DESCRI PTI ON PRODUCTI ON METHOD OF a- OLEFI N LOW PCLYMER Techni cal Field
0001] The present invention relates to a production nethod of
an a-olefin |low polyner. Mre particularly, it relates to a
production nmethod of an a-olefin | ow polynmer, which obtains the
a-olefin | ow polynmer in high yield. Background Art [0002]
Conventionally, a production nethod in which an a-olefin | ow pol yner
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 exanpl e, PatemeE$XRIFEION 1 reports a production

met hod in which an a-olefin | ow polynmer mainly conprising 1-hexene is
obt ai ned PRODUCTIGN METHOI] OFf ghOLBFINt LOWtBOLMMBR) a chrom um seri es
cat al yst congrising a chrom um conpound (a), a nitrogen-containing
conpound TeFhmiesl #iedd ani ne and an al kyl al umi num conpound (c).

Furt hernore, Patent Document 2 reports a nethod of preventing

adhesi on é?bglby-produced polynmer to a reactor and an external

| i t b tt Lquid ci | ati t. and
Compor atur o of e BosRp ool ReTaktt, Fi< G aRpeshad o
er 619 i 8
Compri 51 g 2 SLPER S AT, ol SULPRTER PR Yerates

simlar cogpashibalc8ion UikBlod b£26hi 3o2BRRhALHS WahGhReDASwRich
circul ation passing through the external cooling apparatus fromthe
reactor. obtains the c-olefin low polymer in high yield.

Background Art

[0002]

Conventionally, a production method in which an
a—olefin low polymer such as l-hexene is selectively
obtained using an d-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 o-clefin low polymer mainiy 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 cooling apparatus to specific ranges in

producing an o«-olefin low polymer mainly comprising



[ 0003] Patent Docunent 1: JP-A-08-239419 Patent Docunment 2:

JP- A-11- 060511 Di scl osure of the Invention Problens that the

I nvention is to Sol ve [0004] To produce an a-olefin | ow

pol ymer inexpensively by subjecting an a-olefin such as ethylene to
| ow pol ymerization reaction in a solvent using a chrom um series
catal yst, an unreacted a-olefin and a solvent are separated froma
reaction |iquid obtained by the | ow polynerization reaction of an
a-olefin, and the unreacted a-ol efin and sol vent separated fromthe

reacti on | i Gt  uShgU! 81 sl ©36490s 1000RIvst  havibRVexss

when the operation of circulating the unreacted a-odlefin and™sol vent

separ at ed $igiMdMendi@sditidn iHH dudOhap AC26hOtidbs hppaRehtlls Whesr is
the problemthat conversion of froman a-olefin to an a-olefin | ow

pol yner i shakecaecasifbulldidh] plesinfanthroughi theucéxtaredihykeoking
subj ected to

apparatus from the reactor.

[0003]

Patent Document 1: JP-A-08-239419

Patent Document 2: JP-3-11-060511
Disclosure of the Invention
Problems that the Invention is to Solve
[0004]

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

[0005]

However, when the operation of circulating the
unreacted g-olefin and solvent separated from the reaction
ligquid to a reactor is repeataed, there is the problem that
conversion of from an a-olefin to an a-olefin low polymer
is decreasad.

[0006]

Where an a-~olefin such as ethylene is subjected to



| ow pol ynmerization 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 anmobunt of an inert gas dissolved in the catal yst
solution and the solvent is introduced into a reactor. \Were the
operation of circulating an unreacted a-olefin and the sol vent
separated fromthe reaction liquid into the reactor is repeated, an
inert gas 1GRNCYY1valer@RaklohNerb8BELLRAN JYSREM &S BKESRSUNE! Yeries
increased. As a result, there are the problens that a relative
concent r alda®al@tanaacaltaliystseelubsort Ayd caestr¢dntSate I g éPd Xy al
is decreased, and additionally, the conversion of froman a-olefin
into an a-sspgliedl otepo ymgadtexdefiremsea. drum in | anpaibertl ayas it
i s expected the demand for 1-hexene largely increases as mainly a
conononer agmogphpRearsuchy R noityogeny oirhyd egareF@asg his cadesn ta
production net hod of obtaining an a-olefin | ow polyner_in high yield
is requir ?&'?"FBGO?‘fact’-“th'hé’%r%ﬁyﬁtn\%’HPP&ﬁ“ﬁas bER nthietl Sa%s -

sol ve t he abques escribgd Eroblens in the,production t hod of. a
S0 o1 ne AR b GSapouRE 0B 82 SHRRE ahd abiSaHTed U B e olas

¢ ti ) : . ] £
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and intensive investigations to solve the above problens, the present
i nvent or s aRdv &:hecasdliBebrith s gppRetdid | fvemt tRE. rBAdtibs, 1HERid Shf
the present invention resides in the followng itens (1) to (8).

(1) A prodbet reachet htsl wdpeatesi,olazf iinekrtwgps| garcembrati aonipr ithes
subjecting an a-olefin to | ow polynerization in a solvent supplied to
a react or TRActhen psyFséare i exespwiMaly stnerensesht al st a result,

characterkﬁed in thqﬁ

ere are the problems that a relative concentration of an

a-olefin such as ethylene used -as a raw material is
decreased, and additionally, the conversion of from an a-
olefin into an t-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 obtaining an oa=-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
gd~olefin low polymar.

Accordingly, an object of the present invention is

to provide a production methed of an a-oclefin low polymer



an inert gas is allowed to exist in a gas phase of the reactor in the
proportion of from0.010 to 50.00% by vol une, an unreacted
a-olefin and the solvent are separated froma reaction liquid

obtai ned by the | ow pol ynerization reaction of an a-olefin, and

the unreacted a-olefin and the solvent separated fromthe reaction
liquid are circulated into the reactor. (2) The production
nmet hod of an a-olefin | ow polyner described in (1), characterized in
that the inert gas is nitrogen, a rare gas or a m xture 'thereof.

(3) The preduslibANaMBbROPo{ma8P 8£0hef Dol OME POl Y NEH ta ARRE i e g
(1) or (2), characterized in that the inert gas is discharged outside
t he react yaaldystem from a gas phase part of the reactor and/or the
circulation piping of the unreacted a-olefin (including a gas phase
part of edeapsefioy.Solving thedPrébdemsoducti on net hod of an a-ol efin
| ow pol ynmer described in any one of (1) to (3), characterized in that
t he sol vedP088parated fromthe reaction |iquid obtained by the | ow
pol ymeri zation reaction of an a-olefin is circulated into the reactor

wi t hout passi ng®¥hroBgh #e88l¥ent ofr umextensive (ganthe FAfRAREVEN
t hod of . -plefjin | | i bed i f (1) t 4),
Char act or FPRASHSTHANS nEo b RPBTRu IR, FROVE aPAPBLERS o * thAs HAARBS of
nbi 1 t ] d. .
N O e
(c). the §9it 14e @{é)qﬁg)éé?i% ekaadigh 28s8aft efd ntﬂé)"fdiqjﬁwﬁb

"described in any one of (1) to (4), characterized in that the
chrom um seahes(rpEtid y©) .is constituted of a conbination of at |east
a chrom um conpound (a), a nitrogen-containing conpound (b), an
al um num cont ai tk)ncA cprpduntiidx ) mathicd bfil age-odefinniloy colyoend
(d). . (7) The production nethod of an a-olefin | ow polyner
descri bedWh#ch 1) cemprigaeri Aubieetimgt t 8@ | o Pdefaeri z&vi onleW an
a-olefin is,conducted in a state that . i
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 o-olefin and the solvent are separated
from a reaction liquid obtained by the low polymerization
reaction of an a-olefin, and
the unreacted oa-oclefin and the solvent separated
from the reaction liquid are circulated into the reactor.
(2) The production method of an «-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 o-olefin low polymer



the chrom um conpound (a) and the al um num contai ni ng conpound (c)

are not previously contacted. (8) The production nethod of an
a-olefin | ow polyner described in (1), characterized in that the
a-olefin is ethyl ene. According to the present invention, a

production nethod of an a-olefin | ow pol ymer which conprises | ow

pol ynmerizing an a-olefin in a solvent supplied to a reactor in the
presence of a chrom um series catalyst, characterized in that an
inert gas is allowed to exist in a gas phase of a reactor in the
propor i Orudileal bR QD101 QoD 0(£P0 BilaMOLLUEs 2 40T EREL Cnd- PhEEL N
and the solvent are separated froma reaction |1quid obtained by |ow
pol ymeri zagdHni ¢ eaLsdiirqtd ddutsiieeitta Adbtith Usyaaet efkcin 0d €gad
and the solvent separated fromthe reaction liquid are circul ated

i nto, the placei parti 8fpthei gdedctdD0AH /or the dircilathivadpiping of
met hod of an a-olefin |ow polynmer to which the present invention is
appl i ed, tthe | nereagbed usedlefipr efioreibiding taogas phaseerpgas: owfa

m xture of those. Furthernore, in the production nmethod of an
a-ol efin |9WiPgeRfRr to which the present invention is applied, where

t he proportion of the iner as present in the gas phase exceeds
50. 00% by vol uné??t 'ﬁgei RE? u‘g’é’s"‘fé" CERAR & iﬁ§F§e§°Bu?g4'¥Tée‘E he

reaction systemfr.oma as_phage rt _of .the reactor_and/or the
CErul ot ERsETben Gh" and anRUREE (B ol unh £ ehABRRSPREP oln BRake
part of a I ) \ .the n t
fromthe &é%g% zoggaﬁ?qﬁ?ﬁag%%%? %d&lgyﬁ'{e}'ue)}%11 ?v%l%gll 3/5' rlxga%]f’gﬁﬂ?éegct on
of an a- olw@fd N Jcwr AGB M Ha2dnt 0 AP tiSaCt ¥ al theoRMidentsd s
circulated and used, the solvent to be circulated is preferably
directly retrenlatief0 i r ehet oreddtaighritheuti rpad Siingn thkpugy a

