DESCRI PTI ON  PRODUCTI ON METHOD OF a- OLEFI N LOW POLYMER Technical Field
[ 0001] The present invention relates to a production nethod of an a-olefin
| ow polymer. More particularly, it relates to a production nmethod of an
a-olefin | ow polynmer, which obtains the a-olefin |ow polymer in high yield.
Background Art [0002] Conventionally, a production nmethod in which an
a-olefin | ow polyner such as 1-hexene is selectively obtained using an
a-olefin such as ethylene as a raw naterial and using a chrom um series
catal yst is known. For exanple, Patent Docunent 1 reports a production
met hod in which an a-olefin | ow pQESGREPTION Nl y conprising 1-hexene is
obtained in high yield and high selectivity wusing a chrom um series
cat al yst PRODPCTEON gMETHOD 00F ua-OLBRIBULOW( 2PLYMERNI t r ogen- cont ai ni ng
conmpound (b) such as an am ne and an al kyl al um num conpound (c).
Fur t her nDeehnfaaknFié@bdunent 2 reports a nmethod of preventing adhesion of a
by- produced polyner to a reactor and an external cooling apparatus by
setting BOOOZLid circulation anbunt and tenperature of a cooling nmediumin
the external cooling apparatus to specific ranges in producing an a-olefin
| ow pol ymer nmefhe yprespntsinyention 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, which

obtains the a-oclefin low polymer in high yield.

Background Art

[0002]

Conventionally, a production method in which an
a-olefin low polymer such as 1l-hexene 1is selectively
obtained using an a-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 pelymer mainly comprising
l-hexene is obtained in high yield and high selectivity
using a chromium series catalyst comprising a chromium
compound (a), a nitrogen-containing compound (b) such as
an amine and an alkyl aluminum compound {(c).

Furthermore, Patent Document 2 reports a method of
preventing adhesion of a by-produced polymer to a reactor
and an external cooling apparatus by setting a liquid
circulation amount and temperature of a cooling medium in

the external c¢oocling apparatus to specific ranges in

producing an da-olefin low polymer mainly comprising



1- hexene using a chrom um series catalyst having the simlar conposition
and using a reaction apparatus which has a circulation passing through the
external cooling apparatus fromthe reactor. [0003] Patent Document 1:

JP- A-08- 239419 Patent Docunent 2: JP-A-11-060511 Disclosure of the

I nvention Problens that the invention is to Solve [0004] To produce an
a-olefin | ow pol yner inexpensively by subjecting an a-olefin such as
ethylene to low polynerization reaction in a solvent using a chrom um
series catalyst, an unreacted a-olefin and a solvent are separated froma

reacti on 1iHpiehe®bbaitRf QY dhrdndim PPatHiRIS ZWatdlysAACha¥ing ahea- ol efin,
and the unreacted a-olefin and solvent separated fromthe reaction liquid

are circuiaiiXxhd Océmpositobn [aDSsilyede readtdivon heppaes s owhdch _
circulating the unreacted a-olefin and solvent separated fromthe reaction

| i qui d t chas r @aactéDfchbatipratpabksidier ehrvuighe theébleattdredl coeldhg on of
froman cc-olefin to an a-olefin |low polyner is decreased. [0006] Were an
a- ol ef i n appAratuetfydmenche srsadtexrted to 2

[0003]

Patent Document 1: JP~A-08-239419

Patent Document 2: JP-A-11-060511
Disclosure of the Invention
Problems that the Invention is to Solve
[0004]

To produce an a-olefin low polymer inexpensively by
subjecting an «-olefin such as ethylene to low
polymerization reaction in a solvent using a chromium
series catalyst, an unreacted o-olefin and a solvent are
separated from a reaction 1liquid obtained by +the low
polymerization reaction of an a-olefin, and the unreacted
o-~olefin and sclvent separated from the reaction liquid
are circulated to a reactor.

[0005]

However, when the operation of circulating the
unreacted a-olefin and soclvent separated from the reaction
ligquid to a reactor is repeated, there is the problem that
conversion of from an a-olefin to an o-olefin low polymer
is decreased.

[0006]

Where an d-olefin such as ethylene is subjected to



| ow pol ynmeri zation reaction using a chrom um series catalyst, a catal yst
solution and a solvent are generally supplied to a reactor froma drumin
an inert gas atnosphere such as nitrogen or a rare gas in order to prevent
deactivation of catalyst conponents. In this case, a slight anmount of an
inert gas dissolved in the catalyst solution and the solvent is introduced
into a reactor. Were the operation of circulating an unreacted a-olefin
and the solvent separated fromthe reaction liquid into the reactor is
repeated, an inert gas concentration in the reaction systemis excessively
I ncr easedowAs polyasadizatidrer eresetibe pushhgns & hath@omilmt | series
concentration of an a-olefin such as ethylene used as a raw naterial is
decr easedatalysaqgdia icakdlyst t selobivunr andn aofsdrvantanaxe géméralliwto an
a-olefin I ow polyner is decreased. In particular, it is expected the denmand
for 1-hexppdiesr géy mncreastesrasfammnl  adeomonaoner anf anekktnegas| ow
density polyethylene. For this reason, a production nethod of obtaining an
a- ol ef i nalttowsphlepeer seoh @sghnytepdens orqgei rxare [ @867] imheysdegsehe

i nvention has been made to solve the above-described problens in the
product | Preyertodlesictdvatian «f rcatalydt yrerponerbe di nkp ythi® edpect of the

present invention is to provide a productjon nethod of an a-olefin | ow
pol ymer @3 slight amount of an inert gas dissolved in the catalyst

solution and the solvent is introduced into a reactor.
Where the operation of circulating an unreacted «a-olefin
and the solvent separated from the reaction liquid into
the reactor is repeated, an inert gas concentration in the
reaction system is excessively increased. As a result,
there are the problems that a relative concentration of an
o-olefin such as ethylene used 'as a raw material is
decreased, and additionally, the conversion of from an o~
olefin into an a-olefin low polymer is decreased.

In particular, it is expected the demand for
l-hexene largely increases as mainly a comonomer of a
linear low density polyethylene. For this reason, a
production method of cbtaining an a-olefin low polymer in
high yield is required.

[0007]

The present invention has been made to solve the
above-described problems in the production method of an
o~olefin low polymer.

Accordingly, an object of the present invention is

to provide a production method of an a-olefin low polymer



in which a | ow polyner of an a-olefin is obtained in high yield. Means for
Solving the Problens [0008] As a result of extensive and intensive

i nvestigations to solve the above problens, the present inventors have

reached the present invention. That is, the gist of the present invention
resides in the followng items (1) to (8). (1) A production nethod of an
a-olefin | ow polyner which conprises subjecting an a-olefin to | ow

pol ymeri zation in a solvent supplied to a reactor in the presence of a

chrom um series catal yst, characterized in that: an inert gas is allowed to

exi st iniA ghichhasdAoW pdligndrast oani a-bhefpnoper idbtaisfed riomKigHO to

50. 00% by

vol ume, an unreacted a-olefin and the solvent are separated

a reacti ghelldqui d obtai ned by the | ow polymerization reaction of an

a-ol efin,

react i onMeaqsi floar 8odwiogl &hedProbdemse reactor.
of an a-olefin |ow polyner described in (1),
gas is 1fiPrPPBFen,

and the unreacted a-olefin and the solvent separated fromthe

(2) The production nethod
characterized in that the inert
a rare gas or a mxture thereof. (3) The production nethod

of an a-olefin |ow polyner 4

As a result of extensive and intensive

investigations to solve the above problems, the present

inventors have reached the present invention. That is,

the gist of the present invention resides in the fellowing

items (1) to (8).

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

which comprises subjecting an a-olefin to low

polymerization in a solvent supplied to a reactor in the

presence of a chromium series catalyst, characterized in

that:

an inert gas is allowed to exist in a gas phase of

the reactor in the proportion of from 0.010 to 50.00% by

volume,

an unreacted a-olefin and the solvent are separated

from a reaction liquid obtained by the low polymerization

reaction of an a-olefin, and

the unreactaed o-clefin and the solvent separated

from the reaction liquid are circulated intoc the reactor.

(2) The production method of an a-olefin low polymer

described in (1), characterized in that the inert gas is

nitrogen, a rare gas or a mixture thereof.

(3} The production method of an da-olefin low polymer

from



described in (1) or (2), characterized in that the inert gas is discharged
outside the reaction systemfroma gas phase part of the reactor and/or the
circulation piping of the unreacted a-olefin (including a gas phase part of
equi pnent). (4) The production nmethod of an a-olefin | ow polynmer described
in any one of (1) to (3), characterized in that the solvent separated from
the reaction liquid obtained by the | ow polynerization reaction of an
a-olefinis circulated into the reactor wi thout passing through a solvent
drum (5) The production nmethod of an a-olefin | ow polymer described in any
one of (Reddribbd DhaKast &x ze2) j nchishctébizelr An whastertike daealtyst is
constituted of a | conbination of at |east a chrom um conpound (a), a
ni t r ogen-gaent b ndhgchargedndutisidendcan akacthom syatiem rifrgn cangasnd (c).
(6) The production nethod of an a-olefin |ow polyner described in any one
of (1) tphaBe paxh xiff cthaexkactehaand{de theogiuguiaties papahgsefis
constituted of a conbination of at |east a chrom um conpound (a), a
ni t r ogen-thent anreagtednpauadefbd, Gmcludingimacogasi rphyse c@mundt(c) and a
hal ogen- cont ai ni ng conpound (d). (7) The production nmethod of an a-olefin
| ow pol yresruipgendy)i.bed in (1), characterized in that the |l ow polynerization
of an a-olefin is conducted in a state that
(4) The production method of an a-olefin low polymer
described in any one of (1) to (3), characterized in that
the solvent separated from the reaction liquid obtained by
the low polymerization reaction of an o-olefin is
circulated inte the reactor without passing through a
solvent drum.
(5) The production method of an a~olefin low polymer
described in any one of (1) to (4), characterized in that
the chromium series catalyst is <constituted of a
. t
combination of at least a chromium compound (a), a
nitrogen-containing compound (b) and an aluminum-
containing compound (c).
(6) The production method of an a-olefin low polymer
‘described in any one of (1) to (4), characterized in that
the chromium series catalyst is constituted of a
combination of at least a chromium compound (a), a
nitrogen-containing compound (b), an aluminum-containing
compound (c) and a halogen-containing compound (4).
(7) The production method of an a-olefin low polymer

