DESCRI PTI ON PRODUCTI ON METHOD OF POLYOLEFI N, POLYOLEFI N AND 1- HEXENE
FOR LI NEAR LOW DENSI TY POLYETHYLENE PRODUCTI ON RAW MATERI AL Techni cal

Field [0001] The present invention relates a production nethod
of a polyolef in, a polyolefin and 1-hexene for linear |ow density
pol yet hyl ene production raw material. Background Art [0002] A

met hod of using a catalyst is.known as a production nmethod of a-

pol yol ef in. For exanple, where 1-hexene is used as a raw nateri al
olefin, a linear |low density polyethylene (LLDPE) is obtained. [0003]
On the other hand, trinerizati on PESCRIBFI@N et hyl ene using a

chrom um series catalyst is known as a producti on net hod of 1-hexene.
The repr es SRORVLFEON hgﬁ’-ﬁBQP] OF i%@’@&@&h‘st ROLYQLEFIYNiANR SkTHEMENE

catal yst copprising.a conbjnation of at least a chronium conpound
(a), a ni t F&Gen- 'niIrFaq CW(@?LWWU@W ng RAW

conpound (%Tﬁggﬁ? hal ogen- cont ai ni ng conmpound (d) (for exanple, see
Pat ent Docuneén . [0004] :
Technical Field
[0001]

The present invention relates a production method of
a polyolefip, a polyolefin and J.-hexene- for linear low
density polyethylene production raw material.

Backgrocund Art
[0002]

A method of using a catalyst is known as a
production method of a polyoclefin. ' For example, where
1-hexene »:i.s used as a raw material olefin, a lineax low
density polygthylene (LILDPE) is obtained.

[00063] |

On the other hand, trimerization reaction of
ethylene using a chromium series catalyst is known as a
production method of l<hexene. The repraesentative
‘chromium series catalyst is a chromium series catalyst
comprising a combination of at least a chromium compound
(a), a nitrogen-containing compound (b), an aluminum-
containing compound (¢) and a halcgen-containing compound
(d) (for example, see Patent Document 1).

[0004]

Trimerization reaction of ethylene is conducted in



Trimerization reaction of ethylene is conducted in the presenceof a
reaction solvent. After conpletion of the reaction, 1-hexene obtai ned
Is treated in a distillation columm, and separated and recovered from
the reaction solvent. In such a case, 1-hexene may contain a slight
anount of an organohalide. [00051 Conventional ly, an
organohalide in 1-hexene is renoved fromthe fear that the

organohal i de adversely affects a catalyst for linear |ow density

pol yet hyl ene production (single-site catalyst). Fromlong ago,

vari ous netthedprmssnceowt ag rhactismvadlvmithod. Afer cceamppleticm of
met hod of using an ion-exchange resin (see Patent Docunent 2) and a
met hod of #eng ¥#AEIT benf-Ba¥enes ghgainad siig catreateda- ahunima

or activated Cl'ii gsee Pat ent Docynent 3% a%e known. Additionally, a
met hod of GeFkgL285EPReRIVIAY ﬁngoF@Pﬁ edrand FRRIYNRD Fr b ridhess

d bent .is.k h ich is i d t
Cindor i | d288RG-PhoAE OB 1 S nBRFBCS. S48 oF SELTERS Y 1STRSe 4 <
renoved Up};&?gﬁtlaﬂgﬂh{?yofﬁéﬂEgrﬁrgheaiidgo- 04 ppm by wei ght or |ess
a

interns o chl orine ato see Patent Docunment 4). [0006] Patent
Docurment 1liodBsf- 11- 060511 Patent Docunent 2: JP-A-53-103411 Patent
Docunment 3: JP-A-57-183726 Patent Docunent 4: JP-A-3-99024

Conventionally, an organchalide in 1l-hexena is
removed from the fear that thé organchalide adversely
affects a catalyst for linear low density polyethylene
production (single-site catalyst). From long ago, various
methods are known as the removal method. For example, a
method of using an ion-exchange resin (see Patent Document
2) and a method of using an adsorbent such as alumina,
gsilica, silica-alumina or activated clay (see Patent
Document 3) are known. Additionally, a method of wusing
zeolite having a pore size of 5 angstroms or more as an
adsorbent is known as a method which is improved so as to

~ remove under mild conditions. By this method,
2-chlorcbutane in l-hexene is removed up to 0.1 ppm by
weight or less (0.04 ppm by weight or less in terms of a
chlorine atom) (see Patent Document 4).
[0006]

Patent Document 1: JP-A-11-060511

Patent Document 2: JP-A-53-103411

Patent Document 3: JP-A-57-183726

Patent Document 4: JP-A-3-98024



Di scl osure of the Invention Problens that the Invention is to Solve
[ 0007] However, according to the finding of the present

I nventors, sur.prisingly, an organohalide in 1-hexene does not al ways
adversely affect a catalyst, but in the case of a specific content

t hereof, the organohalide increases activity of a catalyst. The
present invention has been conpleted based on such a finding. The
present invention conprises the related three inventions, and the
gi st of each invention is described bel ow. Means for SoIV|ng t he
Probl ens ((G@8Rosure ofSphei tavetign a first aspect of the present

I nvention resides in a production nethod of a polyolefin,

char act er | Zz¢blgnshghatnthe olucention gal ol Epiweby pol yneri zation
reaction of a raw material olefin in the presence of a catalyst,
concentrat {39934 an organohallde to the raw material olefin is from

0.5 .20 e et o8 R o B o
From 0. 005 Tyer ikl sikprEliAblo, Chn bOPRENRILE b AL AU Rt

from 0. 005 erns o ogen atom an
aspect of the Qﬁ.ﬁiﬁﬂtaawfgélfrhfﬁéiﬁeas dartalygﬁxeﬂﬁtf% thd 68 ad Y

densi t ypol yet hyl enepr oduct | onr awmat eri al ,
a specific content therecf, the organohalide increases

activity of a catalyst. The present invention has been
completad based on such a finding. The present invention
comprises the related three inventions, and the gist of
each invention is described below.

Means for Solving the Problems

[oc08]

Specifically, a first aspect of the present
invention resides in a production method of a polyolafin,
characterized in that in producing a polyoclefin by
polymer_ization reaction of a raw material clefin in the
presence of a catalyst, concentration of an organchalide
to the raw material olefin is from 0.05 to 10 ppm by
weight in texms of a halogen atom.

[0009]

A second aspect of the presant invention resides in
a polyolefin, characterized in that it contains an
organchalide in an amount of from 0.005 to 1 ppm by weight
in terms of a halogen atom, énd a third aspect of the

present invention resides in 1l-~hexene for linear low



characterized in that it contains an organohalide in an anmount of
fromO0.05 to 10 ppm by weight in ternms of a hal ogen atom [0010]

That is, the gist of the present invention resides in the follow ng
(1) to (11). (1) A production nethod of a polyolefin, characterized
in that in producing a polyolefin by polynerization reaction of a raw
material olefin in the presence of a catalyst, ‘concentration of an
organohalide to the raw material olefinis fromO0.05 to 10 ppm by
weight in terms of a hal ogen atom (2) The production nmethod as
descri bed idensity whepelyethidenae | sSPESGUWCHLON he r¥aW nat cpraterial,
olefin, and_the concentration of the or%anohalide to 1-hexene is from

