, it is
possi bl e to recover -t he expensive am ne ich remains in the oil |ayer by
distillation or the like and to reuse thé&°recovered amine. In the case of
using a | ow concentration of an acid aqueous solution, since it is possible
to suppress the polynerization reaction of an am ne such as pyrrole, it is
possi ble to recover the expensive anmne by distillation after the '
neutralization step or the Ilike, and to reuse the recovered anine The

reaction m xLuBoEhaALEd S0 EheGALALY Sl OTRONENL B ho LUNRL N vaStied Wi th

water to rem)ve e acl m Xe erern an en sepa ate Into

[err]-olefingl g%a%ﬁaemsns%aﬁ@y{omwacg Hdd il e §}'lfihtﬂé5§%i%ﬁéﬁ)@

separati on can be acconplished using a known distrlTation apparatus. The

recover ed Sobéeﬂtroﬁﬁhﬁtbﬁaéeﬁéﬁ%\%htﬂi tdie rRafel bBcaXak8Mis! iniBxARSHd bl e to
produce L-LDPE, which is a useful resin, fromethylene and 1- hexene, which

is produced hy the process of the present invention, by a pol ymerization
reacti on using a known pol ynerization catal yst. -51-

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

hexanoate were charged into the autoclave body side in that

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

the same procedure as i: .21,



Accordrng to the present invention described above, oligoners of
[err]-olefin(s) such as 1-hexene can be produced in a high yield with high
selectivity without conplicate operations and in an industrially

advant ageous way. It is also possible td*ﬁ?event deposition of the

pol yneric by- products on the reactor, distillation colum, other

i nci dental equi pnent, and piping. According to the present invention, it is
possible to activate the catalyst in the reaction system and to circul ate
the activated catalyst to the reaction systemby a sinple operation. Stil

further, acco drn he present invention, since it is possible to.obtain
1- hexene in d, distillation recovery of the reaction solvent to

be recycled to th ti.on em can _be practiced at |ow | oad, and
separation of theelb m ‘%é E)Lragﬁu@fgpsf?%rl? Hel'§ R0 BFCSAFE a°

| i shed u I |
advant ageous tyeraab e HisSS; cadar i 88 Py EESHERd, B A RRRER Y |

more detail Vt.stu fé&rﬁ%@ Otdze'rrﬁnl:l of o2 ]tL%t&é' %M%@JH& &1 on

conpar ati ve exanp resent 1 nvention I s not rest ricted

to those exa[gf rd 311 nmdieldd t¥AkkBY3IaTRALALRAEAONS AlefAHY M ukiibhi n the
scoferr] [err] i nvention. The reaction condition [err]

Exanpl es 1 t 00f0 a042 amidlecis \eehylahomintin diekldridd efBAIDIG)t kereesul ts .
of the reactions such as the conposition analysis of [err]-olefin
: charged into the autoclave body side, and a n-heptane
solution of 10 mg (0.021 mmol) of chromium (III) 2-ethyl
hexanoate was charged into the catalyst component feed
tube. The total amount of n-heptane was 2 ml. At this -
point of time, the chromium cqmpound was not in contact
with the triethylalﬁminum; An oligomerization reaction was

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

same procedure as in Example 1.

Example 13

An o-olefin oligomer was produced in the same reaction

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

place of maleimide.

Example 14

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

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

place of maleimide.



-52- ollgoner by.a gas chromat ography are collectively shown in Table 2. In
Tabl es, [err] represents chromum (lI1l) 2- ethyl hexanoate and [err]
represents triethylalum num The synbols _ 3 d the nunerals in the kind of

sol vent, the kind of nitrogen-containing conpound and the kind of

hal ogen- cont ai ni ng conpound represent as follows. <Kind of solvent> "CHX":
cycl ohexane, "HP": n-heptane, "TL": toluene <Kind of nitrogen-containing
conmpound> (1) 2,5-dinmethylpyrrole, (2) maleimde, (3) 3,4-

di met hyl mal ei mde, (4) 3, 4-dichloromal eimde <Kind of hal ogen-containing

conmpound> (I)fmk?&ﬂk?ﬁ%p: [err] (3): [err] (4): [er] (5): [err] (6): [err]
(7): [err] (8): [érr 9) : [err] (10): [err] (11) [err] (12): [err] (13):
[err] (14): [err] @kSk-olerih bléyomelewdd gdoQuced & kehe( $8he keaetifd9):
[err] (20): [err] The nunerals and the synbol in the contacting nethod in

Tabl e 1 represgntimgdaaplews? ésta\,epi.\/bfdsrpd;@ifng @A iaNandnGRr 8ALEFLde
conpound and an

(Et2A1Cl) in place of ethylaluminum dichloride.

Example 16

An O0-olefin oligomer was produced in the same reaction

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

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

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

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

Example 18

An a—élefin oligomer.was produced in the same reaction
as in Exémple 12 except for éhanging the amount of.solvent
and the amount of cétalyst components. That is, 120 hl of
cyclohexane, 0.156 mmol of maleimide, 0.779 mmol of
trie;hylaluminﬁm, 0.104 mr2>! of ethylaluminum dichloride,
2.5 mg (0.0052 mmol) of chrsmium (III) Z—ethyl hexanoate

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



[err]-olefin into a solution containing a nitrogen-containing conpound, an
al’kyl al um num conpound and a hal ogen- contai ni ng conmpound. (2): Method of
introducing an [err]-olefin and an al kyl aLym num conpound into a sol ution
containing a  -53- chrom um conpound, a°nitrogen-containing conpound and
a hal ogen-cont ai ni ng conpound. (3): Method of introducing an al kyl al um num
conpound, a hal ogen-cont ai ni ng conpound and an [err]-olefin into a solution
contai ning a chrom um conpound and a nitrogen- containing conpound. (4):

Met hod of introducing a chrom um conpound, a hal ogen-contai ni ng conpound

and an a-olefF%ﬁh%&g_igsolution cont ai ning a nitrogen-containing conpound
and an al kyl a umconpound. (X): Method of introducing a

ni trogen-cont ai ni NAnC@NBREREn 81 NgbREL NLHPrddtided GaMpaENdamldraliction
[err]-olefin into a solution containing a chrom um conpound and an

al kyl al um numygopROERAmpL 8 T2béfSept N MMHarfingh@neababyht Cogfficiency is
g- [err]-olefin/g-chromumand the unit of the catalytic activity is :

g-[err]-ol ef i Rk@yaB1aft HiHe i cHIer Lantnto @73 kimeri.um net al

Example 20

An O-olefin oligomer was produced in the same reaction

as in Example 12 except for changing the amount of

ethylaluminum dichloride to 0.208 mmol.

;zamﬂlg_ZL

An o~olefin oligomer was produced in the same reaction

as in Example 12 except for changing the amount of

ethylaluminum dichloride to 0.126 mmol.

Example 22
An 0-olefin oligomer was produced in the same reaction
as in Example 12 except for changing the amount of

triethylaluminum to 0.934 mmol.

Example 23

An a;olefin oligomer was produced in the same reaction:
as in Example 12 except for changing the amount of catalyst
components. That is,_0.108 mmol of maleimide, 0.42 mmol of
'triethylalumihum and 0.062 mmol of ethylaluminum dichloride

- were used.



in [err] used in Exanples 48 to 95 was 10.4 % by wei ght and the content of
chromumnetal in [err] used in Exanples 1 to 47 and Conparative Exanples 1
and 2 was 10.8 % by weight. Exanple 1 A 300-m autoclave which was heat ed
and dried by a dryer of” 120[err] was assefbr ed while it was hot, and the
air in the autoclave was replaced by nitrogen under a vacuum A catal yst
conponént feed tube provided with a rupture -54- plate was previously
attached to the autoclave. It had been confirnmed that the rupture plate
was not burst by a pressure of nitrogen of about 5 kg/cn2. 120 m of

cycl ohexane, E n-hfgtzge solution of 0.078 mml of 2,5- dinethylpyrrole, a
'n- hept ane sol .00 ng (0.052 mol ) of carbon tetrachloride [err]

and a n- hept ane sogﬁtgoglggig;gﬁﬁééﬂg¥ %?E %&gﬁ%%éhﬁ@ﬂ”%ﬂgn§¥ﬁéer{%%?yggf

into the autoclave body side in that order eptane solu

12,010, 0263 by S0 UL It o 0hshsongst spae eherged inio

the catal yst conponen total eptane was 5 nl.

At this point ogfohiigR. (£PE) CAUAMMMRAMAARE Was 08ka) NeR@NIAR Wi th the

triethylal um num
temperature at which ethylene was introduced and the

reaction temperature were changed to 50°C, and that the

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

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

tetrachloride in place of ethyialuminum dichloride.

Example 26

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

as in Example 12 except for using 0.063 mmol of dibutyltin

dichloride in place of ethylaluminum dichloride.

Ezamnla_zl

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

dichloride.



The autocl ave was first heated to 80[err] and ethylene was then introduced
fromthe catal yst conponent feed tube at 89[err] The rupture plate was
burst by the pressure of ethylene, so t haP>the chrom um conpound was

i ntroduced to the autoclave body side to start the oligonerization of
ethylene initiated. Ethylene was introduced until the total pressure
reached 35 kg/[err] G and thereafter, the total pressure was maintained at
35 kg/cn2 G and the reaction tenperature at 80[err]. 30 minutes after,

et hanol was i;igﬁisg %gto the autoclave to term nate the reaction. After

rel easing eth ‘the autocl ave, the polyneric by-product (mainly

pol yethylene) ‘in thg &EBQEEQH bl Shbfle MaFa d PEDRERY 18 Ehlet eaméor@m:@wnan
a-ol efin oligoner. - Exanple 2 An [err] ol efin oligoner was produced

in the same regacti,0py ﬁpw E%‘aé@éé‘fptl £ a1 r?oro.'é?l”ﬁfné% 5f”&1}§9t9§@163“m')

of tin tetrachloride [err] in place of carbon tetrachloride

[err]-olefin _Q|1b%ﬂi%leW§§ g[@éélcéﬂ éthy N8 AR @3chiepigs.in EX&WD' el
except for using 12.6 ngy of dibutyltin dlchlorlde [err] in

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

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

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

as in Example 12 except for using 0.062 mmol of

tetrachloroethane (ClgCHCHClz) in place of ethylaluminum

dichloride.

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

as in Example 29 except for using 23.4 mmol of

dichloromethane (CH2Clz) in place of carbon tetrachloride.

Example 32

An o-olefin oligomer was produced in the same reaction

as in Example 12 éxcept for using 0.084 mmol of carbon

tetrabromide in place of ethylaluminum dichloride.



Exanpfe 4 An [err]-olefin oligonmer was produced in the same reaction as in
Exanpl e 1 except for using 11.7 ng (0.042 mol) of triphenyl methyl chloride
[err] in place of carbon tetrachl ori de. Eﬁ%nple 5 An [err]-ol efin oligoner
was produced in the sane reaction as in Exanple 1 except for using 24.3 ng
(0.042 mmol ) of triphenyl nethyl hexachl oroantinonate [err] in place of
carbon tetrachloride. Exanple 6 An a-olefin oligoner was produced in the
sanme reaction as in Exanple 1 except for using 11.1 ng (0.052 mol) of

- 56- gernanqu%%ﬁ%igggéoride [err] in place of carbon tetrachloride.
Exanple 7 An - in oligonmer was produced in the sanme reaction. as in
Exanpl e 6 except fghp &Sbﬂgfigooﬂi?&fief‘ Jaﬁsotp%%ubedphaceh@fséag Fea&ion

cycl ohexane. Exanple 8 An [err] efin oligoner was produced in the sane
reaction as | QsEiﬁ”EkémﬁléxffpéxééHt AN ot 08k Ifiho PTo£har gi ng

dibromomethane (CH2Br2) in place of ethylaluminum

dichloride.

Example 34

An o-olefin oligomer was produced in the same reaction

as in Example 12 except for using 0.084 mmol of pentyl

bromide (CsH11Br) in place of ethylaluminum dichloride.

An ¢-olefin oligomer was produced in the same reaction
as in Example 12 except for using 0.084 mmol of dibutyltin
dichloride and 0.021 mmol of dibutyltin dibromide in place

of ethylaluminum dichloride.

Example 36

An 0-olefin oligom:: .:: produced in the same reaction
as in Example 12 except - .:in§ 0.062 mmol of dibutyltin
dichloride and 0.010 mr © :ibutyltin dibromide in place

of ethylaluminum dichl

- Example 37

An o-olefin oligor- rroduced in the same reaction

as in Example 12 except iing 0.062 mmol of dibutyltin



the materials into the autoclave body side to the order of cycl ohexane,
ttiethylal um num 2, 5-dinethylpyrrole, _germani um tetrachl ori de.
Exanple 9 An [err]-ol efin oligoner ..mas oduced in the sane reaction as
in Exanple 6 except for changing the order of charging the materials into
t he [err] have body side to the order of cyclohexane, triethylaferr]

, germaniumtetrachl oride and 2,5-di nethyl pyrrole. - Exanple 10 A 2-litre
autoclaferr] was heated and dried by a dryer of 150[err] was asse[err]

while 1towas Dofon Bl dd el fo. 'o'azt[%kﬁ i“&?cé r{e% {Bromide in g& e
ni trogen under "a vacuum Recat al conpone err e provP 8G%wi t h
a rupture - &Hfﬁéadmyiug{Qngqggydéttached to t he autoclave It had

been confirne hat the rupture plate was not burst by a pressure of

ni trogen of_about 5 kg/[err]. 730 ml of cyclohexane, a n-heptane sol ution

of 0.47 mmol of 2,5- dinethylpyrrole, a n-heptane solution of 37.2 ny

(0.312 nmol) qﬁgnhungﬁprn1[err] and a n-heptane solution of 2.3 mmol of

triethylal um numwere charged into the autoclave body side in that order,

and a n- hept ane SolAn igrelgfins ligomer was produced in the same reaction
as in Example 12 except for using 0.168 mmol of
diethylaluminum chloride and 0.042lmmol of carbon

tetrachlqride in place of ethylaluminum dichloride.
Example_ia'

An o-olefin oligomer was produced in the same reaction
as in Example 29 except for uding 0.26 mmol of t-

butyldimethylsilyl trifluoromethanesulfonate (t-

BuMezSi0802CF3) in place'of carbon tetrachloride.

Example 40

An a-olefin oligomer was produced in the same reaction
as in Example 12 except for using 0.042 mmol of
trispentaflﬁorophenylboron (B(CgF5)3 in place of

ethylaluminum dichloride.

Example 41 -

An 0-olefin oligomer was produced in the same reacti:-:
as in Example 12 except for using a reaction solution wh: -
‘'was obtained by mixing 0.:126 mmol of

trifluoromethanesulfonic zacid (CF3SO3H) and 0.125 mmol c:



ny (0f156 mmol ) of chromum (I11) 2-ethyl hexanoate was charged into the
catal yst conponent feed tube. The total appunt of n-heptane was 20 m, At
this point of time, the chrom um conpound s not in contact with-the
triethylalum num An oligonerization reaction was carried out and the

pol ymeri c by-product was renoved in the sane procedure as in Exanple 1.
Exanpl e 11 A 300-m autocl ave prepared in the sane procedure as in Exanple
was used. 120 ml of cycl ohexane, a n-heptane solution of 0.078 nmol of

2,5 di rethyl pYihaky1810alRehane SOt A (& 39:7ERLaeT v Lod el iy al um num

were charged int thée autoeclave body si n that order, and a n-heptane

sol ution of 1233-800E0ePRG18TBNINGE SHOPUR(! 1) 2-ethy hexanoate and a
n- hept ane sol ution of 8.00 ng (0.052 mml|l of carbon tetrachloride [err]

wer-e charged into the catal yst conponent feed tube. The total amount of n-
heptane was 5 m. At this point of tinme, the chrom um -58- conmpound was
not in contacExamphet B& triethyl al um num An ol igonerization reaction was

carried out and the polyneric bx;prodUCt was renoved in the same procedure
as in Exanple 1. &n a-olefin oligomer was produced in the same reaction

as in Example 41 except for changing the amount of catalyst
components reacted in the different vessel to 0.415 mmol of
trifluoromethanesulfonic acid and 0.411 mmol of

triethylaluminum.

Example 43
An a-olefin oligomer was'produﬁed in the same reaction
~as in Example 41 except for changing the amount of catalyst
components reacted in the different vessel to 1.246 mmol of
“trifluoromethanesulfonic acid and 0.411 mmol of

triethylaiuminum.

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

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

tetrachloride.

Example 45
An a-olefin oligomer was produced in the same reaction
as in Example 12 except f-r changing the place into which

the catalyst components were charged. That is,



-

Cbnpa?ative Exanple 1 An [err]-olefin oligoner was produced in the sane
reaction as in Exanple 1 except that carbgn tetrachloride was not added..
Conpar ative Example 2 A 300-m autoclave‘ﬁ epared in the sane procedure as
i n Exanpl e was used. 120 m of cycl ohexane, a n-heptane solution of 0.39
mmol of triethylal um numand a n-heptane solution of 12.5 ng (0.026 nmol)
of chromum (111) 2-ethyl hexanoate were charged into the autoclave body
side in that order. At this point of time, the chrom um conpound was in
contact with th | [err]_ rrl]maum,. . A n-h . sol utior 0.078
ol of 2. 5. drNELRPERRIY! F ahrhednd ST s Br BRAETE 385 4 P sty
(0.052 nmol) s b ELE | a ri nr into the
catal y[err] somtlf%réfn@ﬁ{béggeng fﬂl]ﬂblg ﬂ%ﬁﬂg?%o%:g}éﬁgﬁ%ﬁ%?é%fdan_ ept ane was
An 0|lgonﬁr'?ﬁEPQQnéeééiﬁEHbHWBE(%¥Hyr%iu%H%uﬁngiEﬁQoride we{&réﬂa%g§§"0dUCt
was renoved in the same procedure as J[err] " 1. -59-" Exanpl e 12
A 300-m aut oghayethé epat 66l ave thwis IR @Beddr 8 AsShépPr &x@ndd Butiasn used.
120 m of cycl ohexane, a n-heptane solution of 0.062 nmol of maleinde, a
n- hept ane sol wkiethylaluminum was charged into the complex component

feed tube.

Example 46
An d—olefin oligomer was produced in the same reacfion

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

component feed tube.

Example 47

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

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



of 0.311 mmol of triethylalum numand a n-heptane solution of 0.042 mol of
efhyl al um num dichloride [err] were charged. into the autoclave body side,
and a n-heptane solution of 10 ng (0.021-RPol) of chromium (111) 2-ethyl
hexanoat e was charged into the catal yst conponent feed tube. The total
anount of n-heptane was 2 m. At this point of tinme, the chrom um conpound
was not in contact with the triethylalumnum -~An oligomerization reaction
was carried out and the pol yneric by- product was renoved in the sane
procedure as in Exa 1. Exagﬁle 13 An [err]-olefin ollgoner was produced

in the same r@&éﬂ#@ﬁ Q%nPﬁ EHShpPelde WS shargedudphg the complex

3, 4-di net hyl mal ei m de_i of malei mde. Exanple 14 An [err]-olefin
ol i goner was [FPERQBERT Eegﬂ E%%E reaction as in Exanple 12 except for
usi ng 3, 4- dichloronale|n1de in place of maleim de. -60- Exanple 15 An~
[err]-olefin oligoner was produced in the sane reaction as in Exanple 12

except for usbggmglg_gﬁlalun1nun1ch|or|de [err] in place of ethylal um num
di chl ori de.

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

. The mikture of 2,5—dimethyipyrrole, triethylaluminum
and 1,1,2,2—tetrachloroéthane in the autoclave was first
heated to 120°C and after the mixture was held for 1.0

" hour, it was cooled'to 8G°C. Ethylene was then introdﬁced
from the catalyst component feed tubef The rupture plate
was burst by the pressure of ethylene, so that the chromium
compouﬁd was introduced to the autoclave body side and the

oligomerization of ethylene started. Ethylene was



Exarrpl"'e 16 An [err]-olefin oligonmer was produced in the same reaction as in
Exanpl e 12 except for using sesquialumnumchloride [err] in place of

et hyl al um num di chl ori de. Exanple 17 An [e@?j ol efin oligoner was produced
in the sane reaction as in Exanple 12 except for using 48 ml of cycl ohexane
and 1 m of toluene in place of 48 m of cyclohexane. Exanple 18 An
[err]-olefin oligonmer was produced in the sane reaction as in Exanple 12
except for changing the anount .of solvent and the anount of catal yst

conponents. That is, 120 m of ¢ycl ohexane, 0.156 nmol of nale|n1de 0 779
mmol  of triethk?%ﬁ?ﬁﬁ?ﬁﬂn“qylfoi PT8f BER§PAFENTTRARSS i &3/ @Grandny

.(0.0052 | f ch || h t d 5 t

(00052 mmol) g SHEALAMAL 2 el Dekeneat oo 21 of L hepione
' ti [ t f h t. qf et hyl
FICOCNR i CECERHPRAR g A a1

in the sane reacti %@ér'fél@s@mgeeﬂcay@éﬁs_pkrmrtﬁ@wa&ém- unt  of

polymeric by-product_(mainly polyethyléne) in the reaction

liquid was removed by a filter so as to obtain an a-olefin

oligomer.

E_&mpl.e_j.&

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

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

.autoclave to 140°C.

Example 50

An o-olefin oligomer was produced in the same reaction
as in Example 48 except -::- 730 ml of n-heptane, a n-
heptane solution of 0.7 -3l of triethylaluminum and a n-

r

heptane solution of 39.. ©.235 mmol) of 1,1,2,2-_

ﬁetrachloroethane were : in%o_the autoclave body
side,. and a n-heptane | :.éf 22.5 mg (0.047 mmol) of
chromium (III) 2-ethy! ze and a n-heptane solution
of 0.140 mmol of 2,5-c. - wrrole were charged into the
~catalyst component fee.: . and that the mixture of
triethylaluminum and 1, .. ..«:etréchloroethane in the

autoclave was heated tc .. .°C.



et hylalum numdichloride to 0.208 nmol. Exanple 21 An [err]-olefin oligoner
was produced in the sanme reaction as in Exanple 12 except for changing the
amount of ethylal um numdichloride to 0.12%" mmol . Exanpl e 22 An
[err]-olefin oligonmer was produced in the sanme reaction as in Exanple 12
except for changing the anount of triethylalum numto 0.934 mol. Exanple
23 An [err]-olefin oligomer was produced in the sanme reaction as in Exanple
12 except for changing the anpbunt of catal yst conponents. That is, 0.108
mol of mal eimde, 0.42 nmmol of triethylal um numand 0.062 nmol of

et hyl al um num di chl ori de were used. -62- Exanple 24 An [err]-olefin

ol i goner was dedn the sane reaction as in Exanple 18 except that 2.5
ng (0.052 mo of chtomum (111) 2-ethyl hexanoate was used, that the

tenperature at whi gh QLBYLEDS YBSydrdy GAACed candelingnr ERET 5o t AOMEY BT €
were changed to 50[err], and that the pressure at the tinme of reaction was
changed to 20,k94RMBGample 48 except that heat treatment of the mixture

of 2,5-dimethylpyrrole, triethylaluminum and 1,1,2,2-

tetrachloroethane in the autoclave.wds not executed.

Example 52

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

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

rup;ure'plate was burst by the pressﬁre of ethylene, so



Exanpl e 25 An [err]-olefin oligonmer was produced in the same feaction'- as
in Exanple 12 except for using 0.032 mmol of tin tetrachloride in place of
et hyl al umi num di chl ori de. Exanple 26 An fétr]-olefin oligomer was produced
in the sane reaction as in Exanple 12 except for using 0.063 muol of
di butyltin dichloride in place of ethylalum numdichloride. Exanple 27 An
a-olefin oligonmer was produced in the same reaction as in Exanple 12 except
for using 0.084 mol of dibutyltin dibrom de (n-Bu2SnBr2) in place of
et hyl al um num di chloride. -63-.E§%§gle 28 An Eerr]-olefin ol i goner was
produced in t §83%afB®r EREPPONR aSOTRP BAMA R 5 TeUEFE £Br LRSI AYEATEUE ol
of dibutyltin dibraon,de_i ace, of ethyl al.umn ichloride, Exanple An
[err]-olefin I 50ﬁé?emﬁggp?%ﬁu%%ﬂg?WFﬁgkggiﬁﬂaO%gégbygﬁnﬁsl?httﬁ%. le 24
except that 05104 I ? r | -or, de u g LN..pl
ethyIaIuninunF%ggﬁgg?iggga%§£ ﬁg%ég%éﬂﬁgﬁkﬁ#%%tpgéﬁeﬁg ﬁ?grﬁagggﬁﬁ%%é3 to
80[err].. Kg/cm2G and thereafter, the total pressure was maintained

at 35 Kg/cm?G and the reaction temperature-at 80°C.

.~ After the reaction continued for 0.5 hour, the

autoclave was degassed by releasing the pressure of the

autociave. The polymeric by-product (mainly polyethylene)

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

obtain an O-~olefin oligomer.

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

of the autoclave was 11.0 vols.

Example 54

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

of the autoclave was 23.3 vols.



Exanple 30 An [err]-olefin oligomer was produced in the sanme reaction as in
Exanpl e 12 except for using 0.062 mmol of tetrachl oroethane [err] in place
of ethylal um num dichloride. Exanple 31 Aféferr]-olefin oligoner was .
produced in the sane reaction as in Exanple 29 except for using 23.4 mol

of dichloromethane [err] i'n place of carbon tetrachloride. Exanple 32 An
[err]-olefin oligoner was produced in the sane reaction as in Exanple 12
except for using 0.084 nmol of carbon tetrabromide in place of

et hyl al um num di ch] ori de. -64- Exanple 33 An [err]-olefin oligomer was
produced in t BEaBRAR 2action as in Exanpl e 12 except for using 0.084 mol

of di br ononet hane Br in place of ethylalum num dichloride. anple 34
An [err]olefin olié%ﬁ%roﬁ%glqn§;ﬁﬁﬁﬂfﬁ Waﬁhérggﬂﬁeaeéﬁt?Qﬁl%%F?rf fe 12
except for using,0.084 |_.of pentyl bromde [err],.in place of .
ethyFaIuninun?ﬂ?bﬂlé%?Tégg)sz e cepfythat gbgrogen &lé.n t exist in the

gas phase of the autoclave.

Example 56

.A 10-1litre autoclave kcontinudus stirred-tank reactor,
liquid content: 7.5 litre) provided with two catalyst
component feed tubes and one overflow tube was heated and
dried by_a dryer of 150?C, and assembled while it was hot.

The air in the autoclave was replaced by nitrogen under a
‘vacuum. A n-heptane solution.of 1.85 mmol/Ht of 2,5-
dimethylpyfrole, a n-hepténe solution of 9.0. mmol/Hr of
triethylaluminum and a n-heptane solution of 3.0 mmol/Hr of
1,1,2,2-tetrachloroethane were continuously supplied from .
one catalyst’compoﬁent feed tube, and'a nrhéptane solutidn
of 0.29 g/Hr and 0.60 mmol/Hr of chromium (III) 2-ethyl |
hexanoate and a mixed gas of ethylene and hydrogen
'(hydrogen'concentration: 2.0 vol%) were continuously
supplied from the othér éatalyst component feed tube. The
total amount of n-heptane supplied was controlled to be 5.0:
iitre/ Hr.
The reaction pfessure by the mixed gas was 35 Kg/cmlG,

. and the reaction temperature was 80°C. The reaction liquid.
obtained was caused to overflbw into a préssure vessel
which was connected to the autoclave, and supplied to a

.vertical "Shafples Super-D-Canter" (produced by Tomoe



Exanpl e 35 An [err]-olefin ol i gomer was produced in the sane reaction'as I n
Exanpl e 12 except for using 0.084 mmol of dibutyltin dichloride and 0.021
mmol of dibutyltin dibronmde in place of ®thyl al uni num dichl ori de. Exanpl e
36 An [err]-olefin oligomer [err]. produced in the sane reaction as in
Exanpl e 12 except : [err]ing 0.062 mmol of. dibutyltin dichloride and
0.010 nferr] [err]butyltin dibromde in place of ethylal um num
dichl[err] Exanmple 37 An [err]-olefin oligor _ roduced in the sane
reaction as in_Exanpleg 12 except err]ling 0.062 nmol of. dibutyltin
-65- di chl ori d8o%¥r £202 Fefl/ 6 ooy s Pﬁr%FBr RE JROYIRTY RYWeric
ethyl al umi numdichloride. Exanple 33 An [err]-qlefin_ oligoner S oduced
in the sane re%%t?fﬁg%ﬁfi|1ﬁé¥%ﬁﬁﬁ€“ffl§x%gpFL?gFC%svﬁﬁ %éhﬁﬁ? |“4ﬁ5r .
di et hyl al um nu h ' -gﬁg 4 f._caeb o4 i | ace of
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In the same regghiOfas 4000 rpm and the number of revolutions of the

innef screw was 3500 rpm. The polymeric by-product was

effiéiently and sﬁdothly separated from the reaction

liquid.

Example 57
An O-olefin oligomer was continuously produced and the

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

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

the apparatus or the like.

