DESCRI PTI ON  PRODUCTI ON METHOD OF a- OLEFI N LOW POLYMER AND STORAGE METHOD
OF PYRROLE COVPOUND Technical Field [0001] The present invention relates to
a production nethod of an a-olefin |ow polymer. More particularly, it
relates to a production nethod of an a-olefin | ow polymer such as

1- hexene. Background Art [0002] Conventionally, a production nethod in
which an a-olefin |ow polyner such as 1-hexene is selectively obtained
using an a-olefin such as ethylene as a raw material and using a chrom um
series catalyst is known. For exanple, Patent Docunent 1 reports a
production method in which an a- BEEERKPTEANpol ymer mai nly conprising

1- hexene is obtained in hig %leld and high selectivity wusing a chrom um

seri es calPBPPS‘e‘FTé[@PFprl@F'HQDa Fir Sri QAR EF S n3Shd POLYMER oANR- cHOFPRAGE ng

conmpound such as an anmine, an alkyl alum num conpound and a

hal ogen- c M¥EHPR RE P@Bﬁﬁ@@n OME: tent Document 1 and Patent Document 2).
[ 0003] Patent Docunent _1: JP-A-08-003216 Patent Docunent 2: JP-A-10-109946
Di scl osur #eghnigal Iﬁ&@ﬂ@lon

[0001]

The present invention relates to a production method
of an o-olefin low polymer. More particularly, it relates
to a production method of an a-olefin low polymer such as
l~hexene.

Background Art
[0002]

.Conventionally, a productidn method in which an
a-olefin low pelymer such as l-hexene is selectively
obtained using an odo-olefin such as ethylene as a raw
material and using a chromium series catalyst is known.

For example, Patent Document 1 reports a production
method in which an a-olefin low polymer mainly comprising
l-hexene is obtained in high yield and high selectivity
'using a chromium series catalyst comprising a chromium
compound, a nitrogen-containing compound such as an amine,
an alkyl aluminum compound and a halegen-containing
compound (see Patent Document 1 and Patent Document 2).
[0003]

Patent Document 1: JP-A-08-003216

Patent Document 2: JP-A-10-109946

Disclosure of the Inventicn



1 Problens that the Invention is to Solve [0004] By the way, a chrom um
series catalyst is prepared by conbining a chrom um conpound such as
chromium (I'11)-2- ethyl hexanoate with a nitrogen-containi ng conmpound such as
an am ne, and further adding other components. O the nitrogen-containing
-conpounds used in conbination wth the chrom um conpound, a secondary am ne
Is preferred, and pyrrole and pyrrole derivatives are particularly
preferred. However, it is known that pyrroles easily form polynmers such as
a diner and a trinmer. For this reason, a slight anount of those pyrrole

pol ynmers Psoblless dchattaitived Inwesidnonhd sgdwerSalvat or age condi ti ons except for
just after purification. [0005] Such polyners contained in pyrroles have a
| ow sol uldio0idy particularly to a non-polar solvent such as hexene,

hept ane, cycl ohexane or nethyl cycl ohexane. Therefore, the polynmers convert

i nt o subst ancesBiawhey wayihesi sthuomiam | seridesuchtadystcdisl preparedar ati on
liquid or a reaction |liquid. Were catal yst conponents, a polyneric

subst ance®¥Ybyopbdadasd s Fhremiveg Wﬁ!‘!ﬂ%&%‘i{oﬁpch e%l%tq’]bFP%?-ulan(BIéP 281 n,

deactivated_catal yst conponents or the like are present as a solid in the
li qui d, tm®&hylhexanoate with a nitrogen-containing compound such as

an amine, and further adding other components.

of the nitrogen-containing compounds used in
combination with the chromium compound, a secondary amine
is preferred, and pyrrole and pyrrole derivatives are
particularly preferred.

However, it is known that pyrroles easily form
polymers such as a dimer and a trimer. For this reason, a
slight amount of those pyrrole polymers is often contained
under the general storage conditions except for just after
purification.

[0005]

Such polymers contained in pyrroles have a low
solubility particularly to a non-polar solvent such as
hexene, heptane, cyclohexane or methylcyclohexane.
Therefore, the polymers convert into substances having
adhesion in a liquid such as a catalyst preparation liquid
or a reaction 1liquid. Where catalyst components, a
polymeric substances by-produced by low polymerization
reaction of an oa-olefin, deactivated catalyst components
or the like are present as a solid in the liquid,' the

substances having adhesion incorporate those solids



subst ances havi ng adhesi on incorporate those solids 2 therein, and may
adhere to a catalyst preparation tank, a wall of a reactor, a stirring
machi ne, a nozzle and the 1like for obtaining an a-olefin | ow polynmer.
Formati on of such deposits becones a main cause that fluctuates a catalyst
concentration in a reactor, or causes fouling of a reactor and the Ilike,

t hereby nmaki ng runni ng operation such as heat renovel unstable, in addition
to econonmical |oss due to catalyst |oss. [0006] The present invention has
been made to solve technical problens in such a production nethod of an
a-ol ef i n [therpdnymemd Aeraiihepe , tanaokpsettysit Hrepmreddmn itamdntian is to
provide further industrially advantageous production nethod of an a-olefin
in the prwaddtiafh af reackosl,efd nstbvripng| ywashins g anckrdm dndecthes

catal yst containing a pyrrole conpound. Means for Solving the Problens
[0007] Aslédkeedgn Htadiningar anelpfiiendiore Palymen i gommation sefve the
above probl ens, the present inventors have reached to achieve the present

i nvent i onSUChhafepesitfc BeSPmes tdhe MRidseMause cthpdn FLUFHEALRR tde

following (1) .to (6). . ) )
catalyst concentration in a reactor, or causes fouling of

a reactor and the 1like, thereby making running operation
such as heat removel unstable, in addition to econcmical
loss due to catalyst loss.

[0006]

The present invention has been made to solve
technical problems in such a production method of an
a-olefin low polymer.

Accordingly, an object of the present invention is
to provide further industrially advantageous production
method of an o-olefin in the producticn of an c-olefin low
polymer using a chromium series catalyst containing a
pyrrole compound.

Means for Sclving the Problems
[c007]

As a result of extensive and intensive
investigations to solve the ahove problems, the present
inventors have reached to achieve the present invention.
That is, the gist of the present invention resides in the
following (1) to (6).

(1) A production method of an a-olefin low polymer,

which comprises polymerizing an «a-olefin in the presence



(1) A production nmethod of an a-olefin |ow polynmer, which conprises

pol yneri zing an cc-olefin in the presence 3 of a chrom um series catal yst,
characterized in that: the chromumseries catalyst is constituted of at

| east a chrom um conmpound (a), a pyrrole conmpound (b) and an

al um num cont ai ni ng conpound (c), and a concentration of a pyrrole diner
contained in the pyrrole conpound (b) in the chromum series catal yst that
is applied to | ow pol ynerization reaction of an a-olefin is 2% by wei ght or
| ess based on the pyrrole conmpound (b). (2) The production method of an
a- ol ef i n ledwap ehyemi und seaielse daita lylsdi mchargicdiestizad Zad thatt:hat t he
pyrrole conpound (b) is sealed with an inert gas having an oxygen
concentration otheyehromium ggeriegur¢dtatysbnisarcensbrtatednedr atght

shi el di ng.. [ 0008] (hB) The production nethod of an a-olefin | ow pol yner
descri bedlegstig sthyomium ipenpewnd z6a) i nat PxErcde samraund cebhod®d (b) is
a pyrrole having one or plural alkyl groups having from1 to 4 carbon
atoms. (4PRDTREUBLHYRCCPRtadBingd comPaYnal didfi #Ncbw pol yner described in
any one of (1) to (3), characterized in that the chrom um serjes catalyst

i s constituted 8f SenceghFatdcnoPhra i RETERLSnddmeto ik ned 1nttRepyrrol e

conpound g:t))r)rrblteh%o%lp%nﬁinr&m?bc)on{r? | E{'xggcg(:):o (:I).l{.!lg'ld s(ecx.)ieasndcaatalyst that
is applied to low polymerization reaction of an o-olefin
is 2% by weight or less based on the pyrrole compound (b).

(2) The production method of an a-olefin low polymer
described in claim 1, characterized in that the pyrrcle
compound (b) is sealed with an inert gas having an oxygen
concentration of 1% or less after purification, and stored
under light shielding.

[0008]

(3) The producticn method of an a-olefin low polymer
described in (1) or (2), characterized in that the pyrrole
compound (b) is a pyrrole having one or plural alkyl
groups having from 1 to 4 carbon atoms.

(4) The production method of an a-olefin low polymer
described in any one of (1) to (3), characterized in that
the chromium series catalyst 1is constituted of a
combination of the chromium compound (a), the pyrrole
compound (b), the aluminum-containing compound (c) and a
halogeﬁ—containing compound (d).

(5) The production method of an oa-olefin low polymer

described in any one of (1) teo (4), characterized in that



hal ogen- cont ai ni ng conmpound (d). (5) The production nmethod of an a-o
| ow pol ymer described in any one of (1) to (4), characterized in th
the a-olefin is ethylene. (6) The production nethod of an a-olefin |

pol yrner
a-olefin
conpound,

described in any one of (1) to (5), characterized in that
| ow polymer is 1-hexene. (7) A storage nethod of a pyrrole
characterized in that a concentration of a pyrrole diner

pyrrol e conmpound is 2% by wei ght or |ess based on the pyrrole conpo
The storage nmethod described in (7), characterized in that the pyrr
conpound ithep@cliefdin imethwdenseal ed with an inert gas having an oxygen
concentration of 1% or |ess under |ight shielding. {0009] Thus, acco

the present invd§?i Jhe RrRAdgiommathrd) of RRI¥TS

ofinelavdrelynar

| ow pol ymer, which conprises polynerizing an a-olefin in the presen

chrom um
cat al yst
conmpound

Ay AnY cpRe affell) eda (R hatcharackerrpdininckhat
IS constituted of at, | east. a_ chrom um conpound (a), a pyrr

(he grelafinglan RAAEWER il LHRdUNd (c), and a concent

of a pyrrole digter contained in th rroLe conpound (b) in the . c
series catal yst (E'hat Rs 5%BFP€8 tH‘qt&ﬁpJ of a Pyrrdge compound,

characterized in that a concentration of a pyrrole dimer
in the pyrrole compound is 2% by weight or less based on
the pyrrole compound.