0.05 to 10 F@Fasrercrgft ifn thatsibf canfaingefnacdanopaiiqpe in an
producti on net hod escri.b g in (%a, wherein the 1-hexene is
Obtained byEPRReAL ATOh Peltt it 1 BPRy PEnd'sidihy 4B cRPERT uRE 2
series catg&xgpegogpgﬁsing a conbi nation of a chrom um conpound (a),
a nitrogen-contal ning conpound (b), an al um num contai ni ng conpound
(c) and a halagen- contai ning conpound (d). (4) The production method
as described in any one of (1) to (3), wherein the organohalide is an
unsat urated orgapnasl ide. the( Piskerekbichiedariet pebritsi ddLSEdd gk i N
(4), wherein the unsaturated organohalide is a hal ogenated ol efin.
[0011] (6)nAthel folkéwimgcliby axi eflilded in that it contains an
organohal ide in an anpunt of fromO0.005 to 1 ppm by weight in terns
of a hal ogdd)at ofn Pre#pcthenpaiefdodf iof av pelyelekin i nchsyacterized s
a linear |qw density_polyethyl ene. . .
in that "in predicing a polyolefin by polymerization
reaction of a raw material olefin in the presence of a
catalyst, c¢oncentration of an organohalida to the raw
material olefin is from 0.05 to 10 ppm by weight in terms
of a halogen atom.
{2) The proch_:ction method as described in' (1), wherein
l~hexena is used as the raw material c¢lefin, and the
concentration of the organohalide to l-hexene is from 0.05
to 10 ppm by weight in terxms of a halogen atom.
{3) The production method as described in (2}, wherein
the 1l-hexene is obtained by trimerization reaction of
ethylene using a chromium series catalyst comprising a
combination of a chromium compound (a), a nitrogen-
containing compound (b}, an aluminum-containing compound
{(c}) and a halogen-containing compound (d).
{4) The production method as described in any one of (1)

to (3), wherein the organohalide is an unsaturated

organchalide.



(5) 1-Hexene for linear |ow density pol yethyl ene production raw
material, characterized in that it contains an organohalide in an
anmount of fromO0.05 to 10 ppm by weight in terns of a hal ogen atom
(5) The -1-hexene as described in (8), wherein the 1-hexene is
obtained by trinerization reaction of ethylene using a chrom um
series catalyst conprising a conbination of a chrom um conpound (a),
a nitrogen-containing conpound (b), an al um num contai ni ng conpound
(c) and a hal ogen-contai ning conpound (d). (10) The 1-hexene as
descri bed i{R) (8)The Ppopdughigwrimethed opgadeharibiedcant didded wWherein
1- hexene is_an unsaturated organohalide. (11) The 1-hexene as
descri bed tHe(upjatwFRhed PrIRobREAABNARI %Ieh?)sc’%ﬁmeé’géﬂ&[féﬁ-ol efin.
Advant age 2@ ﬁ@f I nvention [0012] According to the present invention,
cat al yst Pi ty is increased, and a polyolefin such as a linear

| ow densi t ?ilsgo' Yt g%ifﬁ%ﬁ&;ﬁ%&’ﬁ%ﬁ%&“%t EhgtL '.xta%%mgsog%' y-

Bri ef Desc tion
organchalide in an amount of from 0.005 to 1 ppm by weight

in terms of a halogen atom.

{7) Tha pelyolefin as described in {(6), which is a
linear low density polyethylene.

(8) l1-Haxene for linear low density polyethylene
production raw material, characterized in that it contains
an organohalide in an amount of frdm 0.05 to 10 ppm by
waight in terms of a halogen atom.

(9) The 1-hexene as described in (8), wherein the
l-hexene is obtained by trimerization reaction of ethylene
using a chromiuﬁ series catalyst comprising a combination
.of a chromium compound (a), a nitrogen-containing compound
(b), an aluminum-containing compound (¢) and a halogen-
centaining cOmpound'(d).

(10) The l-hexene as described in (8) or (9), wherein the
organcohalide contained in 1l-hexene is an unsaturated
organohalide.

(11) The 1l1l-hexene as described in (10), wherein the
organchalide is a halogenated olefin.

Advantage of the Invention

{0012}

According to the present invention, catalyst



[Fig. 1]Fig. 1 is an explanatory view of a production process of
1- henene used in Reference Exanple 1. Description of Reference
Nuneral s and Signs [0014] 10: Conpletely mxing and stirring type
reactor 11: Deactivator supply piping 12: First supply piping 1l2a:
Et hyl ene supply piping 13: Second supply piping 13a: Catalyst supply
pi ping 14: Third supply piping 15: Fourth supply piping
activity is increased, and a polyoclefin such as a linear
low density polyethylene can be produced industrially
advantageously.
Brief Description of the Drawing
[0013]
[Fig. 11 Fig. 1 is an explanatory view of a production
pfocess of l-hexene used in Reference Example 1.
Description of Reference Numerals and Signs
[0014]
10: Completely mixing and stirring type reactor
11: Deactivator supply piping
.12: First supply piping
12a: Ethylene supply piping
13: Second supply piping
13a: Catalyst supply piping
14: Third supply piping
15: Fourth supply piping
16: Compressor
20: Degassing tank
30: Ethylene separation column
40: High beiling separation column
50: Hexene saeparation column
70: Solvent drum
Best Mode for Carrying Out the Invention
[0015]

The present invention is described in detail below.



16: Conpressor 20: Degassing tank 30: Ethylene separation colum 40:
H gh boiling separation colum BO Hexene separation colum 70:

Sol vent drum Best Mbde for Carrying Qut the Invention (0015] The
present invention is described in detail below In the
production nmethod of an a-olefin |ow polynmer to which the enbodi nent
of the invention is applied, the a-olefin used as a raw nateri al

I ncl udes substituted or unsubstituted a-olefins having from2 to 30
carbon atons. Specific exanples of such an a-olefin include ethylene,
propyl ene, 1-butBmethd-pesdunetidn ovditdrel oF net hydellefini dovw prdymex
4-nmet hyl -1-pentene. In particular, ethylene is preferred as the

a- ol ef i n oftoa whaghniher iembodimankhof &hey liavenitdonsde applied; awhe
material, 1-hexene as a trinmer of ethylene is gbtained_ in hi yield
and hi gh s&reéﬁfwwseﬂuﬁ%e@ nBR¥, mAferialhjpedades L?é'?&t&?lgﬂ‘é PEW

{rﬁge;ga} man‘B]L’Jéf‘L' r%)]?&gn s ot hqvthan&?ghﬁl%/ %?Cl be cont |ned in
FEi R M
material. propylene, 1-butene, 1-hexena, l-octene, 3-methyl-l-butene
and 4-methyl-~l-pentene. In particular, ethylene is
preferred as the a-olefin of a raw material, and when
ethylene is used as the raw material, l-hexene as a trimer
of ethylene is obtained in high yield and high selectivity.
Furthermore, when ethylene is used as the raw material,
impurity components cother 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.

In the following description, l-hexene for linear
low density polyethylene production raw material is
described for the sake of conveniencea of the description.

l-Hexene of the present invention is obtained by
trimerization reaction of ethylene using a chromium series
catalyst; The trimerization reaction of ethylene is
basically conducted according to the method described in,
for example, JP-A—11;060511.

[0016]

The chromium sexies catalyst comprises a combination



In the follow ng description, 1-hexene for linear |ow density

pol yet hyl ene production raw material is described for the sake of
conveni ence of the description. 1- Sexene of the present
invention is obtained by trimerization reaction of ethylene using a
chrom um series catalyst. The trinerization reaction of ethylene is
basi cal |l y conducted according to the Method described in, for

exanpl e, "JP-A-11-060511. [0016] The chrom um series catal yst
conprises a conbination of at |east a chrom um conpound (a), a

ni t r ogen- coft attniaastoapoereniyn carpormdal(@Xi, nanntbregemt erp tdmiognd
(c). According to _need, the chrom um series catalyst further ,
cont ai ni ng S§™REPBen{Rbonzichi AF c3tyBiRHRIARtadndagy. cpmpaygd  (c) .