Example 58

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

the catalyst component-supplementing tank was heated, dried



ds in' Exanple 29 except for using 0.26 nmol of t- butyldinethylsilyl
trifluoronethanesul fonate (t- [err] in place of carbon tetrachl oride.
Exanple 40 An [err]-olefin oligomner mas'ﬁVbduced in the sane reaction as in
Exanpl e 12 except for Using 0.042 mmol of trispentafluorophenyl boron [err]
in place of ethylalum numdichloride. Exanple 41 An [err]-olefin oligomer
was produced in the same reaction as in Exanple 12 except for using a
reaction solution wh: was obtained by mxing 0.126 muol of '

trifluoronmethanesul fonic acid.[err] and.,0.1 err - 66-

triethyl al uni 3R ¥ rﬁ‘rﬁapttq’éﬁfeeﬁ['hw LdFFF%F‘%ﬁ%S‘\’/@g&%%eﬁl s
gthylalun1nun1d|CQLor|de: Exanple 42 An [err]-olefin oligomer was produced
in the same r&action as in Exanpl e 41 except for changing.the anmount of

O e ot oo Paner R PE S8 iR EoheRbot e ol b gl
43 mmol of 2,5-dimethylpyrrole, a n-heptane solution-of 0.700
mmol of triethylaluminum and a n-heptans solution of 20.15
mg (0.094 mmol) of germanium tetrachloride were charged
.into'the autoclave body side, while a n-heptane solution of
'22.5 mg (0.047 mmol) of chromium (III) 2-ethyl hexanoate
was charged into the catalyst component feed tube. The
total amount of n-heptahe was 750 ml. A n-heptane solution
_qf-20.15 mé (0.094 mmol) of germanium tetrachloride waé ]
charged into the catalyst combonent—supplementing tank. At
this point of timé, the chfomium compound was not in
.contact.with the triethylaluminum. |
The autoclave was first heated to 80°C and ethylene
was then introduced from the catalyst_compbnent feed tube.

The rupture piate_was burst by the pressure of ethylene, so

 that the chromium compour: was introduced to the autoclave

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

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

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

Thereafter, the total ax ... of n-heptane of germanium



An [err]-olefin oligoner was produced in the same reaction as in Exanple 41
except for changing the anount of catal yst conponents reacted in the
different vessel to 1.246 nmol of trifludfonet hanesul fonic acid and 0.411
mol of trlethylalunlnunl Exanple 44 An [err]-olefin oligonmer was produced
in the sane reaction as in Exanple 29 except for using 0.104 nmol of

hexaf | uor oi sopropanol [err] in place of carbon tetrachloride. Exanple 45 An
a-olefin oligoner was produced in the sanme reaction as in Exanple 12 except

a1 ALY SIS SRR S
- heptane sol Hhb? Peio&mgg\yﬁ*éﬂg 2258 PB4 2083L €2 30007 fis hept ane
a I C

solution of e um num | ori de were charge e autdel ave body

side, while acBnP%RE@H%éP' PO, QIn&erz‘ %thfy's%hu%eng@éngharmf nto the
conpl ex conponent feed tube. Exanple An [err]-olefin oligoner was
produced in theigagengeachyDéne from the autoclave, the polymeric by-.
product (mainly polyethyiene) in the reaction liquid was
. removed by a filter. The reaction liquid was recovered and
the a—plefin oligomer in the reaction quuid was analyzed
{Example 58B).
In each sample, after the polymeric by-product (mainly
polyethylene) was removed, the sample Was analyzed (Example

58A)

Example 59

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

respeétively.

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

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



as in'Exaane 12 except for changing the place into which the catalyst
conponents were charged. That is, cycl ohex a n- heptane sol ution of
mal ei m de, and a n- heptane sol'ution of cﬁ?on1un1(lll) 2- et hyl hexanoat e
were charged into the autocl ave body side, while a n-heptane sol ution of
triethylalum numand a n-heptane solution of ethylalum numdichloride were
charged into the conplex conponent feed tube. Exanple 47 An [err]-olefin
ol i goner was produced in the sane reaction as in Exanple 12 except for

changlng t he pIaQ% 0@%0 m@igh h§?|o;ah¥§t Fﬁﬁﬁ%ﬁaﬁ ver e cEgB?ed That

IS, cyclohexaﬁ§' n-heptan ol € an

sol ution of ”éo%%'&&'o | Y Buzpﬂe{qﬁofhéf gr?r]d:[eﬁl-}}zi {\Bﬁ\ ?M OSES"S Rofly %éégé’

whil e a n-heptane sol ution rom um exanoat e an

n-heptane sol Wd10f ;@ of 06%0%}&&.3&"‘@ Wﬂde‘%@x‘y@&iﬁ%o‘i’@r @eEQa{:Vﬁﬁgé@to

t he conpl ex conponent feed tube. Exanple 48 A 2-litfe autocl ave

heated and drijgddyne dayanyet &dRpShédt VasorASEHRARIi8g wWahks bLhavesabot, and
the air in the autoclave was replace by nitrogen under a vacuum A
germanium tetrachlqude, triethylaluminum and 2,5-
dimethylpyrrole were further added after the reaction
" continued 1 hour so as to further continue the reaction.

The results of reactions after 1 hour and 2 hours are . shown

as Examples 60A and 60B, respectively.

Example 61
_An a-olefin oligomer was'p;bduéed in the same reactionl

as in Example 58 except that a n-heptane solution of 0.700
mmol of triethylaluﬁinum was charged into the catalyst
componént—supplementing tank, and that triethylaluminum was
furthe; added after the reaction continued 1 hour so as to
further continue the reaction. The results of reaction s

- after 1 hour and 2 hours are shown as Examples 61A and 61,

respectively.

Example 62

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

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



cat al yst conponent feed tube provided with a rupture plate was previously
attached to the autoclave. It had been caonfirned that the rupture plate was
not burst by a pressure of nitrogen of avout 5 kg/cn2. 730 m of n-

hept ane, a n-heptane solution of 0.140 mmol of 2,5- dinethylpyrrole, a

n- hept ane sol ution of 0.700 nmol of triethylal um numand a n-hept ane :
solution of 39.4 ng (0.235 mml) of 1,1, 2,2-tetrachl oroet hane were charged
into the autoclave body side, and a n-heptane solution of 22.5 ng (0.047

mol ) of chrggtﬂnﬁllég 2-ethyl hexanoate was charged into the catalyst
conponent fe e total amount of n- heptane was 750 m . The m xture

of 2, 5-dinet hyl pyrérﬂf-fo%erefal?'tegw glou‘glrnugg %ﬂé?%er ttﬁ-fé as%'?rleorr%‘aatcf&ﬁ'aﬁei n

t he autocl ave mas O[err]” an e m xture was

for 1.0 hour, 9:9:1' eg»st Q8806 rELatE}nyé Jﬁ@?é&&ﬁ%ne%f %Qgced from

t he catal yst conponent ube. he rupture rst by

pressure of ef&%rme,acﬁg& Naind %ﬁaehﬁ\emam&@fmowd uas, 'd“”@#u%?:d o the
aut ocl ave body side and t he ol i goneri zation of ethylene started. Ethylene

was. - 69- i FaiuGed )i 12-hBylohakaRbges Ul®) J ea et mee nfa/plyeirblleand
thereafter, the total pressure was nmaintained at 35 Kg/[err

(b), triethylaluminum (c) and germanium tetrachloride (d)

was 1 : 3 : 15 : 4. The results of reactions after 1 hour
and 2 hours are shown as Examples 63A and 63B,

respectively.

Example 64

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

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

- mmol/Hr of 2,5-dimethylpyrrole, a n-heptané solution of
0.190 mmol/Hr of triethylaluminum and a n-heptane solution

of 0.024 mmol/Hr of germanium tetrachloride were



and the reaction tenperature at 80[err] for 0.5 hour. After rel easing
ethyl ene fromthe autoclave, the polynerlg by- product. (rmainly

pol yethylene) in the reaction |liquid was reaned by a filter so as to
obtain an [err]-olefin oligonmer. Exanple 49 An [err]-olefin oligoner was
produced in the sane reaction as in Exanple 48 except for changing the
heating tenperature for the m xture of 2,5-dinmethyl pyrrole,
triethylaluninun1and 1,1,2,2-tetrachl oroethane in the autoclave to

Laoferr] . Ex: nf&egl%%oéglgegak-gﬂséi Prothi mrﬁhewa%areagggeeéoin{aowﬁ%sar're -

reacti on as of n-heptane, a n- heptane

sol ution of Oféed tb%r] ok E&t@ihé%@ﬁﬁ&fndwm%t%n@ siipphasg ggkution of
39. nol ) of 1,1,2,2- tetrachl oroethane were into the

aut ocl ave bodko&itq«g,lng @onbgept apelitre/Hr. of 22.5 ng (0.047 mmol) of
chromum (I11) 2-ethyl ' [err]e and a n-heptane solution of 0.140
mol of 2,5-[err] The reak€ibhr pokesues eof tregethyilienet peesatiabysts 35
conponent fee[err] . and that the m xture of triethylalum numand 1,
[err] etracranﬂnm?ﬁanendnthheraacocbaveemmﬁxanﬁnQHWaa)80°Ferr]
' The reactlon liquid obtained in the first autoclave
was caused to overflow into the second autoclave, and a n-
heptane ;olution of 0.190 mmol/Hr of triethylaluminum and
0.024 mmol/Hr of germanium tetrachloride was continuously
supplied from the catalyst component-supplementing tank of
the second autoclave at a rate of 40 ml/Hr. The reaction
pressure and the reaction temperature in the second
'autoclave were maintained the same as those in ﬁhe first
autoclaQe. The reaction liquid flowing out of the overflow
tube of the second autoclave was intrédﬁced to a pressure
vessel.which was connected to the overflow tube.
After releasing ethylene from the pressuré vessél,'the
polymeric by-product (mainly polyethylene) was removéd from
the reactibh liquid by a filter.. The by—pdeuct was also

removed from the reaction liquid sampled from the first

autoclave in the same procedure.

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

component was added to the second autoclave.



-70- Exanple 51 An [err]-olefin oligomer was produced in the same reaction

as in Exanple 48 except that heat treatnent of the m xture of

2, 5-di et hyl pyrrol e, triethylalum’numanﬁ7 ,1,2,2- tetrachl oroethane in the
autoclave was not executed. Exanpl e 52 A 2- I|tre aut ocl ave whi.ch was _

prepared in the same procedure as in Exanple 48 was used, and 730 ml of n-

hept ane, a n-heptane solution of 0.140 mmol of 2, 5- dlnethylpyrrole a

n- hept ane sol ution of 0.700 nmol of trlethylaluninun1and a n- hept ane

solution of 39.4 (9235 mmol) of 1,1,2,2-tetrachl oroet hane were charged
into the autog¥%9§2%vgg side, while a n-heptane solution of 22.5 ng (0.047

Component feed tubt. 2 THES o R i R Pp  ancenath et 15 B R 1T
point of 1i meqclbe SEromem CAWYULISATGLILD FONIEIE Und e ot

triethylalumnu In order ‘to prepare the vo unme of rogen 1 n the gas

phase of the gyt Qﬁéaé(@té@lgvé Wit %o VAR08 WAErb4ERT DR £0,ddudrhe
liquid in the autoclave under a normal presSure so as to make a hydrogen

at nosphere. ThecatkdgsaveommsnditeFdienttetet pr8Oiaea] worl £t ydane was

I ntroduced fromthe catal yst conponent feed tube. The rupture plate was

burst by the pLaeseuc? ovhe etlydtenessmre of about 5 kg/cm?. 730 ml of
n-heptane, a n-heptane solution of 0.140 mmol of 2,5-
dimethylpyrrole, a n-heptane solution of 0.700 mmol of
triethylaluminum ahd.a n-heptane solution of 39.4 mg (0.235
mmol) of 1;1,2,2—tetrachloroethane were charged into the
autoélave body side, while a n-heptane solution of 22.5 mg
(0.047 mmol) of chromium (IIIS 2—ethyl hexanoate was
charged into the catalyst component feed tube. The total
amount of n-heptane was 750 ml. At this point of time, the

chromium compound was not in contact with the

‘triethylaluminum.

was then introduced from -2 catalyst component feed tube.

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

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



-71- that the chrom um conpound was i ntroduced to the autoclave body si de
and the oligonerization of ethylene initiated. Ethylene was introduced
until the total pressure reached 35 Kg/ [ eBPT and thereafter, the total
pressure was mai ntained at 35 Kg/[err] and the reaction tenperature at
80[err] After the reaction continued for 0.5 hour, the autoclave was
degassed by rel easing the pressure of the autoclave. The pol yneric
by-product (nmainly polyethylene) in the reaction liquid was renoved by a
filter so as to obtain _an [err]-olefin oligoner. Exanple 53 An [err]-olefin
ol i goner . was edgkded Liavhd §éﬁer?@ﬁﬁﬁ4(ﬁVaﬁsﬁh%tE%aﬁﬁléSSEOeX§@9Y3¥hat t he

ti al . .ethyl t.3
hvcr ogen' was. SUgpRCER TR Eémﬁe% SeRE B 1o S E R BERC bR ne
t ocl 11. Q vol % 4 A | ef | duced
" Che same. T JAETLON RS PREIARD LOSRAE RN hat the parti al pressure of

et hyl ene was ”H'”t3%%3%g§£t§§ﬂK9{%§{é]wég“kﬁ*ﬁ“a;@%q ggﬁasgagssggplled SO

t hat the hydrogen S  phase © he ~aut Ve Was vol %
separate the C4 and Cg components, and 0.24 mmol of

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

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

analyzed (Example 66B) .

Example 67

An a-elefin oligomer was produced in the first and -:-
second reactions in the same procedure as in Example 66
except-for using 0.235 mmcl of 1,1,2,2-tetrachloroethane

for preparing the circulating solvent containing catalysz’



-72- Exanple 55 An [err]-olefin oligonmer was produced in the sane reaction
as in.Exanpl e 52 except that hydrogen did not exist in the gas phase .of the
aut ocl ave. Exanple 56-A 10-litre autocleﬁ@?(continuous stirred-tank
reactor, liquid content: 7.5 litre) provided with two catal yst conponent
feed tubes and one overfl ow tube was heated and dried by a dryer of
150[err], and assenbled while it was hot. The air in the autoclave was

repl aced by nitrogen under a vacuum A n-heptane solution of 1.85 nmol/Hr

of 2,5- dinethylpyrrole, n- hept ane | ution.,of 9 mol [ Hr .

triethyl al uni FORPSRRRES . aﬁ%“@&suf"%o"é%f 2425t rr"f‘n’?)‘i‘/?ﬂ‘?c’%#‘IH réllctions

1,1, 2, 2-tetrachl oroet hane conti-nu I upplli t al yst
conmponent f ee@*F uﬁtéswgna aéﬁ% elﬁ%gnéﬁs%l%ét %é(;%’ gpé%ﬁ%&gﬂfgﬁdcg EEasloyfn’ﬂ)l [ Hr

of chromum (I11) 2-ethyl hexanoate and a m xed gas of ethyl ene and
hydrogen (hydrogen concentration: 2.0 vol % were continuously supplied from

t he ot her catﬂkxﬁblggggonent feed tube. The total anount of n-heptane

supplied was controlled to be 5.0 litre/- H. The reaction pressure by the

m xed gas was 35 Kgh[@rolefin oligomer was produced in the first and the
second reactions in the same procedure as in Example 66
except for using 0.701 mmol of triethylaluminum and 0.240
mmél of.1,l,2,2-tetrachloroethane for preparing the
circulating solvent containing catalyst components. The
results of the first and second reactions are shown as
Examples 68A and 68B, respectively. |
Example 69

An“&—olefin oligomer was produced in the first and the

second reactions in the same proéedufe as in Example 66
except that triethylaluminum was not used for preparing the
circulatiné solvent containing catalyst components. The
results of the first and second reactions are shown as

Examples 69A and 69B, respectively.

Example 70

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

n-heptane, a n-heptane sciution of 0.140-mmol_of 2,5-



and the reaction tenperature was 80[err]. The reaction |iquid obtained was
caused to overflow into a pressure vessel which was connected to the

autocl ave, and supplied to a vertical "Sﬁ%}ples Super - D- Cant er” (produced
by Tonve -73- Kogyo, Co., Ltd), so as to separate the powdery polyneric
by- product. The pol yneric by-product was separated under the conditions

t hat the nunmber of revolutions of the outer bow was 4000 rpm and the
nunber of revolutions of the inner screW/mas 3500 rpm The polyneric

by- pr oduct g’[e ﬁﬁﬁ%&’% onieang gngg Xeseg?rgioerg ftr q{n.,t@ugg& ct) i.on |i qgi d.

Exanpl e 57 An in 4l irgomer PRas®c I huously pro the

pol ymeri ¢ by-pr OQUEEH: A i$ehRe %hegagshggégﬁé bggh‘}éﬁaﬁ?ﬁjlﬁ‘% %p53‘5hat

hydrogen was not Istent 1nt se of t ave t he

pol yneric by- x{%&ﬁ)ucéf v@sy QOtZ-%@QQEEhYo§8@€ﬁ§ﬁ@dwé)b’e g%faarﬁlt%s the
Super-D-Canter” as in Exanp |l e due to the adherence of the filny poI ymer

to the appar aéﬂﬁo@la&&%dd%%ld&aﬂiﬁhﬁe5§ A-Heptdie BIRGIAYSIMRCH

heated and dried by a dryer of 120[err], was assenbled while it was ot and

the air -+ (0.047 mmol) of chromium (III) 2-ethyl hexanoate was '
charged into the catalyst_component feed tube. The total_
amount of n-heptane was 750 ml. The water content in the
above'n-heptane was 5 ppm (water/aluminum molar ratio was
0.25) which was produced by passing n—heptane containing
100 ppm of water th#ough a drying column filled with
ﬁolecular sieve.

| After heating the autoclave to 80°C, ethylene obtained

by_passipg through a drying column filled with molecular
sieve was introduced from the catalyst cdmponentlfeed tube.
The rupture plate was burst by the pressure of ethylene, sb'
"that the chromium compound.was introduced td tﬁe autoclave
body side and the oligomerization of ethylene was
initiated. Ethylene was introduced until the total
preSSure reached 35 Kg/cm2G, and thereafter, the total
pressuré was maintained at 35 Kg/émZG and the reaction
temperature at 80°C. One hour after, the autoclave was
degassed by releasing the pressure of the autoclave, and |
the polymeric by4prodgct (mainly polyethylene) in the
reaction liquid was removed by a filter so as to recovér
the reaction liquid. The Q-olefin oligomer in the reaction
liquid was analyzed by gas éhromatography; The results of

the composition analysis are shown in Table 3.



in the autocl ave was replaced by nitrogen under a vacuum A catal yst
conponent feed tube provided with a rupture plate of the burst pressure of
about 5 kg/cnR and a catal yst . conponent - st§pt enenti ng tank having a
capacity of 20 ml were attached to the autoclave. Not only the autocl ave
and the catal yst conponent feed tube, but also the catalyst
conponent - suppl enenti ng tank was heated, dried -74- and the air therein
was replaced by nitrogen under a vacuum 730 m’ of n-heptane, a n-heptane
solution of 0.140 nmmol of 2,5-dinethyl pyrrole, a n-heptane solution of

0. 700 mmol of triethylal um num and a n-heptane solution of 20.15 ng (0.094
mol ) of germaniumtetrachloride were charged into the autocl ave body side,
whil e a n- hept BsaBsEutton of 22.5 ng (0.047 nmml ) of chromum (I11)

2-ethyl hexanoate was charged into the catalyst conpenent feed tube. The
total amount of n-ngﬁt%n%{ag"fﬁ qﬂmeHAW?§h8%93H8eggfﬁt?%ﬁ W0.15 ny
(0.094 mmol ) of %grganiunltetr chl riq was charged into the catal yst
conponent - suppPERERETHY T2k A TS éofﬁFQBF fPRevs13g % B conpound
s o b goonbBRtath Ly AP i AU BT JRRRUAGR! RYFad A i Yhas

' ' 1.00), which produced by passing through a drying column

for shortened residence time. The results of the

composition anaiysis are shown in Table 3.

Example 72
An o-olefin oligomer was produced in the same

procedure as in Example 70 except for ﬁsing n-heptane
containing 40 ppm of water (water/aluminum molar ratio was
2.00), which produced by passing thfough a drying column
for shortened residence time. The results of the

.composition analysis are snown 'in Table 4.

Example 73

An O-olefin oligomer was produced in the same

procedure as in Example 70 except for using n-heptane

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

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

A 2-litre autcclave which was assembled in the same

procedure as in Example 3% was used, and 730 ml of



was then introduced fromthe catal yst conponent feed tube. The rupture
plate was burst by the pressure of ethylene, so that the chrom um conpound
was introduced to the autoclave body side84nd the ol i gomer [err]tion of
ethylene initiated. Ethylene was introduced [err] the total pressure
reached 35 Kg/[err], and thereafter. [err]otal pressure was

mai ntai ned at 35 Kg/[err] and the - tenperature at 80[err]. That
is, an appropriate anp[err] [err]hyl ene for being treated in the
aut ocl ave was contLerr] 7 supplied so as to maintain the total
pressure at 1CHGLPREXERe; @ hr-heptane spdution; ghi 8- hAS BB @H. 2. }er eaf t er,
the total a[ern% . of qﬁgeptane of ger mani um, - 75- tetracﬂ%gg%de in the
catal yst conp8HBREPEIBBFEAEN i hd THEREAREs SPALESRBCRE 1o THe a 3ve and

t he reaction was,conti hued, for hour. und the sane conditions. After

rel easi ng eth?ﬁgﬁg ?%oﬂ1fh%’%&ﬁ%ﬁﬁ%1 ,°rPﬁ§%68FynErPEh%@9a%ﬁcﬁéﬁﬁtkﬂﬂnQH y

pol yet hyl ene) i Bath eaet | I Chly r e f r.n.Jhe reaction
l'iquid was regéggre o%nggtééyéi%ggﬂﬁ1$¥ﬁiﬁb§%g¥ ?Hg¥ﬂ§dr£%% i%ﬁfli'quid was -

anal yzed (Exagpigcp8fd - nbdy earde SaMiae gl t BRiPO! ¥ NRLALQYaPr oduct

(mainly polyethylene) was Tenoved, the sanple was analyzed (Exanple
solution of 22.5 mg (0.047 mmol) Qf chromium (III) 2-ethyl
hexanoate was charged into the ca;alyst component feed
tube. The total amount of n-heptane was 20 ml. At this
point of time, the chrdmium compound was not in contact
with the t;iethylaluminﬁm.

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

-~

pressure was maintained a-=

LW

kg/cm? G and the reaction

temperature at 80°C.

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

reactions are shown in



58A) " Exanple 59 An [err]-olefin oligoner was produced in the sanme reaction
as in Exanple 58 except that a n-heptane solution of 20.15 ng (0.094 mmol ) -
of germaniumtetrachl oride and a n-heptan&5sol uti on of 0.700 mmol of
triethylalum numwere charged into the catal yst conponent-suppl enenti ng
tank, and that germaniumtetrachloride and triethylalumnumwere further
added after the reaction continued 1 hour so as to further continue the
reaction. The results of reactions after 1 hour and 2 hours are shown as
Exanpl es 59A and 59B, respectively. Exanple 60 An [err]-olefin oligonmer was
produced in tExaf@ke dSact[err] as in Exanple 58 except that a n-heptane

sol ution of 20. - 76- ,0.094 mmol ). of erﬂggi mtetra ri
n- hept ane soIutionA@fqﬁ?&%égHWBﬁlng?Fi%?ﬁ éfunlﬁﬁﬁfa%&ea%%?%egggﬁggon
solution of 0.140 mol of 2,5-di nethy rrol e e, charged ,i,n e
catal yst conpdiertt EXFHPdfedfi ﬁﬁc?ﬁﬁk’%ggn‘bsi'}%\t%@r r‘f’gni(grhgtggt ﬁg%ro?Fde,
triethylal um num and ~+qinet Ayl pyrr rg fstRepraddedrapter the
reaction contihues -uﬁﬂo%retgggglslg%%%ur(?%glrwgolnt iplr-lil?té:lgt he reacti on.
tetrachloroethane. The results of the reactions are shown

in Table 6.

Example 76

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

results of the reactions are shown in Table 7.

Exémnls_ﬂ

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

in Table 8.

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

as in Example 77 except I2r using 750 ml of n-heptane as



The results of reactions after 1 hour and 2 hours are shown as Exanpl es 60A
and 60B, respectively. Exanple 61 An a-ol %fln ol i goner was' produced in the
sanme reaction as in Exanple 58 except t hata n- hept ane sol ution of 0.700
mrol of triethylalum numwas charged into the catal yst
conponent - suppl enenti ng tank, and that triethylalum numwas further added
after the reaction continued 1 hour so as to further continue the reaction.
The results of reaction s after 1 hour and 2 hours are shown as Exanpl es

01A and ol TaRPYiE). %ﬁaﬁpgsﬁ@g@f[fﬂ LI wn YRS

produced in t sanme reaction as In exce no cat al yst
conponent waspfgird ker added . The results of reactlons after 1 hour and 2
hours are shown as Exanpl es 62A and 62B, respectively. -77- An
[err]-olefin oligoner was produced in the sane reaction as in Exanple 58
except that no catal yst conponent was further added, and that nolar ratio

(a: b: c EBRamdflechOomi um (111) 2-ethyl hexanoate (a),

2, 5-di met hyl pyrrol e (b), triethylalumnum(c) and germani umtetrachl oride

(d) was 1 : 3 : 1@n 0golefha pdsapmerowas cpedured dfnt dhel samer reaction
as in Example 78 except for changing the amount of each

catalyst component used to the amount shown in Table 6.

The results of the reactions are shown in Table 10.

Example 80

An 0-olefin oligomer was produced in the same reaction )
as in Ekample 78 except for using 12.1 mg (0.093 mmol) of
1,1,1-trichloroethane in place of 1,1,2,2-
tetrachloroethane. The results of the reactions are shown

in Table 11.

Example 81

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

feed tube. The total amcunt of n-heptane was 20 ml. At



and 2 hours are shown as Exanpl es 63A and 63B, respectively. Exanple 64 A
mul ti-staged continuous stirred-tank reactor produced by connecting two
0.2-litre autoclaves (liquid content: 0.4 itre) by an overflow tube were
used as the reaction apparatus. Two catal yst conponent feed tubes were
attached to a first autoclave, and a catal yst conponent- supplenenting tank
was attached to the second autocl ave. These autocl aves were heated and
drired by a dried of 150[err] and assenbled while they were hot. The air in
t he autocl aves was replaced by nitrogen under a vacuum A n-heptane

sol ution of 6tELFPHY D EANeDE,Rr FhEPMERR oRPTRRYN] a2 NGthyiR hexanoat e
and et hyl ene were contjnuously su glied fromone catal yst conponent feed
tube of the fEPRtaH B §ﬁ&e§ ¥iRLPPLR®™sol uti on of 0.37 mmol / H of

2, 5-di met hyl pyrr ol a n-hept ane sol.ytion of 0.190 [ Hr, of =
triethyl al um num aﬁ?}e aa"ﬂz- Va?né'agolfdfi.sgnhSFtﬁqo’éﬂ 1 A% SERYAEREN um

tcgt rachl ori de, e ke G Y “?E#iﬁ?ﬁ'éf&éﬁe%t S LN gatalyst
nponent fee ube: e total amount O eptane supplied was controll ed
to be 0.10 liéé‘yjﬂ’The rupture platé was burst by the pressure of
ethylehe, so fhat the chromium compound was introduced to
the autoclave body side ahd the oligomerization of ethylene
was initiated. Ethylene was introduced until the total
pressure reached.35 kg/cm2 G, and thereafter, the total
pressure was maintained at 35 kg/cmz.G and ﬁhe'reaction
temperature at 80°C.

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

feaction is shown in Table 12. A change of the catalytic

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

Example 82

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

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



The reaction pressure by the ethylene pressure was 35 Kg/cnRG and the .
reaction tenperature was 80[err]. The reaction liquid obtained in the first
aut ocl ave was caused to overflow into the88econd autoclave, and a n-

hept ane sol ution of 0.190 mmol/H of triethylal um numand 0.024 mmol / Hr of
germani um tetrachl ori de was conti nuously supplied fromthe catal yst
conponent - suppl enenti ng tank of the second autoclave at a rate of 40 m/Hr.
The reaction pressure and the reaction tenperature in the second autocl ave
were maintained the s as those in the first autoclave: The reaction
liquid flomﬁndb%ﬂFﬁﬁFggﬁe overfl ow tube of the second autoclave was

i ntroduced to a Presgsy %§§etﬁggbﬁgrmggs €Hg‘lt%gﬁ%98“% gg%%rfl @%EHQG

After rel easing ethy ene rom ressur e vessel yneric -product

(mainly polyeth Ien o) rea y. a r. The
by- product was SEaltllg'o%r 3\:1\%3 ED g?ﬁ% reac Yioiid Cztd #pﬂgg ?‘i}tﬁe first
autocl ave.in t nﬁa@a&%ﬂp&@e@%morﬁ@%@cﬁé mepa%% e@n&' pUgUg segction
was carried out in the sane procedure as in Exanple 64 except’that no

catal yst C0WPQQQQEHMEEOQQQQQhEQaBQ? SRONEL AMHAC AR he reallions are

shown in Table 14. A change of the catalytic efficiency

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

Example 84

An'a-olefin oligomer was produced in the same reaction
as in Example 81 except fo; using 14.4 mg (0.093 mmol) of
carbon tetrachloridé (CCly) in place of 1,2,3,4,5, 6~ | |

_ hexachlo;ocyélohexane. The results of the reactions are
shéwn in Table 15. A éhange of the catalytic efficiency

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

Example 85

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

catalyst component feed tube. The total amount of n-



Example 66 A 2-litre autoclave which was heated and dried by a dryer of
120[err], was assenbled while it was hot and the air in the autoclave was
repl aced by nitrogen under a vacuum A caB8Fyst conponent feed tube
provided with a rupture plate of the burst pressure of about 5 kg/[err].
730 mM of n-heptane, a n-heptane solution of 0.140 nmmol of 2, 5-

di net hyl pyrrol e, a n-heptane solution of 0.700 mol of triethylal um num and
a n-heptane solution of 39.4 ng (0.235 mml ) of 1,1, 2, 2-tetrachl oroet hane
were charged into the autoclave body side,. while a n-heptane solution of
22.5 ng (0. 04heRFSOP 8Fscﬁ98n96n1(¥¥|§h55639ﬂﬂt [Px &85y e ERES CRRAFH@A i nt o
the catal yst conponent feed.tube. The total amunt qf p-heptane was 750 m .
At this point QAH%Q ,w?ﬁeneﬁrbﬂiEﬂ?E?ﬁﬁxﬂﬁﬁPlgﬁf ﬁ&FeFEY&SEPE&PuWVtI1 t he

triethylalum I Lrst heat to, t hyl
was than i ni oduced ' BhEOPREVEalary £t Lot Yodb Tupt ShBvFRFur o
| at b ; h , '
Comof orr] s dBSESTPEo REORIPRL] S LBl REnshE Rl FlBer o

[err]ion of et b?neTH@srhﬁfﬁfégﬁﬁate[ﬂJB”HﬂY%t kthe pressuk@rbki uced
until the total pressure reached 35 Kg and thereafter, the total

pressure was r@&HI3nNRE so that - tK8/ ERFéhidh MR URRGRIsORAnteBRaEAHUES at

80[err]. [err] after, the autoclave was degassed by rel easing

[err] pr eany autfocla@eabbagl av@e amd the oligomerization of ethylene
initiated. Ethylene was iﬁtroduéed until the total
pressure reached 35 kg/cm? G, and thereafter, the total
pressure was maintained.at 35 kg/cm?2 G and the reaction
temperatufe at 80°C. .That is, an appropriate amount of
‘ethylene for being treated in.the autoclave was
continuously supplied so as:to maintain the total pressure
‘at 35 kg/cm? G.