(8) The storage method described in (7),
characterized in that the pyrrole compound is purified,
and then sealed with an inert gas having an oxygen
concentration of 1% or less under light shielding.

[0009]

Thus, according to the present invention, there is
provided a production method of an a-clefin low polymer,
which comprises polymerizing an a-olefin in the presence
of a chromium series catalyst, characterized in that the
chromium series catalyst is constituted of at least a
chromium compound (a), a pyrrole compound (b) and an
aluminum-containing compound (¢), and a concentration of a
pyrrole dimer contained in the pyrrole compound (b) in the
chromium series | catalyst <that is applied to low
poelymerization reaction of an a-olefin is 2% by weight or
less based on the pyrrole compound (b).

[0010]

In the production method of an a-olefin low polymer
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pol yneri zation reaction of an a-olefin is 2%by weight or |ess based on the
pyrrole conpound (b). [0010] In the production nethod of an a-olefin | ow
polymer 5 to which the present invention is applied, the pyrrole conpound
(b) used as a conponent constituting the chromum series catalyst is
preferably sealed with an inert gas having an oxygen concentration of 1% or
| ess after purification, and then stored. The pyrrole conpound (b) is
preferably stored in a stainless steel container or a carbon steel
contai ner wunder light shielding. It is preferred that dinethylpyrrole
havi ng ondocorwhipthr dhheal kyésenbstinvesrtisrhaisnapploed, t ¢h20 pyrbobe at ons
Is used as the pyrrole conmpound (b). (0011] The chrom um series catal yst
used in t ltompougdct(bdn usest lasd aofcampanearitefdons titwoingrethe ochhemium he
present invention is applied is preferably constituted of a conbination of
t he chronisewiesnpoarailysy ist hpreferably cwadwtdwibh, ameinert gas
al um num cont ai ni ng conpound (c) and a hal ogen-contai ning conpound (d). The
a- ol ef i n havingrf edlb| PxyORR cfencentratsiart i P ok holgrrerless praftenbl y
1- hexene. Advantage of the |nvention
purification, and then stored.
The pyrrole compound (b) is preferably stored in a
stainless steel container or a carbon steel container
under light shielding.
It is preferred that dimethylpyrrole having one or
plural alkyl substituents having from 1 to 20 carbon atoms
is used as the pyrrole compound (b).
[0011)
The chromium series catalyst used in the production
method of an o-clefin low polymer to which the present
invention is applied is preferably constituted of a
combination of the chromium compound (a), the pyrrole
compound (b), the aluminum-containing compound {c) and a
halogen~containing compound (d).
The a-olefin is preferably ethylene.
The o-olefin low polymer is preferably l-hexene.
Advantage of the Invention
[0012]
According to the present invention, in the
production of an a-olefin low polymer, deposits adhered to

a catalyst preparation tank and a reactor are reduced, and

running operation can be stabilized.



[ 0012] According to the present invention, in the production of an a-olefin
| ow pol ynmer, deposits adhered to a catalyst preparation tank and a reactor
are reduced, and running operation can be stabilized. 6 Brief Description
of the Drawing [0013] [Fig. 1] Fig. 1 is a view explaining a production
flow exanple of an a-olefin |Iow polyner in the enbodi nent of the

I nvention. [Description of Reference Nunerals and Signs] [0014] Ic ...

Catalyst tank 10 ... Reactor 10a ... Stirring machine 11, 22, 32, 41, 42,
51 ... Piping Ila ... Deactivator supply piping 12 ... First supply piping
12a ... EtHniledh®@esepplptigimpiofy thed DrawiSerond supply piping 13a ...
Catal yst supply piping 14 ... Third supply piping 15 ... Fourth supply
pi ping 21U003B]... Circulation piping 16 ... Condenser

[Fig. 1] Fig. 1 is a view explaining a production flow

example of an o-olefin low polymer in the embodiment of
the invention.

[Description of Reference Numerals and Signs]

[0014]
le ... Catalyst tank
10 ... Reactor
10a ... Stirring machine
11, 22, 32, 41, 42, 51 ... Piping
lla ... Deactivator supply piping
12 ... First supply piping
12a ... Ethylene supply piping
13 ... Second supply piping
13a ... Catalyst supply piping
14 ... Third supply piping
15 ... Fourth supply piping
21, 31 ... Circulation piping
16 ... Condenser
17 ... Compressor
20 ... Degassing tank
30 ... Ethylene separation column
40 ... High boiling separation column
50 ... Hexene separation column
52 ... Solvent circulation piping



17 ... Conpressor 20 ... Degassing tank 30 ... Ethylene separation colum 40
... High boiling separation columm 50 ... Hexene separation colum 52 ..
Solvent circulation piping 7 60 ... Solvent drum Best Mde for Carrying Qut
the Invention [0015] The best node for carrying out the invention
(hereinafter, the enbodiment of the invention) is described in detai

below. The invention is not limted to the follow ng enbodi nent, and can be
carried out with various nodifications within a scope of its gist.
Furthernore, the drawi ngs used are to explain the present enbodi ment, and
do not show t he68ct-ual Seil¥yent{ gdgw8] (a-olefin) In the production nethod of
an a-olefin |low polynmer to which the enbodi nent of the invention is applied,
the a-ol &st Mode £ora Cagpyvimce Qull thec | Inwentigsstituted or  unsubstituted
a-olefins having from2 to 30 carbon atons. Specific exanples of such an
a-ol efin il®1%de ethyl ene, propylene, 1-butene, 1-hexene, 1-octene,

3-nethyl -1-butene and 4-nethyl-1-pentene. I.n particular, ethylene is
The best mode for carrying out the invention

(hereinafter, the embédiment of the inveantion) is
described in detail below. The invention is not limited
to the following embodiment, and can be carried out with
various modifications within a scope of its gist.
Furthermcre, the drawings used are t¢ explain the present
embodiment, and do not show the actual size.

[0016]

{a-olefin)

In the production method of an a-olefin low polymer
to which the embodiment of the invention is applied, the
o-olefin used as a raw material includes substituted or
unsubstituted o-olefins having from 2 to 30 carbon atoms.
Specific examples of such an a-olefin include ethylene,
propylene, l-butene, l-hexene, l-octene, 3-methyl-l-butene
and 4-methyl-l-pentene. In particular, ethylene is
preferred as the a-olefin of a raw material, and when
ethylene is used as the raw material, l-hexene as a trimer
of ethylene is obtained in high yield and high selectivity.
Furthermore, when ethylene is used as the raw material,
impurity components other than ethylene may be contained
in the raw material. Specific impurity components include

methane, ethane, acetylene and carbon dioxide. Those



preferred as the a-olefin of a raw material, and when ethylene is used as
the raw material, 1-hexene as a triner of ethylene is obtained in high
yield and high selectivity. Furthernore, when ethylene is used as the raw
material, inpurity conponents other than ethylene nmay be contained in the
raw material. Specific inpurity conponents include nethane, ethane,

acetyl ene and carbon di oxi de. Those 8 conponents are preferably in an
anount of 0.1 nol% or |ess based on ethylene of the raw material. [0017]
(Chromi um series catalyst) The chrom um series catalyst is descried bel ow.
The chr orcmpenenitss aget Firefienaldy iin tare asbut eht0 of mdbkd onvikesson

I ncl udes a catal yst constituted of a conbination of at |east a chrom um
conpound based gnpethyilencoefo e nay) matexialal uni num cont ai ni ng conpound
(c). The chrom um series catal yst used in the enbodinent of the invention
may cont ail®037al ogen- cont ai ni ng compound (d) as a fourth conponent
according to need. Each conponent is described below [0018] (Chrom um
conpound ({§PFopdam: gegdesmc@d®Ididtd (a) used in the enbodi nent of the

i nvention includes at | east one conpound represented _bg t he general formula
CrX ,. In the gghgrgwrﬂﬁﬁwméfeQ%es catalyst is descried below. The

chromium series catalyst used in the embodiment of the
invention includes a catalyst constituted of a combination
of at least a chromium compound (a), a pyrrole compound
(b) and an aluminum-containing compound (¢).

The chromium series catalyst used in the embodiment
of the invention may contain a halogen-containing compound
(d) as a fourth component according to need. Each
component is described below.

[0018]
{(Chromium compound (a))

The chromium compound (a) used in the embodiment of
the invention includes at least one compound represented
by the general formula CrX,. In the general formula, X
represents an opticonal organic group or inorganic group,
or a negative atom, and n is an integer of from 1 to 6,
and is preferably 2 or more. When n is 2 or more, X may
be the same or different.