Th h ' i pcl _ t | t d t ed

by the genBPEPEREPRIE C1oPdn ntERa BaRTar eBFRARa. R AIYAFC AREeE,
e genEPAPFOPFUIE IR 0 Fhe o] Fa SRS date S

"hteger of TRSATTLS b TR Usn Ainthy EolERta R kR "' 5, "

nore, Xs ngygolgthe sane or different. [0018] Exanpl es of the
organi c group include a hydrocarbon group having from1l to 30 carbon

atons, a carbonyth§r hromitmil ESaipoiid®URa)a LREDIE @ROUDeast one
P- di ket onate group, a P-ketocarboxyl group, a P-ketoester group and

an anm do grompoubldarppresehtéd cby nthgagéregad ufoimel aldexX;hr OTnufthe
salt-form ng groups such as a nitric acid group or a sulfuric acid
group. Exanpeaeral fhrempdgat Kvaepresents an optional organic group,

inorganic group ox negative atom, and n is an integer of
from 1 to 6, and is preferably 2 or more. When n is 2 ox
more, Xs may be the same or different.

[0018]

Examples of the organic group include a hydrocarbon
group having from 1 to 30 carbon atoms, a carbonyl group,
an alkoxy group, a carboxyl group, a f-diketonate group, a
f-ketocarboxyl group, a [f-ketoester group and an amido
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]

The number of valency of chromium (Cr) is 0 to 6.

The preferred chromium compound (a} includes a carboxylate

of chromium (Cr). Specific examples of the carboxylate of



i ncl ude oxygen and a hal ogen. A hal ogen-cont ai ni ng chrom um conpound
I's not included in the hal ogen-containing conpound (d) descri bed
hereinafter. [0019] The nunber of val ency of chromum (Cr) is
0 to 6. The preferred chrom um conmpound (a) includes a carboxyl ate of
chromium (Cr). Specific exanples of the carboxylate of chrom um

i nclude chromum (11) acetate, chromum (lI1) acetate, chrom um
(/1/)-n-octanoate, chromum, (1//)-2- ethyl hexanoate, chromum (I11)
benzoate and chromium (I11) naphthenate. O those, chrom um
(rrr)y-2-et Wh@iﬂhoaﬁt@l@ﬁoaphreaiml WI3) ef azatake [ 0@RZpmium (IITFhe
ni trogen- contalnlng conmpound (b} i ncl udes at | east one conpound

sel ected fASRFRRE, gr RPOREMRI stihly Br-ostanrrke, apbeemiem antkih -2-

secondary SHHLn %%ﬁ%%a%‘?‘%aréé‘fﬁa‘i? DoPeprLe B R | ‘ﬁem
am de inc a € OU erlv nar
d ! Hgg @hg@; IBP ql:ogu.um 3\91%{1 4 %'fl%fjhhax%o 3 i ﬁ

conpound or secondary am e cdnpo 0s€e

aci d am depgorpQ fggl§fpfgf§§§eéisecondary am ne conpound is
preferred. [0021? Speci fic exanples of the secondary am ne

conpound i nobgde pyrroles such as pyrrole, 2,4-dinethylpyrrole,
2,5-dinethy|pyrrole,2-nethy|-5-;ethy|pyrrole,2,5-

The nitrogen-containing compound (k) 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
inciude a matal amide compound derived from a primary
amine compound or a secondary amide compound, a mixture of
those, and an acid amide compound. Of those, a secondary
amine compound is preferrad.

[0021]

Spacific examples of the secondary amine compound
include pyrroles such as pyrroie, 2, 4-dimethylpyrrole,
2,5-dimethylpyrrole, 2-methyl-5-ethylpyrrole, 2,5-
dimethyl-3-ethylpyrrole, 3,4-dimethylpyrrole, 3,4-
dichloropyrrole, 2,3,4,5-tetrachloropyrrole, 2-acetyl-
pyrrole and dipyrrole comprising two pyrrole rings bonded
through a substituent, and their derivatives. Examples of
the derivative include metal pyrrolide dexivatives,

Specific examples of the metal pyrrolide derivative

include diethylaluminum Pyrrolide, ethylaluninum



di mret hyl- 3- et hyl pyrrol e, 3, 4-di net hyl pyrrol e, 3, 4- dichl oropyrrole,
2,3,4,5-tetrachl oropyrrole, 2-acetylpyrrole and di pyrrole conprising
two pyrrole rings bonded through a substituent, -and their
derivatives. Exanples of the derivative include netal pyrrolide
derivatives. Specific exanples of the netal pyrrolide derivative

I ncl ude di et hyl al um num pyrrolide, ethylalumnum dipyrrolide,

alum numtripyrrolide, sodiumpyrrolide, |lithiumpyrrolide, potassium
pyrrolide,diethyl- alum nun(2, 5-di nmethyl pyrrolide), ethylalum num his
(2,5 di net Hipyyredidde) , adupinunm tripyerelidert hyddinm ol pyietolide,
sodi un( 2, 5-di net hyl pyrrolide),lithiun(2,5-dinmethyl - Byrrolide) and
pot assi um( i¥hdpmet hp¥FRAdidede) . RYta$ia@  py¥rolide, diethyl-

2, 5-di et hyl,pyr.r ol eganddi.et hyl al um n ~D-di net hyl.- pyrrolide re
preferred. Eﬁﬁegéwm%ﬁ‘rﬁ%és ArEE ajiur‘f'#ﬁh‘ﬂ'ed b H?e'i'
al um numc A1 (ChrE h t n- I ai\ni ng
pyrrol e co%&ﬁg&? gygg‘g?%%%ﬂ n%%g%n%%%dlsoggﬁ?gggﬁﬁf%lﬂ) !
conpound ( Muhqggg]-dimethyl%;tﬁcﬁli@)qum cont 3i; Rk R6m ¢S MPOLH b {HY1 -
i ncludes at | east one conpound such as a trial kyl al um nuM conpound,

an al koxyalpgtraligbpugranpevads i ¢Sk igRtAyedyrrolide) . Of those,

2,5-dimethylpyrrole and diethylaluminum{(2,5-dinethyl~-
pyrrolide} 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]

| The aluminum-containing compound (c) dincludes at
least ona compound such as a trialkylaluminum compound, an
alkoxyalkylaluminum compocund and a hydrogenated
alkylaluminum compound. Specific éxamples thereof include
trimethylaluminum, triethylaluminum, triiscbutylaluminum,
diethylaluminum ethoxide and diethylaluminum hydride. Of
those, triethylaluminum is particularly preferred.

[0023]

Examples of the halogen-containing compound (d)
include at least one <compound of a halogenated
alkylaluminum compound, a linear halohydrocarbon with 2 orx
more carbon atoms, having 3 or more halogen atoms and a
cyclic halohydrocarbon with 3 or more carbon atoms, having

3 or more halogen atoms. (The halcgenated alkylaluminum

10



al kyl al um num conpound. Specific exanpl es thereof include
trimethyl al um num triethylalum num triisobutylal um num

di et hyl al um num et hoxi de and di et hyl al um num hydride. O those,
triethylalumnumis particularly preferred. [0023] Exanpl es of
t he hal ogen-cont ai ni ng conpound (d) include at | east one conpound of
a hal ogenat ed al kyl al um num conpound, a |inear hal ohydrocarbon with 2
or nore carbon atons, having 3 or nore hal ogen atons and a cyclic

hal ohydrocarbon with 3 or nore carbon atons, having 3 or nore hal ogen
atons. (Th&omaPBB@naitéd BPEy| Arghndedh &Bnpshed AbumiRuprenkpdding

t he al um num cont ai ni,ng, conpound (c)). Specific exanples of the

hal ogen- cofPEPARAY cdﬁgbund (&?eF%gFﬁdee%P@PE??alﬁﬁinJﬂ*%rnhﬁ%qﬂE“'
et hyl al um num sesqui chl ori de bon tetrachlgride 1 1 1- .