After the reaction costinued for 30 minutes, the

autoclave was degassed by releasing the pressure of the

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

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

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



t he pol yneric by-product nmainly polyethylene) in the -80- reaction
liquid was renoved by a filter so as to.recover the reaction liquid. The
[err]-olefin oligoner in the reaction |igw€d was anal yzed (Exanple 66A) .
The reaction liquid was then distilled so as to separate the C4 and C6
conponents, and 0.24 mol of triethylal um num was added to the remaining
reaction liquid (n-heptane solution containing the catal yst conponents
[err] and [err] to 20 conponents) to prepare a circulating sol vent _
contai ni ng catal yst conponents. Argon gas was introduced into the autocl ave

so as to repl aae fbenettydenhaamtylitie acgarigaswa@nul§her sl r ggHont i ng
sol vent containing catal yst conponents was charged into the autoclave. _
Et hyl ene was bbhéfoflgeCr tior )t heclmutqyclocavieetdt ih the toial gyeRRfiy eraseached
35 Kg/cm2 G A second reaction was carried out while-the total pressure was
mai nt ai ned at 8352 Kgt ¥nPasl artte thehenemet iconteenpeénaCereasatdBH etd].. 1.0
hour after, the autoclave was degassed by rel easing the pressure of the
aut ocl ave, and theAppayre(3C noh)- prioceeictioni Aigupdl yas hyd Bresjt édh under
reaction liquid was renoved by a filter. The [err]-olefin oligomer in the
reaction |iquidnivasoger gueesgiEaaplandséBp. catalyst components were
| extracted under the nitrogen atmosphere by using nitric
acid (50 ml) having a concentration shown in Table 16. At
this time, the volume ratio of the o0il layer to the water
layer was 1 : 1, the extraction temperature was 20°C and
treatment time was 30 minutes. The organic layer was .
further washed with water, and the content of each catalyst
component in each of the acid layér (extracting layer) used
for extraction, the washing liquid used for washing the
extracting layer with water, and the organic layer was

measured by ICP analysis. The results of analysis are

shown in Table 16.

Examples 86 and 87
An o0-olefin oligomer was produced iﬁ the same feactic:
as in Example 85 except for uéing an acid having a
concentration shown in Table_16 as:an extracting.liquid of
the catalys; components. The.results of analysis are show:.

in Table 16.

Examples 88 and 89

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

as in Example 85 except for using an aqueous sodium



‘Exanpl e 67 An a-olefin oligomer was produced in the first and second
reactions in the sanme procedure as in Exanple 66 except for using 0.235
mol of 1,1, 2,2-tetrachl oroet hane for préggring the circul ating sol vent
contai ning catalys conponents. The results of the first and second
reactions are shown as Exanples 67A and 67B, respectively. Exanple 68 An
[err]-olefin oligonmer was produced in the first and the second reactions in
the sane procedure as in Exanple 66 except for using 0.701 nmmol of:
triethylalum num an ' 1,1,2,2-tetrachl oroet hane_for preparing

d .0. 240, | of
the circul ati RYILEKIERt EBhgg?ﬁiééﬁ?%ﬁ%ﬂ%ﬁﬂpncéﬁﬁﬂﬁeﬁPs?a?ﬁ% 1Es3Ft3of the
first d ti | es 68A apd 68B, tively.
Excanpl o 69 ASTKTBEEENH OTPRUTE” vHe® ARIGES CATPRECHEPse 8 TREiLetond
reactions in %&?aiaﬁ§sR§°8§9“£$o@§ {J\{%gygﬂf% 66 except that
of U

triethylal um nUmwas~n sed for preparing the circul ating sol vent
contai ning catal yst conponents. The results of the first and second
reactions are shown as Exanpl es 69A and 69B, respectively. Exanple 70

Example 90
An o-olefin oligomer was produced in the same reaction
as in Example 88 except for using a n—heptané_sOlution of
0.19 mmol/1 of chloroform in place of the n-heptane

solution of 1,1,2,2-tetrachloroethane. The results of

analysis are shown in Table 17.

Example 91

An o-olefin oligomer was produced, a polymeric by-
product was separated and_the catalyst components were
‘extracted in the same reactioﬁ as in Example 85 except that
970 ml of.n-hepténe; a n-heptane solutionfof 1.24 mmbl of
2,5-dimethylpyrrole, a n-heptane solﬁtion of 2.00 mmol of
triethylaluminum were charged ihto the autoclave body side,
while a.n—hepténe solution of.0;40 mmol of chromium fIII)
2-ethyl Hexanéate was charged into the catalyst'component
‘feed tube (the total amount of n-heptane was 1 litre), that
the reaction'temperature was changed to 60°C,'and that the
extracting liquid was chanced to 1.4 mol/litre of
hydrochloric écid. The ressuits of anélysis are shown in

Table 18.



A 2-litre autoclave .which was heated and dried by a dryer of 120[err], was
assenbled while it was hot and the air 2 t he autocl ave was repl aced by

ni trogen under a vacuum A catalyst conpo %nt feed tube provided with a
rupture plate of the burst pressure of about 5 kg/[err]. 730 ml of

n- hept ane, a n-heptane solution of 0.140 mvol of 2, 5- - 82-

di net hyl pyrrole, a n-heptane solution of 0.700 nmol of triethylal um num and
a n-heptane solution of 39.4 ng (0.235 mml) of 1,1, 2, 2-tetrachl oroet hane

wer e char ged §2£BQF?EQ?“tOC|aVG body side, while a n-heptane sol ution of
22.5 ng (0.047 "o chromum (I11) 2-ethyl hexanoate was charged. into
the catal yst COWORﬁnQ—Bﬁéﬂthcbﬁl%JﬂT@r tﬁ@'pr@@iﬂ@:@ﬁ 9h BheepiREerd@st Y& M .
The water content in the above n-heptane was ppm (wat er/al um num nol ar

ratio was 0.23k WA eiaamp_asepépdélﬁ%b@yfdla&eum r1 hepbanei £P8t &k A ppm
of water through a drying colum filled with nolecular sieve. Affer heating

the autocl ave sbaifif Ry@roxed@ysene: iy aimedaly PES3i. AUmb Dy Dighe 2o £r yi ng
colum filled with nol ecul ar sieve was introduced fromthe catal yst

conponent feetytiwbehldhécrapidr e THatmswds shwfstnbyyshe presshwowen ofn

et hyl ene, so that the chron1un1conpound was introduced to the autoclave
: Table 18.

Example 93

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

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

body side and the oligomerization of ethylene was



body side and the oligonerization of ethylene was initiated. Ethylene was
i'ntroduced until the total pressure reached 35 Kg/[err], and thereafter,
the total pressure was maintained at 35 &’ “err] and the reaction
tenperature at 80[err]. One hour after, the autoclave was degassed by

rel easing the pressure of the autoclave, and the polyneric by-product
(mainly polyethylene) in the reaction |liquid was renoved by a filter so as
to recover the reaction quuid The [err] ol efin oIigoner in the reaction

I d | d t h t.h it

)% SR S SRl L S R T
d d f

12 Broueed | SANRCE ARG soptpte, SOTMRIRRIEPLILOLASIIS | o)

whi ch pr oducelcji?pé( s HRSSHk tnﬁﬁ%@ln@ddéw @9 ﬁé’)’é’rﬁ“"b TdHa QY tr%%@lbﬂs' dence

time. The results of the conposition analysis are shown in Table 3. Exanple
72 An [err]-ol edmpePdt drede WePcpr oduced in the same procedure as |n

Exanpl e 70 except for using n-heptane containing 40 ppm of water

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

The obtained reaction solution (1,000 ml) was

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

halogen could not be detected.



2.00), which produced by passing through a drying colum for shortened
résidence tinme.. The results of the conpog ion anal ysis are shown in Table
4. Exanple 73 An [err]-olefin oligomer wa roduced in the sane procedure -
as in Exanmple 70 except for using n-heptane containing 100 ppm of water
(wat er/alum num nolar ratio was 4.00). The results of the conposition

anal ysis are shown in Table 4. Exanple 74 A 2-litre autocl ave whi ch was
assenbl ed in the sane procedure as in Exanple 48 was used, and 730 m of

-84- cycl ohexane - hgpt ol ution of 0.140 mmol of 2,5-
d|nethylpyrroli?a%§;§%é§%1§¥§ig§ ution of 15.7 ng (0.093 nnDI) -of
1,1,2, 2-tetrachl or ogf hange @ - J18R0ARE $85UPEOBUOEA Oird G B an®f

trlethylalunlnun1mere charged into the autocl ave body side in that order

whil'e a n-heptancagl iy 10 10f e22n3 18086000440 ETRL) e GUEIDM | 1)

2- et hyl hexan was charged 1nto the catal yst conponent feed tube. The

total amount ofedlsdedt AHGna\aS THE Fesuht st BESaRflPdiHfadd MhownanChiadTeUm
conmpound was not in contact with the trlethylalunlnun1

19.



The autoclave was first heated to 80[err] and ethyl ene was introduced from
the catal yst conponent feed tube at 80[err]. The rupture plate was burst by
the pressure of ethylene, so that the chrdti-um conpound was introduced to

t he aut ocl ave body side and the oligonerization of ethylene was initiated.
Et hyl ene was introduced until the total pressure reached 35 kg/[err] , and
thereafter, the total pressure was maintained at 35 kg/[err] and the.
reaction tenperature at 80[err]. After the reaction [err]ed for a
predeterm ned time, the autoclave was degas rel easing the pressure
of the autoclave. The polyne product (mainly polyethylene) in the
reaction |iquid vered. The results of the reactions are shown in
-85- Exanple 75 An [err]-olefin oligomer was produced in the sane reaction
as in Exanple 74 except for using 20.0 Eg1é0.g93.nnnl) of germani um
tetrachloride [err] in place of 1,1,2, 27 chl oroet hane. The results of
the reactions are shown in Table 6 Exanple 76 An [err]-olefin oligoner was

produced in tpe Sane reactom—
Example 1 Example 2 Example 3

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

(Amount: ml) HP (5) HP (5) HP (5)
Amount (mg) of 12.5 12.5 10.0

|Cr(2EHA) 3 .
Cr(2EHA)3 (a) (mmol) 0.026 0.026 0.021
Type.of nitrogen- (1) (1) (1)
containing compound
Nitrogen-containing 0.078 0.078 0.063
compound (b) (mmol) '
Et3Al (c) (mmol) 0.390 0.390 0.310
Type of halogen- (1) (2) (3)
containing compound
Halogen-containing 0.052 _.'0.052 0.042
compound (d) (mmol)
Molar ratio
(a:b:c:d) of 1:3:15:2 1:3:15:2 1:3:15:2
catalyst components :
Reaction temperature 80 80 80
(°C)
Ethylene pressure 35 35 35
(Kg/cm2G)
Residence time 0.5 0.5 0.5
(Hr)

Contacting method (D (1) (1)




as in Exanple 74 except for using 14.4 ng (0.093 nmol) of carbon
tetrachloride (CCl4) in place of 1,1,2,2- tetrachl oroetnane. The anount of
1- hexane recovered was 350 nl and the contént of hal ogen therein was 2 ppm
‘The results of the reactions are shown in Table 7. Exanple 77 An
[err]-olefin oligonmer was produced in the sane reaction as in Exanple 74
except for changing the anount of 1,1,2,2- tetrachl oroethane used to 39.2
ng (0.234 mol ). The anount of 1-hexane recovered was 530 ml and the
content of hal ogen. therein was 28 ppm The results of the reactions are
shown. in Table 8. Exanple 78 An [err]-olefin oligonmer was produced in the
sanme react[err] as in Exanple 77 except for wusing 750 m of n-heptane as
-86- the solvent. The results of the reactions are shown in Table 9. _
Exanple 79 An [err]-olefin oligongglﬂgs}p[odﬂceg ig the same reaction as in
Exanpl e 78 except for changing th _ tal yst conmponent used
to the anount shown in Table 6. The results of the reactions are shown in

Tabl e 10. _ :
Example 4 Example 5 Example 6

Type of solvent CHX(46). CHX (46) CHX (120)
~ (Amount : ml) HP (4) HP (4) HP (5)
Amount (mg) of 10.0 10.0 12.5

ICr(2EHA) 3
Cr(2EHA)3 (a) (mmol) 0.021 | o0.022 | o0.026
Type'of nitrogen- (1) (1) (1) -
containinq_compound '
Nitrogen—containing 0.063 0.063 0.078
compound (b) (mmol)
Et3Al (c) (mmol) ~0.310 ©0.310 0.390
Type of balbgen— (4 _ (5) (6)
containing compound
'Halogen-containing 0.042 0.042 0.052
compound {(d) {(mmol)
Molar ratio (a:b:c:d)

-{of catalyst _ 1:3:15:2 1:3:15:2 1:3:15:2
-components ' ' : :
Reaction temperature 80 80. 80

(°c) -
Ethylene pressure 35 35 35
(Kg/cm2G) '
Residence time 3.5 . 0.5 0.5
(Hr) '

Contacting method (1) (1) (1)




Exanpl e 80 An a-olefin oligonmer was produced in the sane reaction as in
Exanpl e 78 except for using 12.1 ng (0.093_mml) of 1,1, 1-trichloroethane
in place of 1,1, 2,2- tetrachl oroet hane. TR& results of the reactions are
shown in Table 11. Exanple 81 A 2-litre autoclave which was prepared in the
sanme procedure as in Exanple 48 was used, .and 730 m of cycl ohexane, a

n- hept ane sol ution of 0.140 mmol of 2,5- dinmethylpyrrole, a n-heptane
solution of 27.3 nmg (0.093 nmol) of 1,2, 3, 4,5, 6-hexachl orocycl ohexane, a

n- hept ane sol ution of 0.701 mmol of triethylalum numwere charged into the
aut ocl ave body s de in that order, while a n- heptane solution of 22.5 ng-
(0.047 mmol) of chromium (l111) 2-ethyl hexanoate was charged into the

catal yst conmponent feed tube. The total anount of n-heptane was 20 m . At
-87- this point of time, the ChrQﬁl&?&ﬁﬂﬂﬂﬁﬂﬁﬂnﬁ@ﬁlUOt in contact with the
triethylalum num The autoclave was first heated to 80[err] and ethyl ene
was i ntroduced fromthe catalyst conponent feed tube at 80[err]. The
rupture pl atg was burst Dy The prepsure ol

_ Example 7 Example 8 Example 9
Type of solvent ~ HP(125) CHX(120) CHX (120)

(Amount : ml) HP (5) HP (5)
Amount. (mg) of 12.5 | 12.5 12.5
Cr (2EHA) 3 . |

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

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

containing compound

'Nitrogen-containing

- 0.078 0.078 0.078
compound (b) (mmol)
Et3Al (c) (mmol) 0.390 0.390 0.390
Type of halogen- (6) (6) (6)
containing compound: '
Halogen-containing 0.052 0.052 0.052
compound (d) (mmol) ' '
Molar ratio (a:b:c:d) _
of catalyst 1:3:15:2 1:3:15:2 1:3:15:2
components '
Reaction temperature 80 80 "80
(°C) . '
Ethylene pressure 35 35 35
(Kg/cm2G) S
Residence time 0.5 : 0.5 0.5 .
(Hx) '

Contacting method ' (1) _ (1) (1)




et hyl ene,

so that the chrom um conpound was introduced to the autocl ave

body side and the oligonerization of ethylene was initiated. Ethylene was
introduced until the total pressure reach®¥-35 kg/[err] G and thereafter,

the total

tenperature at 80[err].

time,

pressure was Tai ntained at 35 kg/cn2 G and the reaction

After the reaction continued for a predeterm ned
each reaction liquid was sanpled. After the reaction
was degassed by rel easing the pressure of the autoclave.
by- product (mainly polyethyl ene)

t he autocl ave
The pol yneric

in the reaction liquid was recovered. The

result of the reaction is shown in Table 12. A change of the catalytic

efficiency with ti

me is shown in Fig. 1,

nuner al

1. Exanple 82 An

[err]-olefin oligomer was produced in the sane reaction as in Exanple 81
except for using 19.9 ng (0.093 ggg%%ig;ﬁgggéggpkgipcyclopropane in place
of 1,2,3,4,5,6- hexachl orocycl oh u of the reactions are

shomn I n Table 13. A change of the catalytlc efficiency with tinme is shown

in Fig. 1, nuneral
produced in the sé

2- =88—Fxampte8g—AT{erri=ofeftmotTgoner was
Ine reaction Example 10 | Example 11
| Type of solvent CHX (730) CHX (120)

(Amount : ml) HP (20) ‘HP (5)
Amount (mg) of 75 .2 12.5
Cr (2EHA) 3
Cr(2EHA)3 (a) (mmol) 0.156 0.026
Type of nitrogen- (1) (1) )
containing compound
Nitrogen-containing .0_470 0.078
compound (b) (mmol)
Et3Al (c) (mmol) 2.300 0.390
Type of halogen- N (1)
containing compound
Ealogenfcontaining 0.312 0.052
compound (d) (mmol)
Molar ratio (a:b:c:d)
of catalyst ' 1:3:15:2 1:3:15:2
components
Reaction temperature 80' 80

(°C)
Ethylene pressure 35 35
(Rg/cmiG)

Residence time 0.5 0.5
Contacting method (1) . (L)




as in Exanple 81 except for using 20.0 ng (0.093 nmol) of germani um
tetrachloride [err] in place of 1,2,3,4,5 6- hexachl orocycl ohexane. The
results of the reactions are shown in TaO% 14. A change of the catalytic
efficiency with tine is shown in Fig. 1, numeral 3. Exanple 84 An
[err]-olefin oligoner was produced in the sane reaction as in Exanple 81
except for using 14.4 ng (0.093 mmol ) of carbon tetrachloride [err] in

pl ace of 1,2,3,4,5,6- hexachl orocycl ohexane. The results of the reactions
are shown in Table 15. A change of the catalytic efficiency with tine is
shown in Fig. 1, nuneral 4. Exanple 85 A 2-litre autoclave which was
prepared in the sanme procedure as in Exanple 10 was used, and 480 m of n-
hept ane, a n-heptane solution of 0.30 mml of 2,5- dinethylpyrrole, a

n- hept ane sol ution of 1.52 mmol QEbEELE%PMbﬁﬁﬂﬁkﬂﬁﬂ‘a”d a n- hept ane
solution of 0.50 mml of 1,1,2,2-tetrachloroethane were charged into the

aut ocl ave body side, while a n-heptane solution of 0.10 mml| of chrom um

(I'1r) 2-ethyl hexafoate was charged Into the catal ysg_conponent jf eed tube.
The total anount off n- - 89- Comp. Comp . |
Example 1 Example 2
Type of solvent CHX(120) CHX(120)
{Amount: ml) HP (5) HP (5)
Amount (mg) of 12,5 12.5
Cr (2EHA) 3 :
Cr(2EHA)3 (a) (mmol) 0.026 0.026
Type of nitrogen- 1y (1)
containing compound .
Nitrogen-containing 0.078 0.078
compound (b) (mmol)
Et3Al (¢) (mmol) 0.3%0 0.390
Type of halogen- _ (l)'
containing compound
Halogen-containing - 0.052
compound (d) (mmol)
Molar ratio (a:b:c::z:|.
of catalyst ' ©1:3:15:0 1:3:15:2
components :
Reactiqn temperat-.: - 80 ' 80
(°C) !
Ethylene pressur=z ; 35 35
(Kg/cm?G) :
Residence time % 0.5 0.5
(Hr) i
Contacting methoc ; (1) (X)




heptane was 500 m. At this point of tinme, the chrom um conmpound was not in
eontact with the triethylalum num The autoclave was first heated to
80[err] and ethyl ene was introduced fromlPRe catal yst conponent feed tube
at 80[err]. The rupture plate was burst by the pressure of ethylene, so
that the chrom um conmpound was introduced to the autoclave body side and
the oligonerization of ethylene initiated. Ethylene was introduced until
the total pressure reached 35 kg/[err] G and thereafter, the total
pressure was mai ntained at 35 kg/cn2 G and the reaction tenperature at -
80[err]. That is, an appropriate anount of ethylene for being treated in
t he autocl ave was continuously supplied so as to maintain the total
pressure at 35 kg/cnm2 G After the reaction continued for 30 mnutes, the

aut ocl ave was degassed by reIeaskﬂgﬁggﬁﬁgkﬁiiﬂhggai t he autocl ave. The
pol ymeric by-product (56.1 ng) | ction rirquid was renoved under the

nitrogen atnDsphere by a fllter SO as to ob[err] [err]-olefin oligomner.
As a result measurement—of |_CI T J COMpoments ofr_ tihne renoved pcl yner
by a hi gh-frgquency [err] S| SHbssi 08 SREahpeRNPS qMEkekpid G arr]
manuf act ur ed ghy=JapamJdarTey Astreor por att on)| ( ner. refrerred to
as "1 CP anal ygyp®) ofi sohment ound CHY 48] 5 ¢ OB (48 arld £HK 8% of] A
based on the ambunt myylerrledf mtgsial vefe cgntai ned.  Agianesulit of
analysis - fferr] conposrtTom of [Ne [elT]-oleirn

Amount (mg) of 10.0 10.0 10.0

Cr (2EHA) 3

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

Type of nitrogen- (2) (3) (4) ]

containing compound : :

Nitrogen-containing 0.062 0.062 0.062

compound (b) (mmol)

Et3Al (c) (mmol) | 0.311 0.311 0.311

Type of halogen- 8) | (8) (8)

jcontaining compound

Halogen-containing 0.042 0.042 0.042

compound (d) (mmol)

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

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

{ components : -

Reaction temperature .80 80 80

Ethylene pressure 35 35 35

(Kg/cm2G) :
Residence time 0.5 0.5 0.5
(Hr)
Contacting method (1) (1) (1)




oligoner in the reaction. [err].
the [err] content in the total
content in C6 was 97.6 w %

under a nitrogen atnosphere,

8185,

liquid by a gas chromatography,
was found that the catalytic activity was 116, 143 (g-a-
pr oduct
A part (50 m) of

2 W%

It - 90-

olefin/g-C hr),
and the 1-hexene

reaction liquid was collected

and the catal yst conponents were extracted

under the nitrogen atnosphere by using nitric acid (50 m) having a
concentration shown in Table 16. At this tine,

| ayer to the water |ayer was 1
w th water,
| ayer (extracting |layer) used for
washi ng the extracting |layer wt
by I CP analysis. The results of

1,
and treatnent tine was 30 n nutes.

t he vol ume

ratio of the oil

the extraction tenperature was 20[err]

The organic | ayer was further washed

and the content of each catal yst conponent

extraction,

in each of the acid

the washing liquid used for

gani c |l ayer was neasured

ysTs are shown in Table 16. Exanples 86
and 87 An [err]-olefin oligomer mas produced In the sane reacticn as in

Exanpl e 85 extept—for—usrmg—am acid—aving a qoncentratrtor snown 1n Tabl e
16 as an extgacting liquid of the [catahyst £9MPEREMLSe 169 ERSbis ©f
anal ysi s aregstrow—
Type of solvent "CHX (48) CHX (48) CHX (48)
(Amount : ml) HP (2) HP (2) HP (2) TL (1)
Amount (mg) of 10.0 10.0 10.0
Cr (2EHA) 3
Cr(2EHA)3 (a) (mmol) 0.021 0.021 0.021
Type of nitrogen- (2) '(2) (2) -
containing compound
Nitrogen-containing 0.062 0.062 0.062
compound (b) {(mmol)
EtsAl (c) (mmol) 0.311 0.311 0.311
Type of halogen- (9) (10) (8)
containing compound
Halogen-containing 0.042 0.042 0.042
compound (d) (mmol)
Molar ratio (a:b:c:d)
of catalyst 1:3:15:2 1:3:15:2 1:3:15:2
components _ - '
Reagtion temperature 80 80 80
(°C)
Ethylene pressure 35 35 35
(Kg/cm2G) : '
Residence time 8.5 0;5 '0'5
(Hr)
Contacting method (1) (1) (1)




- .- _.;.-_-H

in Table 16. Exanples 88 and 89 An [err]- olefin ol i goner was produced in
the sanme react[err] as in Exanple 85 except for using an agueous sodi um
hydr oxi de having a concentrati on shown T ﬁ?ble 17 as an extracting |iquid
of the catalyst conponents. The results of. analysis are shown in Table 17.
Exanple 90 An [err]-olefin oligoner was produced in the sane reaction as in
Exanpl e 88 except for using a n-heptane solution of 0.19 nmol /I of
chloroformin place of the n-heptane solution of 1,1,2,2-tetrachl oroethane.
The results of analysis are shown in Table 17. Exanple 91 An [err]-olefin
ol i gomer was produced, a polymeric by- product was separated and the,
cat al yst conponents were extracted in the sane reaction as in Exanple 85
except that 970 m of n-heptane, a n-heptane solution of 1.24 nmol of
2,5-di met hyl pyrrole, a n-heptan utd o f 12, mol of triethylal um num
were charged into the autocl ave ¥§§§F1ﬁwﬁédﬁﬁﬁa4§&& n- hept ane sol uti on of-
0.40 mmol of chromum (lI11) 2-ethyl hexanoate was charged into the catalyst
conponent f ged—tobe—(tthetotat—anpumt—of—r=teptame—was—tHtre)y—ttirat

Example 18 | Example 19 | Example 20

Type of solvent CHX(120) CHX (48) CHX (48)
(Amount : ml) HP (5) HP (2) HP (2)

Amount (mg) of 2.50 . 10.0 10.0

Cr (2EHA) 3

Cr(2EHA)3 (a) (mmol) 0.0052 - 0.021 0.021

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

containing compound

Nitrogen-containing 0.156 ' 0.062 0.062

compound (b) (mmol)

EtsAl (c) (mmol) 0.779 0.311 0.311

Type of halogen- (8) ' 8) . (8)

containing compound : :

Halogen-containing 0.104 0.073 0.208

compound (d) (mmol)

Molar ratio (a:b:c:d)

of catalyst - 1:3:15:2 1:3:15:3.5§ 1:3:15:10

components

Reaction temperature 80 | 80 80

(°c)

Ethylene pressure’ 35 35 35
(Kg/cnG) ' —

Residence time 0.5 0.5 0.5
(Hr)

Contacting method (1) (1) (1)




the feaction tenperature was changed to 60[err], and that the extracting

I'i qui d was changed to 1.4 nol/litre of hydrochloric acid. The results of
anal ysis are shown in Table 18. -92- -BRapl e 92 An [err]-ol efin ol i goner
was produced in the sane reaction as in Exanple 91 except for using 1.2

mol /litre of aqueous sodi um hydroxide solution.in place of 1.4 nol/litre of
hydrochl oric acid. The results of analysis are shown in Table 18. Exanple
93 A 2-litre autoclave which was heated and dried by a dryer of 120[err],
was assenbled while it was hot and the air in the autoclave was repl aced by
nitrogen under a vacuum A catal yst conponent feed tube provided with a
rupture plate of the burst pressure of about 5 kg/cnR. 730 ml of n-heptane,
a n-heptane solution of 0.140 mmol of 2,5- dinethylpyrrole, a n-heptane
solution of 0.700 nmml of trieth [,um,n s heptane sol ution of 18.0
nmg (0.234 mml) of allyl chlorid t he autocl ave body

side, while a n-heptane solution of 22.5 ng (0.047 nmol) of chromium (111)
2- et hyl hexapeate—was—ctarged—nt
Example 21 | Example 22 | Example 23
Type of solvent CHX (48) CHX (48) - CHX(48)
(Amount : _ml) .~ HP (2) __HP(2) HP (2)
jAmount (mg) of 10.0 10.0 10.0
Cr (2EHA) 3
Cr(2EHA)3 (a) (mmol) 0.021 0.021 0.021
Type of nitrogen- 2) (2) (2
containing compound
Nitrogen-containing 0.062 0.062 0.108
compound (b} (mmol)
Et3Al (c) (mmol) 0.311 0.934 0.420
Type of'halogen- (8) (8) (8)
containing compound _
Halogen—containing . 0.126 0.042 0.062
compound (d) (mmol)
Molar ratio (a:b:c:d)
of catalyst 1:3:15:6 1:3:44:2 1:5:20:3
components .
Reaction temperature 80 80 80
(°C)
Ethylene pressure 20 35 '35
(Kg/cm2G)
Residence time 0.5 0.5 0.5
(Hr) ' ‘
Contacting method (1) (1) (1)




the catal yst
nm. At this

conponent feed tube.
poi nt of tine,

burst by the pressure of ethylene,
I ntroduced to the autoclave body side and the oligonerization of ethylene

was -93-

time (0.5 ho
at nosphere.
rel easing th
(rmainly poly
to recover t
liquid was a
anal ysis are
was

initiated. Ethylene was introduced until
reached 35 Kg/cnk2G and thereafter,
Kg/ cn2G and the reaction tenperature at 80[err].