Examples of the organic group include a hydrocarbon
group having from 1 to 30 carbon atoms, a carbonyl group,
an alkoxy group, a carboxyl group, a P-diketonate group, a

f-ketocarboxyl group, a f-ketoester group and an amido



represents an optional organic group or inorganic group, Or a negative
atom and n is an integer of froml to 6, and is preferably 2 or nore. Wen
nis 2 or nore, X may be the sane or different. Exanples of the organic
group include a hydrocarbon group having from1l to 30 carbon atons, a
carbonyl group, an al koxy group, a carboxyl group, a (3-diketonate group, a
0- ket ocar boxyl group, a (3-ketoester group and an amdo 9 group. Exanples
of the inorganic group include chromum salt-form ng groups such as a
nitric acid group or a sulfuric acid group. Exanples of the negative atom

I ncl ude oxgryap.and a hal ogen. (Here, a hal ogen-containing chrom um conpound
I's not included in the hal ogen- containing conpound (d) described

herei nafter.) [Gsagplese afnbthe ofineaamic ofgnsmroninelode) chromivms. The
preferred chroni um conpound (a) includes a carboxylate of chromum (Cr).
Speci fi c Sadifpifermgng hgreaPBox§hake aF achpbdhrim i deiddaxiniosm 2l 1)
acetate, chromum (lI1) acetate, chromum (lll)-n-octanoate, chrom um
(111)-2- afwrdeandsid grosm-um (Frarrbeszoafe Bh8 chegatiwe(| atem

napht henate. O those, chromum (J11)-2-ethyl hexanoate is particularly
preferred?ﬁﬂ*ﬂgﬂ oxygen and a halogén. (Heére, a halogen-containing

chromium compound is not included in the halogen-
containing compcund (d) described hereinafter.)
[0019]

The number of valency of chromium (Cr) is 0 to 6.
The preferred chromium compound (a) includes a carboxylate
of chromium (Cr). Specific examples of the carboxylate of
chromium include chromium (II) acetate, chromium (III)
acetate, chromium (III)-n-octanocate, chromium (III)-2-
ethylhexancate, chromium (III) bhenzoate and chromium (III)
naphthenate. Of those, chromium (III)-2-ethylhexancate is
particularly preferred.

[0020]
(Pyrrole compound (b))

Specific examples of the pyrrole compound (b) used
in the embodiment of the invention inc¢lude pyrroles such
as pyrrole, 2,4-dimethylpyrrole, 2 ,5-dimethylpyrrole,
2-methyl-5-ethylpyrrole, 2 ,5-dimethyl-3~ethylpyrreole,
3,4-dimethylpyrrole, 3,4-dichloropyrrole, 2,3,4,5-
tetrachloropyrrole, 2-acetylpyrrole and dipyrrocle having
two pyrrole rings bonded through a substituent, and their

derivatives. Examples of the derivative include metal

10



(Pyrrole conpound (b)) Specific exanples of the pyrrole conpound (b) used

I n the enbodi mnent of the invention include pyrroles such as pyrrole,

2, 4-di met hyl pyrrole, 2,5-dinethylpyrrole, 2-nethyl-5-ethylpyrrole,

2, 5-di net hyl - 3- ethylpyrrole, 3, 4-di nmet hyl pyrrol e, 3,4-dichloropyrrole,
2,3,4,5- tetrachloropyrrole, 2-acetylpyrrole and dipyrrole having two
pyrrole rings bonded through a substituent, and their derivatives. Exanples
of the derivative include nmetal 10 pyrrolide derivatives. Specific exanples
of the metal pyrrolide derivative include diethylal um num pyrrolide,

et hyl al umpgairodiiper rdérileativesi nunspecpficol éxlemphesli W pher chéti®l |ithium
pyrrolide, potassiumpyrrolide, diethylalumnun(2,5-dinethylpyrrolide),

et hyl al unpyumeliiide( 2derdivatiigl pincbhdde)diatbylaluminus ( 2pprdohidday| -
pyrrolide), sodiunm(2,5-dinethylpyrrolide), lithium2,5- dinethylpyrrolide)
and pot as eithynl @2 umd ngimed Y pyel bie dejalun@inumh o¢aip2rsodidet, hyspdiwm| e and
di et hyl al um num( 2, 5- di nethyl pyrrolide) are preferred. (Here, the al um num
pyrrol i depyareiide,i nclddddum t RyrHaliidrm cartassiyn caoppoontide)
Furthernore, the hal ogen-containing pyrrole conpound (b) is not included in
t he hal ogé@@bﬁﬂaﬂﬁmgumdanﬁcme(tgylpym}ﬂde)(,wr rol eethydaluminum

bis(2,5-dimethylpyrrolide), aluminum tris(2,5-dimethyl-
pyrrolide), sodium(2,5-dimethylpyrrolide), lithium(2,5-
dimethylpyrreolide) and potassium(2,5-dimethylpyrrolide).
Of those, 2,5-dimethylpyrrole and diethylaluminum(2,5-
dimethylpyrrolide) are preferred. (Here, the aluminum
pyrrolides are not included in the aluminum-containing
compound (c). Furthermore, the halogen-containing pyrrole
compound (b) is not included in the halogen-containing
compound (d) .)

[0021]

(Pyrrole dimer)

The pyrrole dimer in the embodiment of the invention
is dipyrrole having a structure represented by the general
formula (I), in which two pyrrole rings are directly
coupled. The formula (I) shows only a pyrrole ring, and
the respective ring may have one or a plurality of
hydrogen atoms or hydﬁocarbon substituents having from 1
to 20 carbon atoms.

[0022]

11



The pyrrole dinmer in the enbodi nent of the invention is dipyrrole having a
structure represented by the general fornmula (I), in which two pyrrole
rings are directly coupled. The forrmula (I) shows only a pyrrole ring, and
the respective ring may have one or a plurality of hydrogen atons or

hydr ocar bon substituents having from1l to 20 carbon atons. [0022] 11 [Chem
1] N.D N (I) [0023] The pyrrole dinmer specifically includes 1,1 - dipyrrole
coupled with nitrogen atomnitrogen atom 1,2'- dipyrrole and

1,3 -dipyrrole, coupled with nitrogen atom carbon atom and 2,2'-dipyrrole,
3,3 -di pyri@Hem.arld 2,3 - dipyrrole, coupled with carbon-carbon, represented
by the forrmula (l11). The general fornmula (Il1) shows only a pyrrole ring,
and the respective ring may have one or plurality of a hydrogen atons or

hydr ocar bon su u having from1l to 20 carbon atons. Depending on the
bondi ng positi@?i%%d%?ié}kind of tE&® substituent of the pyrrole conpound
nol ecul e, atons 4- d 5-positions are present on the pyrrole ring, and
the general fornmula (11) enconpasses those conpounds. [0024]

[0023]

The pyrrole dimer specifically includes 1,1'-
dipyrrcle coupled with nitrogen atom-nitrogen atom; 1,2'-
dipyrrcle and 1,3’ -dipyrrole, coupled with nitrogen atom-
carbon atom; and 2,2'-dipyrrole, 3,3’ -dipyrrole and 2,3’'-
dipyrreole, coupled with carbon-carbon, represented by the
formula (II). The general formula (II) shows only a
pyrrole ring, and the respective ring may have one or
plurality of a hydrogen atoms or hydrocarbon substituents
having from 1 to 20 carbon atoms. Depending on the
bonding position and the kind of the substituent of the
pyrreole compound molecule, atoms at 4- and 5-positions are
present on the pyrrole ring, and the general formula (II)
encompasses those compounds.

[0024]

12



12 [Chem 2] ~1,1'- 2,2'- 3,3 \/NNOONNOON(Il' 121,2'- 1,3 - 2,3 00 NO
ONO [0025] It is generally considered that the pyrrole conpound wused in
the production of an a-olefin | ow polynmer forns the above-described pyrrole
di mrer by an oxidizing substance present in the system during preparation of
the pyrrole conpound catal yst, reaction or storage. It is considered that
when the dinmer thus fornmed is present exceeding the solubility to a solvent
in the system the diner converts into an oil conponent in a solution,
separates, and adheres to a reactor wall, an inpeller, a nozzle and the
| i ke. Furtl¥dvemor &1 where t he by- produced polymer and the catal yst conponent
are present as a solid in the system there is a possibility that the dimner
i ncorporates tAd"solid there|ﬂ2~thereby accel¥®¥ating fouling of a tank
wal |, e R 2 > and the like. As a result,
this may g 3 ¢ m  $ Nchange efficiency of a
el S atal/yst feed of froma
catal yst preparation tank to a reactor (II)

[0025]

It is generally considered that the pyrrole compound
used in the production o¢f an da-olefin low polymer forms
the above-described pyrrole dimer by an oxidizing
substance present in the system during preparation of the
pyrrcle compound catalyst, reaction or storage. It is
considered that when the dimer thus formed is present
exceeding the solubility to a solvent in the system, the
dimer converts intc an ¢il component in a soclution,
separates, and adheres to a reactor wall, an impeller, a
nozzle and the like. Furthermore, where the by-produced
polymer and the catalyst component are present as a solid
in the system, there is a possibility that the dimer
incorporates the solid therein, thereby accelerating
fouling of a tank wall, a pipe wall, an impeller, an
internal cecil and the like. As a result, this may give
rise to the problem such that heat exchange efficiency of
a heat exchanger and a reactor detericrates, or catalyst

feed of from a catalyst preparation tank to a reactor is
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not stably conducted due to adhesion of a catalyst to the catalyst
preparation tank. Additionally, it is considered that econom cal problens
of highly frequent cleaning work, 1oss of acatalyst, and the |ike occur.
[0026] In the enbodi nent of the invention, a pyrrole conpound having a
pyrrol e dinmer concentration of 2% by weight or less, and preferably 1% by
weight or less, is wused in the preparation of the chrom um series catalyst.
Where the concentration of the pyrrole diner is excessively large, the
anmount of deposits adhered to a_ catalyst tank for conducting catalyst

prepar at i gPtanttably ceerducted dpeaitsi mghesignolaf ia cavabystnte thads to

i ncrease. [0027] The concentration of a pyrrole dinmer in a pyrrole conpound
can be adjtAta¥sly BRARIXA KPR hEa»plyrroMgJe’émﬂa%w, ik denepmsidemedpyrrol e
conpound can be purified with _distillation, colum purification, adsorption
separ at i onthaheireniqal BFRPIgMS oPE BbﬁbbﬂnﬁrPguﬁngGF&BP9nEUVPFFed with
distillation for_the reason that conpljcated operationis less, thereis a
rel ativel Y1958 §F @ rFahahtsE  i3ndoihe i kR P Wet ween a pyrrole and its

di mer, anduﬁﬁg@ result, separation is easy. Wiere the pyrrole conpound is a
metal pyrr derivative, it is preferred that a pyrrole before

In the embodiment of the invention, a pyrrole
compound having a pyrrole rd:i.mer concentration of 2% by
weight or less, and preferably 1% by weight or less, is
used in the preparation of the chromium series cataiyst.
Where the concentration of the pyrrole dimer is
excessively large, the amount of deposits adhered to a
catalyst tank for conducting catalyst preparation and a
reactor for obtaining an «a-olefin low polymer tends to
increase.