Cr1 Lhtor ocCRAKETRnG GoBbrerd , £ oPBetfah oS By intndinbm ihorice,
hexachl or o - -trichl opr, , : -
1775 4, 5. BeRLLaLpEnE AANEAIYAUOPCARBER. cotrachloride, 1,11

1, 4-bi s(tricehbRiopsdtwdne 2, 3 2 & telvaachbalobssewinse , (§Ffdachloro-
The trinmerization reaction of ethylene is conducted in the presence
of a react athasé| venhexdxltlgssthaind, he 162G B epishlonsdydlsgtopank,de
chai n saturated hydrocarbons or alicyclic saturated hydrocarbons,

havi ng fr o, 2,804 29, Cchemrchdicnrmycdobhxasebuande, 1 périvimétrichloro-

3- et hyl pent ane, hexane, heptane, 2-nethyl hexane, octane,

cycl ohexan®eth¥gl hy? 3. dhsehrachlorokepeenet hyl pent ane and decal i n;
and aronati§ Qﬁgrocarbons such as benzene, toluene, xylene,
ethylbenzeﬁ ? esitylene and tetralin. Furthernore, 1-hexene forned
by trinmerization,of be used_ as | vent. .Thaose n. he
used as a nixedng% v€%$H%#¥¥%é¥§§ é%ﬁé} °ﬁef§%f§&?h§“5arﬁ Sy ?eg

preferred sql vaal drasehlen AtAr 8bgat IYAT 962G0R0S OfxBhbEYE! b the
saturated hydrocarbons, having from4 to 10 carbon atons. Wen those

sol vents apeadtfsh SYLPérelufsel [EAlIdes chidEhl 3stardedy udiaebens be
suppressed. Furthernore, when the alicyclic saturated hydrocarbons

are used, brghlieyalist satctratedyhiydndeativone, didwirmedfzdm)OR5¢c 20
The amount of the chrom um conpound used-is generally from 1. 0x10-7
to 0.5 nol carkbenf atgmsy fsusgh 5agx kmtangy (Pentmmeg, Irmpthylpentane,
preferably from1.0x10-6 to 0,05 nple, per 1 liter of a saql vent
descri bed RE¥@PRaf t BRPERRR{ or AE™BFRYHREZARRAML IR0 oFXFhOREH ANy
at

(D om UELEPIRRULA Lalee P V51010, ey £ AR BF UeghaSRL R

for exanpl €, yI'éne ‘i s ‘used as X

IS a trinmeg ghaidyh§RE-E2P0ERs OdnNeLs | BeffbBE! | thliteRE , 910G,

nore. Furthernore, 1h this case, the proportion of 1-hexene &ccupi ed

in hexene ganyDSePBh) MéSitylene and tetralin. Furthermore,
l-hexene formed by trimerization of ethylene may be used
as a solvent. Those can be used as a mixed solvent of two
or more thereof. The particularly preferred solvent is
chain saturated hydreocarbons 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. Furthermcre, when the

alicyclie saturated hydrocarbons are used, high catalyst

11



[ 0026] The nolar ratio (a):(b):(c):(d) of the chrom um
conmpound (a), the nitrogen-containing conpound (b), the

al um num cont ai ni ng conpound (c) and the hal ogen-contai ni ng conpound
(d) is generally 1:(1 to 50):(1 to 200):(1 to 50), and preferably

1: (1 to 30):(10 to 150): (1 to 30). By the conbination of such
specific conditions, hexene can be produced in yield of 90% or nore
(proportion to the total formation anmount), and purity of 1-hexene in
hexene can be increased to 99% or higher. [0027] Mol ar ratio
of 1-hexenectavithytenis ite ber ebtainadliquid in trinerization
reacti on of ethylene (a-hexnene in reaction liquid)/(ethylene in
reaction |il88R&)) is generally from0.05 to 1.5, and preferably from
0.10 to 1.0. It is preferred that jn the case of a continuous

reaction, catal yS® cofBeWRY atPHn, th8ac CPEATHIBSs s GPEPERRA ot HERD 1=
conditions_are justed sugh t7 the lar ratfio of h ne and
1- hexene iﬂg?ﬁﬁgﬂgg. teom (1’0&26' S | B ?ﬁiﬁ’trﬁfé%?gééﬁﬁéngé?mand

ction lirquid-is falleAa™wThi 0

in the cas 7bat.c e Lon h acL i t d LIe
Lhat the: mor S8 BB 2PAET O ankt ok BediebB1g | SABRTL 205k 00 ERTD

is the tendepsymél@! gui ¥ ad4elhi 0F Qf s6PPBRECHEScAEd hetelRhalritlY,
poi nt hi gher than that of 1-hexene is suppressed, and selectivity of

1- hexene i inf geiRer oEnehea2a@bunt0pL8] chromiumTREoheaE! ithe hipaiahur e
s in a range of generally fromO to 250C, preferably from50 to
200C, and tompdrend pla) er aBYyuiingn 86cho al hComdont lserdekecalkadygst he
reaction pressure can be selected froma range of fromordinary
pressures f£or2sgagplecnpbepurtbylgBfeddl ugadksatr thef ragorRgeréad s

sufficient, The reactjon tine is in ra of generally from1l .
minute to BBERRT ERIGRG LA & EIREF 1$HrRUTEeRe ceab e, SrFatredcipon

format may a_pa t as - ch nethod
conti nuouss%g?%%yd‘rl t%? %gﬁplr%t iq%%edf t he reé,a%%tﬁ Sr, et%%c?ﬁﬁ’

liquid is %ﬁ@?%§9p££%£b£“§fiiLﬂéiéKbCS%éﬁghéHWhé?ﬂ@%&ﬁéﬂkéﬂnﬂbag?%ght

a-olefin main conprising 1-hexene and "a reaction solvent. A

anount of arohefén is C4 conponent, C6 conponent other than 1-hexene,
C8 conponent, C10 conponent, Cl4 conmponent and the |ike. [0029]
[0026]

The molar ratio (a):():{(c):(d) of the chromium
compound (a), the nitrogen-containing compound (b), the
aluminum-containing compound (c) and the halogen-
containing compound {d) is generally 1:(1 to 50):(1 to
200): (1 to 50), and preferably 1:(1 to 30): (10 to 150):(1
to 30). By the combination of such specific conditions,
hexene can be produced in yield of 90% or more (proportion
to the total formation amount), and purity of l-hexene in
hexene can be increased to 99% or higher.