ur) , a part of

The t ot al

the total

After conpletion of the reaction,

e pressure of the au

Clav

an

amount of n-
t he chrom um conpound was not
the triethylalunm num After heating the-aQ#oclave to 80[err],
i ntroduced fromthe catal yst conponent feed tube.

t he total

hept ane was 750

I n contact with
et hyl ene was
The rupture plate was

so that the chrom um conpound was

pressure

pressure was mai ntai ned at 35

After prescribed reaction
reaction liquid was collected in a nitrogen-

t he autocl ave was degassed by
h | ymeric by-product

ethylene) in the rea noved by a filter so as
he reaction solution. The [err]-olefin oligoner in the reaction
reyZed—hy—gas—chroratography—Thearesutts—ofythe——conposTti on
shown in Table 19. Thepobtaiped, rieagl hofle P8 Yl Allndyle QA0 | M )
Type of solvent CHX (120) CHX (48) CHX (48)
(Amount : ml) HP (5) HP (2) HP (2)

Amount (mg) of 25.0 10.0. 10.0

Cr {(2EHA) 3

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

Type of nitrogen- (2) t2) (2) )
containing compound -

Nitrogen-containing 0.156 0.062 0.062
compound (b) (mmol)

Et3Al (¢) (mmol) 0.779 0.311 0.311

Type of halogen- (8) (2)' (3)
containing compound

Ralogen-containing 0.104 0.032 0.063
compound (d) (mmol) '

Molar ratio (a:b:c:d)

of catalyst 1:3:23:2 1:3:15:1.5 1:3:15:3
components :

Reaction temperature 80 80

(°C)
Ethylene pressufe 35 35
(Kg/cm2G) -
Residence time 0.5 0.5
{Hr)
Contacting method (1) (1)




distilled by a glass distilling colum (inner dianeter: 32mmierr], nunber

of stages: 20). The distillation was conducted in batchw se process in
which R'D ratio was 2 and the operating‘ﬁpé§sure was 760 mmHg. The anopunt

of 1- hexene recovered was 330 ml. The content of halogen in the recovered
1- hexene was neasured by a mcro sulfur and chlorine analyzer (M tsubish
chem cal Corporation) and hal ogen coul d not be detected. -94- Exanpl es
94 and 95 An [err]-olefin oligoner was produced in the same procedure as in
Exanpl e 83 except for the prescribed reaction tinme. The results of analysis

are shown in Table 19. -95- Table 1 Example 1 Exampl e 2 Exampl e 3
Type of sol vent CHX(120) CHX(120) CHX(120) (Armount: ml)
HP(5) HP( 5) HP(5) Anount (ng) of 12.5
12.5 10.0 Table 1 (continued)
Exampie 27 | Exdmple 28 | Example 29
Type of solvent CHX (48) CHX (48) CHX(120)
{Amount: ml) HP (2) HP (2) - HP(5)
Amount (mg) of 10.0 10.0 10.0
Cr (2EHA) 3 .
Cr(2EHA)3 (a) (mmol) 0.021 0.021 0.052
Type 9f nitrogen- (2) (2) (2) -
containing. compound
Nitrogen-containing 0.062 ©0.062 0.156
compound (b) (mmol)
Et3Al (c) (mmol) 0.311 0.311 0.779
Type of hglogen— (11) ' (11) (1)
containing compound
Halogen-containing 0.084 0.021 ©0.104
compound (d) (mmol) '
Molar ratio (a:b:c:d) -
of catalyst ©1:3:15:4 1:3:15:1 1:3:15:2
components
Reaction temperature " 80 80 . 80
(°C) : '
Ethy;ene pressure 25 35 35
(Kg/cm2G)
Residence time -5 0.5 0.5
(Hr)
Contacting method {1 .(1) (1)




0. 021 Type of

[errf [err] (a) (nmmol) 0. 026 0. 026
nitrogen- (1) (D) (1) containing conpound
Ni t r ogen- cont ai ni ng 0.078 OL 06F8 0. 063 conpound (b)
(mmol) Et3AI (c) (nmol) 0. 390 0. 390 0.310 Type of
hal ogen- (1) (2) (3) containing conmpound
Hal ogen- cont ai ni ng 0. 052 0. 052 0. 042 conpound (d)
(mml) Mol ar ratio (a:b:c:d) of 1:3:15:2 1:3:15:2 1:3:15:2
catal yst conponents Reaction tenperature 80 80 -
80 ([err]) Ethylene pressure 35 35 35
(Kg/[err] G Residence tine 0.5 0.5 0.5 (Hr)
Cont acti ng met hod (D) (D) (D) -96- Table 1
(conti nued) able 1 ( . 1)
Example 30 | Example 31 | Example 32
Type of solvent -CHX(48) CHX (120) CHX(48)
(Amount: ml) HP (2) HP (5) HP (2)
Amount (mg) of 10.0 25.0 10.0
Cr (2EHA) 2
Cr(2EHA)3 (a) (mmol) 0.021 0.052 0.021
Type of nitrogen- (2) (2) (2) i
containing compound : <
Nitrogen-containing 0.062 0.156 0.062
compound (b) (mmol) :
Et3Al (c) (mmol) 0.311 0.779 0.311
Typé of halogen-
containing compound (12) (13) (14)
(1)
‘{Halogen-containing
compound (1) (d) - 0.062 23.4 0.084
(mmol)
Molar ratio (a:b:c:d) -
of catalyst 1:3:15:3 1:3:15:450 1:3:15:4
components
‘Reaction temperature 80 30 80
(°C)
Ethylene pressure 35 35 35
(Kg/cm?G) _ :
Residence time 0.5 0.5 0.5
(Hr)
Contacting method (1) (L) (L)




Exanple 4
CHX( 46)

Amount (ng) of
Cr(2EHA) 3 (a) (mmmol)

Exampl e 5
CHX(120) (Amount: m)
- . 10.0
0. 021

-1875
0. 021

Exanpl e 6 Type of sol vent
HP( 4)

CHX( 46)

HP( 4)

12.5 Cr(2EHA) 3
0. 026 Type of nltrogen-

HP( 5)

(1) _ (1) containing conmpound Ni trogen-containing
0. 063 0. 063 0.078 conpound (b) (mmol) [err] (c) (nmol)
0. 310 0. 310 0.390. Type of hal ogen- (4) (5)
(6) containing conpound Hal ogen-cont ai ni ng 0. 042 0. 042
0. 052 conpound (d) (mol) Mlar ratio (a:b:c:d) of catalyst
1:3:15: 2" 1:3:15:2 1:3:15:215ﬂﬂ§ﬂf§ﬁﬁk&§ﬁﬁé§§n tenperature 80
80 80 ( © Ethylene préssure 35
35 (Kg/[err] © Residence tine 0.5 0.5 - 0.5
(Hr) Cont act iTTg—TTEtTOd 1\ ) T
' Example 33 | Example 34 | Example 35
Type of solvent CHX (48) CHX(48) CHX (48)
{(Amount : ml) HP (2) HP (2) HP (2)
Amount (mg) of 10.0 10.0 10.0
Cr (2EHA) 3
Cr(2EHA)3 (a) (mmol) 0.021 0.021 0.021
Type of nitrogen- | (2) (2) (2)
containing compound A
Nitrogen-containing 0.062 0.062 0.062
compound (b) (mmol) ' .
Et3Al (c) (mmol) 0.311 0.311 0.311.
Type of halogen-
containing compound {19) (16) (3)
(1) E
Halogen-containing )
compound (1) (d) 0.084 . 0.084 0.084
(mmol)
Type of halogen-
containing compound - - (9)
(2)
Halogen~containing
compound (2) (d) - - 0.021
{mmol) -
Molar ratio (a:b:c:d) :
of catalyst 1:3:15:4 1:3:15:4 "1:3:15:5
component s - : - :
Reaction-tempe;ature 30 80 80
(°cy.
Ethylene pressure. 35 35 35
(Kg/cm?G)
Residence time ~ 5 0.5 0.5
(Hr)
Contacting method (1) '(l) (1)




-97- %able 1 (continued) Exanmple 7

HP( 125)

(a) (nmol)

(1)

Ni t r ogen-cont ai ni ng

(mmol) [err]
hal ogen-

Hal ogen- cont ai ni ng
(nmol ) Molar ratio (a:b:c:d). of | yst ;
1:3:15: 2 conponents Reaction tenﬁ%&g;%rgisgnnanugﬂl

[err] Ethylene pressure

CHX(120)
HP(5) Anount (ng) of

12.

0.026 ~ 0. 026

Exampl e 8
CHX(120) (Anount:

- Exanple 9 Type of sol vent
HP( 5)

)
5 108 12.5 |
0.026 Type of nitrogen-

0. 078 conpound (b)

0. 390

(1) (1) containing conpound
0.078 0.078
(c) (mmol) 0. 390
(6)
0. 052 0. 052

0.390 Type of

(6) containing conmpound
0. 052 conpound’ (d)

1: 3:15: 2

80

35 (Kg/[err] G

1: 3:15: 2

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

12.5 [err] [err]

80



Residénce time

12.5 Cr(2EHA) 3 [err]

0. 078 conpound (-b) (nnDI) [err]
of hal ogen-

Hal ogen-cont ai ni ng
ratio (a:b:c:d) of catalyst

0.5

(1) (1)

Exanpl e 10 Exanple 11 Type of sol vent

HP( 20)
(a) (mmol)

0. 312

0.5
-104-1)

0. 156

(¢) (nmol)
(1) containing conmpound

0.5 (Hr) Contacting
-98- Table 1 (conti nued)

CHX(730)
HP(5) Amount (ng) of

CHX(120) (Anmount:
- 75.2

0. 026 Type of nitrogen-
(1) containing conmpound N trogen-containing

2. 300

0.470

0. 390 Type

0. 052 conpound (d) (mmol) Mol ar

1:3:15: 2 1:3:15: 2 conponents
Table 1 {continued)
Example 39 | Example 40 } Example 41
Type of solvent CHX (120) CHX (48) - CHX (48)
{  (Amount: ml) HP (5) HP (2) HP (2)
Amount (mg) of 10.0 10.0 10.0
Cr (2EHA) 3
Cr(2EHA)3 (a) (mmol) 0.052 0.021 0.021
Type of nitrogen- (2) (2) (2)
containing compound
Nitrogen-containing 0 1;6 0.062 0.062
compound (b) (mmol)
Et3Al (c) (mmol) 0.779 0.311 0.436
Type of halogen- ,
containing compound (17) (18) (19)
(1)
Halogen-containing .
compound (1) (d) 0.260 0.042 0.126 i
(mmol) : ;
Molar ratio (a:b:c:d) 1:3:15:5 1:3:15:2 1:3:20:6
of catalyst components
Reaction temperature 80 80 80 é
(OC) .
Ethylene'pressure 35 35 35
(Kg/cm2G)
Residence time ) 0.5 0.5
(Hr)
Contacting method (1) (1) (1)




React i on t enperature 80

80 [err] Ethylene pressure
0.5

35 35 (Kg/[err] G Residence tine

Cont acti ng met hod (1) -t1p- -99- Table 1 (continued)
Conp. Conmp. Exanple 1 Exanpl e 2 Type of sol vent CHX( 120)
CHX(120) (Amount: mnl) HP( 5) HP(S) Anount (ng) of

12.5 0. 026 0. 026

Type of nitrogen-

Ni t r ogen- cont ai ni ng

- (mol ) 0. 390
(1) containing conmpound

0.078

12.5 G (2EHA)3 O (2EHA)3 (a) (mmol)
(1) (1) containing conmpound

0.078 conpound (b) (mmol) [err] (c)
0. 390 Type of hal ogen-

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

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

Amount (mg) of 10.0 10.0 25.0

Cr (2EHA) 3

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

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

containing compound .

Nitrogen-containing 0.062 0.062 0.156

compound (b) (mmol) '

Et3Al (c) {(mmol) 0.722 0.722 0.779

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

containing compound

Halogen-containing 0.415 1.246 0.104

compound (d) (mmol)

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

of catalyst components

Reaction temperature 80 80 80

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

0.5 (Hr)




Amount. (ng) of
Cr(2EHA) 3 (a) (mmol)

-

Hal,ogen- cont ai ni ng
ratio (a:b:c:[err]
Reaction tenpera .: 80
35 (Kg/[err]Q Resi dence time
Contacting nethod
Exanpl e 12 Exanple 13 Exanple 14 Type of sol vent

of catal yst

CHX(48) (Amount: nl)
10.0
10.021
(3)
0. 062 0. 062

.....

0.052 conpound (d) (rnmol) Mol ar

1:3:15:0

1:3: 15: 2 conponents
B3 [err] ) Ethylene pressure
0.5 0.5 (Hr)

(X - 100- Table 1 (continued)
CHX( 48)
HP( 2) HP( 2)
10.0 10.0 Cr(2EHA) 3
0. 021 0.021 Type of nitrogen-

Table 1 (cont.i i

(4) contai ning conpound Ni t r ogen-cont ai ni ng

Example 46

Example 45 Example 47

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

(Amount : ml) HP (2) HP (2) HP (2)
Amount (mg) of 10.0 10.0 10.0
Cr (2EHA) 3
Cr(2EHA)3 (a) (mmol) 0.021 0.021 0.021
Type of nitrogen- (2) (2) (2)
containing compound
Nitrogen-containing 0.062 0.062 d 062
compound (b) (mmol) :
Et3Al (c) (mmol) 0.311 0.311 0.311
Type of halogen- (8) (8) (8)
containing compound -
Halogen-containing 0.042 0.042 0.042
compound (d) (mmol) .
Molar ratio (a:b:c:d) | ;.3.95.2 | 1:3:15:2 | 1:3:15:2
of catalyst components
Reaction temperature 80 80 80

(°C) '

Ethylene pressure 35 35 35

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

(Hr)

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




conpound (b) (mmol) [err] (c) (mmol) 0. 311
0. 311 Type of hal ogen- (8) : (8)
‘conpound Hal ogen-cont ai ni ng 0. 042-112- 0. 042

0. 311
(8) containing
0. 042 conpound

(d) (nmmol) Mlar ratio (a:b:c:d) of catalyst ; 1:3:15:2
1:3:15:2 1: 3: 15: 2 conponents Reaction tenperature 80 80
80 [err] Ethylene pressure ' 35 35 35
(Kg/[err]G Residence tine 0.5 0.5 0.5 (Hr)
Cont acti ng net hod ' (1) (1) (1) -101- Table 1

(continued) Exanple 15 Exanple 16 Exanple 17 Type of sol vent

CHX( 48) CHX( 48) CHX(48)Iﬁﬁﬁggi;+fdﬂﬁlnuedil HP( 2)
HP(2) TL(1) Armount (ng) of 0.0 10.0

Cr (2EHA) 3

HP( 2)

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

Ethylene pressuré 35 35

(Ka/cm?G)
Residence time 0.5 0.5

(Hr) '

Contacting method

(1)

(1)




G (2EHA) 3 (a) (mmmol) 0.021 0.021 0. 021 Type of nitrogen-

(2) (2) (2) containing conpound N trogen-containing
0. 062 0. 062 0. 062 conpourt{d) (mmol) Et3A (c) (mol)
0. 311 - 70.311 ) 0. 311 Type of hal ogen- 9
(10) (8) containing conpound Hal ogen-cont ai ni ng 0.042
0. 042 0.042 conpound (d) (mmol) Mlar ratio (a:b:c:d) of catalyst
1:3:15: 2 1:3:15: 2 1: 3: 15: 2 conponents Reaction tenperature 80
80 80 [err] Ethylene pressure - 35 35
35 (Kg/[err]G Residence tine 0.5 0.5 (Hr)
Cont acti ng net hod - (D . (1) -102- Table 1
(continued) Exanple 18 Exanple . .
Example 50 Example 51
Heating pretreatment: 120 x 1 None
Temperature (°C) x Time (Hr)
Type of solvent HP (750) HP (750)
(Amount : ml)
‘tAmount (mg) of Cr(2EHA)3 22.5 22.5
Cr(2EHA)§ (a) (mmol) ) 0.047 0.047
Type of nitrogen-containing (1) : (1)
compound *
Nitrogen-containing compound 0.140 0.140
(b) (mmoil)
Et3Al (c) (mmol) - 0.701 0.701
Type of halogen-containing (12) (12)
compound _
Halogen-containing compouni 0.240 0.240
(d) - (mmol) '
Molar ratio Sa:b:c:d) of 1:3:15:5 1:3:15:5
catalyst components
Reaction_temperature 80 80
(°c)
Ethylene pressure _ 2_ 35 35
(Ka/cm2G) é
Residence time | 0.5 0.5
(Hr) -
Contacting method : i fl) (1)




Ni t r ogen- cont ai ni ng 0. 156 0.062 0.062 conpound (b)
(nmol ). [err] (c) (muol) 0.779 0. 311 0. 311 Type of
hal ogen- (8) (8) containing conmpound
Hal ogen- cont ai ni ng 0.104 0.073 0. 208 conpound (d)"
(mol) Mol ar ratio (a:b:c:d) of catalyst 1:3:15: 2 1:3:15: 3.5
1:3:15:10 conponents Reaction tenperature . 80 80
[err] Ethylene pressure Bable 1 (contidmedg/[err] G Residence tine
.5 - : 0.5 (Hr) Contacting method (1) -
(1) (1) . -
Example 52 Example 53
Type of solvent HP (750) HP (750)
(Amount: ml)
Amount (mg) of Cr (2EHA)3 22.5 22.5
Cr(2EHA)3 (a) (mmol) 0.047 . 0.047
Type of nitrogen-containing (1) (1)
compound
Nitrogen-containing compound . 0.140 0.140
(b) (mmol)
Et3Al (c¢) (mmol) 0.701 0.701
Type of halogen-containing (12) (12)
compound
Halogen-containing compound 0.240 0.240
(d) (mmol) :
Molar ratio (a:b:c:d) of 1:3:15:5 1:3:15:5
catalyst components -
Reaction temperature 80 80
°c)
Reaction pressure 35 35
(Kg/cm2G) :
Concentration of hydrogen 2.8 11.0
(vol%)
Residence time 1.0 1.0
(Hr)
Contacting method (1) (1)

Typ€ of sol vent CHX( 120) CHX( 48)

HP(5) "+ HP( 2) HP(2) Amount (ng) of
10.0-ferr] [err] (a) (mmol) " 0.0052 -j14- 0.021
ni t'r ogen- (

CHX(48) (Amount: )
2. 50 -

0. 021 Type of
(2) (2) contai-ning conpound




-103- Table 1 (continued) Exanple 21 Exanple 22 Exanple 23 Type of

sol vent® CHX(48) CHX( 48) -CHX(48) (Amount: nl)
HP(2) HP( 2) HP(2) Anount Cﬁéf “of 10.0
10.0 10.0 Cr(2EHA) 3 Cr(2EHA)3 (a) (nnDI) 0.021 0.021
0.021 Type of nitrogen- (2) (2) (2) containing
conpound Ni trogen-cont ai ni ng 0. 062 0. 062 0. 108 conpound
(b) (rmmol) [err] (c) (mmol) 0. 311 0.934 0. 420 Type
of hal ogen- 8 (8): (8) containing conmpound
Hal ogen- cont ai ni ng 0. 126 0. 042 0. 062 conpound (d)
(nmol) Molar ratio (a:b:c:d) of GA, | yst . 1:3:15:6 1:3:44:2
1:5:20: 3 conponents Reaction tenpé&éf%ieiggnilﬂugsl 80 '
80 [err] Ethylene pressure 20 . 35 35
(Kg/[err]G) Restrdemce—t1e— 615 65 =5
Example 54 Example 55
Type of solvent HP (750) " HP (750)
{Amount : ml)

Amount (mg) of Cr(2EHA)3 22.5 22.5

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

Type of nitrogen-containing (15 (1)

compound .

Nitrogen-containing compound 0.140 0.140

(b) (mmol) : ' |

Et3Al (c¢) (mmol) 0.701 0.701

Type of halogen-containing (12) (12)

compound

Halogen-containing compound 0.240 0.240

(d) (mmol)

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

catalyst components

Reaction température 80 80

_(°C) :
Reactionfpressure 35 35
(Kg/cm2G) -

Concentration of hydrogen 23.9 0

(vol$) '

Residence time '1 0 1.0

(Hr) _
Contacting method (1) (1)




(Hr)" Contacting nethod (1) (1) (1) -104-
Table P (continued) Exanple 24 Exanple 25 .Exanple 26 Type of solvent

'CHX(lZO) CHX(48) _ CHX(48) (Anountl‘%1) HP(5)

HP( 2) HP(2) Amount (ng) of 25.0 10.0 10.0
[err] [err] (a) (mmol) 0. 052 0. 021 0. 021 Type of
nitrogen- (2) (2) (2) containing conmpound

Ni t r ogen- cont ai ni ng 0. 156 0. 062 - 0. 062 conpound (b)
(mmol ) Et 3Al (c) (mmol ) 0.779 0. 311 0: 311 Type of

hal ogen- (8) - (2). ' (3) containing conmpound

Hal ogen- cont ai ni ng 0.104 I%bfa %}Eﬁgﬁtanned! 0. 063 conpound (d)
(mol) Molar ratio (a:b:c:d) of catalys o 1:3:15:2

1:3:15:1.5 = 1:3:15:3 conponents Reaction tenperature

80 Y _
Example 56 Example 57
Type of solvent HP (5) HP (5)
(Amount : L/Hr)
Amount of Cr(2EHA)3 (g/hr) 0.29 0.29
Cr(2EHA) 3 (a) (mmol/Hr) 0.60 0.06
Type of nitrogen-containing (1) (1)
compound .
Nitrogen-containing compound 1.8 1.8
{b) (mmol/Hr) | .
Et3Al (c) (mmol/Hr) : 9.0 8.0
Type of halogen-containing (12) (12)
compound _
Halogen-containing compound 3.0 3.0
(d) _(mmol/Hr)
Molar ratio-(a:b:c:d) of 1:3:15:5 1:3:15:5
catalyst components
Reaction temperature 80 80
{°C)
Reaction pressure 35 '35
(Kg/cm3G)
Concentration of hydrogen 2.0 _ 0
(vol%) '
Residence time (Hr) measured 0.53 0.52
at the outlet '
Contacting method. (1) ' (1)




[ert] Ethylene pressure | 35 35 (Kg/[err]Q

Resi dence tine Q 0.5 (Hr) Contacting

- fret hod (1) i) -105- Table 1 (continued)
_ Exanple 27 Exanple 28 Exanple 29 Type of sol vent CHX( 48)
CHX(48) CHX(120) (Amount: m) HP( 2) ' HP( 2) HP( 5)
Amount (ng) of 10.0 - 10.0 10.0 [err] [err] (a)
(mmol ) ©0.021 0. 021 0. 052 Type of nitrogen- .

(2) (2) containing conmpound Nitrogen-containing

0.062 0. 156 0. 062 0. 062 0. 156 conpound (b) (mmol) [err] (c)
(nmol ) 0. 311 - .0.311 0.779 Type of hal ogen-

(11) (11) (1) contalnlng conmpound Hal ogen- contalnlng

0. 084 0.021 0. 104 Table (:::ti:uedl

.Example Example Example Example
S5S8A 58B 594 59B

Type of solvent

HP (750) HP (10) HP (750) - HP (20)
- (Amount : ml) _ :

Amount (mg) of

22.5 - | 22.5 -
Cr (2EHA) 3
Cr (2EHA)3 (a) 1 o0.047 - 0.047 -
{mmol) _ .
Type of nitrogen- (1) : o (1) o
containing compound »
Nitrogen-containing | , 1,44 _ 0.140 -
compound- (b) (mmol) '
Et3Al (c) (mmol) 0.701 - 0.701 0.701
Type of halogen- 6) | (6 (6) (6)
containing compound |’ - _
Halogen-containing | 4 g4 0.094 0.094 0.094

compound (d) (mmol) _ _
Molar ratio o

(a:b:c:d) of 4+1:3:15:211:3:15:411:3:15:211:3:30:4
catalyst components

Reaction 80 80 80 - 80

temperature  (°C) :

Ethylene pressure 35 35 35 35
(Kg/cm2G)

Residence time 1.0 | 2.0 1.0 2.0
(Hr)

Contacting method C(d (1) S

}—
N
|




conpound (d) (mmol) Mol ar
1:3:15. 1
BO ( [err]) Ethylene pressure
(Kg/[err] G Residence fine 0.5
(1) (1)

0.5

ratio (a:b:c:d) of catalyst
1:3: 15: 2 conponents Reactlon tenperature

35

80

1: 3:15: 4
: 80

35

0.5 (Hr) Contacting method

-136- Table 1 (continued) Exanple 30 Exanple 31

Exanpl e 32 Type of sol'vent CHX(48) CHX(120) CHX(48)
(Amount: nl) HP( 2) HP( 5) HP(2) Anount (ng) of
10.0 25.0 10.0 [err] [err] (a) (nmol) 0. 021
0. 052 0.021 Type of nitrogen- 2 (2)
~cont.ai ni ng conpound Ni trogen- conFaiglng (con ;0.0EE 0. 156
0. 062 _
Example Example Example | Example
__60A 60B 61lA 61B
Type of solvent HP (750) | HP(30) | HE(750) | EP(10)
(Amount : ml) :
Amount (mg) of 22.5 - 22.5 -
Cr (2EHA) 3 .
Cr(2EHA)3 (a) 0.047 - 0.047 -
(mmol) :
Type of nitrogen- '(1) _ (1) _
containing compound
Nitrogen-containing 0.140 0.140 0.140 -
compound (b) (mmol)
Et3Al (c)y (mmol) 0.701 0.701 0.701 0.701
Type of halogen- (6) (6) ' (6) -
containing compound
Halogen-containing 0.594 0.094 0.094 _
compound (d) (mmol)
Molar ratio '
(a:b:c:d) of 1:3::3:2(1:6:30:4]1:3:15:2} 1:3:30:2
catalyst components .
Reaction . - 80 80 80
temperature (°C)
_Ethylene-pressure 35 35 35
(Kg/cm2G) '
Residence time 2.0 1.0 2.0
{Hx)
Contacting method - (L) -

2)



0.084 (mmol)
1-3: 15: 450

Table 1 (continued) Exanp

0.311 0.779
cont ai ni ng conpound (12) (13)
) (1) Hal ogen-contai ning conmpound (1)-{)- 0. 062 23. 4
Mol ar ratio (a:b:c:d) of catal yst 1:3:15:3
1:3:15: 4 component s _ Reaction tenperature
80 , 80 ([err]) Ethylene pressure 35
35 (Kg/[err]G Residence tine 0.5 0.5
0.5 (Hr) Contacting nethod (1) (1) (1)

conpound (b) (mmol) [err] (c) (nmol)
0, 311 Type of hal ogen-

|l e 33 Exanple 34 Exanmple 35 Type of sol vent

‘CHX(48) CHX(48) (Anmount: mnl) - "HP(2)
_ . X ,
Example | Example | Example | Example
62A 62B 63A 63B
|| Type of solvent HP (750) - HP (750) -
{Amount : ml)
Amount (mg) of 22.5 - 22.5 -
Cr (2EHA) 3 :
Cr(2EHA)3 (a) (mmol)| 0.047 - 0.047 -
Type of nitrogen- (1) - (1) N
containing compound : '
Nitrogén—cdntaining d 140 - 0.140 -
compound (b) (mmol)
Et3Al (c) (mmol) 0.701 - 0.701 -
Type of halogen- (6) _ (6) _
containing compound
Halogen-containing 0.094 _ 0.188 -
compound (d) (mmol)
Molar ratio
(a:b:c:d) of 1:3:15:2]1:3:15:2}1:3:15:4]1:3:15:4
catalyst’componen;s '
Reaction 80 80 80 80
temperature (°C)
Ethylene pressure 35 35 35 35
(Kg/cm2G) :
Residence time - Cn 2.0 1.0 2.0
(Hx) =

Contacting method (1) - (1) -




Armount (ng) of

(Jmol )
(2).

0. 062
0.311
(15)
0.084

10.0
0. 021 0.021-
(2) -
0. 062
0.311
(16)
0.084

10.0

0. 021 Type of nitrogen-

(9) (2 Fblogen-contéining conmpound (2) (d)
0.021 (mmol) Ml ar ratio (a:b:c:d) of catalyst

1:3:15: 4
80 [err]

10.0 [err] [err] (&)

(2) -cont ai ni ngi€¢®npound Ni trogen-contai ni ng-

0. 062 conpound (b) (mmol) Et3A (c) (mmol)
0.311 Type of hal ogen- contai ning conpound
(3) (1) Hal ogen-containing conmpound (1) (d) .