[0027]

The concentration of a pyrrole dimexr in a pyrrole
compound can be adjusted by purifying the pyrrole compound.
In general, the pyrrole compound can be purified with
distillation, ceolumn purification, adsorption separation
and the like. The pyrrole compound is preferably purified
with distillation for the reason that complicated
operation is less, there is a relatively large difference
in boiling point between a pyrrole and its dimer, and as a
result, separation is easy.

Where the pyrrole compound is a metal pyrrolide

derivative, it is preferred that a pyrrole before
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14 derivation is purified with the above-descri bed nethod, thereafter
adjusting the netal pyrrolide derivative. As the distillation condition,
pressure nmay be freely adjusted from pressurization to reduced pressure,
depending on tenperature of a heat source that can be used. \Were
distillation is conducted under reduced pressure, the distillation is
preferably conducted at 1 to 300 Torr. Wen pressure is reduced, it is
preferred that joints of an apparatus are sealed with nitrogen or the |ike,
and the possibility of introducing even a slight anount of air is

excl uded. dewivadiiear eisi pumifdexti wWisht othie sablovendeserilecbmethad, a
pyrrol e polyner such as a diner or a trimer into a nononmer by co-existing a
reduci ng &pereafiter asiuvsdiinouhhey metedd inyzraliisle |denivatidmar at us. [ 0028]
The purified pyrrole conpound is preferably sealed w th an inert gas having
an oxygen concefér atthén sHisildations qgn tﬁﬁndfiE%ﬁ#%#EeaﬂﬁaEtogEd under

| ight shielding. The inert gas used includes nitrogen and_argon. Were a
gas i s uséFaedya 3diggtedofiren RASIPNLZALIOR T, gfaducasl PEPPARERwDre, the
inert gas used js preferably an inert gas that was deoxi di zed by the
convent i off§P | O SETRAF AR 1 Eba?‘?%‘f- S|P uRAt scaR Pagused- | s

preferred_gthat the coppound is, storeg I n % st ainl ess stee container or a
carbon st ere, %\Fﬁéﬂﬁﬁﬂ%? I"'i%‘]hf"'on ucted under reduced pressure,

the distillation is preferably conducted at 1 to 300 Torr.
When pressure is reduced, it is preferred that joints of
an apparatus are sealed with nitrogen or the like, and the
possibility of introducing even a slight amount of air is
excluded. Furthermore, it is possible to distill while
decomposing a pyrrole polymer such as a dimer or a trimer
inte a monomer by co-existing a reducing agent such as
calcium hydride in a distillation apparatus.

[C028]

The purified pyrrole compound is preferably sealed
with an inert gas having an oxygen concentration of 1% or
less after purification, and stored under light shielding.

The inert gas used includes nitrogen and argon.
Where a gas is used in a large amount, nitrogen gas is
preferred. Furthermore, the inert gas used is preferably
an inert gas that was deoxidized by the conventicnal means.

When the purified pyrrole compound is stored, it is
preferred that the compound is stored in a stainless steel
container or a carbon steel container wunder 1light

shielding.
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shielding. 15 In the enbodi nrent of the invention, when the purified pyrrole
conpound is supplied to a catalyst preparation tank of | ow pol ynerization
reaction of an a-olefin, it is preferred that a storage tank, piping
incidental to the tank, neasuring instrunment transm ssion piping and the

|i ke are all previously substituted wwth an inert gas, and the conmpound is
then supplied through the supply piping. After introduction, it is
preferred to be wunder slightly pressurized state with the inert gas. In
general, it is presumed that inpurities in the pyrrole conpound are present
as their diner, Inr i mite orembbodimeret, afid thei r imvdntriemm, Olwhdére | pharities,
adinmer is fornmed in large anount, and is therefore considered to be the
mai n conpewenitfied | mywrictliees capgand ative supplisds tan #e cahdlgstd with

an internal reference nethod by a gas chromatography having a hydrogen
flame iopreparatiget etapk. Stcalewe Ppodiymerizatiorpogeaaifion| gfal an
structures, the quantitative value is calculated wth the total value of
di et er peakelefim.di abr braPreferrachr Shatogr apitiarader ttagkn bPiBpegi fied by
a general gas _chromatograph mass spectronmeter, and if necessary, by
conbi ni ng ifcidlemtad: dir cthei §3pkn MeasHTING R exErenE ohFanpndssion
(Aluninun}qontainigp conpound (c)) )
piping and the like are 'all previously substituted with an
inert gas, and the compound is then supplied through the
supply piping. After introduction, it is preferred to be
under slightly pressurized state with the inert gas.

In general, it is presumed that impurities in the
pyYrrele compound are present as their dimer, trimer or
multimer, and their mixtures. Of the impurities, a dimer
is formed in large amount, and is therefore considered to
be the main component of impurities. Quantitative
analysis can be conducted with an internal reference
method by a gas chromatography having a hydrogen flame
ionization detector. Because a dimer is composed of
plural structures, the guantitative value is calculated
with the total value of dimer peaks. The dimer peak on a
chromatographic chart can be specified by a general gas
chromatograph mass spectrometer, and if necessary, by
combining with an atomic emission detector (nitrogen atom).
[0029]

(Aluminum-containing compound (c))

The aluminum-containing compound (c) used in the

embodiment of the invention includes at least one compound

16



The al um num cont ai ni ng conpound (c) used in the enbodi ment of the
I nvention includes at |east one conpound 16 such as a trial kylal um num
conmpound, an al koxy- al kyl al um num conpound and a hydrogenat ed al kyl al unm num
conpound. Specific exanples thereof include trinethyl- alum num
triethylalum num triisobutylalum num dinethyl- alum num nonochl ori de,
di et hyl al um num et hoxi de and di et hyl al um num hydride. O those,
triethylalumnumis particularly preferred. [0030] (Hal ogen-containing
conpound (d)) The chrom um series catalyst used in the enbodi nent of the
I nventi on soxik ai ms t he hakogasbkgdalemianng corpmpound(d) as t halkemyth
conponent according to need. Exanples of the hal ogen-containi ng conpound
(d) incl uédkytlalagdmumongonpapondnand & hhydgegeneded kylkylalwwinumnpound,
a |linear hal ohydrocarbon having 2 or nore carbon atons and having 3 or
nmore hal ogompenads, aSpesifiic | exanmpleay khareddn inglude 3tvimebh¥lcar bon
atons and having 3 or nore hal ogen atons. (The hal ogenated al kyl al um num
conpound auidnumnc | trdathlalvmiqumy ferd teeketvl abumiewpoudémethyl-Specific
exanpl es thereof include _diethylalumnumchloride, et hﬁaal um num
sesqui chl GLupdnum: 5 BeROFbLPZdReor i ddiethylaluminymyr oethaxéde: 1apdo.
tetrachl orget hane,. pent ach| or.oet hane, hexachl or oet hane, ) )
diethylaluminum hydride. Of those, triethylaluminum is
particularly preferred.
[0030]
{Halogen-containing compound (d})
The chromium series catalyst used in the embodiment
of the invention contains the halogen-containing compound
(d) as the fourth component according to need. Examples
of the halcgen—-containing compound (d) include at least
one compound of a halogenated alkylaluminum compound, a
linear halchydrocarbon having 2 or more carbon atoms and
-having 3 or more halogen ateoms, and a cyeclic
halohydrocarbon having 3 or more carbon atoms and having 3
or more halogen atoms. (The halogenated alkylaluminum
compound is not included in the aluminum-containing
compound (c)). Specific examples thereof include
diethylaluminum chloride, ethylaluminum sesquichloride,
carbon tetrachloride, 1,1,1-trichloroethane, 1,1,2,2-
tetrachloroethane, pentachloroethane, hexachlorocethane,
1,2,3-trichlorocyclopropane, 1,2,3,4,5,6-hexachlorocyclo-
hexane and 1,4-bis(trichloro-methyl)-2,3,5,6-tetrachloro-

benzene.
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1,2,3-trichlorocycl opropane, 1,2, 3,4,5, 6-hexachl orocycl o- hexane and
1,4-bis(trichloro-nethyl)-2,3,5, 6-tetrachl oro- benzene. 17 [0031] In
enbodi ment of the invention, the polynerization of an a-olefinis

preferably that the chrom um conpound (a) and the al um num contai ni

conpound

(c) are not previously contacted, or an a-olefin and the

series catalyst are previously contacted in a state that the previo
contact tine is short. Such a contact enbodi nent makes it possible
selectively conduct trinerization reaction of ethylene, thereby ob

1- hexane

flP@@3Lét hyl ene as a raw material in high vyield. [0032] The

embodi ment in the above continuous reaction systemspecifically inc
the following (IR tothed). smbedimanthod of si fblet andmwsntion,r odutheng a

m Xt ure

conponent PPéymprigakipBacesr , aRespee

of the catalyst conponents (a), (b) and (d) and the catal
efiny. 1g2)preferabldy of thatul tha

introducing a mxture of the catal yst conponents (b) to (d) and the

cat al yst

chEAPaHRNEOPRPURG: d2d Pdstthe alamiqum~rentairming, epaprrRd

si mul t aneousl y introduci ng a n xture

(c) are not previcusly contacted, or an a-olefin and the
chromium series catalyst are previously contacted in a
state that the previous contact time is short. Such a
contact embodiment makes it possible to selectively
conduct trimerization reaction of ethylene, thereby
obtaining l-hexene from ethylene as a raw material in high
vield.

[0032]

The contact embodiment in the above continuous
reacticn system specifically includes the following (1) to
(9).

(1) A method of simultanecusly introducing a Mixture
of the catalyst components (a), (b) and (d) and the
catalyst component (c) into a reactor, respectively.