W t hout passing through a solvent drum (0010] In the

product i osokvensddytman a-ol efin | ow pol yner to which the present
invention is applied, the chromium series catalyst is preferably

constituted of AStoREP rRFPGFommatdes of anr onPiRfeRnbouRPYEer a
1T O0°N L BLDAROomRoUnde (o) 90f 80 ALY DA COM AL cogpRnd
oL AL S B Skl 8
«(aljijm NUM ¢BRbahaENEN COMPOUNE (dast'd 22 RAkRASAnCORLALSN CPJ‘)D,OU@'
nitrogen—cont;aining compound (b) and an aluminum-
containing compound (c).
{(6) The proc'iucigion method of an a-olefin low polymer
‘described in any one <':>f (1) te (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 (¢) and a halogen-containing compound (d).
(7) The production method of an a~olefin low polymer

described in (1), characterized in that the low

polymerization of an a-oclefin is conducted in a state that



[ 0011] In the production nethod of an a-olefin |ow polyner to
whi ch the present invention is applied, the | ow polynerization of an
a-olefin is preferably conducted in a state that the chrom um
conmpound (a) and the alum num containing conpound (c) are not

previ ously contacted. Wen the | ow polynerization of an a-olefin is
conducted in such a state, trimerization reaction of an a-olefin is
sel ectively conducted, and an a-olefin | ow pol yner such as 1-hexene
is obtained in high yield. In the present invention, the

a-ol efin ighdr ehebAbhd SLiMpiiiy /td\iankﬁ&ie Aot *ﬂuﬁl\bﬁﬁtheﬂtwﬂi@&

According to the present invention, an a-olefin | ow polynmer can
produced idbrpogifadyi(eh darBr hef gxguaduymyo&da&abmedcrawﬂngs [ 0013]

[Fig. 1]Fig. 1 is a view explaining a production flow exanple of an

a-ol efin | ow pol(gierhenprbduetind i metiodioft vn orodnfinanlow polymer
described in (1), characterized in that the o-olefin is
ethylene.

According to the present invention, a production
method of an w-olefin low polymer which comprises low
pelymerizing an o-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 velume, an unreacted a-olefin and the solvent
are separated from a reaction liquid obtained by low
polymexization reaction of an ca-olefin, and the unreacted
a-olefin and the solvent separated 'fx.com the reaction
liguid are circula.'l_:ed into. the reactor, is provided.

[0009] ’

In the production method of an a-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 a-olefin
low polymer 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



[Fig. 2]Fig. 2 is a view explaining other production flow exanpl e of
an a-olefin | ow polynmer. Description of Reference Nunerals and Signs

[0014] 10 ... Reactor 10a ... Stirring nmachine 10b ... Gas di scharge
line 11, 22, 32, 41, 42, 51Piping ha ... Deactivator supply piping 12
First supply piping 12a ... Ethylene supply piping

gas phase part of the reactor and/or the circulation
piping of the unreacted o-oclefin (including a gas phase
part of an equipment}.

Moreover, when tha solvent separated from the
reaction liquid obtained by the low polymerization
reaction of an o-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 a-oclefin 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
compounc;i (b) and an aluminum-ceontaining 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 (e¢) and a halogen-
containing compound (d).

[0011]

In the production method of an a-olefin low polymer
to which the present invention is applied, the low
polymerization of an a-clefin is preferably conducted in a

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



13 ... Second supply piping 13a ... Catalyst supply piping 14 ..

Third supply piping 15 ... Fourth supply piping 21, 31 ..

Circulation piping 21a ... Gas discharge line 16 ... Condenser 17 ..

Conmpressor 20 ... Degassing tank 30 ... Ethylene separation colum 40
H gh boiling separation colum 50 ... Hexene separation colum

containing compound (¢) are not previously contacted.
When the low polymerization of an d-olefin is conducted in
such a state, trimerization reaction of an wo-olefin is
selectively conducted, and an g-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
[{ao121

According to the present invention, an a-olefin low
polymer 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 c-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



52 ... Solvent circulation piping 60 ... Solvent drum Best Mde for
Carrying Qut the Invention [0015] The best node for carrying
out the invention (hereinafter, the enbodi nent of the invention) is
described in detail below The inventionis not limted to the
foll owi ng enbodi ment, and can be carried out with various

nodi fications within a scope of its gist. . Furthernore, the draw ngs
used are to explain the present enbodi nent, and do not show the
actual size. [0016] (a-Aefin) In the production nmethod of

an a-olefin IownglynerEE Yf@ﬁghséﬁﬁﬁggggﬁé nt of the invention is

applied, the a-ofefi'n‘used*as a T i ncl udes substituted or

unsubstituted aiglQtLngeggﬂhngugéiynﬁgﬁgﬁgSO carbon atons. Specific
exanpl es of such an a-ol efin include ethylene, propylene, 1-butene,

1- hexene, 1-octenq, .3-nChbylydt bakipgpls, digidgnet hyl -1 -pentene. In
particular, ethylene is preferred as the a-olefin of a raw materi al,
and when et hyl end i.s.uskilrdsstely gupimigeri al , 1- hexene as a triner
of ethylene is obtained in high yield and high selectivity.
Furthernore, whdA ethyFewethssupplyr pdiptimg raw material, inpurity
conponents other than ethylene may be contained in the raw material .
Speci fic inpuri &}/ cdhponentirerkatinn pdPRade, et hane, acetyl ene and
car bon di oxi de. lhose cg onents are _preferably in an anount of 0.1
mol % or | ess bafd® on-e %€| chAr9ediPgw naterial . The a-olefin | ow
pol ymer used herein ne ymer conprising 2 to 10 of a-olefin as
a nononer beingagohdédeg$f§h§%¥(Chroniun1series cat al yst) The
chrom um seri esjgat al ystplSedascri ed bel ow. The chrom um seri es

catal yst used in the enbodi nent of the invention includes a catalyst
constituted of goconbinadasHsif #ink east a chrom um conpound (a), at
| east one nitrogen-contal ning conpound (b) selected fromthe group
consi sting of afAO0ani neEtlhyleame depmrchitdpni soblemnand an

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

32 ... Solvent circulation piping

60 ... Solvent drum

Best Mode for Carxrying Out the Invention
[0015]

The best mode for carrying out the Ainvention
{hereinafter, the embodiment of the invention) is
described in detail below. The invention is not limited
toe 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]

(e-Olefin)



al um num cont eeeepemep=aemsertrt—( ) The chromumseries

catal yst used in the enbodi nent of the invention may contain a

hal ogen- cont ai ni ng conpound (d) as a fourth conponent according to
need. Each conponent is described below. [0018] (Chrom um conpound
(a)) The chrom um conpound (a) used in the enbodi mrent of the
i nvention includes at | east one conpound represented by the general
formula & Xm In the general fornula, X represents an optional
organi c group or inorganic group, or a negative atom and n is an
integer of froml1l to 6, and is preferably 2 or nore. When nis 2 or

nore, X may be t }ﬁ@? r Examm 0fy ot,N I C
group i nclude a]% roc rzcbb(r)ﬁfygfrlgglpﬁ%g\i}ioﬁgof"r 8#1 1 toggg'ncéf %oﬁ?ﬂé{l a
carbonyl gEQURRiEH BhéOXNbIALHENt 2of AEREX ThvEhEEEn &sP: gbhfaaname

group, a P-ketocarboxyl group, a O-ketoester group and an am de

group.  a-olded@Phééd Ohst e +4Wr gabefifl OURcli@bsdeuBhtOtitéd or
salt-form ng groups such as a nitric acid group or a sulfuric acid

gr oup. Exanmad afi thitednegatliefanat havingl demo2y gen 3andazbbal agens A

hal ogen-cont ai ni ng chrom um conpound is not included in the

hal ogen- cpexifiing exanmlesl Afdeschi Fed ®eokefiai t éncli@gélethylene,
propylene, l-butene, l-hexene, l-octene, 3-methyl-l-butene
and 4-methyl-l-pentene. In particular, ethylene is
preferred as the ¢-olefin of a raw material, and when
athylene 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
components are preferably in an amount of 0.1 mol% or less
based on ethylene of the raw material. The a-clefin low
polymer used herein means a polymer comprising 2 to 10 of
a-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
of at least a chromium compound (a), at Ileast one

nitrogen-containing compound (b) selected from the group

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

10



The nunber of valency of chromum (Cr) is O to 6. The preferred
chrom um conmpound (a) includes a carboxylate of chromum (Cr).