0.084 (nmmol) Type of hal ogen- contai ni ng conpound

1:3:15: 4,
1: 3:15:5 conponent s geaggign teﬁgerature 80
(O
Example 64 Example'GS
First Ac| 5€€08d lpirse ac| Second
AC AC
Type of solvent 'HP(100) | HP(40) | HP(100) | HP(40)
(Amount : ml/Hr) :
Amount of Cr (2EHA)3 6.0 - 6.0 ~
(mg/hr)
Cr(2EHA)3 (a) 0.012 - - 0.012 -
(mmol/Hr)
Type of nitrogen- (1) " _ (1) _
containing compound
Nitrogen-containing 0.037 _ 0.037 _
compound (b) (mmol/Hr)
Et3Al (c)  (mmol/Hr) 0.190 0.190 0.190 -
Type of halogen- (6) (6) (6) -
containing compound
Halogen-containing 0.024 0.024 0.024 -
gompound (d)
(mmol/Hr)
Molar :é#io (a’b‘¢’d’ 1:3:15:2{1:3:30:4{1:3:15:2{1:3:15:2
of catalyst components
Reaction temperature 39 80 80 80
(°c) -
Ethylene pressure ~z 35 35 35
(Kg/cm2G) '
Residence time (Hr) 63 0.36 0.62 0.52
measured at the outlet
Contacting method ) - (1) -




~

Et hyl ene pressure 35 . 35 35 (Kg/[err]Q

Resi dence tine 0.5 0.5 (Hr) Contacting
- fret hod (1) -121+ 1) -108- Table 1

(conti nued) Exanple 36 " Exanple 37 Exanple 38 Type of sol vent

CHX(48) CHX(48) CHX(48) (Amount: ml) HP( 2)

HP( 2) HP(2) Anount (ng) of 10.0 10.0

10.0 Cr(2EHA)3 Cr(2EHA) 3 (a) (mmol) 0.021 0. 021 . 0. 021
Type of nitrogen- - (2) (2) (2) containing
conpound Ni trogen-contai ni ng 0. 062 . 0.062 0. 062
conpound (b) (mmol) [err] (c) (nmol) : 0. 311 0. 311

0.311 Type of hal ogen- cont ai ni ngCatmkepdunitontinued) (3) N (3) -

(9) (1) Hal ogen-containing conpound (1) (d) . 0.062 0. 062
0. 168 :

Example _Example Example Example
56A 66B 67A 67B

Type of solvent

HP (750) HP (750) HP (750) HP (750)
(Amount : ml) a _

Amount (mg) of

22.5 22.5 22.5 22.5
Cr (2EHA) 3 - |
Cr(2EHA)3 (a) (mmol) 0.047 0.047 0.047 0.047
Type of nitrogen- (1) ' (1) (1) (1) .
containing compound . .
Nitrogen-containing | 149 | 0.140 0.140 0.140
compound (b) (mmol) '
Et3Al (¢} (mmol) 0.701 | 0.941 0.701 0.701
Type of halogen- (12) (12) (12) (12)
containing compound
Halogen-containing 0.240 0.240 0.240 0.480

compound (d) (mmol)
Molar ratio :
(a:b:c:d) of 1:3:15:5]1:3:20:5]1:3:15:5(1:3:15:10
catalyst components

Reaction 80 80 80 - 80

temperature (°C)

Ethylene pressure 35 35 35 35
(Ka/cm2G) '

Residence time 0.5 1.0 0.5 1.0

(Hr)

Contacting method (1) (1) (1) ()




(mmol ) Type of hal ogen- contai ni ng conpound
(14) (2) Hal ogen-containing conpound (2) (d)
0.042 (mmol) Mlar ratio (a:

0. 002

) ) |
1: 3:15: 10 of catal yst conponents Reactioﬁg?enperature
Et hyl ene pressure .

80

80 [err]

35 (Kg/[err] G Residence tine
(Hr) Contacting nethod

CHX( 120)
HP( 2)

10.0 Cr (2EHA) 3

(1)

(9)

(9)

[err]

: 3.5

0.5

1: 3: 15
35
(1)

03

0.5

- -109-
Table 1 (continued) Exanple 39 Exanple 40 'Exanple 41 Type of sol vent

CHX( 48) -CHX(48) (Amount: nl) HP( 5)
HP(2) Anmount (ng) of 10.0 10.0
Iable 1 (continued)
Example Example Example Example
68A 688 69A 59B
Type of solvent HP (750) | HP(750) | HP(750) | HP (750)
(Amount: ml) :
Amount (mg) of 22.5 22.5 22.5 22.5
Cr (2EHA) 3
Cr(2EHA)3 (a) (mmol) 0.047 0.047 0.047 0.047
Type of nitrogen- (1) (1) (1) (15
containing compound -
Nitrogen-containing | 4 149 | o0.140 | 0.140 | 0.140
compound (b) (mmol) '
Et3aAl () (mmol) 0.701 | 1.402 0.701 | 0.701
Type of halogen- (12) (12) (12) (12)
containing compound
jHalogen-containing | 4 549 | o0.480 | 0.240 | 0.240
compound (d) (mmol) —
Molar ratio '
(a:b:c:d) of 1:3:15:5(1:3:30:1011:3:15:5({1:3:15:5
catalyst components ' '
Reaction temperature 80 80 80 80
(°C) |
Ethylene pressure 35 35 35 35
(Kg/cm2G) :
Residence time A 5 1.0 lO 5 1.0
(Hx)
Contacting method (1) (1) (1) (1)




[err] (a) (mmol). © °0.052 0. 021 0. 021 Type of nitrogen-

(2) > (2) - (2) containing conpound N trogen-containing
0. 156 0. 062 0. 062 conpound-¥d3- (mmol) [err] (c) (mol)
0.779 0. 311 ~ 0.436 Type of hal ogen- contai ni ng conpound
(17) (18) (19) Hal ogen-contai ni ng conmpound (1) (d)
0. 260 0. 042 0.126 (nmmol) Mol ar ratio (a:b:c:d) 1:3:15:5
1:3:15:2 1:3:20: 6 of catal yst conponents Reaction tenperature 80
80 80 (C) Ethylene pressure 35 35 35
(Kg/[err]G Residence tine 0.5 0.5 (Hr)
Cont acti ng net hod (D (1) (1D -110- Table 1
(continued) Exanple 42 Exanple 43 Exanple 44

Table 2

Example 1 Example 2 - _Example 3

<Amount (g) of
product>

73.16 ' 84.90 66.87

<Compositional distribution (wt%)>

Cq | 0.01 | 10.04 0.30
Total Cg . 93.70 - 92.30 86.50
1-Hexene content 99.60 99.50 97.70
(wt%) in Cg |

| ce : 0.30. 0.30 © 0.50
C10 to 20 5.90 7.30 12.60
C22 to 30 0.0¢C 0.00 0.01
By-product PE 0.:.- 0.02 0.04
<Catalytic 54: 62900 61900
efficiency>
<Catalytic 16- 125800 123800

activity>




Type€ of sol vent CHX( 48) CHX( 48) CHX(120) (Amount: ni)
HP(2) - HP( 2) _ HP(5) Anount (ng) of 10.0
10.0 25.0 [err] [err] (a) (muol)-124- 0. 021 0. 021
0. 052 Type of nitrogen- (2 (2) (2)
cont ai ni ng conpound N trogen-containi ng 0. 062 0. 062 _
0. 156 conpound (b) (mmol) [err] (C (nmol) 0.722 0.722
0. 779 Type of hal ogen- (19) (19) (20)
cont ai ni ng conpound Hal ogen-cont ai ni ng 0.415 1. 246
0.104 conpound (d) (mml) Mlar ratio (a:b:c:d) 1:3:34: 20 1: 3: 34: 60
1:3:15:2 of catal yst conponents Reaction tenperature 80 :
80 80 [err] Ethylene pressure 35 35
35 (Kg/[err] G Residence tine ] ) 0.5 - 0.5
(Hr) Contacting method Iaklg 2 (continued) (1) |
Exémple 4 Example 5 | Example 6
<Amount (g) of 17.25 21.31 92.08
roduct> '
<Compositional distribution (wt%)>
C4 : 3.60 0.10 0.06
Total Cg : 9.80 94 .40 90.60 ,
l-Hexene content 90.10 99.30 99. 60
(wt%) in Cg
Cs S 2.10 0.40 0.29
C10 to 20 24.50 5.00 9.00
C22 to 30 0.00 0.00 0.00
By-product PE -0.10 0.07 0.07
<Catalytic 15950 19750 68200
efficiency>
<Catalytic 31900 39500 136400
activitv> .




Table 1 (continued) Exanple 45 Exanple 46 Exanple 47 Type of sol vent

CHX( 48) CHX(48) CHX(48) (Annunt:
HP( 2) HP(2) Anount (ng) of

10.0 Cr(2EHA)3 [err] (&) (mmmol) 0.7
of nitrogen- (2) (2)
Ni t r ogen- cont ai ni ng 0. 062

(mmol) [err] .(c) (nmol) 0. 311
hal ogen- (8 . (8)

Hal ogen-cont ai ni ng 0. 042

(mmol) Mlar ratio (a:b:c:d) 21:3:15:2

catal yst conponents Reaction tenperature

80 Et hyl ene pressure:
Resi dence tinme (Hr)

35

m)

71

0. 062

0. 042

10.0

0. 021

0. 311

HP( 2)
10.0
0. 021 Type
(2) containing conpound
0. 062 conpound (b)
0.311 Type of

(8) contai ni ng conpound

0. 042 conpound (d)

1: 3:15: 2

80

35
Tadfle 2 (@opfifmedacting net hod

1:3:15:2 of

80

35 (Kg/[err](3

(2) (3) (4)
_ Example.7 Example 8 Example 9

<Amount (g) of 71.30 90.53 80.41
product> '
<Compositional distribution {wt %) >
Csq 0.13 0.30 0.01
Total Cg 91.30 91.50 92.10
l-Hexene content 99°.00 ¢ '99 30 99 .40
(wt%) in Cg
Cs 0.34 0.30 0.60
C10 to 20 : 8.20 7.80 7.30
C22 to 30 0.00 0.00 0.00
By-product PE 0.01 0.01 0.02
<Catalytic 52850 67050 59550
efficiency> '
<Catalytic 105827 134100 119100

activity>




-112- Table 1 (continued) Exanple 48 Exanpl e 49 Heating pretreatnent:

120 x1° 140 x1 Tenperature ([err]) x Time (H) Type of sol vent
HP(750) ' HP(750) (Anmount: m) Amowu2d-ng) of [err] 0 22.5
22.5 [err] (a) (nmol) 0. 047 0.047 Type of
ni t rogen-cont ai ni ng '(1) (1) conpound N trogen-containing
conpound 0. 140 ' 0.140 (b) (mmol) [err] (c) (nmol)
0.701 0. 701 Type of hal ogen-cont ai ni ng (12
(12) conpound Hal ogen-cont ai ni ng conpound 0. 240 0. 240 (d)
(mol) Mlar ratio (a:b:c:d) of 1:3:15:5 1: 3:15: 5 catal yst
conponents Reaction tenperature _ 80 80 [err]
Et hyl ene pressure . - 35 35 (Kg /[err]Q
Resi dence tine : 0.5 . 0.5
Table 2 (continued)
Example 10 Example 11

<Amount (g) of
product>

545.86 : 81.72

<Compositional distribution (wt%)>

Cq 0.20 0.04
Total Cg = 88.90 ~91.80 .
l-Hexene_cqntent 9§-10 '99‘20
(wt%) in Cg.
Cs | 0.50 0.30
C10 to 20 10.30 7.80
1C22 to 30 o 0.00 0.00
By-product PE 0.00 - 0.02
<Catalytic 74400 60500
efficiency>
<Catalytic

148800. 121000
activity> :




(Hr) Cbntactlng nethod ' (1) (1)
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -113- Table 1

(continued) Exanple 50 _ . Exanple 51 Heatipg-pretreatnent: 120
x 1 ‘None Tenperature ([err]) x Tinme (H) Type of sol vent
HP( 750) HP(750) (Amount: m) Anount (ng) of [err] - 22.5
22.5 [err] (a) (nmol) 0. 047 0. 047 Type of
ni t rogen- cont ai ni ng '(1) (1) compound N trogen-containing
conmpound 0. 140 0.140 (b) (mmol) [err] (c) (mmol)
0.701 0. 701 Type of hal ogen-contai ning (12)
(12) conpound Hal ogen- cont ai ni ng conpound 0. 240 0. 240 (d)
(mol) Mlar ratio (a:b:c:d) of Table 2 {(domkilfued) 1: 3:15:5 catal yst
conponents :

Comparative Comparative

Example 1 Example 2

<Amount (g) of 15.87 4.37

product>

<Compositional distribution (wt%)>

Ca _ : 13.70 0.40
Total Cg . 56.90 94.10
l-Hexeng content 84 . 60 98.30
(wt%) in Cg

Cs 3.30 0.50
C10 to 20 _ 26.00 3.40
C22 to 30 : 0.00. 0.00
By~product PE. 0.10 1.50
<Catalytic 11750 3235
efficiency>

<Catalytic 23500 . 6470

activity>




Reattion tenperature 80 80 Et hyl ene pressure

35 (Kgf/[err] G Residence tine o 0.5 : 0.5

- Cont acti ng net hod (1) -iz28- (1) -114- Table 1
(continued) Exanple 52° Exanpl e 53 Type of solvent HP (750) HP (750)
(Amount: m) Anount (ng) of [err] , 22.5 _ 22.5 Cr(2EHA) 3
(a) (mmol) - 0.047 0. 047 Type of nitrogen-containing
(D) (1) conmpound N trogen-containi ng conpound 0. 140
0.140 (b) (mmol) [err] (c) (rmol) 0.701 0.701
Type of hal ogen-cont ai ni ng (12) (12) conpound
Hal ogen- cont ai ni ng conpound 0. 240 0.240 (d) (nmol) Mol ar
ratio (a:b:c:d) of 1:3:15:5 . 1:3:15:5

: T 1 i
Example 12 Example 13 Example 14

<Amount (g) of

25.7 3.33 4.57
product> ' _ . :

<Compositional distribution (wt%)>

fca 0.3 3.5 0.1

Total Cg . 67.7 35.5 19.5
1-Hexene content 92.6 ° 79.9 89.1.
(wt%) in Cg

Cs - . 0.4 1.0 : -
C10 to 20 29.6 27.8 5.5
C22 to 30 0.5 0.4 0.0
Wax _ C.: : 0.0 : -
By-product PE : P 31.7 74.8
<Catalytic 23 3080 4235
efficiency> _

<Catalytic 4" | 6160 8470

activity>




cataTyst conponents Reaction tenperature 80 80

[err] Reaction pressure _ 35 35 (Kg/[err]Q
Congcentration of hydrogen . 2.8 -129- 11.0 (vol %9 Resi dénce
tinme 1.0 1.0 (Hr) Contacting nethod
(1) (1) Table 1 (continued) Exanple 54 Exanpl e 55 Type of
sol vent- HP( 750) HP(750) (Amount: m) Anmount (ng)
of Cr(2EHA) 3 22.5 22.5 [err] (a) (nmol)
0. 047 0. 047 Type of nitrogen-containing (1)
(1) conpound N trogen-contai ni ng conpound ‘0. 140 0. 140 (b)
(nol) [err] (c) (muol) 0.701 0. 701 Type of
hal ogen- cont ai ni ng (12) (12) conpound :
Table 2 | . 0
Exanple 15 Example 16 Example 17
<Amount (g) of 15.5 34.8 4.26
product> ' ' .
<Compositional distribution (wt%)>
Cq 1.5 0.2 0.2
Total Cg 70.4 ~ 65.0 66.4
(wt%) in Cg
Cs ‘ 2.0 . 0.3 0.5
| C10 to 20 _ 23.0 33.0 9.1
C22 to 30 1.2 . 0.2 0.2
Wax 0.2 0.0 0.1
By—product PE 2.2 1.2 23.5
<Catalytic 14335 32180 3945
efficiency>
<Catalytic 2855 64360 7890
activity> ; :




0. 240

Hal ogen- cont ai ni ng conpound
ratio {a: b:c:d) of 1:3:15:5
Reaction tenperature 80-13C

0.240 (d) (mmol) Mol ar
1:3:15:5 catal yst conponents

- 80 [err] Reaction

pressure ) 35 35 (Kg/[err] G Concentration of
hydr ogen. 9 0 (vol % Residence tine

1.0 - 1.0 (H) Contacting nethod (D)

(D) Table 1 (continued) Exanple 56 Exanpl e 57 Type of sol vent

HP( 5) "HP(5) (Amount: L/Hr) Anmount of Cr(2EHA)3 (g/hr)

0.29 G (2EHA)3 (a) (Mol / Hr) 0. 60 0.06 Type of .

ni trogen-cont ai ni ng (D (1) compound Nitrogen-containing

conmpound 1.8

1.8 (b) (ol 7 Hr)

Tabhle 2 (copntipnued)

'Examble 18 Example 19 Example 20

<Amount (g) of 20.9 41.7 4.45
“Iproduct>

<Compositional distribution (wt%)>

Cy 0.2 0.1 0.3

Total Cg 74.6 68.6 86.9

1-Hexene content " 93.8 . 94.1 95.1

(wt%) in Cg

Cs - ' 0.3 0.3 0.2

C10 to 20 22.8 029.7 9.3

C22 to 30 0.2 0.2 -

Wax - 0.0 -

By-product PE . | - 1.9 1.1 3.3

<Catalytic. 77537 38640 4125

efficiency>

<Catalytic 155 77280 8250

activity>




(ol / Hr)

hal ogen- cont ai ni ng
tonpound
1:3:15:5

3.0

3.0 (d)

9.0

: 12) conpound Hal ogen-cont ai ni ng
ratio (a:b:c:d) of

9.0 Type of

CAder/ Hr) Mol ar

1:3:15:5 catal yst conponents Reaction tenperature

80 [err] Reaction pressure
35 (Kg/[err] G Concentration of hydrogen

Cont acti ng met hod
(conti nued) Exanple
59B Type of sol vent
Amount (ng) of

2.0

35

0 (vol

Residence tinme (Hr) neasured 0. 53 0.52 at the outlet
_ (1) (1) -117- Table 1
Exanpl e Exanpl e anpl e 58A 58B - 59A
HP(750)  HP(10) HP( 750) HP(20) (Anount:
22.5 22.5
Iable 2 (contipnued)
Example 21 Example 22 Example 23
<Amount (g) of 5.13 15.4 26.3
product> . _
<Compositional distribution (wt%)>
Cq 0.3 1.4 0.1
Total Cg 88.1 67.6 0 69.3
1-Hexene conte#t 95.2 93.3 94.2
(wt%) in Cg '
o] - 2.2 0.3
C10 to 20 8.8 24.3 28.6
C22 to 30 - 1.9 0.1
Wax - 0.6 -
By-product PE 2.8 2.0 1.5
<Catalytic 4755 14300 24315
efficiency>
<Catalytic 9510 28600 48630
activity>




Cr(2EHA) 3 [err] (a) 0. 047 0.047 (mol) Type of
ni trogen- (1) (1) containing conmpound

N t rogen-cont ai ni ng 0. 140 : _1329.140 conmpound- (b) (rmmol)
[err] (c) (nmol) 0.701 “770.701 0. 701 Type of
hal ogen- (6) ' (6) (6) (6) containing conmpound
Hal ogen- cont ai ni ng 0.094 0. 094 0.094 0. 094 conpound (d)
(mmol) Molar ratio (a:b:c:d) of 1:3:15:2 1:3:15:4 1:3:15:2
1: 3: 30: 4 catal yst conponents Reacti on. : 80 80
80 80 tenperature [err] Ethylene pressure 35 35
35 35 (Kg/[err] G Residence tine 1.0 2.0 1.0
2.0 (Hr) Contacting method (1) - (1) -118-
Table 2 (copntinued)
Example 24 Example 25 Example 26
<Amount (g) of 5.00 9.20 33.4
product> '
<Compositional distribution (wt3)>
Ca 0.8 0.1 0.0 .
Total Cg 68.5 : ' 83.2 70.4
l1-Hexene content| 92 .2 95.8 94 .1
(wt%) in Cg .
Cs | 0.8 | 0.2 -
C10 to 20 _ 24.3 13.4 28.7
C22 to 30 ' 0.3 - 0.1
Wax - : - -
By-product PE 6.8 3.1 0.8
<Catalytic 4625 8515 30900
efficiency> L
<Catalytic 9239 17030 61800
activity> -




Tabl'e 1 (continued) Exanple Exanple Exanple

61A . 61B Type of sol vent HP( 750)
(Anount m ) Anount (ng) of 22.533-
Cr (2EHA) 3 (a) 0. 047

Exanmpl e 60A
HP( 750)
22.5 O (2EHA) 3
0.047 (mmol) Type of nitrogen-

HP( 30)

60B
HP( 10)

(1) (1) contalnlng conpound Ni trogen- cont ai ni ng 0. 140
0. 140 0. 140 conpound (b) (mml) [err] (c¢) (mol) 0.701 0.701
0.701 0. 701 Type of hal ogen- ( (6) (6) containing
conpound Hal ogen-cont ai ni ng - 0.094 .0.094 0. 094 - conpound
(d) (mol) Mol ar ratio (a:b:c:d) of 1:3:15:2 1:6:30:4 1:3:15:
1:3:30: 2 catal yst conponents Reaction - 80
80. 80 tenperature [err] Ethylene pressure 35
35 35 (Kg/[err] G Residence tine 2.0
2.0
Example 27 Example 28 Example 29
<Amount (g) of 2.52 4.38 21.4
product>
<Compositional distribution (wt%)> .
Ca 0.3 0.2 0.0
Total Cg - 85.6 83.9 73.2
1-Hexene content 95 .7 95.1 94.8
(wt%) in Cg : '
Cs T | 0.3 0.3 0.2
C10 to 20 11.1 12.1 19.6
C22 to 30 - - 0.0
Wax _ - - 0.0
By-product PE z 3.4 6.8
<Catalytic : 4060 7925
jefficiency>
<Catalytic 8120 15850

tactivity>




(Hr)" Contacting nethod (1)
(continued) Exanple Exanple - Exanple Exanpl _  62A
'63B Type of sol vent Hp( 750) ~134- HP( 750)
Armount (rrg) of . 722.5
0. 047 0. 047 Type of nitrogen-
cont ai ni ng conpound Nitrogen-cont ai ni ng 0. 140

0.701

compound (b) (mmol) [err] (c) (mmuol)
- Type of hal ogen- (6)

-119- Table 1
62B
_ (Amount :
22.5 [err] [err] (a) (nmmmol)
(1)

0. 140
0.701

(6) containing conpound
0. 188 conpound (d) (mmol)

Hal ogen-cont ai ni ng 0. 094
Mol ar ratio (a:b:c:d) of 1:3:15:2 1:3:15:2 1:
cat al yst conponents
Table 2 (continued)

3:

15:4 1:3:15:4

Example 31

activity>

- Example 30 Example 32
<Amount (g) of 13.3 9.64 0.86
product>
<Compositional distribution (wt%)>
Cqa 0.4 0.4 0.0
Total Cg 74.9 48.1 38.7
1-Hexene content 92.7 96.9 96.9
(wt%) in Cg .
Cs | 0.5 0.5 -
C10 to 20 _ 20.4 6.4 2.8
C22 to 30 0.3 0.2 -
Wax . C.1 - -
By-product PE _ 3.4 -44.5 58.0
<Catalytic 12280 3570 400
efficiency>
<Catalytic 24540 7140 | 800




Reacti on 80 80 80 80 tenperature

[err] Ethylene pressure 35 - 35 35 35
(Kg/[err]G Residence time 1.0 - -135- 2.0 1.0 2.0 (Hr)
" Contacting nethod ~ (1) (1) -120- Table 1
(continued) Exanple 64 Exanple 65 First AC Second First AC
Second AC : AC Type of solvent HP(100) HP(40) - HP(100)
HP(40) (Anount: m/H) Anount of Cr(2EHA)3 6.0 : 6.
(mg/hr) Cr(2EHA)3 (a) 0. 012 0. 012 _ (mo -
[Hr) Type of nltrogen- (1) (1) _ containing
conpound _ Nitrogen-contai ni ng 0. 037
0. 037 -
Table 2 (continued)
Examole 33 Example 34 Example 35

| <Amouht (g) of

3.43 2.98 3.10
product> : ' '

<Compositional distribution (wt%)>

Cq 0.2 0.5 0.3
Total Cg 25.6 78.4 76.1
l1-Hexene content 95.4 . 95 .4 95 .7
(wt%) in Cg

Csg B 0.2 . 0.2 0.2
C10 to 20 - 3.4 8.9 9.4
C22 to 30 _ - 0.1 - -
Wax - . - ' - -

12.0 . 14.0

By-product PE 70.4
efficiency> :
<Catalytic 6332 5520 5680

activity>



conpound (b) (mmol/Hr) [err]
Type of hal ogen-
‘Hal ogen- cont ai ni ng

.0.024

(c) (rmol/H)
6)

(6)

0. 190
(6) containing conmpound
0. 02436-. 0.024 conpound (d) (mol/Hr)
Mot ar ratio (a:b:c:d) " 1:3:15:2 1:3:30:4 1:3:15:2 1:3:15:2 of catal yst

0. 190

conponents Reaction tenperature . 80 80 80 80
Et hyl ene pressure : 35 35 35
(Kg/[err]G Residence time (Hr) - 0.63 0. 36 0.62 0.52
measured at the outlet Contacting nethod -121- Table 1 (continued)
Exanpl e Exanple Exanple anpl e 66A - 66B 67B Type
of sol vent HP(750) HP(750) HP(750)  HP(750) (Amount: ml) Anount
22.5 - 22.5 22.5 22.5
Table 2 (continued)
Example 36 Example 37 Example 38
<Amount (g) of 6 07 "14.9 2.56
product> :
<Compositional distribution (wt%)>
Cq | 0.1 1.0 0.7
Total Cg 83.9 72.6 78.5
l-Hexene content 94.5 ¢ 92.8 94.7
(wt%)_in Cg '
Csg 0.4 1.2 -
Ci0 to 20 12.2 22.5 8.1
C22 to 30 - 0.6 -
Wax - 0.0 -
By-product PE 3.5 2.1 12.7
<Ca;alytic 5620 13755 2375
efficiency>
<Catalytic 11240 27510 4750
activity> '

0. 190




[ert]

[err]

nitrogen-
Ni t rogen- cont ai ni-ng _
(mmol) [err] (c) (nmol)
hal ogen-
Hal ogen- cont ai ni ng

(mrol) Mol ar

(a) (nmol)

1)

(12)

ratio (a:b:c:d) of

0. 047

(1)
0. 140

- (12)
0. 240

0. 047
(1)
0.140 _;
0.701 0
(12)
0. 240

1:3:15:10 catal yst conponents Reaction

80
35

1.0 (Hr) Contacting nethod
-122- Table 1 (continued)

0. 047

97440
. 941

(12) containing

0.240

0. 047 Type of
(1) containing conmpound
0. 140 conpound (b)

0.701

conpound

'0.480 conpound (d)
1: 3:15:5 1:3:20:5 1:3:15:5

0.701 Type of

80 80
80 tenperature (C) Ethylene pressure 35 35 .
35 (Kg/[err]G Residence tine 0.5 1.0 0.5
(1) (1) - (1) (1)
Table 2 ( . )
- Example 39 Example 40 Example 41
<Amount (g) of 9.75 19.6 5.53
product> '
<Compositional distribution (wt%)>
Cq 10.9 1.5 6.6
Total Cg 55.0 '57.7 58.2
1-Hexene content 88 .7 * 88.5 88.5
(wt$) in Cg :
Csg 3.0 1.0 3.2
C10 to 20 23.2 21.1 24.4
C22 to 30 0.5 1.2 0.9
Wax 0.0 0.7 0.3
By-product PE. 7.3 16.8 6.3
<Catalytic 3610 18120 5120
tefficiency>
<Catalytic 7220 36240 10240
dfactivity>




Example  Exanple Exanple Exanple 68A 68B 69A 69B

‘Type of® sol vent HP( 750) HP( 750) HP( 750) HP(750) (Amount: ml)
Amount (ng) of _22.5 22.5 _13~ 22.5 22.5 [err] [err]
(a) (mmol) 0. 047 0. 047 0. 047 0.047 Type of nitrogen-
(1) (1) (1) (1) containing conmpound
I'Ni trogen-cont ai ni ng 0.140 0. 140 0. 140 0. 140 conpound (b)
(mmol) [err] (c) (nmol) 0.701 1.402 0.701 0. 701 Type of
hal ogen- (12) (12) (12) (12) containing conpound
Hal ogen-cont ai ni ng 0. 240 0. 480 0. 240 0. 240 conpound (d) (nmol)
Mol ar ratio (a:b:c:d) of _ 1:3:15:5 1:3:30:10 1:3:15:5 1:3:15:5
catal yst conmponents Reaction tenperature 80 80 80
80 [err] Ethylene pressure 35 35 35 35
(Kg/[err]G 35 Behle 2 (comgnued) 35 Residence tinme
1.0 0.5 1.0 ' ' -

Example 42 Example 43 Example 44

<Amount {(g) of
product>

9.02 2.46 7.11

<Compositional distribution (wt%)>

o} . 5.5 0.3 9.3
Total Cg = . 59.1 67.1 46.8 4
1-Hexene content 89.9 90.4  90.6
(wt%) in Cg : T

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

<Catalytic . 4560 5260

activity>



(Hr)=Cbntacting met hod

Tabl e 2" Exanple 1

73.16
(M9 > 4
93.70
99. 50
0. 30

12.60 [err] to 30

By- product PE
5

125800

(1)

0. 30 Tot al
99. 60
0.30
7.30
0.01

(1) (1) (1)
Exanpl e 2 Exanpl e 3 <Anpunt (g) of

84.90 66. 87 product > <Conposi ti onal
0.01 =277 0.04

92. 30 86. 50 1- Hexene content

97.70 (Wt9% in C6 [err] ' '

0.50 [err] to 20 5.90
0. 00 - 0.00

~0.[err] 0.02

62900

61900 efficiency> <Catalytic
123800 activity> _ :

0.04 <Catalytic

Table 2 (continued)

Example 45 Example 46 Example 47
<hmount (g) of 24.6 12.6 10.2
.product> ' :
<Compositional distribution'(wt%)>
Cq 0.5 0.4 0.1
Total Cg 163.3 70.2 68.6
l-Hexgne content 91.9 91.9 92 .6
(wt%) in Cg
Csg 0.5 0.5 1.0
C10 to 20 29.6 21.7 23.0
Céz to 30 0.4 0.8 0.4
Wax 0.1 0.1 0.2
By-product PE 5.7 6.3 6.0
<Catalytic 22735 11710 9470
efficiency>
<Catalytic 45510 23420 18940
activity> _

-123-

di stribution

C6

10-



llZﬁ-ﬁTabIe 2 (continued) Exanple 4

Exampl e 5
{err]Anount (g) of 17. 25 21.31
<Conposi tional distribution (W% )> CAq,46_
0.10 0.06 Total [err]
90. 60 90. 10 99. 30 99.60 (W% in C6 [err]
2.10 0. 40 0.29 [err] to 20
5.00 _ 9.00 C22 to 30 -
0. 00 By-product PE 0.10 0. 07
<Catal ytic ' 15950 ' 19750
<Catal ytic 31900 , 39500
Tabl e 2 (continued) Exanple 7 Exanpl e 8
of 71. 30 90. 53

di stribution (w% >

68200 efficiency>
136400 activity>
Exanpl e 9 <Anount (g)
80. 41 product > <Conposi tional '