[0027]
Molar ratio of 1l-hexene to ethylene in a reaction

liquid in trimerization reaction of ethylene ((l-hexnene
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1- Hexene of the present invention is characterized by containing an
organohal ide in an amount of from0.05 to 10 ppm by weight in terns
of a halogen atom In the production of 1-hexene, the 1;-hexene of
the present invention can be obtained by renmaining a slight anount of
an organohal i de contained in 1-hexene w thout renoval of an
organohal ide that is conducted to 1-hexene (the above-descri bed

a-ol efin) separated and recovered formthe reaction sol vent.
Furthernore, fromthe standpoint of controlling the content of an
organohal i de, zeaetihon rEygquid)ditpitbytane hain affeactionovhiquid)dn is
organohal i de, a constant amunt of an organohalide is added to

1- hexene r 8epeeadlly Fgemo0.05 to B&npred prefevablyjafioem| Pd20 to
contai ned in_1- hexene of the gégsent i nvention include organohalides

by- produced By dddombdsPERERTEPAAEEEE A HRhaFIYRNE 0t FHMHiguous

d (d d t_of .the.chromni eri t al yst
RPN T it R bR NG
the hal ogepenan! gbRafls GAUMAN LBkl SHBR! LAUL! Ofe AL LI o
hydrogen atons of a raw nmateri al “ethylene. Exanpl és o ose

by- producedt+nh9t ga80Raki dEshdsitile!Uen Wﬁ@cméﬁﬁﬁnhaﬂ?%uid is fallen
nonoch/ or oet hane, nonochl or oet hyl ene, 1, 1-di chl oroethyl ene, 1, 2-

di chl or oet kikhifR (¥les- abadel I 2a6gé Or A, Lhi CEHOr QRIsAY| 60€,a batch
tetrachl oroet hyl ene, allyl chloride and 3, 3-di chl oro-1-propene. The
or ganohal i deacbitm} n&tai rrehdtdoand f stopped eadntthenvieie obhat &he
organohalide_that a chlorine atomis difficult to be pulled out by a
si ngl e- si t BedAF aFpéiof ¢ pPorlismeyitimodEre | ahover spegabl yBan this,

unsat ur at ed_or ganohalj de, and further pyeferably the hal ogenated
ol efi n des&PPBBd *ho ea?"é‘gﬁyg ro d£§5F %@%‘H%.?ﬁe ogeR4&Fed

ol efi n gener % P@ Qi | 1 ng. poi pt 138C or,.l Qqwer Qg IS .
t herefore glag Ji’%u t%%‘lg'en r l?"Le'?l‘?rgn' ﬁgﬁe A8 b’i”a s?fll ?a ?’6%’.@[5531]
The amount i thes i ganghal i dgrgapigi fed e 140 of ;t.he t
_ bunt g 1 1058%H & FERED
i nvention |s£?ron10.%5 to 10 ppm by mﬁfght, pre eraﬁ?y %ron1 .1to 10
ppm by wei ghtreasweinore preferably fromO0.5 to 10 ppm by weight, in
terms of a hal ogen atom Were the content of the organohalide is too
smal |, the[@P28rt of increasing activity of a single-site catalyst is
not sufficiently exhibited, and where the amount is too large, the
or ganohal i de mayThgtreactiqin| tsmeratagssisnda 1o nangengife asnexrally
cat al yst.
y from 0 to 250°C, preferably from 50 to 200°C, and further
prefaerably from 80 to 170°C. On the other hand, the
reaction pressure can be selected from a range of from
ordinary pressures +to 250 kgf/cm?, but in genaral,
pressure of 100 kgf/cm’ is sufficient. The reaction time
is in a range of generally from 1 minute to 20 hours, and
preferably from 0.5 to 6 hours. The reaction format may
be any of a batch method, a semi-batch method and a
continuocus method. After completion of the reaction, the

reaction liquid is treated in a distillation column and

separated into an a-olefin mainly comprising l-hexene and
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[ 0032] The production nethod of a polyolefin according to the
present invention is described below. In the present invention, a
polyolefin is produced by pol ynerization reaction of an olefin using
a catalyst. The catalyst is preferably a single-site catalyst. [0033]
The single-site catalyst can use the conventional catalysts w thout
limtation. For exanple, a catalyst (netall ocene catal yst) conprising
a netall ocene conpl ex (conponent A), a co-catalyst (conponent B) and
i f necessary, an organoal um num conpound (conponent C) can be

used. Dependi ngactioharsadivenitst | (& elightf amopoty ke i Z-adlafinpricess, a
carrier (conmponent D) may further be used as a constituent for

parti cul at fempoleia4]|Cé componpnd ether| thamel chemsne, Gf|lagtponent,

nmet al | ocene_ conpl exes of transition metal conmpounds of groups 4 to 6
in a perioft@ EempInendy L4 ErMBANEYHAN The ddXeer the sane), having
a conj ugat g&l é&ve-rrenbered ring ligand. O those; conpl exes
represente ?) Yhe fol I owi ng general formula (1) or (2) are

preferred. [0035.ﬂ—Hexene of the present invention is characterized

by containing an oxrganohalide in an amount of from 0.05 to
10 ppm by weight in terms of a halogen atom. In the
production of 1l-hexene, the 1l-hexene of tha present
invention can be obtained by remaining a slight amount of
an organochalide contained in l-hexene without removal of
an organohalide that is conducted to 1-hexene (the above-
described o-olefin) separated and recovered foxrm the
reaction solvent. Furthermore, from the standpoint of
controlling the content of an organochalide, a method may
be: employed that after removal of an organchalide, a
congstant amcunt of an organchalide is added to l-hexene
recovered.

[0030]

Examples of the organohalide contained in 1l-hexene
of the present invention include organchalides by-produced
by decompesition product of the haleogen-containing
compound (d) used as a component of the chromium series
catalyst, and/or organchalides by-produced by tha.t‘halogen
atoms generated from the halogen-containing compound (d)
is substitution reacted with hydrogen atoms of a raw

material ethylene. Examplaes of those Dby-produced

14



[Chem 1] AX\ /MA [ 0036] In the general fornmula (1) or
(2), A and A represent a cycl opentadi enyl group which may have a
substituent. Exanple of the substituent includes a hydrocarbon group
having from1 to 30 carbon atons. The hydrocarbon group may be bonded
as a nonoval ent group to the cycl opentadi enyl group, and when pl ural
hydr ocar bon groups are present, two of those groups may be bonded at
the respective other end (co-end) to forma ring together wwth a part
of cycl opentadi enyl. O her exanples of the substituent include an

i ndenyl gr ouganchdlidd= ninclyrdey mearpethd nrome thythe groopechlitase thaaeps
may further have a substituent on a sub-ring. O those, an indenyl

group and menechloggethwhanear e pref drledichbonmthylene, 1,2~

dichlorcethylene (cis- and trans-forms}, trichloro-
ethylene, tetrachloroethylene, allyl chloride  and
3,3-dichloro—l-propene. The organohalide contained in
l-hexene of the present invention is an organohalide that
a chlorine atom is difficult to be pulled out by a single-
site catalyst for polyolefin production, preferably aﬁ
unsaturated organochalide, and further preferably the
halogenated olefin described above as a by-produced
organchalide. The halogenated olefin generally has a
boiling point of 150°C or lower, and is therefore
difficult to separate from l-hexene by distillation.

[0031]

The amount of the organchalide contained in l-hexene
of the present invention is from 0.05 to 10 ppm by weight,
preferably from 0.1 to 10 ppm by weight, and more
preferably from 0.5 to 10 prm by weight, in terms of a
halegen atom. Where the content of the organchalide is
too small, the effect of increasing activity of a single~
gite catalyst is not sufficiently exhibited, and where the
amount is tee large, the organohalide may act as a
poisoning substance to a single-site catalyst.