(2) A method of simultaneously introducing a mixture
of the catalyst components (b) to (d) and the catalyst
component (a) intec a reactor, respectively.

(3) A method of simultaneously introducing a mixture
of the catalyst components (a) and (b) and a mixture of
the catalyst components (c) and (d) into a reactor,
respectively.

(4) A method of simultanecusly introducing a mixture
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of the catal yst conponents (a) and (b) and a m xture of the catal yst
conponents (c) and (d) into a reactor, respectively. (4) A nmethod of

simul taneously introducing a m xture 18 of the catal yst conponents (a) and
(d) and a m xture of the catalyst conponents (b) and (c) into a reactor,
respectively. (5) A nethod of sinmultaneously introducing a mxture of the
cat al yst conponents (a) and (b), catalyst conponent (c) and the catal yst
conponent (d) into a reactor, respectively. (6) A nethod of sinultaneously
introducing a m xture. of the catalyst conponents (c)_and (d), catalyst
conponent °F( Shexngrtatyeht seppenedhsonttt £Bf (o 3nd edcmirxXtunesplcti vel y.
(7) A neth%q of sigultaneousl intrﬁggiing g nixgure of the catal yst
conponent $P€a) cakal¥ay, EomBPHePts, enfd( pfehndiRhe cat aF$REEBnponent
(c) into a reac%g&, respectively. (8) A nethod of sinultaneously

i nt roduci K§SESREFEMY - of the catal yst conmponents (b) and (c), catalyst

comaonent, () 389 W hetB Y SRl [P RS PR 1
catal yst %&”Q%@?@%ia&%&t?%Aﬂ%knents (a) and (b), catalyst component
(c) and the catalyst component (d) into a reactor,
respectively.

(6) A method of simultaneocusly introducing a mixture
of the catalyst components (c) and (d), catalyst component
(a) and the catalyst component (b) into a reactor,
respectively.

(7) A method of simultaneously introducing a mixture
of the catalyst components (a) and (d), catalyst component
(b) and the catalyst component (c¢) into a reactor,
respectively.

(8) A method of simultaneously introducing a mixture
of the catalyst components (b) and (c), catalyst component
(a) and the catalyst component (d) into a reactor,
respectively.

(9) A method of simultanecusly and independently
introducing each of the catalyst components {(a) to (d).

The above-described each catalyst component is
generally dissolved in a solvent used in the reaction, and
supplied to a reactor.

[0033]

The “embodiment that the chromium compound (a) and
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The above-descri bed each catal yst conponent is generally dissolved in a
solvent used in the reaction, and supplied to a reactor. [0033] The

"enbodi ment that the chrom um conpound (a) and 19 the al um num cont ai ni ng
conmpound (c) are not previously contacted” is not limted to the initiation
time of the reaction, and neans that such an enbodi nent is maintained even
in the supply of the subsequent additional a-olefin and catalyst conponents
into the reactor. Furthernore, in a batch reaction type, it is desired that
t he same enbodiment is utilized. [0034] The ratio of each constituent in the
chrom um e alupinupriRentaieing QAERSWSH ABht e t Ret rREPYionsly
generally that the pyrrole cqonpaound, (b) is from1 to 50 noles, and

pr ef er abl Foptafted| o R Aotedifidedpte &he Hhitdatirnntisgpffdthe) | and
t he aluninun}cqntainigp cqﬂgqégd (c% is from1l to 200 noles, and preferably
from 10 £82F58°Rp &nd maandy, Bhat shehcpposheddgianduns mebptat

hal ogen- cont ai ni ng, conmpound (d)_is contained in the . chrom umserjes

oot otvo: CoRE M e BoRPY A, theoBtRacanent; @M oRan, GIATAFER and

Fggggiabl%ngr%g&%l5gt3g°mg%h%%tsp§%tgp%%epgégg%égv(Hnun1c0np0und (a).

Furthermore, in a batch reaction type, it is desired
that the same embodiment is utilized.
[0034]

The ratio of each constituent in the chromium series
catalyst wused in the embodiment of the invention is
generally that the pyrrole compound (b) is from 1 to 50
moles, and preferably from 1 to 30 moles, pér mole of the
chromium compound {a), and the aluminum-containing
compound {(c) is from 1 to 200 moles, and preferably from
10 to 150 moles, per mole of the chromium compcund. When
the halogen-containing compound (d) is contained in the
chromium series catalyst, the halogen-containing compound
(d) is from 1 to 50 moles, and preferably from 1 to 30
moles, per mole of the chromium compound (a).

[0035]

In the embodiment of the invention, the amount of
the chromium series catalyst used is not particularly
limited, but is generally from 1.0x1077 to 0.5 mole,
preferably from 5.0x1077 to 0.2 mole, and further
preferably from 1.0x10°° to 0.05 mole, in terms of chromium

atom of the chromium compound (a) per 1 liter of the
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In the enbodi mrent of the invention, the amobunt of the chrom um series
catal yst used is not particularly limted, but is generally from 1. 0x10-'
to 0.5 nole, preferably from5.0x10-' to 0.2 nole, and further preferably
from1.0x10-6 to 0.05 nole, in terns of chromum atomof the chrom um
conpound (a) per 1 liter of the 20 solvent described hereinafter. By using
such a chrom um series catalyst, for exanple when ethylene is used as a raw
material, hexene which is a trimer of ethylene can be obtained in
selectivity of 90%or nore. In this case, the proportion of 1-hexene
occupi ed isplkentndesaribeddtreinmfiter. 0036] (Solvent) In the production
nmet hod of an a-olefin |ow polyner to which the enbodi nent of the invention
is applied, theByreastingn suchn a oladiromicem beeriEsiuctathlyst, sofeent.
Such a solvent is not particularly Iimted. However, for exanple, chain

sat ur at edelrpipdearhers ethylengcliisc usedunst cal hgwr sadedasl,, hexemefrom 1
to 20 carbon atons, such as butane, pentane, 3-nethyl pentane, hexane,

hept ane, whight hyishexanetrimemneof cyetbydrnme, oant hydecy dhtadned, in
2,2,4-trinmethyl pentane and decalin; and _aromatic hydrocarbons such as
benzene, ®6leskavityl ofc 90%t9%| BeReeneInnidiisy case arkhe PFrAPPRtEPR used.

of 1l-hexene occupied in hexene can be 99% or more.
[0036]
{Sclvent)

In the production method of an a-olefin low polymer
to which the embodiment of the invention is applied, the
reaction of an a-clefin can be conducted in a solvent.

Such a solvent is not particularly limited. However,
for example, chain saturated hydrocarbons or alicyclic
saturated hydrocarbons, having from 1 to 20 carbon atoms,
such as butane,.pentane, 3-methylpentane, hexane, heptane,

2-methylhexane, octane, c¢yclchexane, methylcyclohexane,

2,2,4-trimethylpentane and decalin; and aromatic
hydrocarbons such as benzene, toluene, xylene,
ethylbenzene, mesitylene and tetralin are used.

Furthermore, an o-olefin low polymer may be used as a
solvent. Those can be used alcone or as a mixed solvent.

In particular, the preferred solvent is <chain
saturated hydrocarbons or alicyclic saturated hydrocarbons,
having from 4 to 10 carbon atoms. When those solvents are
used, by-produced polymers such as a polyethylene can be

suppressed. Furthermore, when the alicyclic saturated
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Furthernore, an a-olefin |ow polyner may be used as a solvent. Those can be
used alone or as a mxed solvent. In particular, the preferred solvent is
chain saturated hydrocarbons or alicyclic saturated hydrocarbons, having
from4 to 10 carbon atons. Wen those solvents are used, by-produced

pol ymers such as a pol yethyl ene can be suppressed. Furthernore, when the
alicyclic saturated 21 hydrocarbons are used, high catalyst activity tends
to be obtained. [0037] (Production nethod of a-olefin | ow polynmer) The
a-olefin |l ow polynmer in the present invention neans an oligonmer conprising
a plural i thydfocarions cixen wseda higbneatadived Foridiad tySpeends ctbl e it
means a polyner conprising 2 to 10 of an a-olefin as a nononer being

bonded. THabtaigweti on net hod of an a-olefin | ow polyner is

descri bed by

referring to an exanple of the production of 1-hexene which is a triner of
et hyl ene alP@V]a-olefin low polymer using ethylene as an a-olefin. Fig. 1

Is a view explaining a production flow exanple of an a-olefin | ow polyner
in the enbRHeBtish mefhedhtdwtetfir Ipw®RRIVEATY | ow exanpl e of 1-hexene

using ethylene as a raw material shown in Fig. 1 shows a conp

| etely m xing

and stirring typde e%cPd®fip lpypPehymer in the present invention

means an oligomer comprising a plurality of an a-olefin as

a moncomer being bonded. Specifically, it means a polymer

comprising 2 te 10 of an d-~olefin as a monomer being

bonded.

The production method of an a-olefin low polymer is

described by referring to an example of the production of

l-hexene which is a trimer of ethylene as an oa-olefin low

polymer using ethylene as an da-clefin.