described in (1), characterized in that the 1low

pelymerization of an a-olefin is conducted in a state that



5 the chrom um conpound (a) and the al um num containing conpound (c) are
not previously contacted. (8) The production nethod of an a-olefin | ow

pol ymer described in (1), characterized in that the a-olefin is ethylene.
According to the present invention, a production nethod of an a-olefin | ow
pol ynmer which conprises Iow polynerizing an a-olefin in a solvent supplied
to a reactor in the presence of a chromum series catalyst, characterized
in that an inert gas is allowed to exist in a gas phase of a reactor in the
proportion of fromO0.010 to 50.00% by volunme, an unreacted a-olefin and the

sol vent et t@RdmAG] ofiBoaindeaqhl)OnahdquitHeobadimeflulycbAvaining

pol yneri zation reaction of an a-olefin, and the unreacted a-olefin and the
sol vent sempoainell (d)oradd emoie prdvaiouslydcshiaetad r cul ated into the reactor,
is provided. [0009] In the production nethod of an a-olefin |ow polyner to
whi ch the presd®) iMheepraductsicapmetdihd tdle amentohafinuied peslpmeker ably
nitrogen, a rare gas or a mxture of those. Furthernore, in the production
met hod ofdemeribeidefin (1w pcharactexnizedchnt hehat etbet d-misfimniss
applied, where the proportion of the inert gas present in the gas phase
exceeds ®kh3J%ne. vol une, the inert gas is preferably discharged outside

the reaction systemfroma )
According to the present invention, a production

method of an oa-clefin low polymer which comprises low
polymerizing an oa-olefin in a solvent supplied to a
reactor in the presence of a chromium series catalyst,
characterized in that an inert gas is allowed to exist in
a gas phase of a reactor in the proportion of from 0.010
to 50.00% by volume, an unreacted a-olefin and the sclvent
are separated from a reaction 1liquid obtained by low
polymerization reaction of an a-olefin, and the unreacted
a-olefin and the solvent separated -f:-:om the reaction
liquid are circulated inte the reactor, is provided.

[0009] ]

In the production method of an o-olefin low polymer
to which the present invention is applied, the inert gas
used is preferably nitrogen, a rare gas or a mixture of
those.

Furthermore, in the production method of an da-olefin
low pelymer to which the present invention is applied,
where the proportion of the inert gas present in the gas
phase exceeds 50.00% by volume, the inert gas is

preferably discharged outside the reaction system from a



6 gas phase part of the reactor and/or the circulation piping of the
unreacted a-olefin (including a gas phase part of an equipnment). Moreover,
when the sol vent separated fromthe reaction |iquid obtained by the |ow
pol ynerization reaction of an a-olefin is again returned to the reactor,
and the solvent is circulated and used, the solvent to be circulated is
preferably directly returned to the reactor through the circulation piping
wi t hout passing through a solvent drum [0010] In the production nethod of
an a-olefin |ow polymer to which the present invention is applied, the
chrom umgser iptfaskat plag b¥ ptRéerpddytepndndided tife a ciawdnladtiiomn of at
| east a chrom um conpound (a), a nitrogen-containing conpound (b) and an
al um nummgipdireg nofig tdospanedatted urdlefirr éinthedihgorm ugasephasecat al yst
is nore preferably constituted of a conbination of at |least a chrom um
conpound gant <f mn regeipmamthi ni ng conpound (b), an al um num cont ai ni ng
conpound (c) and a hal ogen- contai ning conpound (d). [0011) In the
producti on net Merexdvem, a-shehi nthew poiljpent tsepiratedhefpewserthe nvention
is applied, the low polynerization of an a-olefin is preferably conducted
in a stateactionthdigeddn whtsinsdindbya) thed thewal peilymerization
reaction of an a-olefin is again returned to the reactor,
and the solvent is circulated and used, the solvent to be
circulated is preferably directly returned to the reactor
through the circulation piping without passing through a
solvent drum.
[0010}
In the production method of an o-olefin low polymer
to which the present invention is applied, the chromium
series catalyst is preferably constituted of a combination
of at least a chromium compound (a), a nitrogen-containing
compound (b) and an aluminum-containing compound (c).
Furthermore, the chromium series catalyst is more
preferably constituted of a combination of at least a
chromium compound (a), a nitrogen-containing compound (b},
an aluminum-containing compound (c) and a halogen-
containing compound (d).
[0011}
In the production method of an o-~olefin low polymer
to which the present invention is applied, the low

polymerization of an da-olefin is preferably conducted in a

state that the chromium compound (a) and the aluminum-



7 containing conmpound (c) are not previously contacted. Wen the | ow

pol yneri zation of an a-olefin is conducted in such a state, trinerization
reaction of an a-olefin is selectively conducted, and an a-olefin | ow

pol ymer such as 1-hexene is obtained in high yield. In the present
invention, the a-olefin is preferably ethylene. Advantage of the Invention
[0012] According to the present invention, an a-olefin low polynmer can be
produced in high yield. Brief Description of the Drawings [0013] [Fig. 1]
Fig. 1 is a view explaining a production flow exanple of an a-olefin | ow

pol yner idordthirfitpdidenowtid t(9 | Bt ner pregiodslly Jcodtagtadyi ew
expl ai ni ng other production flow exanple of an a-olefin | ow polyner.
Descri pt iWeroftHief B sl hheel fa ti o doHi gmsa-pDefdh 18 condRegzedoinlOa . ..
Stirring machine 10b ... Gas discharge line 11, 22, 32, 41, 42, 51 ..
Pi pi ng idwch. a Delacte yateimeapiziatipnpi ngaciPon. .offi ant tplfinpi pisng
selectively conducted, and an da-olefin low polymer such as
l-hexene is obtained in high yield.
In the present invention, the a-olefin is preferably
ethylene.
Advantage of the Invention
[0012]
According to the present invention, an oa-olefin low
pelymer can be produced in high yield.
Brief Desc;iption of the Drawings
[0013]
[Fig. 1] Fig. 1 is a view explaining a production flow
example of an a-olefin low peolymer in the embodiment of
the invention.
[Fig. 2] Fig. 2 is a view explaining other production

flow example of an a-olefin low polymer.

Description of Reference Numerals and Signs

[0014]
10 ... Reactor
10a ... Stirring machine
10b ... Gas discharge line
11, 22, 32, 41, 42, 51 ... Piping
lla ... Deactivator supply piping
12 ... First supply piping



8 12a ... Ethylene supply piping 13 ... Second supply piping 13a ...

Catal yst supply piping 14 ... Third supply piping 15 ... Fourth supply
piping 21, 31 ... Circulation piping 2la ... Gas discharge line 16 ...
Condenser 17 ... Conpressor 20 ... Degassing tank 30 ... Ethyl ene separation
colum 40 ... Hi gh boiling separation columm 50 ... Hexene separation
colum 52 ... Solvent circulation piping 60 ... Solvent drum Best Mode for

Carrying Qut the Invention [0015] The best nobde for carrying out the

i nvention (hereinafter, the enbodi nent of the invention) is described in
detail bel ow. Tk invertimfldme Mipplyigising 0 the fol |l owi ng enbodi ment, and
can be carried out with various nodifications within a scope of its gist.
Furthernore, thea drawgusond atpply iy ai n the present enbodi ment, and
do not show the actual size. [0016] (a-Odefin)

13a ... Catalyst supply piping
14 ... Third supply piping
15 ... Fourth supply piping
21, 31 ... Circulation piping
2la ... Gas discharge line

1lé ... Condenser

17 ... Compressor

20 ... Degassing tank

30 ... Ethylene separation column

40 ... High boiling separation column
50 ... Hexene separation column

52 ... Solvent circulation piping

60 ... Solvent drum

Best Mode for Carrying Out the Inveantion
[0015i

The .best mode for carrying out the invention
{(hereinafter, the embodiment of +the invention) is
described in detail below. The invention is not limited
to the following embodiment, and can be carried ocut with
various modifications within a scope of its gist.
Furthermore, the drawings used are to explain the present
embodiment, and do not show the actual size.
[0016]

(c-0lefin)



A '
9 In the production nethod of an a-olefin |ow polynmer to which the
enbodi nent of the invention is applied, the a-olefin used as a raw materi al
i ncl udes substituted or unsubstituted a-olefins having from2 to 30 carbon
atonms. Specific exanples of such an a-olefin include ethylene, propylene,
1- butene, 1-hexene, 1l-octene, 3-nethyl-I-butene and 4-nethyl-I|-pentene. In
particular, ethylene is 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
et hyl ene may bercothai pedductithe medhodntedy ian . aSpiefinc lowpmoliymesronponent s
i ncl ude nethane, ethane, acetyl ene and carbon dioxide. Those conponents
are pref ekabwgich dhearambudigiert: lofinitheorinvesntidmsisl anpdindl, ertheof the
raw material . The a-olefin ow polyner used herein nmeans a pol yner
conpri si my-@lefin Qusked am| af irawismateaphabednsdiudesondbatitobed] ox Chr omi um
series catalyst) The chrom um series catalyst is descried below The
chrom umensukstitutedsa-aitefing haviaghddiome® ¢ BAeccagheenttemsi.ncl udes a
catal yst constituted of a conbination of at |east a chrom um conpound (a),
at | east Sprcifiqreganpdest Hi sychonpoufidoliefive| teelude r @bhydengroup
consi sting of an am ne, an am de and an i mde, and an
propylene, l-butene, l-hexene, l-octene, 3-methyl-l-butene
and 4-methyl-l-pentene. In particular, ethylene is
preferred as the oa-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 compconents other than ethylene may be contained
in the raw material. Specific impurity compenents include
methane, ethane, acetylene and carbon dioxide. Those
components are preferably in an amount of 0.1 mol% or less
based on ethylene of the raw material. The oa-clefin low
polymer used herein means a polymer comprising 2 to 10 of
od-olefin as a monomer being bonded.
[0017]
(Chromium series catalyst)

The chromium series catalyst is descried below. The
chromium series catalyst used in the embodiment of the
invention includes a catalyst constituted of a combination
cf at least a chromium compound (a), at least one

nitrogen-containing compound (b) selected from the group

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

10



10 al um num cont ai ni ng conpound (c). The chrom um series catal yst used in
the enbodi nent of the invention may contain a hal ogen-containi ng conpound
(d) as a fourth conponent according to need. Each conponent is described
bel ow. [0018] (Chrom um conpound (a)) The chrom um conpound (a) used in the
enbodi mrent of the invention includes at |east one conpound represented by
the general formula CrX,. In the general fornula, X represents an optional
organi c group or inorganic group, oOr a negative atom and n is an integer
of fromlto 6, andis preferably 2 or nore. -When nis 2 or nore, X may

be the sanpe aqr different., Ex Ies 0 ‘ge organi c group include a

hydr ocar Bot 1§y 85 qﬁﬁﬁﬂﬁ}ﬁ@ QPQ%F 0'@Uar bon atons, a carbonyl group, an
aroup 4 (i+keBeor %wﬁ{) iR s#aivs%?%% é‘%ﬁn%*r%saé# P8 RRor gani o
Ul ar ¢ ok e e M@Q%#ﬂ”h”%ﬂ %%3%?. R oxﬁaﬁﬁ%ﬁﬁpa‘” ]
nal ogen- @ant &% o Ea¥RGtha SCHPURREY | sEATRALHY, L Ly ey o) Babhl 1
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 optional organic group or inorganic group,
~or a negative atom, and n is an integer of from 1 to 6,
and is preferably ? or more. -When n is 2 or more, X may
be the same or different.
Examples of the organic group'includé a hydrocarbon
group having from 1 to 30 carbon atoms, a carbonyl group,
an alkoxy group, a carboxyl group, a [-diketonate group, a
f-ketocarboxyl group, a [f-ketoester group and an amide
group.
Examples of the inorganic group include chromium
salt-forming groups such as a nitric acid group or a
sulfuric acid group. Examples of the negative atom
include oxygen and a halogen. A halogen-containing
chromium compound is not included in the halogen-

containing compound (d) described hereinafter.