Speci fic exanples of the carboxylate of chrom uminclude chrom um
(I'l) acetate, chromium (1I11) acetate, chromum (l11)-n-octanoate,
chromum (111)- 2-ethyl hexanoate, chromum (I111) benzoate and
chromum (I'11) naphthenate. O those, chrom um (111)-

2-et hyl hexanoate is particularly preferred. [0020]

(Ni trogen-cont ai ni ng conpound (b)) The ni trogen-contai ni ng
conmpound (b) used in the enbodi ment of the invention includes at

| east one alamicuadconkaihingfecampddreld gleup consi sting of an am ne, an
am de and an im de. Exanples of the am ne include a prinmary am ne
conpound, a secBhdachramine sewmpeandatiallyst mixedrinothe hegbodiirembl es
of the am de include a netal am de conpound derived froma prinmar

am ne conmpfutlreoinyestiondary aphtRiz pgnirgengcentaipaengf cempeend and
an acid am de conpound. Exanples of the imde,include

1, 2- cycl oH&an@§i car bbYF i deLoOmRANEGRY nRgeoTEHeRal Fi d¥edral ei Fdch

and those netal s |ts.ﬂ%002 b The preferred
ni t r ogen- ESMPRPRP g o %ﬁﬁ#?cb) in the embodi nent of the
i nvention ioreﬁlagdes a secondary am ne conpound. Exanples of the

secondary [am ne conpound i nclude pyrroles such as pyrrole,

2, 4-di met f%ﬂ%ﬁ&ﬁﬁecom ound (a

2, 5-di net ﬂy pyrrole, 2-%etlil1yl _ES,-)et hyl pyrrole, 2,5-di -

met hy1- 3- et hyl p!ﬁéobﬁroﬁiﬂmdb%%@ﬁk&yﬂp' €sed fn Utk SROPIIHeN € of

2,3,4,5-tetrachl oropyrrol e and 2-acetyl pyrrole, and their

derivati vahe Epraptdsnofiddladder iatat iesst nehaldeotibbadd pyapoéééeted

derivatives. Specific exanples of the netal pyrrolide derivative

i ncl ude dibgt hytieal gememai pformhlaleCr¥i hy| Zh utheumethepplr ddmmlia, X

alum numtripyrrolide, sodiumpyrrolide,lithiumpyrrolide,

pot assi unPEPresPuEs dast oFtdomeln egAard-cdigrapy |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 carbonjl group,
an alkoxy group, a carboxyl group, a [~diketonate group, a
f-ketocarboxyl group, a p-ketoester group and an amide
group.
Examples of the inorganiec group include chromium

salt-forming groups such as a naitrie acid group or a
sulfuric acid group. Examples of the negative atom
include oxygen and a halogen. 2 halogen-containing
chromium compound is not included in the halogen-

containing compound (d) described hereinafter.

[0019]

11



pyrrolide), ethylal um num bis(2,5-dinethylpyrrolide), alumnum
tris(2,5-dinmethyl pyrrolide), sodium 2,5-dinmethyl pyrrolide),

l'ithium 2, 5-dinmethyl pyrrolide) and potassiun(2,5-di nethyl pyrrolide).
O those, 2,5-dinethylpyrrole and

di et hyl al um nun( 2, 5-di met hyl pyrrolide) are preferred. (Here, the

al um num pyrrolides are not included in the al um num cont ai ni ng
conpound (c). Furthernore, the hal ogen-containing pyrrole conpound
(b) is not included in the hal ogen-containi ng conpound (d).) [0022]
(Al'um num cont ai ni ng conpound (c)) The al um num cont ai ni ng
conpound (c) us@Hei mumberewfodiakemeyofoff hehyomdam i (Pr) nis u@etaatb.

| east one conpound such as a_ trial kyl al um num conpound, an

al koxyal kyit&® B¥PRarFednpbrerl whCRRPMD ) aisglyfry| al aarhemylate

conmpound. ecifi¢c exanpl es thereof include trinethylalum num
tri et hyl aloniChERPLIER; i(ggbutﬁpﬁ%ﬁlﬁuﬁxaﬂP efyPE é?uﬁmwmi%

d dieth | i hydride..Of th i et hyl al i i
St cul alPoBs B e, 1AL Ude)0 SBFORERR o (BT CoREALHERy SORGRARA ((ATD)
parti cul a _ bo | _ BakE (t)°)
coﬁtgiagn?he %EFBSZn-coﬁéﬁﬁhiﬁg ch%B&% aﬁgggggnfg%n?bﬁ%gﬁ L np ﬁégP

accor di ng 2L atAGeHexEXGLRL €5 iy o Gmhak PHEN- GUN-BatleNJahQ PO 6h

i nclude at | eaSt one conpound of a hal ogenated al kyl al uni num

conpound, (@zihhneahapaknéxgdeocarbon Gavi nghds@® nNoEkrdiah@gen gtpns- and
a cyclic hal ohydrocarbon having 3 or nore carbon atons and having 3

or nore haethplhérasoatd hics Eagendaedyapkgfatted num conpound i s not
i ncluded in the al um num contai ning conpound (c)). Specific exanples
t her eof | d&P@A& di et hyl al um num chl ori de, ethyl al unm num
sesqui chl oride, carbon tetrachloride, 1,1,1-trichloroethane,

1, 1, 2, 2- t dVAAERBER vRPMEHE NG oAPPNBAodPhaine, hexachl or oet hane,

1,2,3-trichlorocycl opropane, 1,2, 3,4,5,6 -hexachl grocycl ghexane _and
1, 4-bi s(trichl of &P genscahEATRITG . OTPONBA Y. [gES4) 10 the

embodiment of the invention incliudes 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-cyclohexanedicarboxyimide, 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-dimethylpyrrola,
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In the enbodi ment of the invention, the | ow polynerization of an
a-olefin is preferably that the chrom um conpound (a) and the

al um num cont ai ni ng conpound (c) are not previously contacted, or an
a-olefin and the chromium series catalyst are previously contacted in
a state that the previous contact tinme is short. Such a contact
enbodi ment makes it possible to selectively conduct trimerization
reaction of ethylene, thereby obtaining 1-hexene fromethylene as a
raw material in high yield. [0025] The contact enbodi ment in
t he above contlnuous reaction systemincludes the following (1) to
(9). S-diyepbydpyerP s, si ndrpabanictethlrydseilng a m & 1He of
t he cataléé% congonents (a) n1and (gl and the c talyst conmpaonent (c)
into a refetByl neShyl r¥x rof 3 st 7td Tsly

cat al yst '%%ﬁﬁsﬂ‘sﬁ 5Ef§y9.frﬁt§e SRR Soctidel 9 2ttt By i 2°
et hod of sl 0causl yab iy ags%d;gurepg?m HEVER Ohe a0 X 1ud(ec)

corrponents conponen

and (d) i ReRal rﬁf&‘o@.&der C3LLL}d 4Rlak . eca.fﬁ.é) e%;alﬂitﬂé%d 8% the

si nul taneously introducing a m xture of the catal yst conponents (a)

and (d) ap@taim XpyrLoDidd he Lelidlatsveconpanenie ( bdidtily (Llunithen a
reactor, respectively. (5) A nmethod of sinultaneously

introdUC|pqraohidéure of et adadmd iyt congapepislide, and (dANuminum
catal yst conmponent (c) and the catal yst conmponent (d) into a reactor,
respect i vérgpyrrolide, (f§0diumethpwr@bléﬁﬁultahbﬁhtww i reywrhlcideg a
m xture of the catal yst conmponents (c) and catalgst conponeqt
potassium pyrrelide, diaethy a vminum (2,5 -dimethyl
pyrrolide), ethylaluminum bis(2,5-dimethylpyrrolids),
aluminum tris(2,5-dimethylpyrrolide), sodium(2,5-dimethyl-
pyrrolide}, lithium({2,5~dimethylpyrrolide) and potassium-
(2,5~-dimethylpyrrolide). 0f those, 2,5-dimethylpyrrole
and diethylaluminum{2,5-dimethylpyrrolida) 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 (<))

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

cempound. Specific examples thereof include trimethyl-

aluminum, triethylaluminum, triisocbutylaluminum, diethyl-

13



(a) and the catal yst conponent (b) into a reactor, respectively.

(7) A nethod of sinultaneously introducing a mxture of the catal yst
conponents (a) and (d), catalyst conponent (b) and the catal yst
conponent (c) into a reactor, respectively. (8) A method of

si mul t aneously introducing a m xture of the catal yst conponents 0"
and (c), catalyst conmponent (a) and the catal yst conmponent (d) into a
reactor, respectively. (9) A nmethod of simultaneously and

i ndependently introduci ng each of the catal yst conponents (a) to (d).
The above-descri bed . each cat al yst coggonent i s, generally dissol ved

in a sol vékwisum aFhofddes 300 Siethylalupinym hydride o5 @b theeR0s)
The "enbodi hat th h 1 d th
aI3niﬁun?ggﬁgg%ﬁ#ﬁguﬁﬁﬂgﬂﬁﬁ%%5%5r%ﬁﬁi?% unBF%%%Sgg y cgntacted" i s not

limted tﬂgk&% initiation time of the reaction, and nmeans that such
an enbodi I's mai ntained even in the supply of the subsequent

addi ti onal (ga70Lehl BoARdi f 244! YSHp LR YGRS i nto the reactor.