Fig. 1 is a view explaining a production flow

example of an o-olefin low polymer in the embodiment of

the invention. The production flow example of l-hexene

using ethylene as a raw material shown in Fig. 1 shows a

completely mixing and stirring type reactor 10 in which

ethylene is subjected to low polymerization

in the

presence of a chromium series catalyst, a degassing tank

20 that separates an unreacted ethylene gas from a

reaction liquid withdrawn from the reactor 10, an ethylene

separation column 30 that distills ethylene

in the

reaction liquid withdrawn from the degassing tank 20, a

high boiling separation ceolumn 40 that separates a high

beiling substance (hereinafter referred to as “HB” (high
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ethylene is subjected to | ow polynerization in the presence of a chrom um
series catal yst, a degassing tank 20 that separates an unreacted ethyl ene
gas froma reaction liquid withdrawmm fromthe reactor 10, an ethyl ene
separation colum 30 that distills ethylene in the reaction |iquid

wi t hdrawn fromthe degassing tank 20, a high boiling separation colum 40
that separates a high boiling substance (hereinafter referred to as "HB"
(high 22 boiler)) in the reaction liquid withdrawn fromthe ethylene
separation colum 30, and a hexene separation columm 50 that distills the
reacti on bedaded) N t dar awhe r orgachicon oplaguitde wighdyemn nEramparthe on
colum 40 to distill away 1-hexene. Furthernore, a conpressor 17 that

ci rcul at esthilensr copparrbiony| ardusspadly eRnd ﬁheh669395|$ﬁp4%#&49@ and

t he condenser 16 _into the reactor 10 via a circulation piping 21 is

provi ded. SPAHB] PntPF§ digtidds F@EtF@PQR}qQNﬂ%ﬁﬂﬁgcﬂ*ﬁhﬁ%ﬂ%ﬁw§r°Weactors
equi pped wth a stirrin é%lﬂachlne 103, baffle, jacket and t he Ilke As t he
stirring fR€hi KEP10T St |hr"'1‘-1hngbl9|1&d-é‘gof sPﬁ'érPﬁé’nsuEH yun, 4@ et

pf audl er, | er, & bblne or the like is used in a conblnatlon mﬁth a

opel
baffl e suéﬁsﬁégi ﬁﬁﬁﬁa P¥BB®-a cylinder or a hairpin coil.

Furthermore, a compressor 17 that c¢circulates an
unreacted ethylene separated in the degassing tank 20 and
the condenser 16 inte the reactor 10 wvia a circulation
piping 21 is provided.

[0038]

In Fig. 1, the reactor 10 includes conventional
reactors equipped with a stirring machine 10a, baffle,
jacket and the like. As the stirring machine 10a, a
stirring blade of the type such as paddle, pfaudler,
propeller, turbine or the like is used in a combination
with a baffle such as a planar plate, a cylinder or a
hairpin coil.

[0039]

As shown in Fig. 1, ethylene is continuocusly
supplied to the reactor 10 from an ethylene supply piping
12a via a compressor 17 and the first supply piping 12.
Where the compressor 17 1is, for example, two-stage
compression system, a circulation piping 31 is connected
to the first stage, and a circulation piping 21 is
connected to the second stage, thereby making it possible

to reduce electricity consumption. Furthermore, a solvent
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[0039] As

shown in Fig. 1, ethylene is continuously supplied to the

10 from an ethylene supply piping 12a via a conpressor 17 and the fi

supply pi
conpress
stage, an

ping 12. \Were the conpressor 17 is, for exanple, two-stage

react or
rst

on system a circulation piping 31 is connected to the first

d acirculation piping 21 is connected to the second stage,

thereby nmaking it possible to reduce electricity consunption. Furthe

a sol vent

23 used in | ow polynerization reaction of ethylene is sup

r nor e,
plied

to the reactor 10 fromthe second supply piping 13. On the other hand, the
dsffoudd (aovandPelvmepiEablencokPagtdonh) 9f e BuEIsnSr ebred in

chrom um
t he cat al

yst _tank Ic are supplied _to the reactor 10 fromthe second

pi pi ng 13s¥PRliedyity yEheszgaryopi didhgfaem, thie segond RHRRIGht BRI RG

conpound
hal ogen-c

éﬁ% is supplied fromthe third supply piping 14, and the
-aining conpound (d) is supplied fromthe fourth supply p

suppl y

I pi ng

reactor 10 11 onbPhERenoHAF IR A Apemim Srmchad ) el ang Ehe "

Fur t her nor e

in th t.t t he .al t I, d
FYSEREe SRR (R] o PERYAPHS M rOF BRSBTS HB SR HEd COHkE w1 1

supplied

the chr Omt%rﬁkcoizpoggg (s‘:it}ppiitecim ¥obethSeUpgleiaggo;[ro :I:[ Ctrom the second

supply piping 13 via a catalyst supply piping 13a, the
aluminum-containing compound (c¢) is supplied from the
third supply piping 14, and the halogen-containing
compound (d) is supplied from the fourth supply piping 15.
Here, the halogen-containing compound (d) may be supplied
to the reactor 10 from the second supply piping 13 via a
supply piping. Furthermore, in the event that the
aluminum-containing compound {c) is supplied to the
reactor within several minutes of the contact time with
the chromium compound (a), it may be supplied to the
reacter 10 from the second supply piping 13 wvia a supply
pPiping. In employing this system, when a static mixer or
the like is provided between the second piping 13 and the
reactor, a uniform mixture of each catalyst component can
be supplied to the reactor, and as a result, stirring
power of the reactor can be reduced.
[0040]

In the embodiment of the invention, the reaction
temperature in the reactor 10 is generally from 0 to 250°C,

preferably from 50 to 200°C, and more preferably from 80
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reactor 10 fromthe second supply piping 13 via a supply piping. In
enploying this system when a static mxer or the like is provided between
the second piping 13 and the reactor, a uniform m xture of each catal yst
conponent can be supplied to the reactor, and as a result, stirring power
of the reactor can be reduced. [0040] In the enbodi nent of the invention,
the reaction tenperature in the reactor 10 is generally fromO to 250C,
preferably from50 to 200C, and nore preferably from80 24 to 170C. The
reaction pressure is in a range of generally fromnormal pressures to 250
kgf/cn2, peefldPd®Bty from5 to 150 kg/cn2, and nore preferably from10 to
100 kgf/cn2. [0041] The trinerization reaction of ethylene is preferably
conduct ed such Th8t Zeaptien r REPFSYFrel-hexdie fo kangR eRé generrllvaction
liquid ((nolar concentration of 1-hexene _in yeaction |iquid)/(nolar
concent r afFoR BPr@Rty PEREsUTes & 143th kg ) Brefarahly d#Eram 3 t° and

particul arl from0.10 to 1.0. Specifically, it is preferred that in the
case of aléﬁnﬁﬂﬁﬁﬁus R4 IRPER, PEe %f%?}¥tfr%BnEQnFPaEPBnFQfZQE%ion pressure

and ot her %ﬁqgitions are adjusted such that the nolar ratio of 1-hexene to
et hyl ene [ He reaction liquid is in the above range, and in the

The trimerization reaction of ethylene is preferably
conducted such that a molar ratio of 1l-hexene to ethylene
in the reaction liquid {((molar concentration of l-hexene
in reaction liquid)/{(molar concentration of ethylene in
reaction liquid)) is from 0.05 to 1.5, and particularly
from 0.10 to 1.0. Specifically, it is preferred that in
the case of a ceontinuous reaction, a catalyst
concentration, reaction pressure and other conditions are
adjusted such that the molar ratio of l-hexene to ethylene
in the reaction liquid is in the above range, and in the
case of a batchwise reaction, the reaction is stopped at
the time that the molar ratio is in the above range. This
has the tendency that by-production of components having a
beoiling point higher than that of l-hexene is suppressed,
thereby further increasing selectivity of l-hexene.

[0042]

The reaction liquid continuously withdrawn from the
bottom of the reactor 10 wvia a piping 11 is that
trimerization reaction of ethylene is stopped by a
deactivator supplied from a deactivator supply piping lla,

and such a reaction liquid is supplied to the degassing
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case of a batchw se reaction, the reaction is stopped at the tinme that the
nolar ratio is in the above range. This has the tendency that by-production
of conponents having a boiling point higher than that of 1-hexene is
suppressed, thereby further increasing selectivity of 1-hexene. [0042] The
reaction |liquid continuously withdrawmn fromthe bottomof the reactor 10
via a piping 11 is that trinerization reaction of ethylene is stopped by a
deactivator supplied froma deactivator supply piping Ila, and such a
reaction liquid is supplied to the degassing 25 tank 20. In the degassing
tank 20, tarkadOed dirhythenedeégassiimmstankf 26m tingeamieadhertduflemadis
circulated and supplied to the reactor 10 via the circul ation piping 21,
the conddegessed friom dheprtepsdherpafhd amt direnlatgp|and psyppipa®. The
reaction liquid fromwhich unreacted ethylene has been degassed is

wi t hdr awn tPr obhe herargtam G0 vhe dekgssirrukatdan. rdpdns | 8h,cobleti ons of
t he degassing tank 20 are that the tenperature is generally fromO to 250C,
and pref EPREERSPEONL80 t BhooREMREREI¢R Presamde it egeﬁéFﬁP{I ySUBPPL¥n nor mal
pressures to 150 kgf/cnR, and preferably from _normal_ pressures to 90

kgf/ cn. PABARP Sﬁgsequm y reprsicBac it ghin gfirams r Ri@hi cppreacted

ethylene has been degassed is withdrawn from the bottom of
the degassing tank 20.

Operation conditions of the degassing tank 20 are
that the temperature is generally from 0 to 250°C, and
preferably from 50 to 200°C, and the pressure is generally
from normal pressures to 150 kgf/cmz, and preferably from
normal pressures to 90 kgf/cm®.

[0043}

Subsequently, the reaction 1liquid from which
unreacted ethylene gas has been degassed in the degassing
tank 20 is withdrawn from the bottom of the degassing tank
20, and supplied to an ethylene separation column 30 by a
piping 22. 1In the ethylene separation column 30, ethylene
is distilled away from the column top by distillation, and
circulated and supplied to the reactor 10 via the
circulation piping 31 and the first supply piping 12. The
reaction liquid from which ethylene has been removed is
withdrawn from the bottom.