[0019]

11



11 The nunber of valency of chromum (Cr) is O to 6. The preferred chrom um
conpound (a) includes a carboxylate of chromum (Cr). Specific exanples of

t he carboxylate of chromi uminclude chromum (I11) acetate, chromum (I11l)
acetate, chromum (lIll)-n-octanoate, chromum (I11)- 2-ethyl hexanoate,
chromum (I'11) benzoate and chromium (I11) naphthenate. O those, chrom um
(I'11)- 2-ethyl hexanoate is particularly preferred. [0020]

(Ni trogen-contai ni ng conpound (b)) The nitrogen-containi ng conmpound (b) used
in the enbodinment of the invention includes at |east one conpound selected

from the orouprfansishidlo g YAIANGS oRNATbAEm AN 147 o coxaml es of

the am ne include a prinary amne nmpoun secon ry am ne conpound and

t fa | d d
Gerived. n}r%?%i?edE%ﬁHE&ﬁﬁmP dq?% or (alsecon ary an1 égg%ﬂgatgonpoun

derived a prinmary am ne conpoun ound, a

m xture -1y ac e e include
1, ; gycl% exane%lcargg§g|n1lgecgggglnl q pht allﬂé?&sgﬁéig?nr%g ahd -
those megg ohd s- 118924 é\ﬁz&aﬁf&@rrﬁ& yni TaF:%Q:%'%eCO“EﬁthE!GmCOUPPPPd (b)

used int odi ment of the 1nvention includes a secondary am ne
corrpoundacﬁx;aml €S & r&iifum ©C YA N AT UNd chirBRb e Pyifp) £s such as

pyrrole, 2,4-di methylpyrrole,
2-ethylhexanocate, chromium (III) benzoate and chromium
(II1II) naphthenate. Oof those, chromium (III)~
2-ethylhexanoate is particularly preferred.
[0020]
(Nitrogen-containing compound (b))

The nitrogen-ceontaining compound (b) wused in the
embodiment of the invention includes at least one compound
selected from the group consisting of an amine, an amide
and an imide. Examples of the amine include a primary
amine compound, a secondary amine compound and a mixture
of those. Examples of the amide include a metal amide
compound derived from a primary amine compound or a
secondary amide compound, a mixture of those, and an acid
amide compound. Examples of the imide include
1,2-cyclohexanedicarboxyimidae, succinimide, phthalimide,
maleimide and those metal salts.

[0021]

The preferred nitrogen-containing compound (b) used
in the embodiment of the invention includes a secondary
amine compound. Examples of the secondary amine compound

include pyrroles such as pyrrole, 2,4-dimethylpyrrole,

12



12 2, 5-di net hyl pyrrole, 2-nethyl-5-ethylpyrrole, 2,5-di-

net hyl - 3-et hyl pyrrol e, 3,4-dinethyl pyrrole, 3,4-dichloro- pyrrole,
2,3,4,5-tetrachl oropyrrole and 2-acetyl pyrrole, and their derivatives.
Exanpl es of the derivative include netal pyrrolide derivatives. Specific
exanples of the netal pyrrolide derivative include diethylal um num
pyrrolide, ethylalum numdipyrrolide, alumnum tripyrrolide, sodium
pyrrolide, lithiumpyrrolide, potassiumpyrrolide,

di et hyl al um num( 2, 5-di net hyl - pyrrolide), ethylalum num

bi s(2, 5- di 3 ' al upi Lal o £ yrrojgiglej;-

sodi un( 2?5-55?2%‘%%{?488)%??53?%) K E‘i%r(%, %tf?ﬁ%%?%%%?r ol io%'e) and

pot assi u 23] | i dg) 4 i al -and

di et hyl a u%ﬁ%ﬁ Zégﬁglﬂﬁ&? %}%I&%)'/r r%??d%m%%%%fgﬁga@{w Heﬁc?}{%lgo al um num
pyrroli dggrabgeNots iNA Wi ¢ ik dior sPFBJIET GART &I Ak GPIRAFEE C) - _
Furt hernore, the halogen-containing pyrrole conpound (b) is not included in
the hal oggn- ¢aai2i QieRq va®iResNd Eahmp1b8022) tHeAldHE iR GAN Bhdlddle COMPoOUNd
(c)) The alum num containing conpound (c) used in the enbodinment of the

i nventi opetAt! YsipsralidéaderanatGaauNnd spai s axampllesy| afuntikaim
conpound, an al koxyal kyl - al um num conpound and a hydrogenated al kyl al um num
conpoundme®ReCi f pyrevaqdecs degrieaitivec! udadlnideet hydiethylE T num
triethylalum num triisobutylalumnum diethyl-

pyrrolide, ethylaluminum dipyrrolide, aluminum
tripyrrolide, sodium  pyrrolide, lithium pyrrolide,
potassium pyrrolide, diethylaluminum(2,5-dimethyl-
pyrrolide), ethylaluminum bis(2,5-dimethylpyrrolide),

aluminum tris(2,5-dimethylpyrrolide), sodium(2,5-dimethyl-
pyrrolide), lithium(2,5-dimethylpyrrolide) 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).)

[0022)

(Aluminum-containing compound {(c))

The aluminum-containing compound (c) used in the
embodiment of the invention includes at least one compound
such as a trialkylaluminum compound, an alkoxyalkyl-
aluminum compound and a hydrogenated alkylaluminum
compound. Specific examples thereof include trimethyl-

aluminum, triethylaluminum, triisobutylaluminum, diethyl-

13



13 al um num et hoxi de and di et hyl al umi num hydri de. O those,
triethylalumnumis particularly preferred. [0023] (Hal ogen-containing
conmpound (d)) The chrom um series catalyst used in the enbodi nent of the

i nvention contains the hal ogen-containing conpound (d) as the fourth
conmponent according to need. Exanples of the hal ogen-containing conpound
(d) include at | east one conpound of a hal ogenated al kyl al um num conpound,
a |inear hal ohydrocarbon having 3 or nore hal ogen atons and a cyclic

hal ohydr ocarbon having 3 or nore carbon atons and having 3 or nore hal ogen

atoms. (BhemidhnodiSeiaé! Kxaahu&ng&hqmaw Hyfd#ide | NCHEdeHoEE, t he

al um num contai ning conpound (c)) peci fic exarnpl es thereof i ncl ude

di et hyl alwﬁmﬂmﬂﬁ\ 1% pd Al EE Iy SR r | de, carbon
tetrachloride, 1,1, 1- trICh|O?§{ et hane, 1 1, 2, 2-tetrachl or oet hane,

pent achl qpeetznane, hexachl or oet hane, 1, 2, 3- trlchlorocyclopropane
1,2,3,4,5, 6- hexachl orocycl ohexane and 1, 4-bi s(trichl oro-

nethyl) agaxad&dgaaﬁxaldmﬁgxaaﬁyahnd(X&yn I n the enbodi nent of the

invention, the low polynerization of an a-olefin is preferably that the
chromi um corrpormé (chronichr heepl 48l BEBRlPBtaEed) 1D NFHleNEmbodiméne not

previously contacted, or an a-olefin and the chromum series catalyst are
previ ouslof cthd alheeéntion contains the halogen-containing compound
(d) as the fourth component according to need. Examples
of the halogen-containing compound (d) include at least
one compound of a halogenated alkylaluminum compound, a
linear halohydrocarbon having 3 or more halogen atoms and
a cyclic 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-trichloro-
ethane, 1,1,2,2-tetrachloroethane, pentachloroethane,
hexachlorcethane, 1,2,3-trichlorocyclopropane,
1,2,3,4,5,6-hexachlorocyclohexane and 1,4-bis(trichloro-
methyl)-2,3,5, 6-tetrachlorcbenzene.
[0024]
In the embodiment of the invention, the low
polymerization of an o-olefin is preferably that the
chromium compound (a) and the aluminum-containing compound

{c) are not previously contacted, or an o-olefin and the

chromium series catalyst are previously contacted in a

14



14 state that the previous contact time is short. Such a contact enbodi nent
makes it possible to selectively conduct trinerization reaction of

et hyl ene, thereby obtaining 1-hexene fromethylene as a raw material in
high vyield. [0025] The contact enbodi nent in the above continuous reaction
systemincludes the following (1) to (9). (1) A nethod of sinultaneously
introducing a mxture of the catal yst conponents (a), (b) and (d) and the
catal yst component (c) into a reactor, respectively. (2) A nethod of

simul taneously introducing a m xture of the catalyst conponents (b) to (d)

and the C@éﬂéfskhaioweg&e@buismé’o:@tiéé‘mt‘ihe resPeglree! - sedh A nethod

of sinmultaneously introduCing a m xture of the catalyst conponents (a) and

(b) and acieddt e @hbolifie! AkklesCOMONEH:Ss Bl e aNdo( d)sd1Rict idd1§ACt OF ,
respectively. (4) A nethod of simultaneously introducing a m xture™ of the

catal yst comeeent $rimbratdtich anfedcfish Ur @0f othp16Rb2l Y Hhez@igonent s
(b) and (c) into a reactor, respectively. (5) A nethod of si mul t aneousl y

i Nt roduci &) i it UL SheRéné NErémt atigleh@MAENANEW( Ak taRdalb)in Galgh YSt
conponent (c) and the catal yst conponent (d) into a reactor, respectively.
yield.
[0025]

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

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

(2) A method of simultanecusly introducing a mixture
of the catalyst components (b) teo (d) and the catalyst
compeonent (a) into a reactor, respectively.