[0032]
The production method of a polyolefin according to

the present invention is described below. In the present
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Q represents a bonding group which crosslinks tw conjugated
five-nmenbered ring |l egands at an arbitrary position, and specific
exanpl es thereof include an al kyl ene group, a silylene group and a
gernyl ene group. Those groups may further have a substituent. [0038]
Mrepresents a netal atomof a transition netal selected from groups
4 to 6 of the periodic table, and exanples thereof .include titanium
zirconiumand hafnium O those, zirconiumor hafniumis preferred.
[ 0039] : X and Y are an auxiliary ligand, and react with the
conponent {iByerniidmgr maanpedyolefimt ald opeodubeadi gy olpefliymerization
pol yneri zability. Therefore, the kind of X and Y is not limted so
| ong as t h¥eaghianctof sanchilefan. uspngi b cadripptes TheXcakdlystadh
represents a hydrogen atom. a hal ogen atom a hydrocarbon group, and
a hydr ocarBEREFaRAY whisdRateyshhvecatal¥ifo atom O those, a
hydrocarbog felgelily having from1l to 10 carbon atons or a hal ogen atom
41

is preferr 040] The pronoter (activating agent conponent)
is a conponent c
conmpound whi ch ?@gcts méi%a%ﬁéﬁuﬁgFLf$%9I?§§n gﬁﬁet v%%g%onal

conpl ex ands €21y HANVEEERbEE MBkAlaQ38RE CORDL e’éxhﬁi:@ean @Ct:la\éslyst
speci es having ‘an ol efin polynerizability. Specific exanples of " the
pronot er i (fétElddemel ObhBal gt Bebhpk@sifig4)a néfd¥ldcene complex
(component A), a co-catalyst (component B) and if
necessary, an organo#luminum compound (component.C) can be
used. Depending on charactaristics of olefin
pelymerization proéess, a carrier (component D) may
further be used as a constituent for particulation.
[0034]
The metallocene complex includés metallocene
complexes of transition metal compounds of groups 4 to 6
in a periodic table (short period type, hereinafter the
‘'same) , having a conjugated five-membered ring ligand. Of
those, complexes represented by the following general

formula (1) or (2) are preferred.

[0035]
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(3-1): Al um nunoxy conpound (3-2): lonic conmpound or Lew s
acid, that reacts with the conponent 00 and can convert the conponent
(A) into a cation. (3-3): Solid acid Ion-exchangeabl e | am nar
silicate [0042] Regar di ng the al um nunoxy conpound, it is wel
known that the al um nunoxy conpound can activate a netall ocene

conpl ex, and specific exanples thereof include conpounds represented
by the follow ng general fornulae (3) to (5). [0043] [Chem 2] R1Rl1l
Al ( 0O-Al ) 2-0-A1/ R/\RL

[Chem. 1}
A
\M/ (1)
/N
A Y
A X
Q/ \M/ (2)
ANDZN
Y
[0036]

In the general formmla (1) or (2), A and A’
represent a cyclopentadienyl group which may have a
substituent. Example of the substituent includes a
hydrocarbon group having from 1 to 30 carbon atoms. The
hydrecarbon group may be bonded as a monovalent group to
the cyclopentadienyl group, and when plural hydrocarbon
groups are present, two of those groups may be bonded at
the respective other end (®-end) to form a ring together
with a part of cyclopentadienyl. Other examples of the
substituent include an indenyl group, a fluorenyl group
and an azrenyl group. Those groups may further have a
substituent on a sub-ring. Of those, an indenyl group and
an azrenyl group are preferred.

[0037]
Q represents a bonding group which crosslinks two

conjugated five-membered ring legands at an arbitrary

17



RIR2ZRi \Al- 0 - 0- Al/ \R1 [0044] In the Above each fornul a,
| e represents a hydrogen atom or a hydrocarbon residue, preferably a
hydr ocar bon resi due having from1l to 10 carbon atons, and
particularly preferably a hydrocarbon residue having from1l to 6
carbon atons. 11.1s may be the sane or different. p is an integer of
fromO to 40, and preferably from2 to 30. [0045] The
conpounds represented by the general formulae (3) and (4) are a
conpound cal | ed am noxane. O those, nethyl am noxane or nethyl

| sobutyl apbabdkbme, | sapdef eppedfidhe exampbusnectbarebf usiadladea an
m xture in each group and anong groups. The am noxane can be prepared
under the edéhytere ogxbupar mousilydediar ignee (00462 germylene group.

Those groups may further have a substituent.
[0038]

M represents a metal atom of a transition metal
selected from groups 4 to 6 of the periodic table, and
examples thereof include titaniwm, zirconium and hafnium.
Of those, zirconium or hafnium is preferred.

[0039]

X and Y are an auxiliary ligand, and react with the
componant (B) to form an active metallocene having olefin
polymerizability. Therefore, the kind of X and ¥ is not
limited so 1long as this object is achieved. Specific
examples of X and Y each represents a hydrogen atom, a
halogen atem, a hydrocarbon group, and a hydrocarbon group
which may have a hetero atom. Of those, a hydrocarbon
group having from 1 to 10 carbon atoms or a halogen atom
is preferred.

[0040]

The promoter {activating agent component) is a
component which activates a metallocene complex, and is a
compound which reacts with an auxiliary ligand of a
metallocene complex and can convert the metallocene
complex into an active species having an olefin
polymerizability. Specific examples of the promoter

include the following (B-1) to (B-4).
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The conpound represented by the general fornula (5) can be obtained
by the reaction between one kind of a trialkyl alumnumor two kinds
or nore of a trialkyl alum num and an al kyl boronic acid represented
by the general fornula 1e3(OH)2 in 10:1 to 1:1 (nolar ratio). [0047]
Exanpl es of the ionic conpound or Lewi s acidic conpound, which reacts
wi th the conponent (A) and can convert the conmponent (A) into a
cation include conpounds in which a cation such as a carboni um cation
or an ammoni um cation, and an ani on such as tetraphenyl borate,
tetraki s(3[Bo4tif | uorophenyl ) borate, tetrakis(pentafluro- phenyl)borate
or tetrakis(phentafl uorophenyl)alumnate forman ion pair. [0048]
Exanpl es of the {BwW)s &duwhioumorpocempoursd ude vari ous or ganoboron
conmpounds such as tris(pentafluorophenyl)borate. The organoboron
conpound used hetBid) enéonpas SoPPenfomt Bewpdumtidh wHpah zeacts

or ganoboron,  conpound is present as a part of ion pair.. Exanples
ot her than"{'mngﬁﬁvﬁq"ﬁe 88k AR aPPAaFPReSOBYERT SR Sﬁi“ﬁﬁﬂ?ﬂgﬁl &M de
and rmagnesi u€1 chl orij_.den. [ 0049] A certain kind of the Lew s
aci di ¢ conpotnd cEh- B8 Tecogni zed as an ionic conpound which reacts
with the corrpone(g_s()A_) s¥iqd c£ap;gonvert the conponent 00 into a
cation. [0050]

(B-4) : Ion-exchangeable laminar silicate
[0042]

Regarding the aluminumoxy compound, it is well known
that the aluminumoxy compound can activate a metallocene
complex, and specific examples therecf include compounds

represented by the following general formulae (3) to (5).

[0043]
[Chem. 2]
RL R!
N\ 7/
Al(O-Al),—0-Al (3)
R Sri
(4)
(O-Al)p,;
Ly
r: R2 Rl
I /
Al—-Q—B—=0—Al (5)
R Nt



Met al | ocene catal ysts using the above-descri bed non-coordinating
boron conpound are illustrated in, for exanple, JP-A-3-234709 and
JP-A-5-247128. [0051] Speci fic exanpl es of the organoboron
conmpound i nclude at | east one conpound of conpounds represented by
the follow ng general fornmula (6) that is a Lewis acidic conpound and
represented by the followng fornula (7) that is an ionic conpound.
[0052] [Chem 3] BR3R4R9(6) [0053] (In the formula, R3 to RO which
may be the sane or different each represents a O to Cl4 hydrocarbon
cont ai ni ng [@oka} ogenated aryl group or a hal ogenated aryl oxy group.
[ 0054] [Chem 4]

In the above each formula, R! represents a hydrogen
atom or a hydrocarbon residue, preferably a hydrocarbon
raesidue having from 1 to 10 carbon atoms, and particularly
preferably a hydrocarbon residue having from 1 to 6 carbon
atoms. R's may be the same or different. p is an integer
of from 0 £o 40, and preferably from 2 to 30.