Furthernore, i a batch reaCtion type, it is desired that the sane

enbodi ment i s Ufrhbi 288omiti08dlies catalysde #add 0iRf tRACEmESAEhdd1IENt
in the chromum series catal yst used in the enbodi nent of the

i nventi on dfs e eimidntichatcdntainit thee hadogea-abhiga Lolig ubshkdind S
from1l to 50 noles, and preferably from1l to 30 noles, per nole of

t he chr om (@h eenphendf$udth anompdrerdt adenrdicent e need c onFroamplgsc)

is from1l to 200 noles, and preferably from 10 to 150 noles, per nole
of the chrdni the chapegpr-cueaining regmrpamdt ofdhi Ansdudenmpdunteadl is
contained in the chrom um ser.i es catal yst, the_hal ogen-cont aini ng
conpound CFP TRV ?b Bo hdicgsnatrd ﬁrlé‘fi’éwa&b‘lmﬁ-“g%rﬁ"?mﬁn% a

ol es, pe&igggg RLlEﬁ%d%QEQ: éﬁ“ﬁé&&%&”E’ééﬂmore 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, 1,1,1l-trichloro-
ethane, 1,1,2,2-tetrachloroethane, pentachlorocethane,
hexachloroethane, 1,2, 3-trichlorocyclopropanse,
1,2,3,4,5,6-hexachlorocyclohexane and 1,4-bis(trichloro-
methyl)-2,3,5, 6-tetrachlorobanzene.

[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 a-oclefin and the

chromium series catalyst are previously contacted in a
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[ 0028] In the enbodi nent of the invention, the anount of the
chromium series catal yst used is not particularly limted, but is
generally from1.0x10-7 to 0.5 nole, preferably from5.0x10-7 to 0.2
nol e, and further preferably from1.0x10-6 to 0.05 nole, in terns of
chrom um atom of the chrom um conpound (a) per 1 liter of the solvent
descri bed hereinafter. By using such a chrom um series

catal yst, for exanple when ethylene is used as a raw materi al, hexene
which is a trinmer of ethylene can be obtained in selectivity of 90%
or nore. In this case, the proportion of 1-hexene occupied in hexene
can be 999%trtepthat [Hheppreadsusergontact tinme fge shasfduct i HFherhod

of an a-olefin | ow I r to which the enmbodi.pent of the . nyent|on
i s appli ed®°RREY ea%g?%ﬁgtﬁ“tan mak&Sof it cRAPAFELHENd R eFALECEIVOLY

sol vent . Such solvent, 1S not rticulagly Limted. Vi

For exampl ©PH 1 ERPATREI RO or o5l | SYEFLERE, | HPERRY
hydrocar bO&ﬁtazﬂﬁ]‘ﬂ Q.-fh"e%% Tf?.oﬁoeﬁ ifjéHL- YONP . » 123134t §Hehi%h
pent ane, 3-nethyl pentane, hexane, heptane, 2-nethyl hexane, octang,
cycl ohexang;o1¥et hyl cycl ohexane, 2,2, 4-trimethyl pentane and decalin;
and aromat’l ¢ hydrocar bonssuchasbenzene, t ol uene, xyl ene, ethyl benzene,
nmesityl enefgggbtetralin are used. Furthernore, an a-olefin | ow

pol ymer may be used as a solvent. Those can be used alone or as a

m xed solvent. The contapartenbbdimerntie o eftdhe echiseyerbnténobasn
saturated hydrocarbons or alicyclic saturated hydrocarbons, having
from 4 to nenpatidgosystems inphudes (e fodilawing dd¢ toed?) by- produced
pol yners such as a pol yet hyl ene can_ be suppressed. Furthernore, when
the alicyclic sditdr & 88 hetr sEapbpRttanecurlat IMhvpaucardl fsPIsEdTeity
tends to be obtained, J998% components (a), () and (d) and the
catalyst compcocnent (¢) into a reactor, respectively.

(2) A method of simultanecusgly introducing a mixtura
of the catalyst components (b} to (d) and the catalyst
component (a}) into a reactor, respectively.

(3} A method of simultaneously introducing a mixture
of the catalyst components (a) and (k) and a mixture of
the catalyst components (¢) and ([d) inte 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 (¢) into a reactor,
respectivaly.

(5) A methed of simultaneously introducing a mixture
of the catalyst components (a) and (b), catalyst component

(c) and the catalyst component (d) into a reactor,

respectively.
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(Production nmethod of a-olefin | ow pol yner) The production

met hod of an a-olefin | ow polyner is described by referring to an
exanpl e of the production of 1- hexene which is a trinmer of ethylene
as an a-olefin |ow pol yner using ethylene as an a-ol efin.

Fig. 1 is a view explaining a production flow exanple of an a-olefin
| ow polymer in the enbodi nent of the invention. The production flow
exanpl e of 1-hexene using ethylene as a raw material shown in Fig. 1
shows a conpletely m xing and stirring type reactor 10 in which
ethylene is subjected to_ | ow polynerization in the presence of a
chronium seri es &t & pethod g€ggazprharesnsizo #ch’é’ﬂ-ﬂﬂataegﬂ-&ﬁ“m

unr eact ed ef hyl ene s froma reaction |i i(d vmtf;&lrag’(\&m fromthe
react or 10°P* artet 8% 6FBPRPRBRS ¢ SF LIPS ol Pharcatiadyist SOBPARYPRRC

in the reagtyon |ljquid withdrawn fromthe degassing,tank 2 high
boi l'i ng seg%?r ata}nc'):{n (L:{:oeurrﬁa}f%&?\é\gt g%%%é% netg S sté'%é:é’s i t%éggﬁ?ﬁher
boi li ng pqj E%I-‘t}'%r hnafter referred to as "HB" (high boiler)) in the
reaction %qulﬁ WV%H rawn fromthe ethylene separation colum 30, and
a hexene separ at(79n AC gle¥&BaS8£t BdhudiSiddusly o thRRrHiag hi fikeure

wi thdrawn fromthe top of the high boiling separation colum 40 to
distill avwsy thdeatadyst compohdhi8e(APraénd a(d)oNataleistl éohpahent
circulates an unreacted ethylene separated in the degassing tank 20
and t he cotlenserd 1Ghent cathdystactanpdienti a @)ci iatloat aonrpaptoy, 21
is provided. [0031] In Fig. 1, the reactor 10 includes the

convent i orrgspacdddedy -equi pped with a stirring machi ne 10a, baffle,
jacket and the like. As the stirring machine 10a, a stirring, bl ade of
the type such ad®addrethpiand %H“g?ﬂ%?‘%séﬁ, ingredHeips ehBixtRER | S

used |1 SR L uh SBELILSLSURD B B BhBLE, cResheae
ti i t t hyl
cont ruoucla, 9Bl B8 ochbeygsect Sl oMy CuiLens SupBlcy,

the conpressQleckivedy.for exanple, two-stage conpression system a
circul ation piping 3,’I is connected to the first stage, and a

circul ation pipi(ey 24 wmethednestetimilthaesas0nd Hdgendbbenabytly
making it possible to reduce electricity consunption. On the other
hand, t he icthrodueingospobinef (the amukallysthcbmpgeartsnial nteig(ddonpound
(b) are supplied fromthe second supply piping 13 via a catal yst
supply pipi ng 13he t RBoapuAtacHikeht afafhg cdbpbisld (eymperentpplisd
fromthe third supply pi Pi ng 14, and the hal ogen-contai ni ng conpound
(d) is su@aeEdityoftene ‘F%‘gr’t’h TP piseg 18. ther rRRFRbPR, apd
sol vent used i.n _l.ow pol ynerjzation reaction of ethylene is supplied
to the regcﬂpgﬂ"'fs g?o?h %(?1 %% ond supply piping 13.