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

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

respectively.

15



15 (6) A nethod of sinmultaneously introducing a mxture of the catalyst
conponents (c) and (d), catalyst conponent (a) and the catal yst conponent
(b) into a reactor, respectively. (7) A nmethod of sinultaneously
introducing a mxture of the catalyst conmponents (a) and (d), catalyst
conponent (b) and the catal yst conponent (c) into a reactor, respectively.
(8) A nmethod of simultaneously introducing a mxture of the catalyst
conponents (b) and (c), catal yst conponent (a) and the catal yst conponent
(d) into a reactor, respectively. (9) A nethod of sinultaneously and

| ndependent |y {6 IR 0HEkRE) CBENs L BEnEahal Y knEORBARERALS o Br el | The

above-descri bed -'each ca yst conponent |I's Jenera solved in a sol vent

used in t Eﬁ‘céiﬂln%é’-ﬂdcm?ﬁaﬂéhgg (@) 2ahaagap’, ch@Q29L cThempaandi ment

that the chrom um conpound (a) an the al um num contai ni ng conpound (c) are

not previ QS| YangOERE! €data Pyl LbHbbRENEO (BF | Bhibal 0N rea@oef, the
reaction, and neans that such an enbodinent is nmaintained even in the
suppl y ofrddise ent additional a-olefin and catalyst conponents into
the reactor.” Furthernore, in a batch reaction type, it is desired that the

same enbodi ment(7)s AlthmdtH&d. of simultaneously introducing a mixture
of the catalyst components (a) and (d), catalyst component
(b) and the catalyst component (¢) into a reactor,
respectively.

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

(3) A method of simultaneously and independently
intreoducing 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.

[0026]

The “embodiment that the chromium compound ({a) and
the aluminum-containing compound (c) are not previously
contacted” is not limited to the initiation time of the
reaction, and means that such an embodiment is maintained
even in the supply of the subsequent additional «a-olefin
and catalyst components into the reactor.

Furthermore, in a batch reaction type, it is desired

that the same embodiment is utilized.

16



16 [0027] The ratio of each constituent in the chromumseries catalyst
used in the enbodi nent of the invention is generally that the

ni t rogen-contai ning conpound (b) is from1l to 50 noles, and preferably from
1 to 30 noles, per nole of the chrom um conmpound (a) , and the al um num
contai ning conpound (c) is from1l to 200 noles, and preferably from10 to
150 nol es, per nole of the chromum conpound. Wen the hal ogen-contai ni ng
conmpound (d) is contained in the chrom um series catal yst, the hal ogen-
contai ning conpound (d) is from1l to 50 noles, and preferably from1 to 30
nol es, pegogph¢ of the chrom um conpound (a). [0028] In the enbodi ment of
the invention, the anobunt of the chrom um series catalyst used is not

particularly |tHbtg8+iBUbEI 8agBNoRAlsitY thed® LndXHE CHrbmkim Bdrias
preferably from5.0x10-7 to 0.2 nole, and further preferably from 1.0x10-6

to 0.05 nBhealiBtt ciS8AOf ighr eHd Uremisdé@imént t NEf ChEler UhvaipDemd i) per 1
liter of the solvent described hereinafter. By using such a chrom um series

cat al yst, gbférakxanmtitathaiheet Riltedgens contdiadnyg I aompBuad akb) hexene
which is a trinmer of ethylene can be obtained in selectivity of 90% or
nore. I n £pom Lage, 50hRofes)oahdoprefierhblex @romdCe s 8D imolwxensexxan be
99% or nore.
mole of the chromium compound (a), and the aluminum-
containing compound (¢} is from 1 to 200 moles, and
preferably from 10 to 150 moles, per mole of the chromium
compound. When the halogen-containing ceompound (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) .
[0028]

In the embodiment of the invention, the amount of
the chromium series catalyst used is not particularly
limited, but is generally from 1.0x10” to 0.5 mole,
preferably from 5.0x107 to 0.2 mole, and further
preferably from 1.0x10™% to 0.05 mole, in terms of chromium
atom of the chromium compeound (a) per 1 liter of the
solvent described hexeinafter.

By using such a chromium series catalyst, for
example when ethylene is used as a raw material, hexene
which is a trimer of ethylene can be o¢btained in

selectivity of 90% or more. In this case, the proportion

of l-hexene occupied in hexene can be 99% or more.

17



17 [0029] (Solvent) In the production nethod of an a-olefin [ow polynmer to
whi ch the enbodi nent of the invention is applied, the reaction of an
a-olefin can be conducted in a solvent. Such a solvent is not particularly
limted. However, for exanple, chain saturated hydrocarbons or alicyclic
saturated hydrocarbons, having from1l to 20 carbon atons, such as butane,
pent ane, 3-nethyl pentane, hexane, heptane, 2-nethyl hexane, octane,

cycl ohexane, nethyl cycl ohexane, 2,2,4-trinethyl pentane and decalin; and
aromati ¢ hydrocarbons such as benzene, toluene, xylene, ethylbenzene,
mesityl engogpdjtetralin are used. Furthernore, an a-olefin | ow polynmer nmay
be used as a solvent. Those can be used alone or as a m xed solvent. In
particul agsolenpyeferred solvent is chain saturated hydrocarbons or
alicyclic saturated hydrocarbons, having from4 to 10 carbon atons. Wen

t hose sol vent s miethasptoduetion]usethqd| yfrean s-olefina Jow \wadlymerane can be
suppressed. Furthernore, when the alicyclic saturated hydrocarbons are
used, hi ghocwhdlkhsttlect enbbdgimentsofo the Dienticn [60aPpliEd,odthd i on

met hod of a-olefin | ow polynmer) The production nethod of an a-olefin | ow

pol ymer iseadtsceni bEdahyoarefefinnganobencendugitedofint lac spdowmdt.i on of

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

2-methylhexane, octane, cyclohexane, methylcyclohexane,

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

Furthermore, an q—olefin low polymer may be used as a
soclvent. Those can be used alone 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 alicyeclic saturated
hydrocarbons are used, high catalyst activity tends to be
obtained.

[0030]
(Production methed of a-olefin low polymer)
The production method of an a-olefin low polymer is

described by referring to an example of the production of

18



18 1-hexene which is a trinmer of ethylene as an a-olefin |ow polymer using
as an a-olefin. Fig. 1 is a view explaining a production flow

exanple of an a-olefin |ow polynmer in the enbodi mrent of the invention. The
production fl ow exanpl e of 1-hexene using ethylene as a raw materi al
in Fig. 1 shows a conpletely mxing and stirring type reactor 10 in which
IS subjected to | ow polynerization in the presence of a chrom um

et hyl ene

et hyl ene

series catalyst,

gas from

separ ati on-pakdil IMildatidliStitimert 6¥| 8RRy EnENAs @0+t irUl S
w thdrawn fromthe degassing tank 20, a high boiling separation columm 40

t hat Sepabanﬁersubshgne%agweh@ ashiaghe~d1@ifliinng poi nt (hereinafter

referred

to as "HB" (high boi

shown

a degassing tank 20 that separates an unreacted ethyl ene
a reaction liquid withdrawmm fromthe reactor 10, an ethyl ene

ler)) in the reaction liquid wthdrawn from

the ethyl ene sepggati an &8l uan ddewandxzplabexnge seppeodaebicen! uUFDowO t hat
the reaction liquid withdrawmm fromthe top of the high boiling
separ at i oaxampllen o) an d-ldfimviyw lpbeymee. inrther mubadimendpsLssor 17

distills

that circul ates an

unreact ed ethyl ene separated in the degassing tank 20

and the thedensasntlifon Nt o Thiee pradiotidh Filawa exampleat odin 14hexeme 21 i S

provi ded.

[0031] In Fig. 1, the reactor 10 includes the conventi onal
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 column 40 that separates
substances with a higher boiling point (hereinafter
referred to as “HB” (high boiler)) in the reaction liquid
withdrawn from the ethylene separation column 30, and a
hexene separation column 50 that distills the reaction
liquid withdrawn from the top of the high boiling
separation column 40 to distill away l-hexene.
Furthermore, a compressor 17 that circulates an
unreacted ethylene separated in the degassing tank 20 and
the condenser 16 into the reactor 10 via a circulation
piping 21 is provided.
[0031]

In Fig. 1, the reactor 10 includes the conventional
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19 reactor equipped wth a stirring nmachine 10a, baffle, jacket and the
like. As the stirring machine 10a, a stirring blade of the type such as
paddl e, pfaudler, propeller, turbine or the like is used in conbination
with a baffle such as a planar plate, a cylinder or a hairpin coil. [0032]
As shown in Fig. 1, ethylene is continuously supplied to the reactor 10
froman ethylene supply piping 12a via a conpressor 17 and the first supply
pi ping 12. Were the conpressor 17 is, for exanple, two-stage conpression
system a circulation piping 31 is connected to the first stage, and a

circul ati pBagt8tNGaclipSed Coiert &d kRikkengeCrRAGhSha0E104 hensbpeTeki ng it
possible to reduce electricity consunption. On the other hand, the

chrom um §eareYntarid) thied LhEReni t r agentkeNtsA ivriche Onaetnisae (bPaarea supplied
fromthe second supply piping 13 via a catalyst supply piping 13a, the
al um num gepkpingnpladapaihd the) itypeupphichd adsonpiddlé hi rpFaidiay, pi pi ng
14, and the hal ogen-contai ning conpound (d) is supplied from the fourth
supply pipragellerfutubbiner er sheollike! iwsased nn aenkdnateirar atitdn
reaction of ethylene is supplied to the reactor 10 fromthe second supply
pi ping 13a pafifle Isudhheasndoglaeatr glatlkes iaveylindert be medrixpin
tenperature in the reactor 10 is generally fromO to 250C,

coil.