Operation conditions of the ethylene separation
column 30 are that the top pressure is generally from

normal pressures to 30 kgf/cmz, and preferably from normal

26



unreacted et hyl ene gas has been degassed in the degassing tank 20 is

w thdrawn fromthe bottom of the degassing tank 20, and supplied to an

et hyl ene separation colum 30 by a piping 22. In the ethyl ene separation
columm 30, ethylene is distilled away fromthe colum top by distillation,
and circulated and supplied to the reactor 10 via the circulation piping
31 and the first supply piping 12. The reaction |liquid fromwhich ethyl ene
has been renoved is wthdrawmn fromthe bottom Qperation conditions of the
et hyl ene separation columm 30 are that the top pressure is generally from
nor mal pr pressezeso 39 REf /kg®/cmnd andf diteb| yeflum noatid (RFDPrebsures to
20 kgf/cn2, and the ref lux ratio (R/'D) is generally fromO to 500, and

pr ef er abl gepeymldy1from10ote FO044pniihprefesabdy frem @ .fir d MAOHh et hyl ene
has been distilled away in the ethylene separation colum 30 is w thdrawn
fromthe H8P#4Mh of the ethyl ene separation colum 30, and supplied to a
hi gh boiling separation colum 40 by a piping 32. |In_the high boiling
separation col 4R #rackippndd@id t AramgHvivish | fFhydiane (s HeegR boil er)
are withdrawn fromthe bottom_ A distillate from which high bailing
conponent $1FiHL 188 ARt cthe s eVt RePREATFLAR (LW a3fi pthg 42.

eration copnditions_of the, hi boi |l i ng_separati on
O w&tggrawn from the ggottom gf he ethylene separation

column 30, and supplied to a high boiling separation
column 40 by a piping 32. In the high boiling separation
column 40, components with high boiling peoint (HB: high
boiler) are withdrawn from the bottom. A distillate from
which high boiling components have been separated is
withdrawn from the top by a piping 42.

Operation conditions of the high boiling separation
column 40 are that the top pressure is generally from 0.1
to 10 kgf/cmz, and preferably from 0.5 te 5 kgf/cmz, and
the reflux ratio (R/D) is generally from 0 to 100, and
preferably from 0.1 to 20.

[0045]

Subsequently, the reaction liquid withdrawn as a
distillate from the top of the high boiling separation
column 40 is supplied to a hexene separation column 50 by
the piping 41. In the hexene separation column 350,
l-hexene is distilled away by distillation from the top by
a piping 51. Heptane is withdrawn from the bottom of a
hexene separation column 50, and stored in a solvent drum

60 via a solvent circulation piping 52, and circulated and
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colum 40 are that the top pressure is generally from0.1 to 10 kgf/cn®,
and preferably fromO0.5 to 5 kgf/cnR2, and the ref lux ratio (R'D) is
generally fromO to 100, and preferably fromO0.1 to 20. [0045]

Subsequently, the reaction liquid withdrawmn as a distillate fromthe top of
the high boiling separation colum 40 is supplied to a hexene separation
colum 50 by the piping 41. In the hexene separation columm 50, 1-hexene
is distilled away by distillation fromthe top by a piping 51. Heptane is
wi t hdrawn fromthe bottomof a hexene separation colum 50, and stored in a
sol vent dsuppl@edvias aa svegchioni sedivanitortqi phegrédctand 16 rcid atke and 27
supplied as a reaction solvent to the reactor 10 via the second supply

pi pi ng 13secpodasupplyopdptingnd3of the hexene separation colum 50 are that
the top pressure is generally fromO0.1 to 10 kgf/cnR2, and preferably from
0.5 to 5 kgf/cnPpexadicne congitigns #ff FherImxene reparationrepdonno 100,
and preferably fromO0.1 to 20. Exanples [0046] _The present invention is
descri bed SPutferthafecFRe c XPPy FFRSSRLSn kheTenerdpliy. fmomeferl ¥heldresent

invention is not, linmted tg the follomdn% exanpl es so far,
kgf/cm®, and preferably from 0.5 to 5 kgf/em“, and the

reflux ratio (R/D) is generally from 0 to 100, and
preferably from 0.1 to 20.

Examples

[0046]

The present invention is described further
specifically based on the examples. However, the present
invention is not limited to the following examples so far
as it does not depart from its gist.

[c047]
(Examples 1 to 3, and Comparative Example 1)

A chromium series catalyst was prepared using
pyrrole(2,5-dmethylpyrrole) containing a pyrrole dimer
having a given concentration shown in Table 1.

Dehydrated heptane (150 ml) was charged in a glass-
made three-necked flask having a stirring machine, and
2,5~dimethylpyrrole (0.016 mol) having a given purity
shown in Table 1 and triethylaluminum (0.016 mol) were
added thereto.

Temperature of the flask was elevated, and reflux of
heptane was conducted for 3 hours at normal pressures.

Thereafter, the flask was cooled to 80°C.
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as it does not depart fromits gist. [0047] (Exanples 1 to 3, and
Conparative Exanple 1) A chrom um series catal yst was prepared using

pyrrol e(2,5-dmet hyl pyrrole) containing a pyrrole diner having a given
concentration shown in Table 1. Dehydrated heptane (150 m) was charged in a
gl ass- made three-necked flask having a stirring machine, and

2,5-dimethyl pyrrole (0.016 nol) having a given purity shown in Table 1 and
triethylalum num (0.016 nol) were added thereto. Tenperature of the flask
was el evated, and ref |lux of heptane was conducted for 3 hours at norna
pressures. Thefeksesuentdy f| a@k00A2 caslled o6 sebromgiuwpbségashyly, 0.0027
nol of chrom um 2-ethyl - hexanoate was added, followed by heating at 80C for

30 i nut dexanaatenfvas added;| Lpllpmwed obredaatinpnpteBEFatir%, 30,

solution in the flask was separated by decantation, and the flask was dried
at 150C f ™M8&Surs. Next, the ampunt of deposits in the flask used for

cat al yst preparation was neasured. The results_are shown in Table 1. [0048]
The anount of JefF&afiery é&‘ﬁe@?&]‘a{’?q Hepoled to room temperature,

a solution in the flask was separated by decantation, and
the flask was dried at 150°C for 8 hours.

Next, the amount of deposits in the flask used for
catalyst preparation was measured. The results are shown
in Table 1.

[0048]

The amount of deposits is expressed as the
proportion of weight of deposits to the total weight of
chromium 2-ethylhexancate, triethylethyl aluminum and
2,5-dimethylpyrrole used for the preparation of a chromium
series catalyst.

The concentration of a pyrrole dimer was cbtained by
an internal reference method (p-xylene) by conducting GC
analysis.

[0049]
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proportion of weight of deposits to the total weight of chrom um

2- et hyl hexanoate, triethylethyl alum numand 2,5-dinethylpyrrole used for
the preparation of a chromium series catalyst. The concentration of a
pyrrol e dimer was obtained by an internal reference nethod (p-xylene) by
conducting GC analysis. [0049] 29 [TABLE 1] Concentration Anount of of
pyrrole diner deposit ('k by weight) = 1 1.30 6.46 Exanple 2 0.75 8.64 3
0.20 8.47 Conparative 1 5.30 23.2 Exanple [0050] It is seen fromthe
results shown in Table 1 that when a chrom um series catal yst was prepared
using 2, 3T&BIE Al pyrrol e having a concentration of a pyrrole diner of 2%
by weight or less (Exanples 1 to 3), the

Concentration
Amocunt of
of .
. deposit
pyrrole dimer (%)
($ by weight)
1 1.30 6.46
Example 2 0.75 8.64
3 0.20 8.47
Comparative
1 5.30 23.2
Example
[0050]

It is seen from the results shown ianable 1 that
when a chromium series catalyst was prepared using
2,5—dimethy1pyrrole having a concentration of a pyrrole
dimer of 2% by weight or less (Examples 1 to 3), the
amount of deposits in the flask used for catalyst
preparation is smaller. Therefore, when those pyrrole
compounds are used as a catalyst component in producing an
ag-olefin low polymer, the amount of deposits adhered to a
reactor wall, an impeller, a noczzle _and the 1like is
reduced, and it is expected that a tank wall, a pipe wall,
an impeller, an internal coil and the 1like can be
prevented from feouling. Furthermore, the effects can be
expected such that heat exchange efficiency of a heat
exchanger and a reactor is prevented from being decreased,
and catalyst feed of from a catalyst preparation tank to a
reactor can stably be conducted.

On the other hand, when the concentration of the
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amount of deposits in the flask used for catalyst preparation is smaller.
Theref ore, when those pyrrole conpounds are used as a catal yst conponent in
producing an a-olefin |ow polyner, the anmount of deposits adhered to a
reactor wall, an inpeller, a nozzle and the like is reduced, and it is
expected that a tank wall, a pipe wall, an inpeller, an internal coil and
the like can be prevented fromfouling. Furthernore, the effects can be
expected such that heat exchange efficiency of a heat exchanger and a
reactor is prevented from bei ng decreased, and catalyst feed of froma
cat al yst prepalat démeramkceeds 2tchym meight siGovipanatiowen@xample ) t he

ot her hand, when the concentration of the 30 pyrrole diner exceeds 2% by
wei ght ( ChfpadsatSasn Bkka®p| the) amount o dgpasiks t ke Sheufilagk gegrdits in
the flask used for catalyst preparation is increased. [0051] (Exanples 4
to 6, andfREf EREAL¥SEXREPPATALiAN: dggdRcrpareRased was distilled and
purified to_ _obtain 2,5-dinethyl pyrrole having a purity of 99.80% The
renaining[eeﬁﬁénent is a pyrrole dinmer (concentration: 0.2% by weight).

2,5-Dinethyl pyrrol e was stored under an oxygen_ cqncentration shown in Table
2 and undéﬁxg%QéﬁscﬁnBPt ongnd §ﬁ5eESHE§nF¥gPP&ﬁ dhange of a pyrrole dieter
was nmeasured. A reagent purchased was distilled and purified to

obtain 2,5-dimethylpyrrole having a purity of 99.80%. The

remaining component is a pyrrole dimer (concentration:

0.2% by weight) .

2,5-Dimethylpyrrole was stored under an oxygen
concentration shown in Table 2 and under given conditions,
and concentration change of a pyrrole dimer was measured.

2,5-Dimethylpyrrcle was stored by tﬁe following
operation.

Nitrogen and air were mixed to make up a nitrogen
gas having a given oxygen concentration. 5 ml of
2,5-dimethylpyrrole after distillation (purity 99.80%) was
charged in three way cock test tube substituted with
nitrogen.