{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.
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[ 0033] 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 to 170C

The reaction pressure is in a range of generally from normal
pressures to 250 kgf/cnR, preferably from5 to 150 kgf/ cnR, and nore
preferably from 10 to 100 kgf/cnR. [0034] The trimerization
reaction of ethylene is preferably conducted such that a nolar ratio
of 1-hexene to ethylene in the reaction liquid ((l-hexene in reaction
liquid)/ (et glene inreaction liquid)) is from0.05 to 1.5, and
particul ar l[QV8¥bm 0.10 to 1.0. Specifically, it is preferred that in
the case of a cqg$|nuous reactaéicrpne a catal st concentration, reaction

pressure and ot hete JFHhe iTnL Qﬁﬁsﬁ§F88 ELiR PR ChFeRHg #5288 o
f 1-h t hyl th t d th b,

and 1t heoRRRRTEt” 4R oA o EnPeoeRPaRiaTTe éJaCF#%n FRVER b 2
the time tHQ{\ %Qflp#m é:%r ot ALhE 15 Yl el B Qé{fnl on@&lu%dhafb){ hg e

t endency t uct1 on of conpounds aV|ng I'ng poln

hi gher thagythai b do hexane dnx %@'ﬁﬁ@? FLEORT £DYo F 36 thSTes, per

i ncreasing selectivity of 1- ‘hexeneé. The reaction

| i qui d conhbDelOWwsH Y thet ek Savi dnk or@ohbeuhat t ap Of ahlle €R@CtMumtiGumi-a a
piping 11 is that trinmerization reaction of ethylene is stopped by a
deact i vat ocostigimirer fcompoandeadt) vaitsor £eopplly picpi 2§01 1meles ancnsiuch
a reaction liquid is supplied to the degassing tank 20. In the
degassi ng pPuskerably et e MA@ moleas daers medof rafinthee ghyomiun
thereof, and circulated and supplied to the reactor 10 via the

C|rculat|oﬁ°$P?H¢E)21‘"F%b EBﬂdéﬁQ@BeEGC°Pﬁ31%hﬂ%ré§§EP“P¢ aff) t hé
first | t | df ted
ctiyl ene. ntnBREIRTtas S | SR o F 0o RBLERE offB1 TenEsen-

d i . t he,d k
%0°are t naoTfaditing, . compeSRR AT £91 A0S OFs 2530%9@;115%4 "9ahe"
pref er abl yplgag a0 ) ct290C; ad idquﬂe%wg@r | SoDENgEalkhY [HoEagRM

pressures to 150 kgf/cnR, and preferably from normal pressures to 90
kgf /cn2. [&&medund (a) .
[0028]

In the embodiment of the invention, the amocunt 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
atem of the chromium compound ({(a) per 1 liter of the
solvent described herxeinafter.

By using such a chromium series catalyst, for
example when ethylene is used as a raw material, hexene
which is a trimexr of ethylene can be obtained in

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

of l-hexene occupied in hexene can be 99% or more.
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Subsequently, the reaction liquid fromwhich unreacted ethyl ene gas
has been degassed in the degassing tank 20 is withdrawn fromthe
bottom of the degassing tank 20, and supplied to an ethyl ene
separation colum 30 by a piping 22. In the ethylene separation
colum 30, ethylene is distilled away fromthe colum top by
distillation, and circul ated 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 withdrawn fromthe
bottom o F)er ation conditions of the ethylene separation colum
30 are that?PA top pressure is generally from normal pressures to
30 kgf/cn2, ?9319 ef erably fromnormal pressures to 20 kgf/cnR, and
the reflux ' ratro %)R/D) is generally fromO to 500, and preferably
from0.1 to 100. 14 0] production HatfRFdOM] | SUIEATOMM g ymer

et hyl ene has been distilled away in the ethylene separation”“collum 30
is withdraws 4heBht keebbRaifbntheretdh anfren®RahAtisOhpgAliv) e
and supplied to a high boiling separation colum 40 by a piping 32.

I n the hi gbehotiomapss eqrnreidl@F iti0lcuanb4OcofAuPEsE Nitrs aMsioll viangh
boiling point (RE: high boiler) are withdrawn fromthe bottomby a

pi ping 42. A di%icH |atsckvenrh vits clvthipgr icullangy cbipbbedt s Hraweyelrgen
separated is withdrawmn fromthe top by a piping 41. Qper ati on
condi ti onsfe¥ txamplgh bekaimg sadyapgedohydsanarbemsar ert [pdkiaqvied icop
pressure is general h}elvfrom Q.1 to_10 kgf/cnR2, and preferably fromO0.5
to 5 kgf/ ciptergird MY 9xaapensy & fromy dndeq |40, GaFHAND 3temeeQ,

and preferabIlX 038 ubsequent |

f ) . , h
Phachl onsl Fi A Miude | betitang)o Phethyiponiing e Higling. Hettane,

boiling se | .S oS UPRL,L he [

col um 50 gf/rﬁ?ﬂ{e}f%‘%%#g&zl%%eﬁ%? He %&?gﬂggg%%'r a;&?%%ycoﬂun%%gg‘,gne'
1-hexene ig, 8] $tidinRAr3@enRundi Stidddft i OgeddDiR t he hRA DY adorhaRiBY
51. Heptane is withdrawmn fromthe bottom of a hexene separation

col um 50, hpitb&ixead | N #udol veas dr banmzBheyi a ao3abuant cixydehati on
pi ping 52, and circulated and supplied as a reaction solvent to the
react or 10ethylhdngzepecond magipivylepepi n@nd3. tetralinCpemaei onused.
conditions_of the hexene separation colum 50 are that the top
pressure | Bugfghrmmane, fapmayolefdn) olawyf pehpmenndayr drer d5Pf fanR0. 5

to 5 kgf/c and the reflux ratio (RI.D) is generally fromO to 100,
and pref er Vrftr'or’r%F’iet‘aa?(Pe( ]al ne 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
hydrocarbons are used, high catalyst activity tends to be
obtained.

[0030]
(Production method 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
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(I'nert gas concentration in gas phase part in reactor) In the
enbodi nent of the invention, in subjecting ethylene to | ow

pol yneri zation in the presence of a chromumseries catalyst in a
reactor 10 to produce 1- hexene, an inert gas is allowed to exist in
t he gas phase part of the reactor 10 in the proportion of from 0.010
to 4 50.00% by vol une. The proportion of the inert gas being all owed
to exist in the gas phase part of the reactor is preferably from
0.020 to 40.00% by vol une, nore preferably from 0.050 to 30.00% by

vol une, further gref erably from Q. 500 %o 10. 00% bg/ vol une, . and npst
pr ef er abl y Y PEHFASOBBLER 320808FbYST oPtin® s an o-glefdn, okt
measuring an,inert gas Cor}&F tration_ in tﬂeﬁgas phase part of the

react or 10PPIYHBF PEIPY CTF 9 &% AP Reral, the concentration

can be obt ai ned % e_me ed, chro

spectromet er Gcﬁké) alfhgi%as pﬁggé pa’p%lﬁf iﬁe rgeag?%'rgg%gfgenera
cont ai ns elaﬂ)ﬂn?i]@ gas a&ﬁ G & BYE AT £64r a{oolfméﬁt %Y%Tl-ned%@m%h'to'bf
product, a partially volatiled reaction solvent, an a-olefin | ow

pol ynmer anénkhé nvidaticht hanshe npk.b&ﬁ@u&ﬁeﬂwnexaﬁﬁwoefdl DXiglerand
the like that are contained as I npurity conponents in the raw

mat eri al eubyhgnethyjehe asnhamraedmaft@@di]l shown idh&ignedt spassi &
not particularly limted so long as it does not react with a chrom um
series cat abppletmlly doésingt aoﬁarﬂjé-ﬂnima diype  vempendl®y irhevkdehi on
of the chromiumseries catalyst. The inert gas_generally includes,
nitrogen, GEBGRERAd hel i BWPIeRkEDf ¥Roskew ni R BRaFizatiess edred. the

Where the ortion_of the inert Xi St n the as phase rt
of the roaBEEPeRee ot efcecée%w B8 aldaty o S3R9,.

such as et Ie e en creas V\her th ortlon of the |nert
gas existi gg |"Lr:1h ‘%1 s 3 %ﬁgge p’gr ﬁ'm’?eatchgdr e§g$%f 10 98% exceSS| vef“y

smal |, the amopid, oi@rw AleldAWel $20a" 9Rd PUASLAE 1018 &Y YisiaknRds

to increase.
separation ccelumn 30 that distills ethylene in the

reaction liquid withdrawn frem the degassing tank 20, a
high Jboiling separation column 40 that separates
substances with a higher boiling point (hereinafter
referred te 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
ligquid withdrawn from the top of the high boiling
separation column 40 to distill away l-hexene.
Furthermore, a compressor 17 that c¢irculates an
unreacted ethylene separated in the degassing tank 20 and
the condensexr 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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[ 0042] A nmethod of allowing to exist the inert gas in the gas
phase of the reactor 10 is not particularly limted. For exanple, the
follow ng nmethods are exenplified. A nmethod in which each conponent
of the chrom um series catal yst (the chrom um conpound (a), the

ni t rogen-cont ai ni ng conpound (b) such as an am ne, the

al um num cont ai ni ng conmpound (c) and the hal ogen-contai ni ng conpound
(d)) is previously sealed with an inert gas, and when each conponent
of those is supplied to the reactor 10 via the catal yst supply piping