[0032]

As shown in Fig. 1, ethylene 1is continuously

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 c¢irculation piping 21 1is

connected to the second stage, thereby making it possible

to reduce electricity consumption. On the other hand, the

chromium compound {(a) and the nitrogen-containing compound

(b) are supplied from the second supply piping 13 wvia a

catalyst supply piping 13a, the aluminum-containing

compound (c) is supplied from the third supply piping 14,

and the haleogen-containing compound {(d) is supplied from

the fourth supply piping 15. Furthermore, a solvent used

in low polymerization reaction of ethylene is supplied to

the reactor 10 from the second supply piping 13.

[0033]

In the embodiment of the invention, the reaction

temperature in the reactor 10 is generally from 0 to 250°C,
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20 preferably from50 to 200C, and nore preferably from80 to 170C. The
reaction pressure is in a range of generally fromnornmal pressures to 250
kgf /cnm2, preferably from5 to 150 kgf/cnR2, and nore preferably from10 to
100 kgf/cnR. [0034] The trinerization reaction of ethylene is preferably
conducted such that a nolar ratio of 1-hexene to ethylene in the reaction
liquid ((1-hexene in reaction liquid)/(ethylene in reaction liquid)) is
from0.05 to 1.5, and particularly from0.10 to 1.0. Specifically, it is
preferred that in the case of a continuous reaction, a catalyst

concent r YieihraiA3C! £ A0 PEOS LY 2607 Oted m62adidredasal1s, afirint 8¢ such -
that the nolar ratio of 1-hexene to ethylene in‘the reaction liquid is in

the abowg namye, and in the case of a batchw se reaction, the reaction is
stopped at the tinme that the nolar ratiois in the above range. This has

the tendency thdle b¥elEfdof!t igtbsfAirs ORROUIKS ahavange 2 d30i fbAGrRDLHt hi gher
than that of 1- hexene is suppressed, thereby further increasing

sel ecti VigponD inckniQX e s d06SS] td NES 0 clogE / 6 ) i pitefefaltly nfpom| § wot hdr awn
fromthe bottomof the reactor 10 via a piping 11 is that trinerization

reacti on 150 aige/lcite andshoppeprifedablgaEivonatlor taUL0I0 e £/cmh. a
deactivator supply piping |la,
[0034]

The trimerization reaction of ethylene is preferably
conducted such that a molar ratio of l-hexene to ethylene
in the reaction liquid {{l-hexene in reaction
liquid) / (ethylene in reaction liquid)) is from 0.05 to 1.5,
and particularly fxom 0.10 to 1.0. Specifically, it is
preferred that in the case of a continuous 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 compounds having a beiling point higher than that of 1-
hexene is suppressed, thereby further increasing
selectivity of 1-hexene.

[0035]

The reaction liquid continuously withdrawn from the

bottom of the reactor 10 via a piping 11 is that

trimerization reaction of ethylene is stopped by a

deactivator supplied from a deactivator supply piping 1lla,
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21 and such a reaction liquid is supplied to the degassing tank 20.
degassi ng tank 20, unreacted ethylene is degassed fromthe top thereof, and
circulated and supplied to the reactor 10 via the circul ation piping 21,
the condenser 16, the conmpressor 17 and the first supply piping 12. The
reaction liquid fromwhich unreacted ethylene has been degassed is

w t hdrawn fromthe bottom of
t he degassing tank 20 are
and preferably from50 to 200C, and the pressure is generally

pressuresah8 Luerkod/ eeRctdead PIRheidbiy fdl.?ﬁili@lin% Rh@S Sdédfss d 1h 0
|

quid fromwhich unreacted

kgf/ cnk.

[ 0036] Subsequently, the reaction

In the

t he degassing tank 20. QOperation conditions of
that the tenperature is generally fromO to 250C,
from nor nal

et hyl ene gafkhad.begn dagasdeshidindetadslagoi Nanreadted) dtthyliddedriwwn from
the bottom of the degassing tank 20, and supplied to an ethyl ene separation
col um 30dbéygadsefli pirofh 2Rhe lop! Hhetlehl crmd firrdAilated dndmsulbliaddyl ene

Is distilled anay fromthe colum top by distillation, and circulated and
suppl i ed te ttise r asaaorl 010 aville the r aimivlatiwmi pdpihgandl| hetHa r st

supply piping 12. The

s wthdeendehsem the, bothemcaipaterisaan Adndahdonghef fieset hsuppiy
separation columm 30 are that the top pressure is generally from

piping 12. The reaction liquid from which unreacted
athylene 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®.

[0036]

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. In the ethylene separation column 30, ethylene
is distilled away from the column top by distillation, and
circulated and supplied to the reactor 10 wvia 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

22
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22 normal pressures to 30 kgf/cn2, and preferably fromnormal pressures to
20 kgf/cn2, and the ref lux ratio (RID) is generally fromO to 500, and
preferably from0.1 to 100. [0037] The reaction liquid fromwhich ethyl ene
has been distilled away in the ethylene separation colum 30 is w thdrawn
fromthe bottom of the ethylene separation colum 30, and supplied to a
hi gh boiling separation colum 40 by a piping 32. In the high boiling
separation colum 40, conponents with high boiling point (HB: high boiler)
are withdrawn fromthe bottomby a piping 42. A distillate from which high

boi i ng CREBRAENpSeBauCeBCRB wem?rﬁ@ﬂ | andl PREFAVADIRO PARE dotndly a

pi ping 41. Operation conditions of the ﬁigh boiling separation colum 40

are that phesswpedr azsupe ikgfkneT alandf th@® OrdfltR atdas / ¢RED) aricks
preferably fromO0.5 to 5 kgf/cn2, and the ref lux ratio (R'D) is generally

fromO t ogdh@rabhyg f£pomferabl 300 oanQ. prefe2@bliy0E28n Bubseguanvl.y, the
reaction liquid withdrawmn as a distillate fromthe top of the high boiling
separati opp0o8®jumm 40 is supplied to a hexene separation colum 50 by the
pi ping 41. In the hexene separation colum 50, 1-hexene is distilled away
by distill ati onrie omedwticop Rjiquddpi fromg hidiepedhylenen hagr deerdf rom t he
bottom of a hexene separation colum 50, and stored in a solvent drum

distilled away in the ethylene separation column 30 is

withdrawn from the bottom of the ethylene separation

column 30, and supplied to a high beiling separation

celumn 40 by a piping 32. In the high boiling separation

column 40, components with high boiling point (HB: high

boiler) are withdrawn from the bottom by a piping 42. A

distillate from which high boiling components have been

separated is withdrawn from the top by a piping 41.

Operation conditions of the high beoiling separxation
column 40 are that the top pressure is generally from 0.1
to 10 kgf/cm?, and preferably from 0.5 to 5 kgf/cm®?, and
the reflux ratio (R/D) is generally from 0 to 100, and
preferably from 0.1 to 20.

[0038]

Subsequently, the reaction ligquid withdrawn as a
distillate from the top of the high beciling separation
column 40 is supplied to a hexene separation column 50 by
the piping 41. In the hexene separation column 50,
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
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23 60 via a solvent circulation piping 52, and circulated and supplied as a
reaction solvent to the reactor 10 via the second supply piping 13.
Qperation conditions of the hexene separation columm 50 are that the top
pressure is generally from0.1 to 10 kgf/cnR2, and preferably fromO0.5 to 5
kgf/cn2, and the reflux ratio (R/'D) is generally fromO to 100, and
preferably fromO0.1 to 20. [0039] (lnert gas concentration in gas phase
part in reactor) In the enbodi ment of the invention, in subjecting ethylene
to | ow polymerization in the presence of a chromumseries catalyst in a

reactor 1@ot @il a0 venth@ieeRl a1 dn\YipiGRF 95, AddVelkdwlLeddtand the gas
phase part of the reactor 10 in the proportion of fromO0.010 to 4 50.00%

by vol umresugpeigfoRe td Ofefétibf bBEWbngatdethy réhbeved100 a4 sthén the
gas phase part of the reactor is preferably from0.020 to 40.00% by vol une,

more prefgeabhd shpplyOp@pingo13Q. 00% by vol ume, further preferably from
0.500 to 10.00% by vol une, and nost preferably from 1. 000 to 5.000% by
vol une. [0040] operabhdnotondatiibnggofn theeiexgare cepard ttidn oeolumn t he gas
phase part of the reactor 10 is not particularly limted. In general, the
concentr abDoarearthst othei hop pressure is generally from 0.1 to 10

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.

[0039]

(Inert gas concentration in gas phase part in reactor)

In the embodiment of the invention, in subjecting

ethylene to low polymerization in the presence of a

chromium series catalyst in a reactor 10 to produce 1- e

hexene, an inert gas is allowed to e;:ist in the gas phase

part of the reactor 10 in the proportion of from 0.010 to

50.00% by volume. Tl;e proportion of the inert gas being

allowed to exist in the gas phase part of tha reactor is

preferably from 0.020 to 40.00% by volume, more preferably

from 0.050 te 30.00% by volume, further preferably from

0.500 to 10.00% by volume, and most preferably from 1.000

to 5.000% by volume.

[0040]

A method of measuring an inert gas concentration in
the gas phase part of the reactor 10 is not particularly

limited. In general, the concentration can be obtained

from a value measured by a gas chromatography mass

24



froma val ue neasured by a gas chromatography mass 24 spectroneter (GC-M5).
The gas phase part of the reactor 10 generally contains ethylene gas as a
raw material, a catalyst deconmposition product, a partially volatiled
reaction solvent, an a-olefin |low polyner and the |ike. Ethane, nethane,
acetyl ene, carbon dioxide and the |like that are contained as inpurity
conponents in the raw nmaterial ethylene may be contained. [0041] The inert
gas is not particularly limted so long as it does not react with a
chrom um series catal yst and does not change into other conpound by the

action of shRetrehbeErUNGESMES. CatvéYghs Praddepirgasfoay atdactsoiicl udes,
nitrogen, argon and helium and of those, nitrogen is preferred. Were the

propor ti oneofgdrera118f t cgRtatibSldthgliche tdifs Jas phagawpaiaitediall)e 4 eactor

10 is excessively large,. the reactivity of an a-olefin such as ethylene
tends to cdealgate. dékempositiphop@ridduect)f tdhe partialas exoBdtiledin the
gas phase part of the reactor 10 is excessively snmall, the anmount of an

a-ol efin geackisgedaliteite ahe a-lxfim t bads ol ymenr easd. th@04Pikeé\ net hod
of allowing to exist the inert gas in the gas phase of the reactor 10 is
not parti Ethanby Imetlzte, Beetglengl e, cditisord odiowide netdodbearkike
exenplified. A

that are contained as impurity components in the raw

material ethylene may be contained.