[0045]

The compounds represented by the general formulae
(3) and (4) are a compound called aminoxane. 0f those,
methyl aminoxane or methyl iscbutyl aminoxane is preferred.
The amincxane can be used as a mixture in each group and
among dJgroups. The aminoxane can be prepared under the
convantional wvarious conditiomns.

[0046]

The compound represented by the general formula (5)
can be obtained by the reaction between one kind of a
trialkyl aluminum or two kinds or more of a trialkyl
aluminum, and an alkylboronic acid represented by the
general formula RFB(OH)g in 10:1 to 1:1 (molar ratio).
[C047]

Examples of the ionic compound or Lewis acidic
compound, which reacts with the component (A) and can
convert the component (A) into a cation include compounds

in which a ecation such as a carbonium cation or an

ammonium cation, and an anion such as tetraphenyl borate,
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A(8126R7ROR9) x, (7) [0055] (In the fornula, A represents an am ne or
amoni um salt, a carbocation or a netal cation of valency of +1 to
+4, R6 to RO which may be the sane or different each represents a Cl
to Cl A hydrocarbon group containing a hal ogenated aryl group or a
hal ogenated al kyl group, and n is an integer of from1l to 4.) [0056]
As the specific exanples of the hydrocarbon groups of the general
formulae (6) and (7), a pentafl uorophenyl group, a pentafl uorobenzyl
group, tetrafluorophenyl group and a tetrafluorotolyl group are

pr ef err ed. fstrdka ss{B,Gi-difleoapphesybfbdrate t he genaldls (beatufiutd),
N, N-di net hyl aniliniumor triphenylnethyl is preferred. [0057]

Exanpl es dphemd)dsinateaci ¢z ncltedeakigiPhentafluarephenyildaluminate

silica-magnesi a. [0058] The i on-exchangeabl e | am nar conpound
occupi es af‘fiﬁ'}(ﬁ“ ﬁ(ﬂ"‘tmrof a clay mineral, and is preferably an

i on- exchan e lam nar silicate. The ion-changeabl e I am nar
silicate ( nafter sonetines sinply abbreviated as S|I|cate has
a crystal struc t e onst t ed ion bon or the

are nutual ly pi Fw(?g %anr a%lcelsch%y é'oelr‘l' i ng gfl(zfg cﬁﬁ ans é“g'. ate

conpound tHat; Ry | oerggabﬁwsﬂ | Sedmphiaageabl oy M ﬁS' k:&eaturs

natural ly produced as mainly a mal n"conponent o ay m née and

t her ef or e #nRAEPHNY1)Bokais . f ored %ﬁﬂw@&e%o(nguaﬁazmeal feabad i te
and the like) other than the ion-exchangeable |am nar silicate, but

t hose may decmprisaiesedan Coioveint | eospoundi Gus shithat®s eagabebesed as
the silicate. Specifically, the follow ng | am nar silicates described
in Haruo SHmmemngdy isK@resersbassa pakbt oLl tgn \pakyr al Sgpirplasakther

Publ i shing Co., Ltd. (1995) are _illustrated.
than 'the abova include metal halides such as aluminum

chloride and magnesium chloride.
[0049]

A cartain kind of the Lewis acidic compound can be
recognized as an ionic compound which reacts with the
component (A) and can convert the component (A) into a
cation.

[0050]

Metallocene catalysts using the above-described non-
coordinating boron compound are illustrated in, for
example, JP-A-3-234709 and JP-A-5-247128.

[0051]

Specific examples of the organoboron compound
include at least one compound of compounds represented by
the following general formula {6) that is a Lewis acidic
compound and represented by the following formula (7) that

is an ionic compound.
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[ 0059] Exanpl es of 2:1 type minerals include snmectite group

m nerals such as nontnorillonite, zauconite, beidellite, nontronite,
saponite, hectorite and stevensite; vermculite group mnerals such
as vermculite; mca group mnerals such as mca, illite, sericite or
gl auconite; pyrophyllite-talc group mnerals such as pyrophyllite or
talc; and chlorite group mnerals such as My chlorite. Exanples of
2:1 ribbon type mnerals include sepiolite and pal ygorskite. [0060]
The silicate may be a laminar silicate in which the above m xed | ayer
is formed. [OhB2%ilicate as the main conponent is preferably a
silicate having 2:1 type structure, nore preferably snmectite group,
and particlfbeky Pleferably nontnorillonite. [0061] The
silicate obtained géRé nat ural product or an industrial raw nmateri al
can directly be BB Wi thout particular treatnent,(®ut is preferably
subj ect ed &ﬁ ? ﬁhenlcal treatnment. Specific exanples of the chem cal
treat ment iLA8P3Ye an acid treatnment, an aIkaIi treatnent a salt

treat nent

nlcltreaé %?1 eatnen% |t|ons are
not parti cgﬁarl y efl mted; *an Ec’us EEnvVEHt i ﬁal BDndiF1%n8T |
general , tggffgpeggchgggﬁablrgpg_.gghggg shl i (@t e {oontéu ns Q,r% gﬁ o

wat er and I nterlam nar water I'S therefore preferam

renovi ng WabftayidPplayi Bgloﬁeﬁaﬁéé”mzﬁnl heabugehydr af | galogeakeal
under inert gas flow [0062] e organoal um num conmpound used

accordi ng aeyheey drsouwgn organoalun1nun1conpound whi ch does not
contain a hal ogen. The organoal umi num conpound is preferably
[0054]
[Chem. 4]

A(BR°R'R°R%), (7N
[0055]

{(In the forﬁula, A represents an‘amine or ammonium salt, a
carbocation or a metal cation of valency of +1 to +4, R°
to R’ which may be the same or different each represents a
C1 to Ci; hydrocarbon group containing a halogenated aryl
group or a halogenated alkyl group, and n is an integer of
from 1 to 4.)

[0056]

As the specific examples of the hydrocarbon groups
of the general formulae (6) and (7), a pentaflucrophenyl
group, a pentafluorcbenzyl group, tetrafluorophenyl group
and a tetrafluorctolyl group are preferred. As the
specific examples of A in the general formula (7),

N, ,N-dimethylanilinium or triphenylmethyl is preferred.

[0057]
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conpounds represented by the follow ng general fornmula (8). The
conpounds illustrated as the al um nunoxy conpound in the pronoter
descri bed above can al so be used. [0063] [Chem 5] ALR3 i Xi(8) [00641
(In the formula, R represents a hydrocarbon group having from1l to 20
carbon atons, X represents a hydrogen atom an al koxy group, a
phenoxy group, a siloxy group or an am no group, and i is a nunber of
QO <3, provided that when X is hydrogen, i is 0<i<3.) [0065]

Speci fic exanples of the organoal um num conpound i nclude trialkyl

al unmi num such as E&%FEEQYBfaltHH‘ Befial hbeaNYhcahdd Avahidd | PELDYEa-
al um num triisobutyl alum num and trioctyl alum num

al koxy- contgliuning ahldysidhos+magnadica as di met hyl al umi num et hoxi de,
di et hyl al um num net hoxi de, dlisobutyl al um num et hoxi de, and

di i sobutyl EQF8Inum et hoxi de; phenoxy-cont ai ni ng al um num such as

di met hyl al um num phenoxi de; sil oxy-containing al um num such as

di : net hyl alunin@hﬁtriﬂ%t¢5¢hQﬂqa§bﬂee dawigaretdopponndni aommpiepheany|
si | oxi de; ami no-containin al um nym such _as

(di et hyl aniHE)RR BPRFCRI B a %)ﬁd"’d}e(r(ﬁ]et ﬁ?ﬂaﬁﬁn&f%ﬁﬁ?@%ﬁhﬁ*ﬁn’tﬁﬁ‘
d halid t I h dieth [id

3 those. - “xnaoRob e itndr | S LIRS, cahe,AgnrFEARIATLS LRRRAR

triethyl a'é.[i{)ﬂd.%% U rhbSQPHL ¥Rl WHAIMTRs iRETY! &Lﬂﬂ&%éé "y €

preferred
“silicate”) has a crystal structure that faces constituted

of ion bond or the like are mutually piled in parallel by
bonding force, and means a silicate compound that an ion
contained is exchangeable. Most silicates are naturally
produced as mainly a main component of a clay mineral, and
therefore frequently contain foreign substances (gquartz,

cristobalite and the like) other than the ion-exchangeable
laminax silicate, but theose may be contained.