Table 2 (continued)

Example 48

Example 49

<Amount (g) of
product>

159.6

137.9

<Compositional distribution (wt%)>

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

Cs ' 0.4 0.5
C10 to 20 4.0 _2.5
By-product PE 0.00 0.00 -

Exampl e 6
92. 08 product >

9.80 94.40




[err] 0.13 0. 30 0.01 Total C&

91. 30 . 91. 50 92. 10 1-Hexene content . 99. 00

99.30 99.40 (W% in C6 [err] -141- 0.34

0. 30 0.60 [err] to 20 . 8. 20 7.80
7.30 [err] to 30 0. 00 0. 00 . 0.00

By- product PE 0.01 - 0.01 ' 0.02 <Catalytic
52800 . 67050 ' 59550 efficiency> <Catalytic

105600 134100 119100 activity>  -126- Table 2
(continued) Exanple 10 Exanpl e 11 <Anount (g) of 545. 86

81. 72 product> <Conpositional distribution (%> C4

0. 20 0.04 Total C6 88. 90 91. 80 1-Hexene

cont ent 98. 10 99. 20 (vwf? in C6 [err]
0. 50 0. 30

Example 50 Example 51

<Amount (g) of © 141.6 150.0
product> ;

<Compositional distribution (wt%)>

Cq : 0.2 0.4
Total Cg 94.0 | 89.0
1-Hexene content 95.1 97.6
(wt%) in Cg ' '

Cs : | 0.5 0.7
C10 to 20 5.2 9.8

| By-product PE 0.00 0.02




[err] to 20 10. 30 7.80 C22 to 30 0. 00
0. 00 By-product PE 0. 00 0.02 <Catalytic '
74400 60500 efficiency> <Catalykbc 148800
121000 activity> -127- Table 2 (continued) Conparative Conparative
Exanmple 1 Exanpl e 2 <Anmount (g) of 15. 87 4. 37
product > <Conpositional distribution (w%> C4 _ 13.70
0.40 Total C6 ~56.90 94.10 1-Hexene content
84.60 - 98.30 (wt% in C6 C8 3.30
0.50 C10 to 20 26. 00 3.40 C22 to 30
0.00 0. 00 By-product PE 0. 10 1.
<Catal ytic 11750 3235
Taple 2 (continued)
Example 52 Examnle.53 Example 54 Example 55
<Amount (g) of 291.8 318.8 245.8 391.8
product>
<Combositional distribution (wt%5>
Cq : 0.2 0.3 0.6 0.3
Total Cg 91.4 91.2 91.4 91.1
l-Hexene content} g5 3 " 9s.3 98.2 98.3
(wt%) in Cg
Ca i 0.6 0.6 0.8 0.6
C10 to 20 7.7 7.8 8.0 7.9
By-product PE 0.06 0.05 0.03 0.03
Form of By- Fine Fine Fine Film-
product PE powder pewder powder like
Average 82000 48000 41000 331000
molecular weight
<Catalytic 125277 136220 105518 | - 167422
efficiency> :




89.1 (W%

2[err]

ef ficiency> <Catalytic 23500 6470 activity>
-128- Table 2 (continued) Exanple 12 Exanpl e 13
(9g)  of 25. 7 . 3.33 -143~ - 4.57 product >
<Conpositional distribution (w%> C4 0.3
3.5 0.1 Total C6 67.7 35.5
19.5 1- Hexene content 92.6 79.9
C6 8 0.4 1.0 [err] to 20
27.8 5.5 C22 to 30 0.6 0.4
0. 0 Wax [err] _ 0.0 By-product PE
[err] 31. 7 74.8 <Catal ytic
3080 4235 efficiency> <Catal ytic
6160 8470 activity . .
. Table 2 (continued)
_ Example 56 Example 57
<Amount (Kg/Hr) 6.2 6.4
of product>
<Compositional distribution (wt%)>
Cy 0.1 g.1
Total Cg 91.0 90.9
l-Hexene content 495 99'5_
(wt%) in Cg
Cs 0.4 0.4
C10 to 20 8.5 8.6
By-product PE 0.05 0.04
Form of By- Fine powder Film-like
product PE
Average 85000 301000
molecular weight
<catalytic 197957 204342
efficiencv> '

Exanpl e 14 <Anount




+-129- Table 2 (continued) Exanple 15 Exanpl e 16

Exanpl ¢ 17 <Amount (g) of 15.5 34.8 4.26
praoduct > <Conposi tional distribution (w4 1.5
0.2 0.2 Total C6 70. 4 , 65.0
66.4 1-Hexene content 92.2 93.1 96.0 (W% in
C6 C8 2.0 0.3 0.5 [err] to 20
23.0 33.0 9.1 C22 to 30 ' 1.2 0.2
0.2 Wx | 0.2 0.0 0.1 By-product PE
2.2 : 1.2 , 23.5 <Catal ytic 14305 _
32180 3945 efficiency> <Catal ytic 28610
64360 7890 activity> -130 Table 2 (continued)
Table 2 (continued)
Examplé ' Example | Example Example
- 58A 58B 59A 59B
<hmount (g) of |. ;4 g 195.1 106.4 235.7
product> '
<Compositional distribution (wt%)>
Cq4 0.1 0.1 0.0 0.0
Total C¢ - 95.5 95.9 95.8 93.3
l-Hexene content| g4 g |* 99,1 98.8 99.1
(wt%) in Cg
Cs - 0.5 0.4 0.5 | 0.5
_'Clo.to 20 3.9 - 3.6 3.6 5.9
By-product PE 0.10 0.10° 0.20 0.20
<Catalytic 49473 83280 | 45449 100736
efficiency> '




Exanpl e 18
41.7 -
0.2

68.6

in C6 C8
22. 8

0.2

1.9

38640
77280
Exanpl e 22

26. 3 product >

Exanpl e 20 <Anount (g) of

Exanpl e 19

4.45 product> <Conposi tignal
0.1 - 0.3 Total *¢8-
86.9 1-Hexene content 93.8 _

0.3 0.3

29. 7 9.3 C22 to 30

. Wax _

1.1 3.3 <Catalytic

4125 efficiency> <Catal ytic

8250 activity>

94. 1

20.9

distribution (wt%> C4
74. 6

95.1 (Wt %

0.2 C10 to 20
0.2.

0. 0 By-product PE

77550
155[ err]

-131- Table 2 (continued) Exanple 21

Exanpl e 23 <Anount (g) of 15. 4
Table 2 (coptinued)
Example' Example Example Example
60A 60B 61A 61B
<Amount (g) of ' 133.4 167.2 108.3 174.0
product> : .
<Compositional distribution (wt$%)>
Cq 0.0 0.1 0.3 0.5
Total Cg 95.6 95.6 93.4 92.2 .
l-Hexene conteat| 44 4 * 99.0 98.4 98.2
(wt%) in Cg :
Cs 0.5 0.5 0.6 0.7
C10 to 20 3.8 3.7 5.5 6.4
By-product PE 0.14 0.14 0.06 0.08
<Catalytic 57017 71448 46284 74370
efficiency> .



<Conposi tional distribution (w%> C4
1.4 0.1 Total Cb
69. 3 1- Hexene cont ent

(W% in C6 C8

88. 1

* 95-146-

0.3

67.
93.3.
2.2

94. 2
0.3 C10

to 20 8.8 24. 3 28.6 C22 to 30
1.9 0.1 Wax. 0. 6 By-product
PE 2.8 . 2.0 1.5 <Catal ytic 4755
14300 24315 efficiency> <Catal ytic 9510
28600 48630 activity> -132- Table 2 (continued) Exanple 24
Exanpl e 25 Exanpl e 26 <Anmount (g) of 5.00 9. 20
33. 4 product> <Conpositional distribution (%> C4
0.1 0.0 Total C6 Table 2 [6§15 0 83.2
70. 4
Example Example Example Example
62A 628 63A 63B
<Amount (g) of 120.4 123.6 103.4 128.8
product>
<Compositional distribution (wt3%)>
Ca ' 0.4 0.1 0.0 0.0
Total Cg 95.6 95.4 96.9 97.1
l-flexene content| 44 4 * 98.9 99.3 99.1
(wt%) in Cg
Csg- - 0.5 0.5 0.5 0.4
C10 to 20 ' 3.8 3.9 2.5 2.3
By-product PE 0.0 = 0.0 0.12 0.18
<Catalytic 51473 52807 45826 57050

efficiency>




1- Hexene content 92.2 95.8 94.1 (% in C6 C8
0.8 ' 0.2 C10 to 20 24. 3 13. 4

28.7 C22 to 30 ) 0.3 -147- 0.1 Wax
By- product PE 6.8 : _ 3.1 0.8 <Catalytic
4625 : 8515 30900 efficiency> Catalytic <Catal ytic>.
9250 17030 61800 activity> -133- Table 2 (continued)
Exanpl e 27 Exanpl e 28 Exanpl e 29 <Anopunt (g) of - 2.52
4. 38 : 21. 4 product> <Conpositional distribution (%> C4
0.3 . 0.2 0.0 Total C6 ' 85.6
83.9 73.2 1-Hexene content 957 95.1
94.8 (wt% in C6 :
Example Example Example Example
64-1AC 64-2AC 65-1AC 65-2AC
<Amount (g/Hr) 95.2 . | 187.0 96.0 101.0
of product>
<Compositional distribution (wt%)>
Ca 0.0 0.0 0.0 0.0
Total Cg 93.6 93.7 - 94.0 94.0 _
1-Hexene content| g4 4 *99.7 99.7 99.7
(wt%) in Cg
Cg ' 0.4 0.4 0.4 0.4
C10 to 20 5.9 5.8 5.9 5.9
By-product PE 0.06 0.06 | 0.06 0.06
<Catalytic 146871 288580 150111 155864
efficiency> ' i




0.0 Wax
By- product PE

15850 activity>

0.2 Wax

12.1

0. 86 product> <Conpositional

96.9 (W% in C6 C8

0.3

19.6 C22 to 30

-148-~

3.4

0.2 C10 to 20

0.0

6.8 <Catalytic

factivity>

7925 efficiency> <Catal ytic 8120 .
-134- Table 2 (continued) Exanple 30 Exanpl e
Exanpl e 32 <Anount (g) of 13. 3 9. 64
distribution (w%[err] C4
0.4 0.0 Total C6 74.9
38.7 1-Hexene content 92.7 96. 9
0.5 0.5 Cl10 to 20
6.4 K 9
.1
Example Example Example Example
66A 668 67A 67B
<Amount (g} of 223.7 495.6 225.1 450.1
product> _ _ _
<Compositional distribution (wt%)>
Cs 0.3 0.1 0.3 0.1
Total Cg 91.9 92.2 91.6 93.0 .
l-flexene content| . qg 4 * 98.8 98.5 98.9
{(wt%) in Cg '
Cs 0.6 0.5 0.6 0.5
C10 to 20 7.1 7.2 7.4 6.3 _
By~product PE 0.17 0.08 0.12 . 0.10
<Catalytic 95598 211795 96197 192350
efficiency>
<Catalytic 191196 211795 192394 192350




By- product PE . 3.4 44.5 58.0 <Catal ytic

12280 . : 3570 400 efficiency> <Catalytic
24560 . 7140. . BEF Tactivity> -135- Table 2
(continued) Exanple 33" Exanmpl e 34 Exanpl e 35 <Amount (g) of
2.98 3.10 product> <Conpositional distribution (wt %> C4
0.2 0.5 .0.3 Total C6 25.6
78. 4 76.1 1-Hexene cont ent - 95.4 95. 4
95.7 (% in C6 C8 0.2 : 0.2 _ 0.2
Cl0 to 20 3.4 8.9 9.4 -C22 to 30
0.1 Wax By-product PE 70. 4 12.0 14.0
<Catalytic : 3175 2760 2840 efficiency>
<Catal ytic 6350 Tahle 552@ntinued) 5680
Example Example Example Example
68A 68B 69A 698

<Amount (g) of
product>

220.5 502.3 215.8' 311.3

<Compositional distribution (wt$%)>

Cq ' 0.3 0.1 0.3 0.1
Total Cg 91.5 92.5 91.0 91.8 -
l-Hexene content| g5 , * 98.9 1 97.9 98.4
(wt%) in Cg :

Cg - | 0.6 0.6 0.6 0.6
C10 to 20 7.5 6.7 7.9 C 1.3
By-product PE 0.10 | 0.09 ©0.12 0.08
<Catalytic 94231 214658 92222 133034
efficiency> '

<Catalytic

1884¢._ 214658 184444 133034

activity>




activity>
Exanplke 38 <Ampunt (g) of

-136- Table 2 (continued) Exanple 36

Exanmpl e 37

6.07_pg8duct> <Conposi ti onal

'distribution (%> C4 | : =2¥7 0.1
1.°0 0.7 Total C6 - 83.9 72.6 78.5-
| - Hexene content 94.5 .92.8 ' 94.7 (wt% in C6 C8
0.4 1.2 C10 to 20 12. 2 22.5
8.1 C22 to 30 : 0.6 Wax
0.0 By-product PE 3.5 2.1 12.7
<Catal ytic . 5620 - 13755 2375 efficiency>
<Catal ytic 11240 Iag?él@ . 4750 activity>
Example 70 Example 71
Type of solvent HP (750) HP (750)
(Amount: ml)
Type of Cr compound Cr (2EHA) 3 Cr (2EHA) 3
Amount (mg) of 22.5 22.5
Cr (2EHA) 3
Cr(2EHA)3 (a) (mmol) 0.047 0.047
2,5-DMPy (b) (mmol) 0.140 0.140
Et3Al (c¢) (mmol) 0.701 0.701
Type of halogen- TCE TCE
containing compound - :
Halogen-containing 0.240 0.240
compound ({(d) {mmol)
Molar ratio (a:b:c:d) 1:3:15:5 1:3:15:5
of catalyst components
Water/Al molar ratio 0.250 1.00
Reaction temperature 80 80
(°c) :
Ethylene pressure 35 35
(Kg/cm2G) :
Reaction time (Hr) 1.0 1.0




Table 2 (continued) Exanple 39

of s 19.6
‘distribution (W% > C4

6.6 Total C6 ' ) 55.0
content 88.7 . 88.5

Exanpl e 40

Exampl e 41 <Amount (g)
._.5.53 product> <Conposi tional
-13110.9

57.7

1.5

58.2 | - Hexene
88.5 (W% in C6 C8

3.0 1.0 .2 Cl0 to 20
23.2 21.1 24.4 C22 to 30 0.5
1.2 B 0.9 Wax _ 0.0 0.7
0.3 By-product PE : 7.3 16.8 6.3 <Catalytic
3610 18120 5120 efficiency> <Catal ytic
7220 _ 36240 10240 activity> 138- Table 2 (continued)
Exanpl e 42 Exanpl e 43 Exanpl e 44 <Anmount (g) of 9.02
2.46 7.11 .
mls—j—(w l .
_ Example 70 Example 71
<Amount (g) of 389.3 387.2
product> '
<Compositional distribution (wt%) >
Cq 0.2 0.3
Total Cg 91.2 93.1
1-Hexene content 98 .4 98.6
(wt%) in . Cg _
Cs 0.6 0.5
C10 to 20 8.0 6.1
By-product PE 0.02 0.03
<Catalytic . 166360 165452
activitv>




product > <Conpositional distribution (w%> C4 5.5
0.3 ; 9.3 Total C6 59.1 - 67.1

46. 8 1- Hexene content 89.9 : “15290.4 90.6 (W% in C6
C8° - .73.3 0.6 3.5 Cl10 to 20
23.1 13.3 20.1 C22 to 30 1.1 _
1.1 Wax ' 0. : 0.1 By-product PE
18.7 19.1 <Catal ytic . 12280
2630 efficiency> <Catal ytic ' 4560 5260
activity> 139- Table 2 (contlnued) Exanpl e 45 Exanpl e 46
Exanpl e 47 <Anmount (g) of 12.6 10. 2
product > <Conposi ti onal dlstrlbutlon ( 4 ' 0.5
0.4 0.1 Total C6 63.3 70. 2
68. 6 : '
‘Example 72 Example 73
Type of solveat HP (750) HP (750)
(Amount : ml)

Type of Cr compound "Cr(ZEHA)3 Cr (2EHA)

Amount ‘mg) of 22.5 22.5

Cr {(2EHA) 3

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

2,5-DMPy (b) (mmol) 0.140 0.140

Et3Al (c) (mmol) 0.701 0.701

Type of halogen- TCE TCE

containing compound :

Halogen-containing 0.240 K 0.240

compound (d) (mmol)

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

of catalyst components

Water/Al molar ratio 2.00 4.00

Reaction temperature 80 80

(°C) :
Ethylene pressure 35 35
(Kg/cm2G) _
Reaction time (Hx) 1.0 : 1.0



1- Hexene cont ent 91.9

0.5
21.7

PE
22755
45510

(continued) Exanple 48
137.9 product> <Conpositi onal

0.4 Wax

0.5
23.0 22 to 30
0.1
5.7 6.3
11710
23420

1.0 ClO_Hg320

91. 9 92.6 (W% in OB C8

0.4
0.1 | |
6.0 <Catal ytic

29. 6
0.8
0. 2 By- product

9470 efficiency> <Catal ytic
18940 activity>
Exanpl e 49 <Anount (g) .of
distribution (w%> C4

-140- Table 2

159. 6

0.1 0.0 Total Co6 95.4 97.0 1-Hexene
cont ent 99.1 99.5 (WMt% in C6 C8 : 0.4
0.5 C10 to 20 4 .0 2.5
Example 72 Example 73

<Amount (g) of 302.0 90.1

product> _

<Compositional distribution (wt%)>

Cq 0.4 ' 0.8

Total Cg 91.7 84.7

l~-Hexene content 98 . 6 . 98.8

{(wt%) in Cg

Cs 0.5 0.5

C10 to 20 5.9 2.9

By-product PE 1.37 11.1

<Catalytic 129055 38494

activity>



By- product PE . 0.00 0.00  -141- Table 2 (conti nued)

Exanpl.e 50 Exanpl e 51 <Anount (g) of 141.6 150. 0
‘product > <Conpositional distribution (W%3> 4 0.2
0.4 Total C6 ) 94.0 - 89.0 1- Hexene content

981 97.6 (\t% in C6 C8 0.5

0.7 C10 to 20 5.2 9.8 By-product PE

0. 00 0.02 -14 2- Table 2 (continued) Exanple 52 Exanple 53
Exanpl e 54 Exanpl e 55 <Anount (g) of 291. 8 318.8 245. 8

391. 8 product> <Conpositional distribution (W% >

Iable S

Example 74

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

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




(@738 0.2 0.3 0.6 0.3 Total C6
91.4 . 91. 2 91.4 91. 1.1 - Hexene cont ent 98. 3

-98. 3 98.2 98.3 (W% in CB- ¥ 0.6

0.6 0.8 " 0.6 Cl10 to 20 7.7 7.8

8.0 7.9 By-product PE: 0. 06 0. 05 0.03

0. 03 Form of By- Fi-ne Fi ne Fi ne Film
product PE powder powder powder | i ke Average
82000 48000 41000 331000 nol ecul ar wei ght <Catal yti-c
125277 136220 105518 167422 efficiency> 143 Table 2

(continued) Exanple 56 Exanpl e 57 <Anmount- (Kg/ Hr) 6.2
6.4 of product> <Conpositional distribution (wt%)> C4

0.1 - 0.1 Total C6 90. 9 1-Hexene
cont ent 99.5 99. W I'n
Example 74
<Amount (g) of 83.9 | 211.0 | 358.0 | 477.8
product> . -
<Compositional
distribution (wt%)>
Ca 2.2 1.0 0.7 0.8
Total Cg 81.8 87.6 89.9 - 90.7 .
1-Hexene content (wt3) 95 0 * 97.5 98.3 98.6
in Cg
Cs oo 1.3 1.0 0.8 0.7
C10 to 20 14.5 10.4 8.4 7.5
C22 to 30 ' 0 0 0 0
By4product PE - - - 0.1
<Catalytic efficiency>| 35842 90169 | 153141 }|204188
<Catalytic activity> 71683 | 90169 | 102094 | 102077




Cc8* 0.4 0.4 C10 to 20 8.5

8.6 By-product PE 0. 05 __0.04 Fine powder Filmlike.
“*Product PE Aver age 85000136~ 301000 nol ecul ar wei ght

<Catal ytic 197957 204342 efficiency> Table 2

(Conti nued) Exanple Exanpl e Exanpl e Exanpl e 58A 58B

59A 59B <Anpunt (g) of - 115.8 . 195.1 106. 4 .

235. 7 product > <Conpositional distribution (w%> C4 0.1

0.1 - 0.0 0.0 Total C6 .~ 95.5 ' 95.9

95. 8 93.3 1-Hexene content ~ 98.8 99.1 98. 8

99.1 (w\t% in C6 C8 0.5 0.4 0.5

0.5 C10 to 20 3.9 3.6 3.6 5.9

By- product PE 0. 10 0. 10 0. 20 0.20 <Catal ytic

4947 83280 45449 10 ' -

Example 75

Type of solvent

 CHX (730) +HP (20)
(Amount: ml) .

| Type of Cr compound | . Cr(2EHA);
Amount (mg) of Cr (2EHA)3 | 22.5
Cr(2EHA)3 (a) (mmol) ~ . - 0.047
2,5-DMPY (D)  (mmol) | |  0.140

Et3Al (c) (mmol) 0.701

Type of halogen-containing Germanium tetrachloride

compound

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

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

Contacting method _ (1)

Reaction time (Hr) 0.5 1.0 1.5 2.0




ef fi ci ency> -145- Table 2 (continued) Exanple Exanpl e Exanpl e

‘Exanpl e 60A ) 60B 61A 61B <Anmount (g) of
-=133. 4 167. 2 108. 3 1¥370 product > <Conposi ti onal
di*stribution (w%> C4~ 0.0 0.1 0.3

0.5 Total C6 ' 95. 6 ~ 95.6 93.4 92.2

1- Hexene cont ent 99.0 99.0 98. 4 98.2 (W% in C6 -
C8 - 0.5 0.5 0.6 0.7 C10 to 20
3.8 3.7 _ 5.5 6.4 By-product PE 0.14

0.14 0. 06 0.08 <Catal ytic : 57017 71448
46284 74370 efficiency> -146- Table 2 (continued) Exanple

Exanpl e Exanpl e Exanpl e

T nti
Example 75

<Amount (g) of

prodﬁct>
<Compositional
distribution (wt%)>

149.5 | 194.8 | 208.2 | 267.0

Ca _ 0.03 0.03 0.03 0.03
Total Cg . 95.8 95.7 95.4 96.0
1-Hexene content (wt%) | 44 5 993 39.4 99.4
in Cg

Csg ' 0.5 0.5 0.5 0.4
C10 to 20 | 3.4 3.5 3.8 3.3

{c22 o 30 0 0 0 0

By-product PE - - - 0.15

<Catalytic efficiency>| 63873 83230 88991 114108

<Catalytic activity> 127745 | 83230 59327 57054




62A - 62B ~ 63A 63B <Amount (g) of 120. 4

123.6 - 103. 4. _ 128. 8 product> <g8np05|t|onal distribution (w% >
4 - 0.4 L1 T 0.0 Total C6
95.6 '95.4 T 96.9 97.1 1- Fbxene cont ent 98.9

98.9 99. 3 99.1 (% in C6 C8 0.5

0.5 0.5 0.4 C10 to 20. 3.8 3.9

2.5 2.3 By-product PE 0.0 0.0 0.12

0. 18 <Catal ytic 51473 52807 45826 ' 57050
efficiency> -147- Table 2 (continued) Exanple Exanpl e . Exanpl e
Exanpl e 64- 1AC - 64-2AC 65- 1AC 65- 2AC <Anount (g/hr)

95. 2 187.0 96. 0 101. 0 of product> <Cbnp05|t|ona
distribution (w%> C4 ' Tabl8. 9 0.0 0.0 :
0.0 Total C6 93.6 93. 7 94.0 94.0 1- Hexene

content  99.7 99.7 99.7 99.7

Ekample 76

Type of solvent CHX (730) +HP (20)

(Amount : ml)
Type of Cr compound Cr(2EHA) 4
Amount (mg) of Cr(zsﬁA)3 22.5
Cr(2EHA)3 (a) (mmol) L 0.047
2,5-DMP§_(b) (mmol) | 0.140

Et3Al (c¢) (mmol) : 0.701

Type of halogen-containing Carbon tetréchloride

compound

Halogen-containing 0.093
compound (d) (mmol)

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

Contacting method ' (1)

Reaction time (Hr) 0.5 1.0 1.5 2.0




(Mm% in C6 C8 - 0.4 0.4 0.4
Cl0 te 20 5.9 5.8 .20 9.9 5.9 By-product PE
-#0. 06 - 0.06 0. 06 0. 06°2Cat al ytic 146871
288580 150111 " 155864 efficiency> . -148- Table 2 (continued)
Exanpl e Exanpl e Exanpl e Exanpl e 66A 66B 67A
67B <Amount (g) of 223.7 495. 6 225.1 450. 1 product >
<Composi tional distribution (mt%> C4 0.3
0.3 0.1 Total C6 91.9 92.2 91. 6 :
1- Hexene cont ent 98.1 98.8 98.5 98.9 (M% in C6 C8
0.6 0.5 0.6 0.5 Cl10 to 20 : 7.1
7.4 6. 3 By-product PE 0.17 0.08 0.12
0.10 <Catalytic 95598 ;%g% (;?ﬁ@ggéaw 192350
efficiency> <Catal ytic 1 192394 192350
Example 76
<Amount (g) of 124.1 | 168.5 | 195.9 | 250.8
product> :
<Compositional
distribution (wt#)>
Ca 0.02 0.02 0.02 0.02
Total Cg 96.2 | 96.2 96.0 96.1
1-Hexene content (wt$%) 99 3° 99.4 99 .4 99.5
in Cg
Csg 0.5 0.5 0.5 0.5
C10 to 20 2.9 2.9 | 3.1 3.0
1C22 to 30 : 0 0 0
By-product PE - - - 0.19
<Catalytic efficiency> 71995 83726 | 107176
<Catalytic activity> 71995 | 55817 | 53588
Catalytic efficiency 194 225 288
based on one mole of
|chlorine (x106)




actii vity>

68A
-+215. 8

0.73

92.5

98.4 (W%

0.6 C10 to 20
‘By- product PE

94231
18846

Tabl e 2 (continued) Exanple

Exanpl e Exanpl e Exanpl e
68B 69A 69B <Annunt (g)of . 220.5 502.
311. 3 product> <Cbnp05|t|omﬂ &istribution (M9 > 4
0.1 0.3 0.1 Total C6 91.5
91.0 91. 8 1- Hexene cont ent 98. 2 98.9 97.
in C6 C8 0.6 0.6 0.6
7.5 6.7 7.9 7.3
. 0. 10 0. 09 0.12 0.08 <Cata|yt|c
214658 92222 133034 efficiency> <Catal ytic
214658 184444 133034 activity> - 150-
Table 8
Example 77

Type of solvent

CHX (730) +HP (20)

__(Amount: ml)

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

Type of halogen-containing
compound )

1,1,2,2-Tetrachloroethane

Halogenjcontaining

compound {(d) {rmmol)

0.234

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

1:3:15:5

Contacting method

(1)

Reaction time (Hr)

1.0 1.5 2.0

3

9 .