[0041]

The inert gas is not particularly limited so long as
it does not react with a chromium series catalyst and does
not change into other compound by the actien of the
chromium series catalyst. The inert gas generally
includes. nitrogen, argon . and helium, and of those,
nitrogen is preferred.

Where the proportion of the inert gas existing in
the gas phase part of the reactor 10 is excessively large,
the reactivity of an a-olefin such as ethylene tends to
decrease. Where the proportion of the inert gas existing
in the gas phase part of the reactor 10 is excessively
small, the amount of an a-olefin discharged outside the
system tends to increase.

[0042]

A method of allowing to exist the inert gas in the

gas phase of the reactor 10 is not particularly limited.

For example, the following methods are exemplified. A

method in which each component of the chromium series
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met hod in which each conponent of the chrom um series 25 catalyst (the
chrom um conpound (a), the nitrogen- containing conpound (b) such as an
am ne, the alum num containing conpound (c) and the hal ogen-contai ni ng
conmpound (d)) is previously sealed with an inert gas, and when each
conmponent of those is supplied to the reactor 10 via the catalyst supply
pi ping 13a, the second supply piping 13, the third catalyst supply piping
14 and the fourth supply piping 15, respectively, the inert gas is
supplied to the reactor 10 together with each conponent; and a nmethod in

whi ch whepaga3gh¥ent(3gal ednpbhiud iddfidourifS (&) SUPRIHeL ADtibgencact or 10
via the second supply piping 13, the inert gas is supplied to the reactor

10 toget pehtWihinghaesnPaaid - (bP04UeH NasharenbRoh&Pnithef Alemimwention,

the inert gas is required to exist in the gas phase part of the reactor 10
in the prepathining’ feOMOURA0 t@)50. @AW bytNel unkaBsgentessr tabslidgf or e.

Where the proportion of the inert gas in the gas phase exceeds 50.00% by
vol une, tkempbapart(idyn ie¥ plevidsesly 08salsdt RetBaanphiasarpagds, samdj ust ed
to 50.00% by volunme or less by a given operation. [0044] The operation for
adj usti ngwhiea paehoebimponent! b€ thaae igasuppliiewi gas fhESeeacsteontlo
particularly limted. |In general, the proportion can be adjusted by
di schargi nda the catalyst supply piping 13a, the second supply
piping 13, the third catalyst supply piping 14 and the
fourth supply piping 15, respectively, the inert gas is
supplied to the reactor 10 together with each component;
and a methed in which when a solvent sealed with an inert
gas is supplied to the reactor 10 via the second supply
piping 13, the inert gas is supplied to the reactor 10
together with the solvent.
[0043]
In the embodiment of the invention ,'f the inert gas is
required to exist in the gas phase part of the reactor 10
in the proportion of from 0.010 to 50.00% by volume as
described before. Where the proportion of the inert gas
in the gas phase exceeds 50.00% by wvolume, the proportion
of the inert gas in the gas phase part is adjusted to
50.00% by volume or less by a given operation.
[0044]
The operation for adjusting the proportion of tl;e
inert gas in the gas phase is not particularly limited.

In general, the proportion can be adjusted by discharging

the inert gas outside the reaction system operating a
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the inert gas outside the reaction systemoperating a 26 valve while
nmonitoring the concentration of the inert gas in the reactor 10. The pl ace
fromwhich the inert gas is withdrawn may be any place if it is the place
at which the inert gas exists in the reaction system The inert gas is
preferably w thdrawn outside the systemtogether with an a-olefin fromthe
pl ace at which the inert gas is liable to accunulate in the reaction system
or an unreacted ethylene circulation Iine. [0045] For exanple, the
foll owi ng nethods are exenplified. A nethod in which a valve in a gas

di schargeyLigg ¥ 18Ptmod Qg 0864 Okorleh 8raREBRU ofaNthd Nend T Jagas

together wth an a-olefin are directly discharged outside the reaction
system frop the gaackRlasqopart of the reactor 10; and a nethod in which a
valve in a gas discharge line 2la set to the circulation piping 21 for

circulating unrepat gd ack! BHM WHERRT €hE0ihe2R Ghe depasStidkrdwiknay | NtoO
the reactor 10 is opened, and the inert gas together with an a-olefin are

di schar gegeOWns} dg1488 HFacit ONsSWHeeH14EO4G WiEich t BRe! AT efasl
et hyl ene contai ns ethane, nethane, acetylene, carbon dioxide and the |ike

as i npur gkys¢enparentthe t hosLcEDEMONeREtedl e di TRBAr gadrioutgdgle ide
reacti on systemwhen the inert gas is
preferably withdrawn outside the system together with an
a-olefin from the place at which the inert gas is liable
to accumulate in the reaction system or an unreacted
ethylene circulation line.
[0045]

For example, the following methods are exemplified.
A method in which a valve in a gas discharge line 10b set
to the reactor 10 is opened, and the inert gas together
with an a-olefin are directly discharged outside the
reaction system from the gas phase part of the reactor 10;
and a methed in which a valve in a gas discharge line 2la
set to the circulation piping 21 for circulating unreacted
ethylene separated from the degassing tank 20 into the
reactor 10 is opened, and the inert gas together with an
oa-olefin are discharged outside the reaction system.

[o046]

Where the raw material ethylene contains ethane,
methane, acetylene, carbon dioxide and the like as
impurity components, theose components are discharged
outside the reaction system when the inert gas is

discharged together with the a-olefin. According to need,
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di scharged together with the a-olefin. According to need, 27 the anount of
the inert gas discharged outside the reaction system my be adjusted while
nonitoring the concentration of those conmponents in addition to the inert
gas concentration in the gas phase part of the reactor 10. The
above-descri bed operations can be carried out independently, respectively,
and can be carried out by conbining those. [0047] Fig. 2 is a view
expl ai ni ng ot her production flow exanple of an a-olefin |ow polyner. The
sanme nunerical references and signs are used with respect to the structure

common togh8e phedHe! i 8F kAW examRie Qfasdi Wiskbhdryddie JUushiud i othd | ow
exanpl e shown in Fig. 2, other end of the solvent circulation 'piping 52

connect edreh@tibs boybeamoiméfe HeXei®) 8£0ad Atw i & Ol Srisg NOthe
connected to the solvent drum 60, but connected to the second supply piping

13 at thecdheehergeishdefokthble cohpvaehtd U HAdiiE]tBtHditnetiept ane
obtained fromthe bottomof the hexene separation columm 50 can directly be

circul at egasi 8bAcéhtratashoinl@hei ghsuphpsaes pagtt bfoune treactelrvammt. drum
60. The inert gas existing in the gas phase part of the solvent drum 60 can
be prevented frDhebabuyaldasdnidshd | bpeltatieast | oanStle/cobreiedulaited into
t he reactor 10.
independently, respectively, and can be carried out by
combining those.
[0047]

Fig. 2 is a view explaining other production flow
example of an o-~olefin low polymer. The same numerical
references and signs are used with respect to the
structure common to the production flow example of Fig. 1.

In the production flow example shown in Fig. 2,
other end of the solvent circulation “‘piping 52 connected
to the bottem of the hexene separation column 50 is not
connected to the solvent drum 60, but connected to the
second supply piping 13 at the discharge side of the
solvent drum 60. ‘

[0048]

By this, heptane obtained from the bottom of the
hexene separation column 50 can directly be circulated
into the reactor 10 without passing through the solvent
drum 60. The inert gas existing in the gas phase part of
the sclvent drum 60 can be prevented from being dissolved

in the reaction solvent circulated into the reactor 10.

As a result, the residual inert gas is not supplied to the
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As a result, the residual inert gas is not supplied to the 28 react

and the concentration of the inert gas

or 10,

contained in the gas phase part of

the reactor 10 can be prevented from being increased nore than necessary.

Exanpl es

[ 0049] The present invention is described further specifi

cally

based on the exanples. However, the present inventionis not |[imted to the
follow ng exanples so far as it does not depart fromits gist. (Exanple 1)
A continuous | ow pol ynerization reaction of ethylene is carried out
process having the conpletely mxing and stirring type reactor 10,

degassi ngréa8ko20. 16e aglihykRBe seRBbAtratical UWE 3Qhd hadu:ah hpid
separation colum 40, the hexene separation colum 50 and the sol vent drum

60 whi ch stREESnéd ChhC Wl gk aeatﬁamew ntHdereddf6f €0dcah tWee sol vent

circulation piping 52 connected tot

e bottom of the hexene separat

in a
t he
I ng

i on

col um 50pi&veRf8dCELE bOih§Cin€LeRA08URBkYE BhARhNgetdsshiBgr eby by- passing
the solvent drum 60, as shown in Fig. 2. Fromthe first supply piping 12,

unr eact edEgamyiese
separation colum 30 are continuously supplied together

freshly spppédpd fromthe ethylene supply piping 12a to the reactor
the conpressor 17. From

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.

(Example 1)

A continuous low polymerization reaction of ethylene
is carried out in a process having the completely mixing
and stirring type reactor 10, the degassing tank 20, the
ethylene separation column 30, the high boiling separation
column 40, the hexene separation column 50 and the solvent
drum 60 which stores a circulation solvent, wherein the
other end of the solvent circulation piping 52 connected
te the bottom of the hexene separation column 50 is
connected to the second supply piping 13, thereby by-
prassing the solvent drum 60, as shown in Fig. 2.

From the first supply piping 12, unreacted ethylene
separated from the degassing tank 20 and the ethylene
separation column 30 are continuously supplied tcgether
with ethylene freshly supplied from the ethylene supply
piping l2a toc the reactor 10 by the compressor 17. From

the second piping 13, the recovered n-heptane solvent

29

separated fromthe degassing tank 20 and the ethylene
wi th ethyl ene
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the second piping 13, the recovered n-heptane solvent 29 separated in the

hexene separation colum 50 by-passes the

ni t rogen
rate of

chrom um
supplied
liter/hr,

supply pi

sol vent drum 60 (2 kgf/cn®

seal), and is continuously supplied to the reactor 10 at a fl ow

34 liters/hr. [0050) Next, the n-heptane sol ution containing

(I'11) 2-ethyl hexanoate (a) and 2, 5-di nethyl pyrrole (b) is
fromthe catal yst supply piping 13a at a flow rate of 0.1

and is continuously supplied to the reactor 10 via the second

ping 13. The n-heptane solution of triethylalumnum(c) is

cont i nuoushiyagypRli 66 the HiRe82abplarkiibhoBdlihn N0 b lsed gy 14 at

a flowrate of 0.03 liter/hr. Furt

ernore, the n-heptane sol ution of

hexachl or ggi fane (diulS @i (RIOURGE/EMPP! hEErogént NBeaEIGt Ofant) figm the
fourth supply piping 15 at a flowrate of 0.02 liter/hr. The solution of

each of cabatyftceolPoBeppIiied tURHd atbddidh a10i AtogeF198alradtan ko not

shown) of 2 kgf/cnR. The catalyst is continuously supplied to the reactor
10 such tBhatlibersphar ratio of each conponent is (a):(b):(c):(d)=1:6:40:4.