13a, the second supply piping, 13, the third catalyst s |y .pipi.ng 14
and the foﬁ??ﬁt%’ﬁp;; ggigl',‘ PesBELEFIRGy =4 “lene'r&ggaﬁ%le'
supplied to_ the reactor, 10 .t.oget heg w t.h each_conmpon w_an nmet hod
in which mﬂ%ﬁﬁﬁts&n\%n{:h%ea lz(%‘wit san"gﬂl}ene?t 155% Sm;%[}%%waeﬁ@%, t e
reactor 10_y} d ppt}?é pLpl.Ag t i 183S d& i ed
to the rea3¥%?r£1%l§p %&%er%t t_hlggggl vlJ('a'%ctﬂ_.1 %%04;%?&& s I'n twh_e !
enbodi ment ppbpd el NUARKHINR drN@heNEiked8S hSed SO £&thilnh tR0nS with

t he gas phase part of the reactor 10 in the proportion of from 0.010
to 50. 00% AypigfFLaesashdascai padnhefl prateyhar eylihadpeoper b taidbihhe
inert gas in the gas phase exceeds 50.00% by vol une, the proportion
of the ineetihas in the gas phase part is adjusted to 50.00% by

vol unme or | ess by a given operation. [0044] The operation for

adj usting {®@3%}oportion of the inert gas in the gas phase is not
particularly limted., In general, the proportion can be adjusted_b

di schar gi ng” t he #hertPQys Gt sifd& t hel 1 e RENHERG) stien (?ﬁ’&t&ﬂ“ﬁg‘séyy

I whi | j tor th trati ft i t in_th
feactor 1030PPiied Eorthg saathar, A AAaP A TH SRS, SYPRL PR 20N

Ry b anyy sl oG & ok ddEPhaACS A WL CBuERe LBELy OBBOEGSLE 11

the reaction system inert gas 1s era
the systenyiOaet hee W &bt efimn fiOM thg PlaGmpal , WitGh-ER8ge
inert gas is liable to accunulate in the reaction systemor an
unreact ed eddiptersdioni &yl tdn O | EDcul D] piping FDr iexasphectble
follow ng nmethods are exenplified. A nmethod in which a valve in a gas
di schar ge to nechEO)b fdestt ostage s eaoidr alOcigcopehibon gnigpimge Rderfisgas
together with an a-olefin are directly discharged outside the
reacti on syanafitad ke HhqyReqmss stager Ghepwbyr taking i0; rargihle
nmethod in which a valve in a gas discharge |line 21la set to the
circul ati ofP pigufRp Sleairicrt¥urSPriEP i Ract®y WenPitbRs Bapdy athe
fromthe d SSiurJ'r?ct nk 29 i,nto tget{lgagt 10 is ened, and

Wi n

inert gas Yoget her RS 4251 BFFntaFe JCI?%% A ged S'dtné'lngecfﬁggggd

reaction systeme supplied from 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 halcgen-containing compound (d) is supplied from
the fourth sﬁpply 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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[ 0046] Where the raw material ethyl ene contains ethane,

nmet hane, acetyl ene, carbon dioxide and the like as inmpurity
conponents, those conponents are discharged outside the reaction
system when the inert gas is discharged together with the a-ol efin.
According to need, the amount of the inert gas discharged outside
the reaction system may be adjusted while nonitoring the
concentration of those conponents 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
respect | vaseferablys ol 54 r¥od200iC byard mrTe RrefRiably ofeen 80
Fig. 2 is a vigew.explaining other production flow exanple of an
a-oIefirnI?ﬂw%?l?ner. The sane nunerical references and signs are

used with r espe&,&?t oretah:etisog’]r ‘rjﬁ%%;s%rceon@n.ﬂmo %h‘i-aRTde%C# i SQﬂLJ:Qﬂ%

exanpl e of Fig. e production 1l ow éxanpl e”Shown

=l . . , Loleg.
g OtfkeJT;n ﬂ%gmﬁféxgﬁé SREYSNLo %é&;&i:%f)cﬂﬁg OPPEEEQ W1 E OPPAGE LG d O

the bottomo ne separation c nm s not cconhnected to the

- sol vent drisp @%f{éﬂg, cearm%z%dg&@fbbgbﬁ CORASI SLP Py 1WPikgE/&d? at the
di scharge side of the solvent drum 60. [0048] By this, heptane

obt ai ned froos4tithe bottom of the hexene separation colum 50 can
directly be circulated into the reactor 10 wi thout passing through

t he sol vent druFhé0triherirstiomarasiiisn nd ethyhengass phretepairly of
the solvent drum 60 can be prevented from being dissolved in the
reacti on Ssngegted| sughathati At BoLpr rahéeorf 16-hexene 1 pehyiane
residual inert gas is not supplied tqQ the _reactor 10, and the .

concent r atifon Jf% he 5876 E%Fas ¢dAPAfned (KA RR%eRRs pHhise TRAFEHAR t he
reactor 19 SANaP9 (BLAYRAAE L RIS 1R85 O4s B  § s NSRRI
o and particularly from 0.10 to 1.0, Specifically, it is
preferred that in the case of a continuous reaction, a
catalyst concentration, reaction pressurae and other
conditions are adjusted such . that the molar ratio of
l-hexene to ethylene in the reaction 1liquid is in the
above range, and in the case of a batchwise reaction, the
reaction is stopped at the time that the molar ratioc is in
the above range. This has the tendency that by-production
of compounds having a boiling point higher than that of 1-
hexene is suppressed, thereby further increasing
selectivity of l-hexena.
[0035]
The reaction liquid continucusly 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 lla,
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[ 0049] The present invention is described further

specifically based on the exanpl es. However, the present invention i

not limted to the follow ng exanples so far as it does not depart
fromits gist. (Exanple 1) A continuous | ow pol yneri zation
reaction of ethylene is carried out in a process having the
conpletely mxing and stirring type reactor 10, the degassing tank
20, the ethyl ene separation colum 30, the high boiling separation
colum 40, the hexene separation colum 50 and the solvent drum 60
which stores a circulation solvent, wherein the other end of the

sol vent ci B I&H@&1ﬁnfﬁﬁ@ ion cbimekd obis t SUPRL1ES: tom e (dRTARSiAGe

separation. co 50_is ected. to the second s

thgreby byﬁagg 2@ t h&2sh 9e PIYFIIRB LR %ﬂﬂwﬁpﬁ?gqg%él%gﬁgygne is
From t he flrs i pi react eth rated fr.

t he degaSS| tgp 2 %‘? he pettﬁlelrgﬁg sgggr% ¥%§f%% pﬁ‘ uff’ll%@

cont | nuousltx SH{EO' 80 L0GUTET il 1 " EBa1 LSS @;&9@' i ofl f g

the ethylene supply piping 12a to the reactor onpressor
17. From t hgndeksd R NEhd3, cdrjrdsderveisd arh&le&haneﬁ@we%pply
separated in the hexene separation colum 50 by-passes the sol vent
drum 60 (2pkgingnni tropes eakkioAndliduikdnifirdmoushich Upiiveadtha
the reactor 10 at a flowrate of 34 liters/hr. 10050] Next ,

the n-hept atbyteteithan e adegasgedhionwibhdtaw) 2xan hendcdrroat of( a)

and 2,5-dinethylpyrrole (b) is supplied fromthe catalyst supply
pi pi ng 13athe degasminmtte@nds 20.1 |iter/hr, and is continuously

supplied to the reactor 10 via the second sup piping 13. The
n-hept ane sol ut i BPTBEHR PR AR (EPei sdoe%rﬁsl E‘G

003 I tor FRFC FHPLHBHRSE *—t“?ﬁred%ss ERPAREL B PRy Uy o' 288 Bnd

ou"sﬁ'&}‘ sthpPred

hexachl or by S I om
fourt%s%%%?#%pf.%ﬂ PG o] Bty

The sol uti sRof n@akdlL ObrEfd e/t OTE NEFR Aok ?S %%D'pz%@eﬁragif?afrom
nitrogen seal tank (not shown) of 2 kgf/cnR. The cata

yst is

cont i nuoushyrsalp Preatures e VoakrgdH/ =@ such that the nolar ratio of

each conmponent is (a):(b):(c):(d)=1:6:40:4. The reaction conditions

are 140C ab@®¥8] kgf/cn2. 10051]

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 tc 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 liguid from which ethylene has been removed is
withdrawn from thae bottom.