Tabl e 3 Exanple 70

Exanpl e 71 Type of sol vent

(x106)

HP(756) (Amount: m) Type of O corrpound1 Cr (2EHA) 3
- <Cr (2EHA) 3 Amount (ng) of 533 5 ' 22.5 [err]
[err] (a) (nmol) ) 0. 047 0.047 2, 5- DNPy (b)
0. 140 0. 140 [err] (c) (mol) . 701
0. 701 Type of hal ogen- TCE TCE cont ai ni ng
conpound Hal ogen-cont ai ni ng 0. 240 0. 240 conpound
(d) (rmol) Mol ar ratlo(abcd) 1:3:15:5 1:3:15:5 of
catal yst conponents Water/Al nolar ratio 0. 250
Reacti on tenperature ' 1 80 [err] Ethylene
pressure 35 g/Terr]G Reaction tine
(Hr) 1.0 1.0 Tabl e 3. (conti nued)
Example 77
<Amount (g) of product> 336.2 408.3 555.5
<Compositional '
distribution (wt%)>
Cq | 0.1 0.1 0.2
Total Cg 91.1 91.2 92.7
l-Hexene content (wti) in 98.8 98.9 99.0
Ce . _
Cs 0.6. 0.6 - 0.5
C10 to 20 8.0 7.9 6.5
C22 to 30 0 0 0
By-product PE - - 0.1
<Catalytic efficiency> 143660 | 174500 | 237392
<Catalytic activity> 143660 | 116333 | 118696
-Catalytic efficiency based
on one mole of chlorine 153 - 186 254




Exafrpl e 70 - . Exanpl e 71 <Anount (g) of | 389.3
387. 2 .product > <Conposi tional dlstrlbutlgn2 (MY> 4

0.2 0.3 Total C6 91. 2
93.1 1-Hexene content ~ 98. 4 ' 98.6 (M %
in-C6 C8 0.6 ' 0.5 C10 to 20
8.0 6.1 By-product PE 0.02
0.03 <Catal ytic - 166360 165452 activity>
-152- Table 4 Exanple 72 Exanpl e 73 Type of sol vent '
HP( 750) HP(750) (Amount: m) Type of Cr conpound
Cr (2EHA) 3 Cr (2EHA) Anount (ng) of 22.5
22.5 Cr(2EHA)3 [err] (a) (muol) . 0. 047 0. 047 2, 5- D\WPy
(b) (mmuol) 0. 140 Taf1449
‘Example 78

Type of solvent HP(756)

~ (Amount : ml) :

Type of Cr compound - " Cr(2EHA);

Amount (mg) of Cr (2EHA)3 - 22.5

Cr(2EHA)3 (a) {mmol) 0.047

2,5-DMPy (b) (mmol) | | 0.140

EtsAl (¢) (mmol) | ©0.701

Type of halogen-containing 1,1,2,2-Tetrachloroetnane

compound

Halogen-containing 0.234
compound (d) {mmol)

Molar ratio (a:b:c:d) of 1:3:15:5
catalyst components :
Contacting method : (1)

Reaction time (Hr) 1.0 1.5 2.0




(ol ) 0. 701

[err] (c)
TCE -

0. 701 Type of hal ogen-
TCE cant ai ni ng conpound Hal ogen-cont ai ni ng

35 (Kg/[err]Q

0.8_Total Co6

0240 0. 240_conpound (d) (rnﬁﬂ??‘wblar ratio (a:b:c:d)
1:3:15:5 1:3:15:5 of catal yst conponents Water/Al nolar ratio
2.00 4. 00 Reaction tenperature : 80 .
80 [err] Ethylene pressure 35 -
Reaction tine (H ) 1.0 . -153- Table 4 (continued)
Exanpl e 72 Exanpl e 73 <Anpunt (g) of ,
302.0 . 90.1 product> <Conpositional distribution (w%>
4 ' 0.4
91.7 84.7 1-Hexene content 986
98.8 (wt% in C6 Table 9 (copti !
Example 78
<Amount (g) of product> 391.8 512.9 616.1
<Compositional
distribution (wt%)>
Cq 0.3 0.2 0.3
Total Cg L 91.1 91.2 91.2
l-Hegene content (wt%) in *98.3 198.6 98.8
Ceg '
Cs 0.6 0.5 0.5
Ci10 to 20 7.9 8.0 8.0
C22 to 30 0 0 0
By-product PE - - -
<Catalytic efficiency> 167442 | 219186 | 263298
<Catalytic activity> 167442 | 146124 131649




c8 - ' 0.5

0.5 Cl10 to 20

5.9 2.9 By-product PE

"11.1 <Catal ytic

activity>

[err] (Amount: m) Type of C conpound
of [err] 22.5 [err] (a)
2,5-DWPy (b) (muol) -

0. 701 Type of hal ogen-cont ai ni ng
conpound Hal ogen- cont ai ni ng

Mol ar ratio (a:b:c:d) of

Cont acti ng net hod .

) 125955

154- Table 5 Exanple 74 Type of sol vent

' [err] Anmount ()
(nmol )

0.140 [err] (c)

1, 1,2, 2-Tetrachl oroet hane -

(mol)

- 0.093 conpound (d)

1:3:15:2 catal yst conponents

(1) Reaction time (Hr)

Table 1C

Example 79

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

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

| Type of halogen-containing |

1,1,2,2-Tetrachloroethane

‘catalyst components

compound

Halogen-containing 0.156
compound (d) . (mmol)

Molar ratio (a:b:c:d) o=

1:3:15:5

Contacting method

(1)

Reaction time (Hr)




-155- Table 5 (continued) Exanple 74 <Anount (g) of 83.9
211.0 * 358.0 477.8 product > <Cbnposith%%ql distribution (%> C4

2.2 1.0 0.7 _ 0.8 Total C6 81.8 87.6

89.9 90.7 1-Hexene content (W% 95.0 97.5 98.3 98.6 in
C6 C8 1.3 1.0 0.8 0.7 C10 to 20

14.5° 10. 4 8.4 7.5 C22 to 30 0 0

o 0 By-product PE - 0.1 <Catalytic

efficiency> 35842 90169 . 153141 204188 <Catal ytic activity> 71683
90169 102094 102077 Table 6 Exanple 75 Type of sol vent
[err] : :

. . .

Example 79
<Amount (g) of product> 245.4 409.8 493.9

<Compositional
distribution (wt%)>

Cq . 0.3 0.2 - 0.3

Total Cg S 90.2 | 92.1 92.1 ]
l1-Hexene content (wt%) in 981 98.6 98.8

Cg ' .

Cs - ' 0.7 0.6 | o.6

Ci0 to 20 | 8.7 7.0 7.0

C22 to 30 o o - 0 0
By-product PE o - -. 0.024
<Catalytic efficiency> =~ | 157309 | 262723 | 316622

<Catalytic activity> 157309 | 175149 | 158311




(Amount: m) Type of C conpound ' [err] Anmount () of

Cr(2EHA) 3 22.5 [err] (a) (ol ) ' 0. 047
2,5-DWPy (b) (mol) 185-140 [err] (c) (rmmol)
0. 701 Type of hal ogen-containing Germani umtetrachl ori de -conpound
Hal ogen- cont ai ni ng 0. 093 conmpound (d) (mmmol) Mol ar
ratio (a:b:c:d) of 1:3:15:2 catal yst conponents Cbntactlng
met hod (1) Reaction tine (Hr) 0.5
1.0 1.5 2.0 -157- Table 6 (continued) Exanple 75 <Amount (g) of
149.5 194. 8 208. 2 267.0 product> <Conpositional distribution (w%>
4 0.03 0.03 . 0.03 0.03
Table 11
Example 80
Type of solvent CHx(730)+HP(20)
(Amount : ml)

Type of Cr compound | Cr (2EHA) ;5

Amount (mg) of Cr (2EHA)3 22.5

Cr(2EHA)3 (a) (mmol) . 0.047

'2,5-DMPy (b) (mmol) "0.140

Et3Al (c) (mmol) : 0.701

Type of halogen-containing 1,1, 1-Trichloroethane

compound
Halogen-containing 0.093
compound (d) (mmol)
Molar ratio (a:b:c:d).of 1:3:15:2 ’
catalyst components

" |Contacting method ()

Reaction time (Hr) 1.0 1.5 2.0




Total C6 95.8 95 7 95. 4 96. 0 1-Hexene content

(W% .99.2 99.3 99. 4 9.4 } _p C6 C8

*0. 5 0.5 0.5 0.4 C10 to Zd' 3.4 3.5
3.8 3.3 Q2to 30 ~ -0 0 0
By- product PE 0.15 <Catal ytic

efficiency> 63873 83230 88991 114108 <Catal ytic activity>
127745 83230 59327 57054 Tabl e 7 Exanple 76 Type of sol vent

[err] (Amount:_m) Type of Cr conpound [err] Amount (ng)
of Cr(2EHA)3 22.5 [err] (a) (mmol)
0.047 2,5-DWwy (b) (mmol) : 0.140 [err] (c) (mmol)

0.701 Type of hal ogen- contalnlng Carbon tetrachl ori de conpound
Hal ogen- cont ai ni ng g@npound (d) (rmmol)

Example 80
<Amount (g) of product> | 355.4 404.7 537.4
<Compositional
distribution (wt%)>
Csq . 0.1 0.1 0.1
Total C¢ . | 91.6 90.5 92.1 .
}-Hexene content (wt%) in 98.6 98.8 98.9
Cg .
Cs . : 0.5 0.5 0.4
Ci10 to 20 - 7.9 8.9 7.4
C22 to 30 0 0 0
By-product PE - - 0.01
<Catalytic efficiency> 151863 | 172928 | 229678
<Catalytic activity> 4 151863 115285 114839




Mol-ar ratio (a:b:c:d) of. | 1: 3:15: 2 catal yst conponents

Cont acti ng net hod : _ fajl) Reaction tine (Hr).

*0.5 1.0 1.5 2.0 - 159- Taht &7 (continued) Exanple 76 <Anobunt
(d) of : 124. 1 168.5 195.9 250. 8 product> <Conpositiona
distribution (w%.> C4 0. 02 0. 02 0. 02 0. 02
Total C6 96. 2 96. 2 96. 0 96.1 1-Hexene content

(Wm % 99.4 994 99.5 in C6 C8

0.5 0.5 0.5 0.5 C10 to 20 2.9 2.9

3.1 3.0 C22 to 30 : 0 0 -0

By- product PE _ . , 0.19 <Catalytic

ef ficiency> 71995 83726 107176 <Catal ytic activity>

71995 55817 53588 Catalytic efflgbgﬂgxlz 194 225

288 based on one nol e of

- Example 81

Type of solvent

CHX (730) +HP (20)
{(Amount : ml) '

Type of Cr compound - Cr(2EHA)3

Amount (mg) of Cr (2EHA)3 22.5
Cr(ZEHA); (a)  (mmol) o 0.047
2,5-DMPy (b) (mmol) | 0.140
Et3Al (c) (mmol) | : '. 0.701

Type of halogen-containing '
: X 1’2,3'4’5’6-

Hexachlorocvclohexane

compound

Halogen-containing

0.093
compound (d4) .. {(mmol)
Molar ratio (a:b:c:d) of 1:3:15:2
catalyst components :

Contacting method (1)

Reaction time {Hr) 1.0 1.5 2.0




chl orine (x106)
[err] (Anount:
of [err]
2,5-DWPy (b) (mmol)

0. 701 Type of hal ogen-cont ai ni ng
conpound Hal ogen-cont ai ni ng _
(mmol) Molar ratio (a:b:c:d) of

m) Type of Cr conpound

22.5 [err] (ay*3@mmol)

-1 60- Table 8 Exanple 77 Type of sol vent
[err] Anmount

0.140 Et3Al (c)

| (mmol )
1,1, 2, 2-Tetrachl or oet hane

0. 234 conpound (d)

1:3:15:5 catal yst conponents

Cont acti ng met hod - _ (1) Reaction tinme (Hr)
1.0 1.5 2.0 Tabl e 8 (continued)
Taple ntin
Example 81
<Amount (g) of product> 423.2 544 .2 650.2
<Compositional distribution (wt3)>
(o] 0.1 0.1 0.1
Total Cg 90.6 91.1 91.4
l-Hexene content (wt%) in 98. 4 98.6 98.7
Cs
Cg 0.5 0.5 0.4
C10 to 20 8.7 8.2 8.1
C22 to 30 0 0 0
_By-product'PE - - 0.008
<Catalytic efficiency> - .3)866 232584 277852
<Catalytic activity> .23866 155056 138926




Exanmpl e 77 <Amount (g) of product> 336. 2 408. 3 555.5

<Conpesitional distribution (w%> C4 170 ' 0.1
‘0.1 + 0.2 Total C6. TerYT 0101 91. 2 92.7
1-'Hexene content (W% "in 98. 8 98.9 99.0 C6 C8
0.6 0.6 0.5 C10 to 20 8.0 7.9
6.5 C22 to 30 _ 0 0 0 By-product PE"
- ' 0.1 <Catalytic efficiency> 143660 174500 237392
~<Catalytic activity> 143660 116333 118696 Catal ytic
efficiency based on one nole of chlorine 153 186 254
[err] -162- Table 9 Exanple 78 Type of sol vent _
HP(750) (Amount: m) Type of C conpound Cr(2EHA) 3
' Table 13 '
Example 82
Type qf solvent CHX (730) +HP (20)
(Amount : ml)
Type of Cr compound Cr (2EHA) 5
Amount (mg) of Cr(2EHA)3 . 22.5
Cr(2EHA)3 (a) (mmol) ' 0.047
2,5-DMPy (b) (mmol) | 0.140
Et3Al (¢) (mmol) 0.701

Type of halogen-containing Pentachlorocyclopropane

compound

Halogen-containing 0.093
compound (d) (mmol)

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

Contacting method ' (L)

1 Reaction time ' (Hr) 1.0 1.5 2.0




p%oduct>
(M > 4

98.8 Cb

Amount (ng) of Cr(2EHA) 3
0.047 2,5-DWPy (b)
0. 701 Type of hal ogen-containing 1, 1,2, 2-
Hal ogen- cont ai ni ng
ratio (a:b:c:d) of

(mmol ) -

22.5 Cr(2EHA) 3 (a)
0.140 [err] (c)

(rmol) .
(ol )

1 -
“TétT achl or oet nane conmpound

0. 234 conpound (d)
1: 3:15:5 catal yst conponents Contacting
(1) Reaction tine

(Hr)

(rmol ) Mol ar

1.0

163- Table 9 (continued) Exanple 78 <Amount (g) of

391.8 512.9 616. 1 <Conpositional distribution
0.3 0.2 0.3 Tot al
.2 91. 2 1-Hexene content (W% in 98.
Iable 13 (coptinued)
Example 82

<Amount (g) of product> 251.4 297.2 - 401.0

<Compositional distribution (wt3)>

Ca 0.3 0.2 0.3

Total Cg 91.9 91.7 92.7

l-Hexene content (wt%) in 98.1 98 .4 98.6

Cs

Cs 0.6 0.6 0.5

C10 to 20 - 7.1 7.5 6.4

C22 to 30 0 0 0

By-product PE - - 0.01

<Catalytic efficiency> 107423 | 127001 171532

<Catalytic activity> 107423 84667 85766




cs ° 0.6 0.5 0.5 C10 to 20

7.9 8.0 8.0 C22 to 30 0 0
0 By-product PE <Catal ytic efficiency> -172- 167442 219186 263298
<Catalytic activity> 167442 146124 131649 Exanpl e 79
Type of sol vent HP(750) (Anpunt: ml) Type of Cr
conpound [err] Amount (nmg) of Cr(2EHA)3 '
15 [err] (a) (mmol) ' 0.031 2,5-DWy (b) (nmol)
0.093 [err] (c) (mmol) 0.470 Type of
hal ogen- cont ai ni-ng 1,1, 2, 2-Tetrachl or oet hane conpound Hal ogen-cont ai ni ng
0. 156 conpound (d) (mol) Ml ar ratio (a:b:c:d) of 1:3:15:5
catal yst conponents Contacting nethod (1) Reaction
time (Hr) - .0 1.5 71apPeOig

Example 83

Type of solvent CHX (730) +HP (20)

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

Type of halogen-containing Germanium tetrachloride

compound

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

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

Contacting method _ (1)

Reaction time (Hr) 1.0 1.5 2.0




-165- Table 10 (continued) Exanple 79 <Anount (g) of product>

245. 4 - 409. 8 493. 9 <Conpositional distribution (w%> C4

0.3 0.2 0.3 Total C6  -173- 90. 2

92.1 92.1 1-Hexene content (W% in 98.1 . 98.6

98.8 C6 C8 : 0.7 0.6 0.6 C10
to 20 ' 8.7 7.0 7.0 C22 to 30

0 0 0 By-product PE '

' 0.024 <Catal ytic efficiency> 157309 262723
316622 <Catal ytic activity> 157309 175149 158311
Tabl e 11 Exanple 80 Type of sol vent [err] (Amount: nl)
Type of Cr conpound Cr(2EHA) 3

Example 83

| <Amount (g) of product> 194.8 } 208.2 267.0
<Compositional distribution (wt%f>
Ca _ 0.03 0.03 0.03
Total Cg 95.7 95.4 96.0
l-Hexene content (wt3%) in 99.3 99 .4 99 .4
Cg ’
cs | | 0.5 0.5 0.4
C10 to 20 - 3.5 | 3.8 | 3.3
C22 to 30 S 0 0 0
By-product PE - - - 0.15
<Catalytic efficiency> 83230 88991 114108
<Catalytic activity> 83230 59327 57054




Amount (mg) of Cr (2EHA) 3 22.5 Cr(2EHA) 3 (a) (mol)

0.047 2,5-DWy (b) (mmol) Cqm 0.140 [err] (c) (mmol)
~0.701 Type of hal ogen-containing 1, 1,1-+rFEhIoroethane conpound _
Hal ogen- cont ai ni ng ) 0.093 conpound (d) (nmmol) Mol ar
ratio (a:b:c:d) of : 1: 3:15: 2 catal yst. conponents Contacti ng
nmet hod : (1) Reaction tine (Hr) 1.0
1.5 2.0 ~ -167- Table 11 (continued) Exanple 80 <Amount (g) of
pr oduct > 355.4 404.7 537.4 <Conpositional distribution (w%>
4 0.1 0.1 0.1 Total C6
91.6 90.5 92.1 1-Hexene content (W% in 98. 6 98. 8
98.9 C6

Table 15

Example 84

Type of solvent
(Amount : ml)

CHX (730) +HP (20)

Type of Cr compound ' Cf(ZEHA);

Amount (mg) of Cr(2EHA)3 _ 2275

Cr(2EHA)3 (a) immol) 0.047 ’
2,5-DMPy-(b) {mmol) 0.140

Et3Al (¢) (mmol) | . 0.701

Type of halogen-containing Carbon tetrachloride

compound

Halogen-containing 0.093
compound (d) (mmol)

Molar_raﬁio (a:b:c:d) of 1:3:15:2
catalyst components

Contacting method . : : (1)

|Reaction time (Hx) 0. 1.5 2.0




8
7.9 . 8.9
0 By-product PE _
efficiency> 151863
151863 115285 114839
CHX( 730) +HP( 20) ( Amount :

0.5 '
7.4 C22 to 30

172928

[err] Anmpbunt (ng) of [err]
0.047 2,5-DWPy (b) . (rmmol)
(rmmol )

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

0. 093 conpound (d) (nmmol) Mol ar
1: 3:15: 2 catal yst conponents T

e 1

0.5

-175-

0.4 C10 to 20

0

0

0.01 <Catalytic
229678 <Catal ytic activity>

Tabl e 12 Exanple 81 Type of sol vent
m) Type of G conpound

22.5 [err] (a)

0.140 [err] (c)
0. 701 Type of hal ogen- contalnlng
conmpound Hexachl orocycl ohexane Hal ogen-cont ai ni ng
ratio (a:b:c:d) of

Example'84
<Amount (g) of product> 168.5 195.9 25078
<Compositional distribution (wt%)>
Cq 0.02 1 0.02 - 0.02
Total Cg 96.2 96.0 96.1
ll—Hexene ceontent (wti) in .99.4 99;4 99.5
Cg
Cs 0.5 0.5 0.5
C10 to 20 2.9 3.1 3.0
C22 to 30 0 0 0
By-product PE - - 6.19
<Catalytic efficiency> 71995 83726 107176
<Catalytic activity> 71995 55817 53588




Cont acti ng net hod (1) Reaction tine

(Hr) -« 1.0 1.5 2.0__ -169- Table 12 (continued)
‘Exanpl e 81 <Anmpbunt (g) of product> -176-  423.2 544. 2
650. 2 <Conpositional di'stribution (WM%> C4
0.1 0.1 0.1 Total C6 90.6
91.1 91. 4 1- Hexene content (W9 in 98. 4 98. 6
98.7 C6 C8 , 0.5 0.5 0.4
Cl0 to 20 8.7 8.2 ' 8.1 C22 to 30
0 0 0 By-product PE
0.008 <Catalytic efficiency> ] 0866 232584 277852
<Catalytic activity> [err]08 T 056 138926 -170-
Tabl e 13 Exanple 82
Extracting Catalyst | Theoret- |Extract- |Washing Organic
liquid compo- ical ing liquidP | layerP
e nent Valued layerb
Nitric cr 7.8 6.9 | 0.1 0
acid
Ex. 85| 0.5 mol/1 Al 66.9 65.5 1.1 0
N 6.9 - - =
Hydro- 0 -
chloric Cr 7.8 6.6 0.1
acid
Ex. 86| 1.0 mol/1 Al ' €6.9 66.0 1.5 0
N 6.9 2.3 1.6 1.0
Hydro- _ | 0
chloric Cr 7.8 6.7 0.1
acid
Ex. 87]0.01 mol/1| a1 66.9 65.3 1.3 0
M 6.9 2.0 1.7 1.5

Note) a: The concentration (ppm) of each catalyst

component which is contained in the reaction

I

liquid after thz r=moval of a polymer.

b: The value obtair=.i bv calculating the weight of
each catalyst cimisonent measured by ICP analysis
as the concen::a:ﬁcn (weigh; ppm) of each
cétalyst:in S0 ~_ zZ the.reaction liquid after

the removal of

o
(™

iymer.

0
Q



Type of sol vent
[err]

0. 047 2,5-DMWPy (b)

(mol)

Amount (ng) of Cr(2EHA) 3

[err]

-177- "

(Amount :

0. 701 Type of hal ogen-contai ni ng Pentachl or ocycl opr opane conpound

Hal ogen-cont ai ni ng
.ratio (a:b:c:d) of

0.093 conpound (d)

m) Type of Cr conpound
22.5 [err] (a)
0.140 [err] (c)

(ol )
(ol )

(mmol ) Mol ar

1:3:15: 2 catal yst conponent's Contacti ng

met hod (1) Reaction tine (Hr) 1.0
1.5 2.0 -171- Table 13 (continued) Exanple 82 <Amount (g) of
prooducité4 251. 4 297.2 401.0 <Cbnpogi;ional digtgiggtgfncﬁ
o1 o 91.7 92.7 1dbie 17 | |
Extracting Catalyst | Theoret- | Extract- | Washing|{Organic
liquid compo- ical ing liquidP | layerP
nent Valued layerb '
NaOH Cr . 7.8 | 6.1 0 0
Ex. 88| 0.8 mol/1 Al 66.9 60.9 0.3 0
N 6.9 = 0.8 4.7
NaOH Cr 7.8 6.0 0 0
Ex. 89]0.01 mol/l| _ Al 66.9 59.5 0 0o,
N 6.9 - 0.2 5.0
NaOH Cr 7.8 5.2 = 0
Ex. 90| 0.8 mol/1 Al 66.9 67.1 - 0
N 6.9 - - 5.5
Note) a: The concentratioh (ppm) of "each Catalyst

. component which is contained in the reaction

liquid after the removal of a polymer.

b: The value obtained by calculating the weight of

each cataiyst component measured by ICP analysis

as the concentration (weight ppm) of each

catalyst in 50 ml of the reaction liquid after

the removal of a polymérf




1- Hexene content (W% in 98.1 98. 4 98.6 C8

0.6 . 0.6 0.5 Cl10 to 20 -173 _ 7.1 7.5
6.4 C22 to 30 B 0 *='°" 0 0 By-product PE
7 ' 0701 <Catalytic efficiency> 107423 127001
171532 <Catal ytic activity> 107423 84667 - 85766 -172-
‘Tabl e 14 Exanpl e 83 Type of solvent. [err] (Amount: nl)
Type of Cr conpound [err] Anount (nmg) of [err]
22.5 [err] (a) (mmol) 0.047 2,5-DWy (b) (mmol)
0.140 [err] (G (mmol) 0. 701 Type of .
hal ogen- cont ai ni ng Germaniumtetra i conpound Hal ogen-cont ai ni ng
0. 003 conpound (d) (nmol) Mol ar ratio (a:b:c:d) of 1:3:15:2
catal yst components : :
Extract- |Catalvst |Theoret- |Extract- |Organic
ing compo- ical ing layexr®
liquid nent Value?d layerP
Hydro- cr | 297 13.7 | 15.7
chloric
acid
Ex. 91 |1.4 mol/l ar | 771 64.8 11.6
N 24.8 10.4 12.4
NaOH Cr 29.7 . 11.9 16.3 .
Ex. 92 |1.2 mol/1| a1 77.1 77.0 0
N 24.8 9.8 13.3

Note) a: The concentration (ppm) of each catalyst
component which is contained in the reaction
liquid after the removal of a polymer. |

b: The value obtained by calculating the weight of
each catalyst component measured by ICP analysis
as the concentration (weight ppm) of each
catalyst in 50 ml of the reaction liquid after

the removal of & polymer.



Cont acti ng net hod

(1) Reaction tine

(Hr)

1.0 1.5 2.0 -173 " Tabl e 14 (continued) Exanple 83 <Anount
(g) .of product> .194.8 208. 21%5- 267.0 <Conpositional
di stribution (%> C4 0.03 0.03
0.03 Total C6 95.7 95.4 96. 0 1- Hexene
content (W% in 99.4 99.4 C 6 C8
0.5 0.5 0.4 Cl10 to 20 3.5 3.8
3.3 C2 to 30 0 0 By-product PE
- 0.15 <Catal ytic efficiency> Mswso 88991 114108
<Catalytic activity> 83230 59327 57054 Tabl e 15
Exanpl e 84 Type—of—solvent et
Example 93 | Example 94 | Example 95
Type of solvent CHX(730) | CHX(730) | CHX(730)
(Amount : ml) -
+HP (20) +HP (20) +HP (20)
Type of Cr compound Cr (2EHA) 3 Cr(2EHA); Cr(2EHA);
amount (mg) of 22.5 22.5 22.5
Cr(2EHA) 3
Cr(2EHA)3 (a) (mmol) 0.047 0.047 0.047
2,5-DMPy (b) (mmol) 0.140 0.140 0.140
Et3Al (c) (mmol) 0.701 0.701 0.701
Type of halogen- Allyl ‘Allyl allyl
containing compound chloride chloride chloride
Halogen-containing . 234 0.234 0.234
compound (d) {(mmol)
Molar ratio (a:b:c:d) | ..5.35.5 | 1:3:15:5 | 1:3:15:5
of catalyst components
Contacting method . (1) (1)
Residence time ~ (Hr) 1.0 2.0




(Amount: m) Type of C conpound
[err] - 22.5
2, 5- DWPy (b) (rmol ) .

0. 701 Type of hal ogen- cont ai ni ng
Hal ogen- cont ai ni ng

ratio (a:b:c:d) o

[err] (&)

(ol )

[err] Anmount (ng) of

~1890140 [err] (c)
Car bon tetrachl ori de conpound

_ 0. 093 conpound (d)
1:3:15: 2 catal yst conponents Contacting

0. 047

(mol)

(mmol ) Mol ar

met hod (1) Reaction tine (Hr) [err]
1.5 2.0 175 Table 15 (conti nued) Exanple 84 <Ampunt (g) of
pr oduct > ' 168.5 195 .9 250 8 <Cbnp05|t|ona
distribution (ww%> C4 0.02 0.02
0.02 Total C6 96. 96.0 96.1
1- Hexene content (W% in . 99. 4 99.5 C 6
Table 19 (continued)
Example 93 | Example 94 | Example 95

<Amount (g) of 123.1 161.5 232.2

product>

<Compositional distribution (wt%)>

Cq 0.1 0.0 0.0

Total Cg 97.6 97.1 96.6

l1-Hexene content (wt%) 99.3 99.5 99.3

in Cg '

Csg 0.4 0.4 0.4

C10 to 20 1.9 2.3 2.7

C22 to 30 0 0 0

By-product PE - - 0.161

<Catalytic efficiency> 52607 68996 99244

Catalytic efficiency 225 295 424

based on one mole of :

chlorine (x106)




0.5 0.5 . 0.5 Cl10 to 20
9 3.0 C22 to 30 0

e -181-
0. 19 <Cat alﬁmmﬁ EHWA 71995 83724| THIS qu@ﬂl%s BEEN
<Catal ytic ac 71995 55817 53586 PLACED,.

Tabl e 16 Extracting Catal yst Theoret- Extract- Washing Oganrc Iiquid
conpo- i cal ~ing | i qui db | ayerb nent Val uea [err]

Nitric éﬁAI_I§1ﬁﬁéihﬂn_L%s 6.9 0.1 0 acid Ex. 85 0.5
nol /| Al 5 1.1 0O N 6 .9 Hydro-
Cr 7.8 - chhoplg 1. /1
o 6.9 2@01::rc:»ces.so %r produglﬁg QhogL %@giﬁl gflg%ﬁesr, vﬁu r%}
1.0 Hydro- ChEQﬁbElses cdFrying out/ BigomeriPafion oflad a-olefih & &

capag

T

solvent in the presence of a catalytically effective amount
of a chromium-based catalyst'system composed of a
combination of at least (a) a chromium compound, (b) a
nitrogen-containing compound of at least one selected from
the group consisting of an amine, an amide énd an imide,
{c) an alkyl;luminum compound and (d) a halogen—contéining
compound,

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

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

in the reaction solvent and the oligomerization of an -

olefin takes place.

2. A process for procducing an a-olefin oligomer

according to claim 1, whersin said chromium compound (a) is
. one selected from the grcuc consisting of chromium

alkoxides, chromium carbc:xylates, chromium B diketonates,

salts of chromium with anizns of B-ketoester, chromium B~

ketocarboxylates, amide czmplexes of chromium, carbonyl
R

| O




Ex. 87 0.01 nol /I Al 66. 9 65. 3 1.3 0 N :
6.9 . 2.0 1.7 1.5 Note) aL1gEe concentration (ppn) of each
cat al yst conponent which is contained in“the reaction liquid after the
renoval of a polymer. B: The val ue obtained by cal cul ating the wei ght of
each catal yst conponent neasured by |ICP anal ysis as the concentration
(wei ght ppnm) of each catalyst in 50 the reaction liquid after the
renoval of a. polyner. -177- Table 17 Extracting Catal yst Theoret-

Eoct: WASPLSRRLAAPIS hdun, SOURRS, cohfPues, of dibmigm 1A 00
g gx. 88 (lE%§E&$ﬂe?%?d¥eny;4c$mﬁggﬁ?s of e@?o@iumf a#}%? compl%%%? of

0 Ex. 89 0. 0l-i@bhium ﬁﬂenyl comp@@xgs of cﬁ?oéium, cHEdhium hali@eg,

- 0.2 5.0 NaOH Cr 7.8 5.2

Ex. 90 0.8 ntHdr complexes of 8Br8mium h§Tides, ester complex@s of

0

chromium halides, ketone complexes of chromium halides,
aldehyde complexes of chromium halides, aLcohol complexes
of chromium halides, amine comple#es of chromium halides,
nitrile.eomplexes of chromium halides, phosphine complexes
of chromium halides and thiocether complexes of chromium

halides.

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

containing compound (d) is halogeneted hydrocarbon.

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

‘pyrrole and 2,5—dimethylpyrrele.

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

general formula (1):

;1AL .