The reaction conditions are 140C and 71 kgf/cnR. [0051] 2-Ethyl hexanol

netal sol

@b0EOYi ng agent is

Next, the n-heptane solution containing chromium
(III) 2-ethylhexancate (a) and 2,5-dimethylpyrrole (b) is
supplied from the catalyst supply piping 13a at a flow
rate of 0.1 liter/hr, and is continuously supplied to the
reactor 10 via the second supply piping 13. The n-heptane
solution of triethylaluminum (c) is continuously supplied
to the reactor 10 from the third supply piping 14 at a
flow rate of 0.03 liter/hr. Furthermore, the n-heptane
solution of hexachloroethane (d) is continuously supplied
to the reactor 10 from the fourth supply piping 15 at a
flow rate of 0.02 liter/hr.

The solution of each of catalyst components 1is
supplied from a nitrogen seal tank (not shown) of 2
kgf/cm’.

The catalyst is continuously supplied to the reactor
10 such that the molar ratio of each component is
{(a}:(b):(c):(d)=1:6:40:4. The reaction conditions are
140°C and 71 kgf/cm?.

[0051]
2-Ethylhexanol as a metal solubilizing agent is

added to the reaction liquid continuously withdrawn from

30
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added to the reaction liquid continuously withdrawn from 30 the reactor 10
fromthe deactivator supply piping 11a at a flowrate of 0.005 liter/hr,
and such a reaction liquid is then successively treated in the degassing
tank 20, the ethylene separation colum 30, the high boiling separation
colum 40 and the hexene separation colum 50. In this process, the nitrogen
concentration in the gas phase part of the reactor 10 is obtained by the
measurenent with a gas chromatography mass spectronmeter (GC-MS). A valve in
the gas discharge line 10b set to the reactor 10 is opened such that this

value is 9h97Pé/%Q¥orVQbU?Eomatﬂés dEﬁc‘EQQEitBEO‘é%bblg ??%WQIH ¥R ghe gas

phase part of the reactor 10, and ethylene loss ia | oss ratio) and

cat al yst fi&&C££BSYo£CEl0@5919QE§¥HEQ-an@h%uhﬁS@1f%dﬂfidH“IMkdﬂHTﬁb|e 1
[ 0052] The ethylene loss ratio (ETY loss ratio) is the proportion

(PETY/ SET¥heR! stllws@iereaty ObtedEdd (WNithe deBabsdngChedgiedzoyt sinde the
systemto ethylene weight SETY (unit: g/hr) freshly supplied. D sappearance

amount  ogtRyIWhENSepsrS¥Ebh a51uRa B0/, UeheS high boillitg alePasdt it i ci ency
(CE) is a product weight (unit: g) produced in 1 hour per chrom um atom

wei ght  (goltmn 00 cdndihehéahakyfik sepreachbnsypplimadson 1 hour. The
catal yst efficiency is high as the value is large. [0053]

In this process, the nitrogen concentration in the
gas phase part of the reactor 10 is obtained by the
measurement with a gas chromatography mass spectrometer
(GC-MS). A valve in the gas discharge line 10b set to the
reactor 10 is opened such that this value is 0.070% by
volume, a gas is continuously discharged from the gas
phase part of the reactor 10, and ethylene loss ratio (ETY
loss ratio) and catalyst efficiency (CE) are obtained.
The results are shown in Table 1.

[0052]

The ethylene loss ratio (ETY loss ratio) is the
proportion (PETY/SETY) of ethylene weight PETY (unit:
g/hr) discharged outside the system to ethylene weight
SETY (unit: g/hr) freshly supplied. Disappearance amount
of ethylene is small as the value is small.

The catalyst efficiency (CE) is a product weight
(unit: g) produced in 1 hour per chromium atom weight
(unit: g) of the catalyst component supplied in 1 hour.
The catalyst efficiency is high as the value is large.

[0053]

(Examples 2 to 6, and Comparatives 1 and 2)
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(Exanmples 2 to 6, and Conparatives 1 and 2) 31 According to the process of
Exanple 1, a continuous |ow polynerization reaction of ethylene is carried
out, the amount of gas discharged fromthe gas discharge line 10b set to
the reactor 10 is changed such that a nitrogen concentration in the gas
phase part of the reactor 10 is the value shown in Table 1, and the
ethylene loss ratio (ETY loss ratio) and the catal yst efficiency (CE) are
obtained. The results are shown in Table 1. [0054] [Table 1] N trogen
concentration in ETY |oss Catal yst gas phase part of reactor ratio

efficiency (%ANcyalung) tb%neCproedsd 9k 242580800 2 LRMirdudid 520000
Exanple 3 1.200 0.17 510000 4 5.000 0.038 480000 5 13.40 0.015 430000 6

26. 50 0. ODSw 391 fhezaEdA it VeedcB8P0R0 JE 088hF18AA0 iFXarpkted BGU¥)5 28
520000 [0055] It is seen fromthe results shown in Table 1 that when the

concent r athé@nafbuhit! i) efas odlischatged Hiomjathe phase dilschaegecddiime 10 S
in a range of fromO0.010 to
10b set to the reactor 10 is changed such that a nitrogen
concentration in the gas phase part of the reactor 10 is
the value shown in Table 1, and the ethylene loss ratio

(ETY loss ratio) and the catalyst efficiency (CE) are

obtained. The results are shown in Table 1.

[0054]
[Table 1]
Nitrogen concentration in ETY loss Catalyst
gas phase part of reactor ratio efficiency
{% by volume) (%) (CE)
1 0.070 2.4 520000
2 0.240 0.83 520000
3 1.200 0.17 510000
Example
4 5.000 0.038 480000
5 13.40 0.015 430000
6 26.50 0.008 350000
Comparative | 1 69.20 0.003 110000
Example 2 0.005 28 520000
[0055]

It is seen from the results shown in Table 1 that
when the concentration of nitrogen contained in the gas
phase of the reactor 10 is in a range of from 0.010 to
50.00% by volume (0.070 to 26.50% by volume: Examples 1 to
6), the ETY loss ratic is low, and the catalyst efficiency

is high.

32



50. 00% by vol une (0.070 to 26.50% by vol une: Exanples 1 to 6), the ETY |l oss
ratio is low, and the catalyst efficiency is high. 32 Contrary to this,
when the concentration of nitrogen contained in the gas phase of the
reactor 10 is 69.20% by volunme which is not |ess than 50.00% by vol une
(Conparative Exanple 1), the catalyst efficiency is decreased. Furthernore,
when the concentration of nitrogen contained in the gas phase of the
reactor 10 is 0.005% by volune which is not nore than 0.010% by vol une
(Comparative Exanple 2), the ETY loss ratio is increased. [0056] (Exanples
7 to 9, and Conguwrttamests thils4) whéfiotHengoheehttagioncn® afithcoyem e 1, a
continuous |ow polynerization reaction of ethylene is carried out, the
anount ofcopsaihed hin geHef gas phasgaoflitdohargectonel02ias €6t 206 bye
circulation piping 21 is changed such that nitrogen concentration in the
gas phasevgphume of whiieh r edast omcit) | 3eske Vvidhare sBOwWOOEN Thpl e vdlumed t he
ethylene loss ratio (ETY loss ratio) and the catalyst efficiency (CE) are
obt ai ned. ((dmpaxstive aEsawhden i) Tabthe 2. c408byst33effiblien2y Niitsr ogen
concentration Catal yst

decreased. Furthermore, when the concentration of

nitrogen contained in the gas phase of the reactor 10 is
0.005% by volume which is not more than 0.010% by wveolume
(Comparative Example 2), the ETY loss ratio is increased.
[0056]

(Examples 7 to 9, and Comparatives 3 and 4)

According to the process of Example 1, a continuous
low polymerization reaction of ethylene is carried out,
the amount of gas discharged from the gas discharge line
2la set to the circulation piping 21 is changed such that
nitrogen concentration in the gas phase part of the
reactor 10 is the value shown in Table 2, and the ethylene
loss ratio (ETY loss ratio) and the catalyst efficiency
(CE) are obtained. The results are shown in Table 2.

[0057]
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I n gas phase part of ETY loss ratio efficiency reactor (%9 (CE) (% by
volume) 7 12.00 0.021 440000 Exanple 8 28.50 0.010 330000 9 1.200 0.210
510000 Conparative 3 68.50 0.005 110000 Exanple 4 0.005 30 520000 [0058]

It is seen fromthe results shown in Table 2 that when the concentration of
nitrogen contained in the gas phase of the reactor 10 is in a range of from
0.010 to 50.00% by volune (1.200 to 28.50% by vol une: Exanples 7 to 9),
the ETY loss ratio is low, and the catalyst efficiency is high. Contrary to
this, when the concentration of nitrogen contained in the gas phase of the
reactor 1@ra51882p0% by volume which is not |ess than 50.00% by vol ume
(Conpar ative Exanple 3), the catalyst eff|C|ency I's decreased. Furthernnre,

when t herconcentrationof ‘Tﬂlloam# contarmed T the gas phiase of
reactor 10 is 0.005% Qy Nitsp@eRcapsantration,o: npre than|o. 01 %géfvol ufre
(Conpar ative Exanpl e 4)|, tihgaEphabepartrafti ¢ ETY loss raths ¢d Expnpl e
10, and [Conparative Exdanpl es 5n§ﬂgop) A continu?y§ Iom/polf et i on
. (]
reaction| of ethylene (CE)
(% by volume)
7 12.00 0.021 440000
Example 8 28.50 0.010 330000
9 1.200 0.210 510000
Comparative | 3 68.50 0.005 110000
Example 4 0.005 30 520000
[o0o58]

It is seen from the results shown in Table 2 that
when the concentration of nitrogen contained in the gas
phase of the reactor 10 is in a range of from 0.010 to
50.00% by volume (1.200 to 28.50% by volume: Examples 7 to
9}, the ETY loss ratio is low, and the catalyst efficiency
is high.