[0052]

Make-up nitrecgen gas previously prepared to have a
given oxygen concentration was sampled, and it was
confirmed to be a given concentration using Teledyne
oxygen analyzer (trace oxygen analyzer). Thereafter, the

nitrogen gas was introduced into the test tube through

three way cock. A gas phase part (50 ml) was substituted
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2,5-Di et hyl pyrrole was stored by the followng operation. Nitrogen and air
were m xed to make up a nitrogen gas having a given oxygen concentration. 5
m of 2,5-dinethylpyrrole after distillation (purity 99.80% was charged
in three way cock test tube substituted with nitrogen. [0052] Make-up
nitrogen gas previously prepared to have a given oxygen concentration was
sanpled, and it was confirnmed to be a given concentration using Tel edyne
oxygen anal yzer (trace oxygen anal yzer). Thereafter, the nitrogen gas was

i ntroduced into the test tube through three way cock. A gas phase part (50
m) was swhith tthedmaBé-npt hgade ankde-the ghestanthbehewasstalildwedvasoal | owed
to stand at roomtenperature at dark place. During allowng to stand, gas
subst i t ut is¢rangf attheooga Sepipesm et adf dark {pdstcet.ube was repeated every 12
hours. 2,5-Di net hyl pyrrole was sanpl ed every given period of tine shown in
Tabl e 2, and thBurdmgenalbhowimgoftoa spymdpl gasi newbsbitabidyzef wthé GC. The
concentration was obtained by an internal reference nethod (p-xylene). The
resul ts ag@sstph@sen PRUN ecf. thepobept| e Wps repeated every 12

hours. 2,5-Dimethylpyrrole was sampled every given period
of time shown in Table 2, and the concentration of a
pyrrole dimer was analyzed with GC. The concentration was
obtained by an internal reference method (p-xylene).

The results are shown in Table 2.

[005B3]
[TABLE 2]
Reference
Example
Example
4 5 6 1
Oxygen Concentration (%) 0 0.1 1 21
Concentration | Time (hr) 0| 0.20 0.20 0.20 0.20
of pyrrole 72| 0.19 0.17 0.11 0.89
dimer 144 | 0.34 0.68 0.58 2.13
(% by weight) 208 | 0.62 | 1.06 | 1.60 3.34
[0054]

It is seen from the results shown in Table 2 that
when 2,5-dimethylpyrrcle is, after purification, sealed
with a nitrogen gas having an oxygen concentration of 1%
or less, and stored under light shielding (Examples 4 to
6), the concentration of the pyrrole dimer is maintained
at 2% by weight or less. Therefore, when those pyrrole

compounds are used as a catalyst component in producing an
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Ref erence Exanple Exanple 4 5 6 1 Oxygen Concentration (% 0 0.1 1 21
Concentration Tine (hr) 0 0.20 0.20 0.20 0.20 of pyrrole 72 0.19 0.17 0.11
0.89 diner 144 0.34 0.68 0.58 2.13 (% by weight) 298 0.62 1.06 1.60 3.34
[0054] It is seen fromthe results shown in Table 2 that when
2,5-dinmethylpyrrole is, after purification, sealed wth a nitrogen gas
havi ng an oxygen concentration of 1% or |ess, and stored under |ight
shielding (Exanples 4 to 6), the concentration of the pyrrole diner is
mai ntai ned at 2% by weight or |ess. Therefore, when those pyrrole

conpounds Yardefind leyw P ystthenpoeunt P pgepesditsg agdherzd tolafin | ow

pol yner, the anmount of deposits adhered to a reactor wall, an inpeller, a
nozzl e ande@R&Eor; kalld, raQucHmpel}Rrit & s NOFFI& e@nbhathg t dakewal$, a pipe
wall, an inpeller, an internal coil_and the |like can be prevented from

fouling. E&CUREAmpoeRd die it mameacted, that &tk dalin 2 RIPH@1Exchange

efficiency of .a heat exchanger and _a reactor is prevented from bei ng
decr eased®n aﬂE‘P&'g'?ﬁlryst %eg‘"&fe%n aF°€§t al piarktfen ‘F%l‘hkel?% a

prevented from fouling. Furthermore, the effects can be
expected such that heat exchange efficiency of a heat
exchanger and a reactor is prevented from being decreased,
and catalyst feed of from a catalyst preparation tank to a
reaction can stably be conducted.

On the other hand, when 2,5-dimethylpyrrole is,
after purification, sealed with a nitrogen gas having an
oxygen concentration of 21% (air) (Reference Example 1),
it is seen that the pyrrole dimer is increased.

While the invention has been described in detail and
with reference to the specific embodiments therecf, it
will be apparent to one skilled in the art that wvarious
changes and modifications can be made therein without
departing from the spirit and scope thereof.

This application is Dbased on Japanese Patent
Application (Patent Application No. 2006-354249) filed
December 28, 2006, the entire contents thereof being
hereby incorporated by reference.

Industrial Applicability
[0055]
According to the ©present invention, in the

production of an o-olefin low polymer, deposits adhered to
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reaction can stably be conducted. On the other hand, when

2,5-dinmethyl pyrrole is, after purification, sealed with a nitrogen gas
havi ng an oxygen concentration of 21% (air) (Reference Exanple 1), it is
seen that the pyrrole dinmer is increased. Wi le the invention has been
described in detail and wth reference to the specific enbodi nents thereof,
it will be apparent to one skilled in the art that various changes and
nodi fications can be made therein without departing fromthe spirit and
scope thereof. This application is based on Japanese Patent Application
(Pat ent Agpldat@alvsat wrepaost o 2tank ppndda peshifrerass, rodesed; handntire
contents thereof being hereby incorporated by reference. |ndustrial

Appl i cabi FURRiNDOSPRIAEONI F&™ o Pehe sFRbdddzadhvent Tharefarene theoduction
of an a-olefjn | ow_pol yner, deposits adhered to 33 a catal yst preparation
tank and dndustdiad yalun Qfy thePrasahs dpvadiian 4 c%%ﬁ“%‘é‘as‘% ilized.
Therefore, the industrial value of the present invention is remarkable. 34
CLAIMS 1. A production nmethod of an a-olefin | ow polynmer, which conprises
pol ynerizing an a-olefin in the presence
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of a chromum series catalyst, characterized in that: the chrom um series
catalyst is constituted of at |east a chrom um conpound (a) , a pyrrole

conmpound (b) and

an al um num cont ai ni ng conpound (c), and a concentration

of a pyrrole dinmer contained in the pyrrole conpound (b) in the chrom um
series catalyst that is applied to the | ow polynerization reaction of the
a- olefinis 2% by weight or |ess based on the pyrrole conpound (b). 2. The
production nethod of an a-olefin |ow polynmer as clained in claiml,
characterized in that the pyrrole conpound (b) is sealed with an inert gas

havi ng an oxygen

concentration of FWAIMS ess after purification, and stored

under light shielding. 3. The production nmethod of an a-olefin | ow polyner

as claimed in clai i Preduetionrnethoy ofhAn t 4zopefinl dow RHBMRE(b) is a

pyrrol e having one or, plural_alkyl group having from1 to 4 carbon atons.
eh SFi

4. The pr BB

GOMRRURRE JPOLYMAL HFERF n 2P0 15k

1gs the BRRFINFR ai m 1,

characteriﬁed Iin that the ¢chromum, series catalyst is constituted of a

conbi nati 8

8t ChRE™1UT SRFIRFC SYELNE S afPAERE tHFAREEe WoPdthid (b), the

al um num cont ai g,}ﬂgg ﬁoﬁoﬁya%géigggﬁaﬁé]ﬁl 0 egigﬁgoaﬁsnéf tgg ggrrpao#nd (d).

5. The producti

least a chromium compound (a), a pyrrole compound (b) and

an aluminum-containing compound (c), and

a concentration of a pyrrole dimer contained in the

pyrrole compound (b) in the chromium series catalyst that

is applied to the low polymerization reaction of the o-

olefin is 2% by weight or less based on the pyrrole

compound (b).

2.

The production method of an d-olefin low polymer

as claimed in claim 1, characterized in that the pyrrole

compound (b) is sealed with an inert gas having an oxygen

concentraticon of 1% or less after purification, and stored

under light shielding.

3.

The productien method of an o-olefin low polymer

as claimed in claim 1, characterized in that the pyrrocle

compound (b) is a pyrrole having one or plural alkyl group

having from 1 to 4 carbon atoms.

4.

The production method of an o-olefin low polymer

as claimed in claim 1, characterized in that the chromium

series catalyst is constituted of a combination of the

chromium compound (a), the pyrrole compound (b), the

aluminum-containing compound (c) and a halogen-containing
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as claimed in claim1l1, characterized in that the a-olefin is ethylene. 6.
The production nmethod of an a-olefin low polynmer as clainmed in claiml,
characterized in that the a-olefin |ow polynmer is 1-hexene. 7. A storage
nmet hod of a pyrrole conpound, <characterized in that a concentration of a
pyrrole dinmer in the pyrrole conpound is 2% by wei ght or |ess based on the
pyrrol e conpound. 8. The storage nethod as clainmed in claim?7,
characterized in that the pyrrole conpound is purified, and then seal ed
with an inert gas having an oxygen concentration of 1% or |ess under |ight
shi el di ngeogpound (d) .
5. The production method of an a-olefin low polymer
as claimed in claim 1, characterized in that the o-olefin
is ethylene.
6. The production method of an a-olefin low polymer
as claimed in claim 1, characterized in that the a-olefin
low polymer is l~hexene.
7. A storage method of a pyrrole compound,
characterized in that a concentration of a pyrrole dimer
in the pyrrcle compound is 2% by weight or less based on
the pyrrole compound.
8. The storage method as claimed in claim 7,
characterized in that the pyrrole compound is purified,

and then sealed with an inert gas having an oxygen

concentration of 1% or less under light shielding.
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