X

N 6.9 5.5 Note) a: The concentration (ppn) of each catal yst
conponent which is contained in the reaction liquid after the renoval of a
pol ymer. b: The val ue obtai ned by caIcuTé??ﬁg t he wei ght of each catal yst
conponent neasured by I'CP analysis as the concentration (wei ght ppm of
each catalyst in 50 mMl of the reaction liquid after the renoval of a

pol yner. Tabl e 18 Extract- Catalyst Theoret- Extract- Oganic ing
conpo- i cal _ i ng | ayerb liquid nent Val uea | ayerb
Hydr o-. Cr 29.7 N 13.7 15.7 chloric acid Ex. 91 1.4

mol /| A 77.1 O M%64.8 11.6 N 24.8 10. 4 :
12. 4 NaCOH Cr bol7 11.9 16.3 By 92 1.2 nol /| Al
77.1 77.0 RikrC-N-Bf g 9.8 13.3 Note) a: The

concentration (ppm of each catalyst conponent which is contained in the
reaction '

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

" and R? may form a ring.

6. A process for producing an G-olefin oligomer

according to claim 5, wherein said nitrogen-containing
- compound (b) is one selected from the group consisting of
maleimides and derivatives chereof, and said halogen-

containing compound (d) is inorganic halides.

7. A process for producing an ¢-olefin oligomer

according to claim 1, wherein said alkylaluminum compound

(c) is a trialkylaluminum :ompound.

* C L M s *



liquid after the removal of a polyner. b: The val ue obtained by cal cul ating
t he werght of each catal yst. conponent nea;gred by ICP analysis as the
concentration (wei ght ppm) of each catalyst'in 50 m of the reaction liquid

after the renoval of a polyner. Exanpl e 93 Exanple 94 Exanple 95 Type
of sol vent : CHX( 730) CHX( 730) CHX(730) (Amount: m) _
+HP( 20) +HP( 20) +HP(20) Type of Cr conpound Cr(2EHA) 3
Cr(2EHA)3 O (2EHA) 3 Anpunt (ng) of 22.5 $.22.5

22.5 [err]- _[err] (a) (nmol) 0. 047

0. 047 0.047 2,5-DWy (b) (mmol) 0. 140 0. 140

0.140 [err] (c) (BﬂDA)nrocess for(bﬁﬂﬁhc1ng an @-6Q&fin oligfmdPl Type of
hal ogen- Al lyl Alyl - Al lyl contalnlng conpound
chl oride chlkebirdeng t&hkpdider HalRaencaatial BiRYlaluminum Eorsdund
0.234 0. 234 conpound (d) (mol) Ml ar ratio (a:b:c:d) [err]

%:5:15:5 1(?)§5s5a0ﬁ12amﬁéy@f £ HIeNeila leaihast cogpsehdoghd a
1 1

alkylaluminum halide compound.

9. A prbcess for producing an 0-olefin oligomer

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

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

'Periodic Table.

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

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

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

AT O



Resi dence ti me (Hr) 1.0 2.0 Table 19
(continued) Exanple 93 Exanple 94 Exanple 95 <Anmount (g) of

123. 1. 161.5 _~ 232.2 product >13Sonposi tional distribution (w%>
o7} 0.1 0.0 0.0 Total C6

97.6 97.1 96. 6 1- Hexene content (W%

99.5 99.3 in C6 C8 0.4 0.4
0.4 Cl10 to 20 1.9 2.3 2.7 C22 to 30

0 0 0 By-product PE _

0. 161 <Cat al yFREPRRfREPBRicywhich areszgipptituted Bgosp least 3 habogen

Catal ytic efficiency . 225 295 . 424 based on one

nol e of chl or Ph@™Ex106) -181- WHAT IS CLAIMED I S:

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

hexachloroethane.

1l4. A process for producing an (-olefin oligomer

according to claim 1, wherein said halogen-containing

.

compound (d) is a halogenated cyclic hydrocarbon.

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

to 500 : 0.1 to 100.

16. A process for producing an o-olefin oligomer

according to claim 1, wherein said 0-olefin is ethylene,

and said chromium compound (a) and said alkylaluminum
compound (c) contact each other under the condition that

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

17. A process for producing an ¢-olefin oligomer

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

AT




(Amended) Caiml. A process for producing an a-olefin oligonmer, which
conprises carrying out oligonerization of an [err] olefin in a solvent in

t he, presence of a catalytically effectivé&8bmount of a chrom um based
catalyst system conposed of a combination of at least (a) a chrom um
conmpound, (b) a nitrogen- containing conmpound of at |east one selected from
the group consisting of an amine, an amide and an imde, (c) an

al kyl al um num conpound and (d) a hal ogen-contai ni ng conpound ot her than the
chrom um conmpound (a), wherein each of the [err]-olefin, the chrom um

conpound (a), ahiesaidr@agebe £Omt aeni irg: reieadndntl) aokocattieastonteisiigct ed
fromthe group consisting of an amne, an anmide and an imde, the

al kyl al um numsgeEPAYBEogEn - @bt 4 16 il ceepiduaant(@) Ni 816 oaPYISL Krin i
supplied to a reaction systemin a node that the chronlunlconpound (a) and

the al kyl al uncompoandapoandage)sadad natlogen-aohtaanlingt bempdeddr edeach of
said conpounds (a) to (d) and the a-olefin coexists in the reaction sol vent
and the oligonerization of an [err]-olefin takes place. 2 A process for
producing an [err]- alefln ol i goner according to claim.1, erein said
chromi um conpound {8) Pspfﬁﬁﬁékﬂﬁﬁﬁeﬁquqﬁﬁ hénngBﬁeééﬁsPéfgﬂﬁer chrom um
al koxi des, chrom um carboxyl ates, chrom um [err]-di ketonates, salts of

chronlun1wntha&ﬁP6ﬁ§n6ft°[%%?1“W&ﬂ(ﬂﬁﬁ%ﬁin SHiGnPdkvialpRinga: BRI | at es,
am de. corpl exgg, oL §NL 91k UgLo FAE R hLYHRLL oK ThEBLA1 33180141111

containing said chromium compound (a), said nitrogen-
containing compound (b) and said halogen-containing

compoﬁnd (d) . . -

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

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

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

{c).

21. A process for cr:iucing an o-olefin oligomer
according to claim 1, whezr2in, catalyst components
containing at least said slkxylaluminum compound {(c) and

.\

e



-182- conpl exes of chrom um carbene conpl exes of chrom um

cycl opent adi enyl conpl exes of chrom um al kyl conpl exes of chrom um phenyl
conpl exes of chrom um chrom um hal i des;yl&ther conpl exes of chrom um
hal i des, ester conpl exes of chrom um halides, ketone conpl exes of chrom um
hal i des, al dehyde conpl exes of chrom um hal i des, al cohol conplexes of
chrom um hal i des, am ne conpl exes of chrom um halides, nitrile conpl exes of
chrom um hal i des, phosphi ne conpl exes of chroni um halides and thi oether
conpl exes of chrom um halides. 3. A process for producing an [err]-olefin
ol i goner accdadih@alegeraicantainhed eremeanrnt nidr dgeh negncansigagisenpound
(b) is one selected fromthe group consisting of pyrroles and derivatives

t her eof , and SHi% RICTGER- CEBRPEANAI Ay RFDARRFIH)ET SFalloyeratban
hydrocarbon. 4. A process for producing an [err]-olefin oligoner aécording
to claima3, vﬂ)é)rgi Ds8j GEAFE OGP TR G I 1ffv uRd I 5P ifs toRacted| ect ed
fromthe group .cansisting of pyrrole and 2,5-di hyl pyrraole,.5. A
process for p aotc?ucﬁsr‘fg Cé’r’ﬁf@?f’%o%é?i ﬁ°%‘f?§% r %&ngtr%(ﬁ/ﬁpggﬁoogl §Pﬁ1 1,
wherein sai d Jidd1088N&R0ALAEETAQMPRLANx (D) e £ £n 3£ WO WML JLaRmESeNt ed by
the follow ng genéral fornmula (1) _

solvent.

22. A process for producing an Q-clefin oligomer

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

exists in the gas phase of a reaction vessel.

23. A process for producing an 0-olefin oligomer

according to ¢laim 1, wherein an oligomerization of an O~

olefin in a reaction solvent is conducted by a semi~batch
process of by a continuous process, and at least one
catalyst component §elected from the group consisting of
said nitrogen-containing compound (b), said alkylaluminum
compound (c) and said halogen-containing compound (d) is

added as supplement to said reaction system.

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

-
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-183- [err] wherein [err] represents a hydrogen atomor a netal elenent in.
the G olups IA IIA IBand IIlA of the Fir%§¥ﬁ c Table, [err] represents a
hydcogen atom an al kyl _group having 1t carbon atons, al kenyl group
having 1 to 30 carbon atons, an aral kyl group having 1 to 30 carbon atons,
an aryl group which may have a substituent or an aryl group which may
contain a hetero elenent, and R2 represents a hydrogen atom an al kyl group
having 1 to 30 carbon atons, al kenyl group having 1 to 30 carbon atons, an
aral kyl group having 1 to 30 carbon atons, an aryl graoup which may have a
substituent, an ary -gf\oﬁﬁo‘?ﬁ%hr%;PrrPoﬁPé:’é‘gnét“e%oglegﬁﬁnf’lbi?o@ﬁracy[
group: -C(= Oferr] (R3is defined in the same as [err] and [errL may be

ei ther the safECOEIdPEf EPeRIFim ghd Yhanginav@tiear eKighy PoPPtateihgd ™1 A
process for prOducin% an [err]-olefin oliqoner_according tQ claimb5,

wherei n sai d RPSFEgER- 2BRtBP ity Tokth UMY “CdMiauBnECBRPRREHCT r bin thR
group consistin% gt mal. ei m des and derivatives thereof, and said hal ogen-
cont ai ni ng cofFoTha°PdFYP5®*Ror ganic halides. 7. A process for producing an
[err]-olefin oligonmer according to claim1, wherein said al kyl al um num
conpound

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

recovered solution containing the catalyst components

recovered from a reaction solution by distilling and

separating said o-olefin oligomer, and said recovered

solution-is thereafter circulated to said reaction system.

27. A process for producing an oa-olefin oligomer

according to claim 26, wherein said alkylating agent or

said redﬁcihg agent is an alkylaluminum compound.

28. a process'for producing an o-olefin oligomer
_ accordiné to claim 1, wherein ﬁhe catalyst component {(s) are
removed by contacting a reaction solution containing said
catalyst component (s) with not more than 2.5 mol/litre of

an aqueous acid or alkali solution.

29. A process for prcducing an O-olefin oligomer

according to claim 1, whsrein said reaction solvent is an

—;—_’/

T



(c) is a trialkytal um num conpound. -184- 8. A process for producing an
[err]-olefin oligomer according to claim1, wherein said alkylalun1nun1 »
‘conpound (c) is a mixture of a trialkyl ald®#mum conpound and .«

al kyl al um num hal i de conpound. 9. A process for producing an
ol i goner according to claim1, wherein said hal ogen-containin
I s a hal ogen-cont ai ni ng conpound cont ai ning an el enent sel ect 1t he
Goups IIIA 111B, IVA 1VB, VA VB and VIB of the Periodic Table. 10. A
process for producing an err]-olefin oligomer according to claimy,
wherein sai d R&Y64&R-2BM +¢N?&f§xﬁﬁiﬂﬁ%}e@HFY¢§°§aHBPngﬂVt%%tﬁJ?ﬁrﬁP
conpound contalnlng an el enent selected fromthe G oups |IVA and | VB of the
Peri odi ¢ Tabl §3T®9% atPPBcess for producing an [err]-ol efin ol i goner
according to claim 10, [err] said hal ogen-containing compound (d) is one

se[err] fromthe group consisting of carbon tetrachloride,
[err], dichloroethage, At hEaaLadn 5L r;?:‘é?i&&'n%e AN -98 i A 511g?mer
[err]rachlorlde 12. A process for [ferr] an [err]-oléfin oligoner

accordi ng to_ﬁbébﬁalng[ﬁér&lalm 1 Saib Al dN(C eoaie®iiRdis ethylene,

and said &-olefin oligomer is l-hexene.

31. A process for producing an ¢-olefin oligomer,

which comprises carrying out oligomerization of an 0-olefin

in a solvent in the presence of a chromium-based catalyst
system composed of a combination of at least (a)-a chromium
compound, (b) a nitrogen—cont;ining compound of at least
one selected from the group consisting of an amine, an
amide and an imide, (c) an alkylaluminum compound and (d) a
.halogen-containing compound,

wherein catalyst compcnents containing at least said

alkylaluminum compound (c) and said halogen-containing

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

are heated to not lower -:. :~ 100° in a reaction solvent in
advance, and said treat-. :-:.yst components are contacted
with the rest of the ca- © omponents and said a-olefin

in said reaction solve:.:

32. A process for .3 an O0-olefin oligomer
according to claim 31, . .~ said a-olefin and said

chromium compound {a) ~rsduced into a solution which

{1

contains said nitrogen-...:i:ining compound (b), said
ﬁ&_
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conmpound (d) is a linear [err]carbon having at |east 2 -185- carbon
~atons,, which are substituted by at |east 3 hal ogen atons. .

producing an [err]-olefin oligoner accOT%ﬁQﬂg to claim12 | '

hal ogen- cont ai ni ng conpound (d) is one sel ected fromthe”mmmm:"”imﬂ”m
of trichloroethane, tetrachl oroethane, pentachl oroethahe andc L w 5 " &
hexachl or oet hane. 14. A process for producing an [err]-olefin oligoner
according to claiml1, wherein said hal ogen-containing conpound (d) is a

hal ogenat ed cyclic_hydrocarbon. 15. A proce for .producing an.lerr]-olefin
oliggner accé &Vh@lP%lBP%iﬁ?QE°WH£r§Vn%FﬁbS%apaga}§9FBHfé?gal?b§g(c% : (d;

of said conpounds )t d), as,catal yst_comonents ,in the,reachi stem
is1 0.1 t8°fﬁﬁu$§.id?o %éoghlﬁ?ll?opﬁiﬁﬁdqﬁf %&ﬁn%ﬁﬁ?gé%Fgﬁ gpgﬁﬂdﬁﬁg an
[err]-olefin onmer according to claim1, wherein said [err]-olefinis

et hyl ene, an 5eChroniun1conpound (a) and said al kyl al um num conpound
(c) contact each other under the condition that the ethylene pressure is
about 5 to 100 kg/cnR.. 17. A process for producing an [err]olefin oligoner
: " 33. A process for producing an 0-olefin oligomer

4

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

advance,

34..A process for producing an G-olefin oligomer,
.which comprises carrying out oligomerization of an a-olefin
in a reaction solvent in_the presence of a chromium-based
catalyst system compqsed of a éombipation of at least (a) a

. chromium compound, (b) a_nitroqen-containing compound of at
least one selected from the group.consisting of an amine,
an amide and an imide, (c¢) aﬁ alkylaluminum. compound and
(d) a halogen-containing compound,

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

supplement to a reaction system.
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accofding to claim1, wherein said chrom um conpound (a 186 and said

[err]- olefin are introduced into a solution cont ai ni ng safd———___~___________
ni t rogen- cont ai ni ng conpound (b), sai.d atk$}al uni num conp ﬂ'& m and said

hal ogen- cont ai ni ng conpound (d). 18. A process for pr odum utm,””m
[err]-olefin oligoner according to claim1, wherein said-a

conpound (c) and said [err]-olefin are introduced into a solutlon
cont ai ning said chrom um conpound (a), said nitrogen- containing conpound
(b) and sai d hal ogen-contai ni ng conpound (d). 19. A process for producing
an [err]-olefin oligomer according to claim1, wherein said al kyl al um num

conpound (c), said fl %gﬁqoggggakg%:agﬁlg%&@g ‘?gar(d& oafédfisrfa'oq %%rmr -olefin

are introduced into a solfution con chron1un1conp (a) and

sai d nitrogen-contal. Q,'g“QoC% %{” 4(b%1her Jlnp’sv\%efcaeﬁéylacir “B- g‘ugﬁﬂr‘g%ﬂ%ound

[err]-olefin o |goner accor RS Ty

(a), said hal ogg ag‘gz{‘ts@u'&' BQlB?HRQHQQtéﬁﬂ dx?%dcosngdéht{oer(rd) %r%f 4Bd86%as

i ntroduced into a uti1on confal ni ng sal gen- cont al ni ng COI’TpOUI’]d

(b) and said addpdRiMeRtn¥d ¢BRPHALL (6  s¢dted Process for producing an
[err]-olefin oligoner

36. A process for producing an G-olefin oligomer

éccording to claim 34, wherein said alkylaluminum compound

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

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

the reaction system.

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

the initiation of the oligomerization.



accordlng to claim1, wherein catal yst conponents contalnlng at | east said

alkylalun1nun1conpound (c) and sai d ,hal_ogen- contalnlng‘coﬁpgund\igl‘gﬂgx‘
not containing said chronm um conpound (a are heated to nojy r than
100[err] in a reaction solvent in advance, and said treat I
conponents are contacted with the rest of the catal yst conpo ﬂl#ﬂ"

[err]-olefin in the reaction solvent. 22. A process for ‘producing ah s
[err]olefin oligomer according to claim1l, wherein 0.1 to 15 vol % of
hydrogen exi sts 9. the) gas PHRsR Rhsache stlgeranyf 818! préducduPEgess for
producing an [err]-olefin oligoner accgr m%ereln an

ol i goneri zasabd @fobefin olBfoned,N aF laeaGkhi mat&ehuenmonsméendmi@ﬂ ty a
sem -batch process or by a continuous process, and at |east one catalyst
conponent spreatesd fipna thwo s ceeRsiiati B8 ahysahd &Ft&Dgafs cONt3 ni ng
conmpound (b), said al kyl al um num conpound (c) and sai d hal ogen-cont ai ni ng
conpound (dands3added as supplenent to said reaction system 24. A process
for producing an [err]-olefin oligomer according to claim1, wherein each .
of said chrom um compound (a), nitrogen-containing conpound (b) and said
al kyl al um num conpound (c) and sai d hal ogen-cont ai ni ng
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conpbund (d) are continuously supplied Into the reaction system 25. A
process for producing an [err]-olefin ollgone r according to claiml,
wherein water exists 0.001 to 1.5 nol bad@d~on one nol of Sk s

al kyl al um num conpound (c) in the reaction system 26. A p
producing an [err]-olefin oligonmer according to claima1,

Oxgﬁg%x—tft-:%‘r T\«‘ BEEN
'ﬁkﬁth&é%ﬁs i
one selected fromthe group consisting of an al kyl ati ng ag

agent and a hal ogen-cont ai ni ng conpound is added to a recovered solutlon
containing t overed froma reaction solution by
distilling a efin oligoner, and said recovered

sol uti on-i's thereafﬁeerdlga%%%'&teeﬁefserisea aegsséggssccfé Mooy Hogess

for producing an [err] oner accor erein said
al kyl ati ng ageief I d reduc ng,ag Jalu nun1conpound 28. A
process for pr ué?ﬁb éﬁmfg?r &?gf §méF|§%§e? %ﬁ%lng to claim1l,

wherein the cai%mrpﬁmwmf(% 8-816¢ARVEed RYsEPRREtiNGrRe rﬂ%-‘stér&‘é

sol ution containing said catal yst conponent(s) with not nore than 2.5

mol /litre of ap @%@@é@ﬁ%ﬁl@ ekl vBOLMLLRR o2% hRIMREE DAY
producing an [err]-ol efin.oligoner

catalyst system composed of a combination of at least (a) a

chromium compound, (b) a nitrogen-containing compound of at
least one selected from the group consisting of an amine,
an amide and an imide, (c) an alkylaluminum compound and
(d) a hélogen-containing compound,

~ wherein each of the o-olefin, the chromium compound

(a), the nitrogen-containing compound (b) of at least one
selected_from the group consisting of an amine, an amide
and an imide, the alkylaluminum compound (c) and the
halogen~containing compound (d) is supplied to a reaction
system in a mode that the chromium compouna (a) and the

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

in the reaction solvent and the oligomerization of an o-

.plefin takes place.

This Sheet Has Been Reﬂlaced




A

according to claim1l1, wherein said reaction solvent is an REPLACENENT
SHEET 189- acyclic or alicyclic saturated hydrocarbon having: 4-%e~fﬁh JN
atons. 30. A process for producing an [err]-ol efin oligong Tawﬁéﬁaﬁh ;f
claiml1, wherein said [err]-olefin is ethylene, and said [grr]- cﬁ

oligoner is 1-hexene. (Amended) Caim31l. A process for pr

[err]-olefin oligoner, which conprises carrying out ollgonerlzatlon of an
[err]- olefin in a solvent in the presence of a chrom um based cat al yst
system conposed of a conbination of at |least (a) a chrom um conpound, (b) a
ni t rogen+cont ai ni ng conpound of at |east one selected fromthe group
consisting of an am ne, an am de and an imde, (c) an al kylal um ni um
conpound and (d) a hal ogen- contai ning conpound ot her than the chrom um
conmpound (a), wherein catal yst conponents containing at |east said

al kyl al um num conpound ([err]) and said hal ogen-contai ni ng conpound (d),

and not containing said chrom um conpound (a) are heated to not | ower than
100.C in a reaction solvent in advance, and said treated catal yst

conponents are contacted with the res catal yst conmponents and said
[err]-olefin in said reaction sol ventFﬁGt:A}ipr ocess for producing an
[err]-olefin oligoner
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according to claim31l, whereikn said [err]-olefin and Eﬂ?““Tf
conpound (a) are introduced into a solution which. cont|aREELAGFHEHT Si
ni trogen-cont ai ni'ng conpound (b), said al kyl al um nu conpoung gh%1
sai d hal ogen-cont ai ni ng conpound (d) and which is heated Degg ‘net-=1-bwer'~¢:
100[err] i-n advance. 33. A process for producing an [erfT=or&fin- ollgdﬁer
according to.claim31, wherein, said [err]-olefin, said chromnm um conpound
and.sai'd nitrogen- cont &i ni ng- conpound (b) are introduced into a sol ution
mhlch cont ai ns said dl kyl al umi num conpound (c) and sai d hal ogen-contai ni ng
toipound (d) and which is heated to notidpwer than 100[err] in advance. 34.
A process for producing an [err]-olefin oligoner, which conprises carrylng
out .oligonerization of an [err]-olefin in a reaction solvent in the
presence of a chronlun}based catalyst systen1conposed of a conbi nation of
at Ieast (a)g - { , contai ning conpound of at
Igast ON€E S€ an anmi ne, an ami de and an
i1 de, (c) ABSIRR 1NTHE Y48()3) and (d) a hal ogen- cont ai ni ng conpound,
wherein said ollgonerlzatlon of an [err]-olefin in a reaction solvent is
conducted by a s&hi-daschoproeedssarilind a process for producing an G-

lolefin oligomer, which comprises carrying out
oligomerization of an O-olefin in a solvent in the presence
of a catalytically effective amount of a chromium-based
catalyst Sys;em composed of a combination of at least (a) a
chromium compound, (b) a nitrogen-containing compognd of at
least one selected from the group consisting of an amine,
an amide and an imide, (c¢) an alkylaluminum compound and
(d) a.halogen—containing compound,

wherein each of the 0-olefin, the chromium compound
(a), the nitrogen-containing compound (b) of at least one
selected from the group consisting of an amine, an amide
and an imide, the alkylaluminum compound {(c) and the
halogen-containing compound (d) is supplied to a reaction
system in a mode that the chromium compound (a} and the

alkylaluminum compound (c) do not contact each other before

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

olefin takes place.

Figquwe 1 _



a continuous process, and at |east one-catal yst conponent sel ect
group consisting of said nitrogen- containing conpound (
at kyl al um num conpound (c) and sai d hal ogen-containing c
added as supplenent to a reaction system -191- 35. Alpr,

producing an [err]-ol efin ol i gomer accordlng to cIa|n134-_ﬁﬁﬁﬁiﬁiﬁ%ﬁﬁnfill'—

added as supplenment to the reaction system 36. A process for producing an
[err]-olefin oligoner according to claim 34, wherein said al kyl al um num
conmpound (c) is added as supplenent to fhe reaction system 37. A process
for producing an [err]-olefin oligonmer according to claim34, wherein said
ni.t rogen- cont ai ni ng conpound- (b), said al kyl al um num conpound (c¢) and said
hal ogen- cont ai ni ng conpound (d) are added as suppl enent to the reaction
system 38. A process for producing an a-olefin oligomer according to claim
34, wherein the anobunt of said nitrogen- containing conpound (b), the
anount of al kyl al um num conpound (c), "and the anount of hal ogen-cont ai ni ng

conpound (d), added as suppl enent ari=lt:ip1rtively, not nore than
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fO nﬁr“ not srore than 100 nol, and not nore than 20 nol e
one of  said conpounds (b), (c¢) and (d) is added per one
conpound (a) ‘added at the initiation of tfe-oligonerizatip n. G? 39 A L
l'inear |owdensity polyethylene produced from said [err]ﬁoleera , ﬂ
as a raw material nonomer, which is produced by a process: BECOE g "

one of clains 1, 31 and 34

atom, but the following halogen-containing compounds (1) to
(4) are preferable.

A halogen~containing compound (1) is a compound
containing an element in the Groups IIIA, IIIB, IVA, IVB,
va, VB and VIB of the Periodic Table. Concrete examples
thereof are scandium chloride, yttrium chloride, lanthanum

.chloride, titanium tetrachloride, zirconium tetrachloride,
hafnium tetrachloride, boron trichloride, aluminum
chloride, diethylaluminum chloride, ethylaluminum
sesquichloride, gallium chloride, carbon tetrachloride,
chloroform, methylene chloride, dichrloroethane,
hexachlorobenzene, 1,3,5-trichlorobenzene, trityl chloride,
silane tetrachloride, trimethylchlorosilane, germanium
tetrachloride, tin tetrachloride, tributyitin chloride,
phosphorus trichloride, antimony trichloride, trityl
hexachlroroanfimonate, antimony pentachloride, bismuth
trichlo;ide, boron tribromide, aluminum tribromide, carbon
tetrabromide, bromoform, bromobenzene, iodomethane, silicon
tetrabromide, hexafluorobenzene and aluminum fluoride. As
a halogen in the halogen-containing.compound (1), bromine
or chlorine is preferable. Among these, compounds having a
large number of halogen atoms are preferable, and compounds
soluble in a solvent which is used in an oligomerization
reaction are also preferéble and especially chlorine is
more preferred from the synthetic viewpoint of a catalytic
activity, a selectivity of the 6bjective product, etc,

Particularly preferable halogen-containing compounds (1)
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maleimides and derivatives thereof, it is preferred to use
an inqrganic halides as the halogen—containing compound
(d) .

In the present invention, an c~olefin oligomerization
reaction is conducted in a solution by using & chromium-~
based cafalyst system composed of a combination of the

catalyst components (&) to (d) is used.

An alkylaluminum compound containing a halogen
such as diethylaluminum monochioride is used as the
alkylaluMinum compound (c), such alkylaluminum compound

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

As the O-olefin used as starting material in the
present invention, substituted or non-substituted c-
olefins having 2 to 30.carbon atoms are usable. As such
O0-~olefins, ethylene, propylene, l-butene, l-hexene, l-
octene, 3-methyl-l-butene and 4-methyl-l-pentene may be
exemplified. Ethylene is especially preferred since it is
possible to produce l-héxene as a trimer at a high
selectivity and in a high yield.

As the solvent used in the reaction of the present
invention, there can be used acyclic or alicyclic saturated
hydrocarbons having 3 to 20 carbon atoms such as butane,
pentahe, 3-methylpentane, hexane, hepténe, 2-methylhexane,

octane, cyclohexane, methylcyclohexane, decalin, etc.;
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WHAT IS CLAIMED IS:

{Amended) Claim 1. A prdcess for producing an a-olefin

oligomer, which comprisep carrying out oligomerization of an o~

clefin in a solvent in the presence of a catalytically effective
amount of a chramium¥baspd catalyst system composed of a
combination of at least (a) a chromium compound, (b} a nitrogen-
containing compound of aft least one selected from the group
consisting of an amihe, an amide and an imide, (c) an
alkylaluminum compound and (d) a halogen-containing compound
other than the chromium ,compound (a),
wherein each of the tt-olefin, the chromium compound (a}),

the nitrogen-containing -compound (b} of at least one selected
~from the group consistirg of an amine, an amide and an imide,
the alkyléluminum compound (¢) and the hélogen—containing
compound (d) -is supplied to a reaction system in a mode that the
chroﬁium compound (a) and the alkylaluminum compound (c) do not
contaét each other before each of said compounds (a) to (d) and

the o-olefin coexists in the reaction solvent and the

ocligomerization of an a-¢lefin takes place.

2. A process for producing an O-olefin oligomer

according to claim 1, wherein said chromium compound (a) is

one selected from the group consisting of chromium

alkoxides, chromium carboxylates, chromium B-diketonates,
salts of chromium with anions of PB-ketoester, chromium PB-

ketocarboxylates, amide complexes of chromium, carbonyl

T
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acyclic or alicyclic saturated hydrocarbon having 4 to 10

carbon atoms.

30. A process for producing an a-olefin oligomer
according to claim 1, wherein said o~olefin is ethylene,

and said a-olefin oligomer is l-hexene.

{Amended) Claim 31. A prpcess for producing an ¢-olefin

oligomer, which comprises carrying out oligomerization of an O-

olefin in a solvent in the presence of a chromium-based-catalygt
system composed of a combination of at least (a) a chromium
compound, (b) a nitrogen+containing compound of at least one
selected from the group ¢onsisting of an amine, an amide and an
imide, (c¢) an alkylalumiﬁum compound and (4) a halogen-
containing compound othex than

wherein catalyst components containing at least said
alkylaluminum compound (¢) and said halogen-containing compound

(d), and not containing said chromium compound (a) are heated to

" not lower than 100,C in a reaction solvent in advance, and said
treated catalyst components are contacted with the xest of the

catalyst components and said o-olefin in said reaction solvent.

32. A process for producing an a-olefin oligomer
accordiﬂq téﬁcléimr$l;g$ﬁerein said a-olefin and said
chromium compound (a) are introduced into a solution which.

contains said nitrogen-containing compound (b), said

O R A