Operation conditions of the ethylene separation

column 30 are that the top pressure is generally from
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2- Et hyl hexanol as a netal solubilizing agent is added to the reaction
liquid continuously wthdrawmm from the reactor 10 fromthe
deactivator supply piping ha at a flowrate of 0.005 liter/hr, and
such a reaction liquid is then successively treated in the degassing
tank 20, the ethyl ene 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 nmeasurenent with a gas chronat ography
nmass spectronmeter (GC-MS). A valve in the gas discharge |ine 10b set
to the reatp¥palpresypestedte it kafiicon hi en@apﬁefﬁl 0 7%%rh P oFsadne,

a gas is continuousl dlschar d ;roq%; ase art of_the
react or 10PT8UERhHyitenes o§§ ‘é‘?lfo? Yt ss” ‘ﬁ"o) ?‘&Pcé’f‘éﬂ/st’“s

efficiency (CE bt ai e results h a

Coos2) " senatafls Sikal D3 500°, aFA presdiahie Y B Lo pdo-
proportion 6&F;Y/SETY) of ethylene weight PETY (unit: g/hr)

di scharged ou 1de the systemto ethylene weight SETY (unit: g/hr)

freshly suppliedph §33€E§6ﬁ”qg.q%%u”fréﬁ whi¥heneciyd iRl hads g
value is small. he catalyst efficiency (CE) 1s a product

wei ght (unaist{ied oawagd i #n&Ooukhpeens hisePata@tabam odlivgi f0INkik:

g) of the catal yst conponent supplied in 1 hour. The catal yst

ef fi ci encywishdwaym afriche theuebostdmr gf [BB53ath¥keme| empariadiobn
and Conparatives 1 and 2) According to the process of

Exanpl e 1, celwwnt i3uouanfloveyritdimst | 2at idn highct Pohlbig etaepazasips
carried out,_ the amount of gas discharged from.the %?s di schar e l'ine

10b set. (ooHuns ity 3 (P1RLSh e Buciha A9t s 39 peparation
trat h I 10.

shown i n_ Taree A0 SBReBaRRER e tho s o TR, potad L) Bl

the catal %’18%)5‘%;)' 4 EDN; LR andl O S ALRE Soo TG B UL! $18ERGSHEWN A1

Tabl e 1.
distillate from which high boiling components have been

separated is withdrawn from the top by a piping 41.

Operation conditions of the high boiling separation
column 4C are that the top pressure is generally fxom 0.1
to 10 kgf/em?, 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]

Subsaquently, 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 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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[ Tabl e 1]

--% """ -7 - Nftnngenconcenbati oni n gasphasepnrt of mact or

(% by volune) ETYloss ratio (Y0O) Catalyst efficiency (CE) Exanple

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.

Operation conditions of the hexene separation column
50 are that the top pressuzxe 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.

(0039]
(Inert gas concentration in gas phase part in reactor)

In the embodiment of the invention, in subjecting
ethylene te low polymerization in the presence of a
chromium series catalyst in a reactor 10 to produce 1-
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. T;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, furthar 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 im

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
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0.070 2.4 520000 2 ... 0.240 023 520000

spectrometer (GC-MS). The gas phase part of the reactor
10 generally contains ethylene gas as a raw material, a
catalyst decomposition product, a partially volatiled
reaction solvent, an g-olefin low polymer and the like.
Ethane, methane, acetylene, carbon dioxide and the like
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 ihto other compound by the action 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 o-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 axcessively
small, the amount of an wca-oclefin dischargad outside the
system tends to increase.

[0042]

A method of allowing to exist the inext 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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1.200 OL17 510000 4 5.000 0.038 480000 5 13.40 0.015

catalyst (the chromium compound (a), the nitrogen-
containing compound (b} such as an amine, the aluminum-
containing compound (c) and +the halogen-containing
compound (d)) is previously sealed with an inert gas, and
when each component of those is supplied to the reactor 10
via 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 method in which when a solvent sealed with an inert
gas is supplied £o the reactor 10 wvia the second supply
piping 13, the inert gas is supplied to the reactor 10
together with the solwvent.

{0043}

In the embodiment of the invention ,T 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 volume, 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 adijusting the proportion of tl;e
inext 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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430000 6 2620 0.008 350000 Conparative Exanple 1 6120 0.003 110000

valve while monitoring the concentration of the inert gas
in the reactor 10.

The place from which 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 withdrawn outside the system together with an
o-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, tﬁe following methods are exemplified.
A method in which a valve in a gas discharge line 1l0b set
to the reactor 10 is opened, and the inert gas together
with an o-olefin are directly discharged outside the
reaction system from the gas phase part of the reactor 10;
and a method in which a valve in a gas discharge line 2la
set to the circulation piping 21 for circulating unreacted
ethylene separated from tha degassing tank 20 into the
reactor 10 is opened, and the inert gas together with an
od-clefin are discharged outside the reacticn system.

[0046]

Where the raw material ethylene contains ethane,
methane, acetylene, carbon dioxide and the 1like as=
impurity components, those compeonents are discharged
outside the reaction system when the inert gas is

discharged together with the c-clefin. According to need,
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2 0.005 28 520000 [00551 It is seen fromthe 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 from0.010 to 50. 00% by
vol une (0.070 to 26.50% by vol unme: Exanples 1 to 6), the ETY | oss
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 69.20% by vol unme which is not |ess than
50. 00% by vol une (Conparative Exanple 1), the catal yst efficiency is
decreased. Furthernore, when the concentration of nitrogen contained
in the gas‘thRasaneynt heof edther iP®iits 928059 B5Ravdede RHELide s Hhet

nore than 0.010% by vol une (Conparatiye EX le.2), the, ETY. | os

Tt to o i RERGELOR, TN BBYanpP ocadouerasl i 1eo ARSI RS 3 hifg
4) According 1ot rocess_of Exanple 1l..a continuqus .l ow

bol yrrer | zalPERCPEAREIOh O IR avuReRsRERT 1E Badeion o KRe dnghe o

di schar gedghy 0m Al 2% (5002408 Lh0oRdde et Gé e iaglikaL 98,

pi ping 21 rs change that ‘nitrogeh concentration In the gas
phase part of thfdegobob-dfstSidf YPbESLSORYN dad B! Badriddd culge

ethylene loss ratio (ETY loss ratio) and the catal yst efficiency (CE)
are obt ai ngfildegéedérsly t SrakpesbDyely N Anll &cah bB0XAHrried 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 bottom 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 sclvent
drum 60. The inert gas existing in the gas phase part of
the solvent drum 60 can be prevented from being dissolvad

in the reacticn solwvent circulated into the reactor 10.

As a result, the residual inert gas is not supplied to the
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[ Table 2] Nitrogen concentration in gas phase part of reactor (% by
vol une) ETYloss ratio (% Catalyst efficiency (CE)

reactor 10, and the concentration of the inert gas
contained in the gas phase part of the reactor 10 can be
prevented from being increased more than necessary.
Examples

[0049]

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

(Example 1)

A continuous low polfﬁerization 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
to the bottom of +the hexene separation coelumn 50 is
connected to the second supply piping 13, thereby by-
passing the sclvent 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 continucusly supplied together
with ethylene freshly supplied from the ethylene supply
piping 12a to the reactor 10 by the compressor 17. From

the second piping 13, the recovered n-heptane solvent
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Exanple 7 12.00 0.021 440000 8 28.50 0.010 330000 9

separated in the hexene separation column 50 by-passes the
solvent drum 60 (2 kgf/em®? nitrogen seal), and is
continuously supplied to the reactor 10 at a flow rate of
34 liters/hr.

[0050])

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 fc) 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 is
supplied from a nitrogen seal tank (not shown) of 2
kgf/cm?.

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

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

added to the reaction liquid continuously withdrawn from
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1.200 0.210 510000 Conparative Exanple 3 68.50 0.005 110000 4 0.005
30

the reactor 10 from the deactivator supply piping lla at a
flow rate of 0.005 liter/hr, and such a reaction liquid is
then successively treated in the degassing tank 20, the
ethylene separation column 30, the high boiling separation
column 40 and the hexene separation column 50.

In this process, the nitrogen concentration in the
gas phase part of the reactor 10 is ocbtained by the
measurement with a gas chromatography mass spectrometer
(6C-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 continuocusly hdischarged 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 ratic (ETY loss ratio) is the
propoxrtion (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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520000 [00581 It is seen fromthe results shown in Table 2
that when the concentration of nitrogen contained in the gas phase of
the reactor 20 is in a range of fromO0.010 to 50.00% by vol unme (1.200
to 28.50% by vol une: Exanples 7 to 9), the ETY loss ratio is |low, and
the catal yst efficiency is high. Contrary to this, when the
concentration of nitrogen contained in the gas phase of the reactor
10 i s 68.50% by vol unme which is not |ess than 50. 00% by vol une
(Conparative Exanple 3), the catalyst efficiency is decreased.