Contrary to this, when the concentration of nitrogen
contained in the gas phase of the reactor 10 is 68.50% by
volume which is not less than 50.00% by volume
(Comparative Example 3), the catalyst efficiency is
decreased. Furthermore, when the concentration of
nitrogen contained in the gas phase of the reactor 10 is
0.005% by volume which is not more than 0.010% by volume
(Comparative Example 4), the ETY loss ratio is increased.
[0059]

(Example 10, and Comparative Examples 5 and 6)

A continuous low polymerization reaction of ethylene
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34 is carried out in a process having the completely mxing and stirring
type reactor 10, the degassing tank 20, the ethylene separation colum 30,
the high boiling columm 40, the hexene separation colum 50 and the sol vent
drum 60 which stores a circul ation solvent, wherein the recovered

n- hept ane separated in the hexene separation colum 50 is passed through
the solvent drum 60 sealed with nitrogen to 2 kgf/cnR, and then
continuously supplied to the reactor 10 at a flowrate of 34 liters/hr, as
shown in Fig. 1. The anmount of gas discharged fromthe gas discharge 1Iline

10b set tQgt RRarriaet ButlOihSaChANGRL S UchviAG! the RHompARBISOEBHARLI ON N

the gas phase part of the reactor 10 is the value shown in Table 3, and the

et hyl ene ahasstigtlidg Bypd 0O88abdbiko)0andtHdedégigsisg fahkCi2NCythd CE) are
obt ai ned. The results are shown in Table 3. [0060] [Table 3] Nitrogen

concentr abi:ﬂ?lgﬁéahﬁﬁhraitﬂoﬁa&o&hﬁ&e 309" tthef HiGh IS i} isoTeaet4o,
efficiency % (CE) (% by volune) Exanple 10 1.200 1.130 510000
Conpar at | ¥Re5 heken@ OsdPdrd 40600 cofbummp| 30 6a0d0Ghe56sSLPORE drum 60
which steres a circulation solvent, wherein the recovered
n-heptane separated in the hexene separation column 50 is
passed through the solvent drum 60 sealed with nitrogen to
2 kgf/ecm?’, and then continuously supplied to the reactor
10 at a flow rate of 34 liters/hr, as shown in Fig. 1.
The amount of gas discharged from the gas discharge
line 10b set to the reactor 10 is changed such that a
nitregen concentration in the gas phase part of the
reactor 10 is the value shown in Table 3, and the ethylene

loss ratio (ETY loss ratio) and the catalyst efficiency

(CE}) are obtained. The results are shown in Table 3.

[0060]
(Table 3]
Nitrogen concentration
. . Catalyst
in gas phase part of ETY loss ratio . .
efficiency
reactor (%) (CE)
(% by volume)

Example 10 1.200 1.130 510000
Comparative | 5 68.50 0.024 110000
Example 6 0.007 66 520000
[00€1]

It is seen from the results shown in Table 3 that

when the concentration of nitrogen contained in the gas
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[0061] It is seen fromthe results shown in Table 3 that when the
concentration of nitrogen contained in the gas 35 phase of the reactor 10
is in a range of from0.010 to 50.00% by vol une (1.200% by vol une: Exanpl e
10), the ETY loss ratio is low, and the catalyst efficiency is high.
Contrary to this, when the concentration of nitrogen contained in the gas
phase of the reactor 10 is 68.50% by volunme which is not |ess than 50. 00%
by volune (Conparative Exanple 5), the catalyst efficiency is decreased.
Furt hernore, when the concentration of nitrogen contained in the gas phase

of the reggagé ¢ ighe 02BQ&%RY 10! 18E 1Whi £ hrafigBOlofTDE Lok haN 0800 W6 by
volume (Conparative Exanple 6), the ETY loss ratio is increased. In the

Exanpl es 80¢069MBg AidMend-X@IP2E6% Byt MRUSihe JBxdfplSclUOps Hhe IFEFt gas,
but it can be expected that the sanme result is obtained even in the use of

a rare gajosS§Usitdé 2500Bw, TARAI €R&OBatalykki afifsciehc®l wayhighear, but
because the rare gas such as heliumhas the solubility higher than that of

ni trogen, therecoéntitdeypessthiikit whehhthei fcontentatatigas dfs mitassgered in a
catal yst solution and a solvent even in a slight amount, the rare gas is
accunul at edntaihéd iaacheoyasy fhame Wereher eeathorr a0eisg®ds . B0 Hye purged
outside the system Wile the invention has been described in detail and
wi th ref evebhumet 0 wHiskspedbf i matrbodiesent sthimer e&0,.00% by volume

{Comparative Example 5), the catalyst efficiency is

decreased. Furthermore, when the concentration of

nitrogen contained in the gas phase of the reactor 10 is

0.007% by volume which is not more than 0.010% by veclume

{(Comparative Example 6), the ETY loss ratic is increased.

In the Examples and Comparative Exar&ples, nitrogen

gas is used as the inert gas, but it can be expected that

the same result is obtained even in the use of a rare gas

such as argon. The reason for this is not always clear,

but because the rare gas such as helium has the solubility

higher than that of nitrogen, there is the possibility

that if the rare gas is dissolved in a catalyst solution

and a solvent even in a slight amount, the rare gas is

accumulated in the reaction system. Therefore, the rare

gas must be purged outside the system.

While the invention has been described in detail and
with reference to the specific embodiments thereof, it
will be apparent to one skilled in the art that various

changes and modifications can be made therein without

departing from the spirit and scope thereof.
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wi ||l be apparent to one skilled in the art that various changes and
nodi fi cati ons can be nade therein without departing fromthe spirit and
scope thereof. 36 This application is based on Japanese Patent Application
(Patent Application No. 2006-354541) filed Decenber 28, 2006, the entire
contents thereof being hereby incorporated by reference. Industrial
Applicability [0062] According to the present invention, an a-olefin | ow
pol ymer can be produced in high yield. Therefore, the industrial value of
the present invention is remarkable. 37 CLAIMS 1. A production nethod of an
a-olefin | ow porNiBr WHHAR GUIVH Seds SUBagGW NN Japhabisd  cPd€ant

pol yneri zation in a solvent supplied to a reactor in the presence of a
chrom um A@?ilﬂ&aeilbm y$Paténer aRHPIidRtion NHAl 2606+ISM484 RS £Kl&dS in a
gas phase of the reactor in the proportion of fromO0.010 to 50.00% by

vol une, apedeinbaet ePga- o2ed6) atile t hentDte endomténtepatitdfdbf f rswimyg r eact i on
|l i qui d obtained by the | ow polynerization reaction of the a-olefin, and the
unr eact edharebef incepporaeedobyecpefagpacated fromthe reaction liquid are

circulated into the reactor.
Industrial Applicability
[0062]
According to the present invention, an o-olefin low

polymer can be produced in high yield. Therefore, the

industrial value of the present invention is remarkable.
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2. The production nethod of an a-olefin |ow polymer as clainmed in claiml1,
characterized in that the inert gas is nitrogen, a rare gas or a m xture
thereof. 3. The production nmethod of an a-olefin |ow polymer as clainmed in
claim1, characterized in that the inert gas is discharged outside the
reaction systemfroma gas phase part of the reactor and/or a circul ation
pi ping of the wunreacted a-olefin. 4. The production nethod of an a-olefin
| ow polymer as clained in any one of clains 1 to 3, characterized in that
t he sol vent separated fromthe reaction liquid obtained by the |ow

pol ynmeri zation reaction of an a-ol etarMss circul ated into the reactor

W t hout passing through a 38 solvent drum 5. The production nmethod of an
a-olef in |ow pbl ymerpreductionemeithodd adfn an chesbefini 1ee ipolywr t he
chromium series catalyst is constituted of a conbination of at |east a

chr om um ebiphundceaprizesi t r cydnjeastnitray ni ngn coapodefiifb) &wd arlow

al um num cont ai ni ng conpound (c). 6. The production nmethod of an a-olefin
| ow pol ynpelymerikatied iim & asoltenthanppilaedzaw iam rhattbhke iohrthe um
series catalyst is constituted of a conbination of at |east a chrom um
conpound papsenceai efogenchonniimi sericspovbalyst, , charackeirigedc an ai ni ng
conpound (c) and a hal ogen-containing conpound (d). 7. The production

met hod of thata-ol efin | ow pol ymer

an inert gas exists in a gas phase of the reactor in
the proportion of from 0.010 to 50.00% by volume,

an unreacted da-olefin and the solvent are separated
from a reaction liquid obtained by the low polymerization
reaction of the a-olefin, and

the unreacted a-oclefin and the solvent separated
from the reaction liquid are circulated into the reactor.

2. The production method of an a-olefin low polymer
as claimed in claim 1, characterized in that the inert gas
is nitrogen, a rare gas or a mixture thereof.

3. The production method of an a-olefin low polymer
as claimed in claim 1, characterized in that the inert gas
is discharged outside the reaction system from a gas phase
part of the reactor and/or a circulation piping of the
unreacted a-olefin.

4. The production method of an c-oclefin low polymer
as claimed in any one of claims 1 to 3, characterized in
that the solvent separated from the reaction liquid
obtained by the low polymerization reaction of an da-olefin

is circulated into the reactor without passing through a
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as claimed in claim1l, characterized in that the |low polynerization of an
a-olefin is conducted in a state that the chrom um conpound (a) and the
al um num cont ai ning conpound (c) are not previously contacted. 8. The
production nmethod of an a-olefin [ ow polyner as clained in claiml,
characterized in that the a-olefin is ethylene. 39

solvent drum.

5. The production method of an oa-olefin low polymer
as claimed in claim 1, characterized in that the chromium
series catalyst is constituted of a combination of at
least a chromium compound (a), a nitrogen~containing
compound (b) and an aluminum-containing compound (c).

6. The production method of an a-olefin low polymer
as claimed in <¢laim 1, characterized in that the chromium
series catalyst is constituted of a combination of at
least a chromium compound (a), a nitrogen-containing
compound (b), an aluminum-containing compound (c) and a
halegen-containing compound (d).

7. The production method of an oa-olefin low polymer
as claimed in claim 1, characterized in that the low
polymerization of an a~olefin is conducted in a state that
the chromium compound (a) and the aluminum-containing
compound (c) are not previously contacted.

8. The production method of an o-olefin low polymer
as claimed in claim 1, characterized in that the a-olefin

is ethylene.
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