Furt hernore, when the_concentration of nitrogen contained in the gas

phase of the reRIH*HRT £ BBIRFAAA ffe 8 dndt TRIETR
0.010% by yol une.(Conparative Exanple 4 the ETY | oss ratio.is

ner eased. LP80BOLPRRRARFLoH 0 X AREEEE o A1 TE BE S oS REARA %A
cont i nuous w, kzati,on.r. ' t e [ L,ed in
o process FabT HOENETRE SpsP AueBRELAT ThoR MHLTMRe (BSARLLE 0B,
the degassipg LaPked0thd NPeflity o1 SERMAIGR) LRIHTRat0a W -RGEH
boi l i ng colum 40, the hexene separation colum 50 and the sol vent
drum 60 whiéhcéd©fS5ich Cin Cthall g9 PRA¥ENparvherE ethet RRabe60VEOCHS

n- hept ane separated in the hexene separation colum SO is passed

t hrough t heheokraktné dhown6Gnsembde vl hamd t thgerpthglén&gllbea? rakiid

t hen continuously supplied to the reactor 10 at a flow rate of 34
liters/hr, (BBYsloms ia¥ie) and the cakalyabumffgicigacydi (Ear god
fromthe gas djischarge line 10b set to the reactor 10 is changed such
that a nitPotRiPeIncARer BEFBALS PENSRPIE fRad@PRerL-of the reactor 10
is the val H??]%p]gwn in Table 3, and the ethylene loss ratio (ETY |oss
rati o) and atal yst efficiency (CE) are obtained. The results are
shown in T?'cha.l?le?"l][ 0060] [Table 3]

Nitrogen concentration in ETY loss Catalyst
gas phase part of reactor ratio efficiency
{% by volume) (%) (CE)
1 0.070 24 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
[00551]

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.
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Ni t rogen concentration in gas phase part of reactor (% by volune) ETY
loss ratio (%9 Catalyst efficiency (CE) Exanple 10

Contrary to this, when the concentration of nitrogen
contained in the gas phase of the reactor 10 is 69.20% by
velume which is not less than 50.00% by volume
{(Comparative Example 1), the catalyst efficiency is
decreased. Furthermore, when the concentration of
nitrogen contained in the gas phase of the reactor 10 is
0.005% by veclume which is not mora than 0.010% by wvolunme
(Comparative Example 2), the ETY loss ratic is increased.
[0056]

{(Examples 7 to 8, and Comparatives 3 and 4)

According to the process of Exa.mple 1, a continuous
low polymerization reaction of ethylene is carried out,
the amount of gas discharged from the gas discharge lin?
2la set to the cir¢ulation 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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1.200 1.130 510000 Conparative Exanple 5 68.50 0.024 110000 6 0.007
66

[Table 2]
Nitrogen concentration . Catalyst
in gas phase part of ETY loss ratio ]
efficiency
reactor (%) (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
[C058]

It is seen from the results shown in Table 2 that
when the concentration of nitrogen contained in the gas
phase of the reacter 10 is in a range of from 0.010 to
50.00% by velume (1.200 to 28.50% by velume: 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 veolume 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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520000 [0061] It is seen fromthe results shown in Table 3
that when the concentration of nitrogen contained in the gas phase
of the reactor 10 is in a range of from0.010 to 50.00% by vol une
(1.200% by vol ume: Exanple 10), the ETY loss ratio is low, and the
catal yst efficiency is high. Contrary to this, when the
concentration of nitrogen contained in the gas phase of the reactor
10 i s 68.50% by vol unme which is not |ess than 50. 00% by vol une
(Conparative Exanple 5), the catalyst efficiency is decreased.

Furt hernore, when the concentration of nitrogen contained in the gas
phase of tR& cazxgied @t 4n) aMedRss hanimavtfhsh commlatahy auiing
0. 010% by vol une (Conparative Exanple 6), the ETY lLoss ratiq is

i ncreased. and stirripg; k¥Pex FRPLEST a8 Cohgaiegr?einda ks 20 tthegen

i d the i t gas, but it X d.that t
Pesul T io GHEMHER SURETLhSHIuEnA0s FAPCRBRE BREHTE SHUB Phhe
f IS t__al I t h
el um has tPRe PesPaR By RdR: Rhumd oq "R Fnd oSoL PRk AR, 00
possi bi | i tyni oAt stdrddear BEBoAPdE] o dgéﬁﬁelﬁ/@,d Wb A e Ste iRfdtelion
and a solvent even in a slight anount, the rare gas is accunmul ated in

the reacti grneyeddn sdper£Ed Gin 1 £l NPdRerdd SsdPhria thnP HoladnOB0S ijge
the system While the invention has been described in detail

and wi t h rphssedcehicudhetispaciliventedirani BBntcalédredth rnitmigen ke
apparent to one skilled in the art that various changes and

nodi f i cat i 8nkg€demhe amdethenr eontinuhosly depeplied teorhehaeagitort
and scope thereof. This application is based on Japanese
Pat ent Applf cat idfiPatzate ﬁquﬁﬂcéﬁrgeﬁsm:mmm Figled-
Decenber 28, 2006, the entire contents thereof bei her eby.

i ncor porat ed by AR 95, AT rdiFchanged f5om ¢ % Gas discharge

line 10b set to the reactor 10 is changed‘ such that a
nitrogen concentration in the gas phase parxt 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 0.0607 66 520000
[C0B1]

It is seen from the results shown in Table 3 that

when the concentration of nitrogen contained in the gas
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[ 0062] According to the present invention, an a-olefin | ow
pol ymer can be produced in high yield. Therefore, the industrial

val ue of the present invention is remarkable. CLAIMS 1. A production
nmet hod of an a-ol efin polyner which conprises polynerizing 2 to 10
a-ol efin nmononers in a solvent supplied to a reactor in the presence

of a chrom um based catal yst, characterized in that: an inert
gas is discharged fromthe reactor so that its proportion.in the
reactor may be from 0.010 to 50.00% by vol une, and an

unreacted a-olefin and the solvent are separated from.a reactign
product of PRRRGneEfi FRE FRAGHRF rERi A2ukst & TP tHe Frgwt §r010 to

2. Th ' hod of _olefin | i ned i
ciaima chraef o¥zurirns; ddr 2PRE Foreighe’; EXARPAGHR) T e Bl
i xt h g _ ' . f, an.aeol efi
ow pol ynet o4 e ap dow 2hd [H8 RABAZh MedRMGn T RaBn0 P
gas is dischar geghl-shdad i ileagheln tBYSLERLEA OFL & iR S HA%E BRN!

of the reactor, a circalation piping of the unreacted a-olefin or

both of thefhtained #h R JHHPHdD BATEIMO ket 300lief i68.50% by
polymer, as clained in claiml, characterized in that the sol vent

separ at ed fobumé hewheahti ds | igotd adbkai nathamy t5H%. 00 pbyyneoileaki on

reaction of an a-olefin is circulated into the reactor w thout

passi ng t h{¢eompazative 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 wvolume
{(Comparative Example 6), the ETY loss ratio is iﬁcreased.

In the Examples and Comparative Examples, 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 reascn for this is neot 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 cutside 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 variocus

changes and modifications can be made therein without

departing from the spirit and scope thereof.
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sol vent drum 5. The production nmethod of an a-olefin | ow
polymer as claimed in claim1, characterized in that the chrom um
series catalyst is constituted of a conbination of at |east a
chrom um conmpound (a), a nitrogen-containing conpound (b) and an

al um num cont ai ni ng conpound (c). 6. The production nethod of
an a-olefin |ow polynmer as claimed in claim1, characterized in that
the chrom um series catalyst is constituted of a conbination of at

| east a chrom um conmpound (a), a nitrogen-containing conpound (b), an

| um t ai ni d (0 d hal - t ai ni d
??ij " ”:m Conl 7. Thee Eﬁgﬁﬁif%%%rgf _ﬂ%ﬂ?obtgaﬁgg? F?%gp i%n%%ag?t%ﬁ_ Ou%tfs
claimed in,claiml1, cha eri z n tha 0 ion o
an a-olefiﬁppslﬁﬁﬁ tei?#ﬁ?nﬁ sgg?élfﬂ t°% h °Chr§h$§ﬁ%g§%h€€u q%%ﬁ

dth | pm i ni d . i .
cont act ed. DRCRBLE S, BB SCTRA e £xd | STl ® bRESE | being

pol ymer aspghk@hiethddgd Alvadl nyChatachgebzed in that the a-olefin is
et hyl ene.

Industrial Applicability
[0062]

According to the present invention, an a-olefin low
polymer can be produced in high yield. Therefore, the

industrial value of the present invention is remarkable.
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CLAIMS

1. A production method of an a-olefin polymer which comprises
polymerizing 2 to 10 o-olefin monomers in a solvent sipplied to a reactor
In the presence of a chromium based catalyst, characterized in that:

an inert gas is discharged from the reactor so that its proportion in
the reactor may be fiom 0.010 to 50.00% by volume, and
an unreacted o-olefin and the solvent are separated from a

reaction product of polymerization, and recirculated into the reactor.

2. The produckion method of an «-olefin low polymer
as claimed in claim 1, characterized im that the inert gas

is nitrogen, a xare gas or a mixture thereof.

3. The produckion methed of an s—olefin low polymer
as claimed in claim 1, characterized im that the inert gas
is discharged outside the reaction system fxom a gas phase
part of the reactor, a circnlation piping of . the

unreacted o-olefin or both of them.

4. The production method of an «-olefin low polymer:’
as claimed in claim 3, ‘characterized im
that the solvent separated from the reaction ligid
obtained by the low polymerneation reaction of an a-olefin

is oiroulated dinto &he wreactor without passing through a
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solvent drum.

5. The production method of an ca-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).

€. The pzoduction method of an t-olefin low polymer
as claimed in claim 1, characterized in that the chromium
series catalyst is constituted of a combination of ak
least a chromium compound '(a}, a nitrogen-containing
compound (b}, an aluminum~-containing compourd {c) and a
haleogen-containing compound (d).

7. The production method of an a-olefin low polymer
as claimed in elaim 1, characterized in that the low
polymerization of an o~olefin 4s conducted in a state that
the chromimn compound {a} and +the aluminuom-containing

compound (¢} are not previously contacted.

8. The production method of an awolefin low polymex

as claimed in claim 1, characterized in that the oa-olefin

is ethylene.
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