Conventional various silicates can be used as the silicate.
Specifically, the following laminar silicates described in
Haruo Shiromizu, Nendo Xobutsu Gaku (Clay Mineralogy),

Asakura Publishing Co., Ltd. (1985) are illustrated.

[0059]

Examples of 2:1 type minerals include smectite group
minerals such as montmorillonite, zauconite, beidellite,
nontzrenite, saponite, hectorite and stevensite;
vermiculite group minerals such as vermiculite; mica group
minerals such as mica, illite, sericite or glauconite;

Pyrophyllite-talc group minerals such as pyrophyllite or
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The conponent (2) and the conponent (B) are used in an optinum anount
ratio in the respective conbinations. Wen the conponent (B) is an

al um nunoxy conpound, the nolar ratio of Al/transition nmetal is in a
range of generally from 10 to 100, 000, preferably from 100 to 20, 000,
and nore preferably from 100 to 10,000. On the other hand, when an
ionic conpound or Lewis acid is used as the conponent (B), the nolar
ratio of transition nmetal is in a range of generally fromO.1 to
1,000, preferably fromO0.5 to 100, and nore preferably from1l to 50.
Wien a sol ithlagi cad aR1b0DteX gtatfeMinerhdsi NAlckSi Ak CMge ¢LdisRh .S
t he conponent (B), the anmpbunt of a transition netal conplex used is

i n a range Bfampdeer akl ¢ :1r oibldor) Odyrieo nlidenadls, iantuge esepidil itd ramad
0.001 to 1 mol, per 1 g of the conponent (B). [0067] Before a
cat al yst f @2lygerskifeeducti on conprising a transition nmetal and a
pronoter is used as a catalyst for olefin polynerization (min
polynerizaﬁQﬁﬁPJ the catal yst is supported on a carrier according to

d, and h t al yst b bj ected to a, pre-pol. i zat i
(roatment which BREI FRAASPTR /A0 BRct; SeRinax Fiiicats #n vich, the
| efin. Th - Rl i i 3 i | .
et hods. || GRRYE RALPLI£0ls 0fs TRLORGACN HRC SO GAWCML T 08 main
ethyl ene, RigR¥heRe. 1sbupelgerdsiipXepe, sirNcigne nalriy 4l pzec@%%na ioﬁ’

3-met hyl -1 -butane, vinyl cycloal kane and styrene. The pol yneri

can suit ablgtrapghyel andgaidreopoiptEFerabliiyon amdckieek ceoReupneri zakd on
as well as honopol yneri zation. Ethylene is general as a conononer in
t he case ofpaxitécudpolynprefatably mod®88killonite Exanpl es of the

pol ymeri zation reaction format include a slurry polynerization and a
sol uti on pdi®¥&ddi zati on, conducting in the presence of an inert

hydr ocar bon solvegt sygh as butane, pentane, hexag&, hept ane, tol uene
and cyclohexane;T n

e p R IGaEe et Regh ADnBudATFatn RFRAYSF e s8R c 8M0f
a solvent sugh_as.liquefied a-ol.etin; _a high pressyre ion .
Dol yrer | zatransEEial o Tan " mateRif); paf| Uibdtivy bel uSed  pithont,

gas phase pQLY§RAIZE! iHhathehRe Sl O3k NPrabelbhitld Al 'gagﬁgﬁ“tésaa

sol vent or~a monomer is not substantially present: ase

pol ymeri zaldhefical he-<aRdnet ed gpéaﬂffcraash 08s ARYES 8hES dHéxlical A
fluidized bed, a stirring bed and a stirring fluidized bed equi pped
W th a stirtreagmentl fhelade naxchacdd theapEntnerdrr sdllal il etfeataionte | S
generally from-50 to 350C, and preferably fromO to 300C. The

pol yneri za® osagtesdreatipentn andange ofrgamteal tyedtmantor di nFhpse
pressures to about 2,000 kgf/cnR, preferably fromordi nary pressures
to 1,500 k§Featpent gondt i@l PREMLGRUFRLY ’pl?’e"s%‘i/rr apg gan

A e G T e e
exchangeable laminar silicate contains adsorbed water and
interlaminar water, and is therefore preferably used after
removing water by applying, for example, heat dehydration
treatment under inert gas flow.

[0062]
The organcaluminum compound used according to need
is an organoéluminum compound which does not contain a

halogen, The organcaluminum compound is preferably
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[ 0070] The greatest characteristic of the present invention
resides in that in producing a polyolefin by polynerization reaction
of an olefin using a catalyst, an organohalide is present in a

pol ymeri zation reaction systemin an anount of fromO0.05 to 10 ppm by
weight in ternms of a halogen atomas a concentration of a raw
material olefin. The concentration of the organohalide is preferably
from0.1 to 10 ppm by weight, and nore preferably fromO0.5 to 10 ppm
by wei ght. [0071] Speci fi c exanpl es of the organohalide

i ncl ude or ganghahiddesoptesestdd N9d tHa ENB¥RR8gOFehbLal £58Mi1a (B) .
I nvention. O those, an unsaturated organohalide is preferred, and a
hal ogenat ed’hel efdmpaundsorid Jus¢kateddas the alhdmumbayocpmponnkd de
is, for exanple, a chlorination product, an analysis of chlorine
concent r at itdve promohex cfeseribdsk aboweucandaliseldre tyred.ol | owi ng
conditions using a gas chromat ography equi pped with an atomc
em ssi on dé@@@?gr (ED)GEC). Analyzer: Gas chronmat ography (Aqil ent
6890) Atom c.enis Eon detector (chlorine atom Agilent &350A (A 479
mu) Supel ¢ -107*strong polarity, 0.32 mm 60 m 0.25 gm
Measurement condjisons: Gas He=40 cnis Injection t?g})erature 250C
3-14a]

[0064]

(In the formula, R represents a hydrocarbon group having
from 1 to 20 carbon atoms, X represents a hydrogen atom,
an alkoxy group, a phenoxy group, a siloxy group oxr an
amino group, and i is a number of 02i<3 ,. provided that
when X is hydrogen, i is 0%i<3.)

[0065]

Specific examples of the organcaluminum compound
include trialkyl aluminum such as trimethyl aluminum,
triethyl aluminum, tripropyl aluminum, txriisobutyl
aluminum and trioctyl aluminum; alkoxy-containing alkyl
aluminum such as dimethyl aluminum methoxide, diethyl
aluminum methoxide, diisobutyl aluminum methoxide, and
diisocbutyl aluminum ethoxide; phenoxy-containing aluminum
such as dimethyl aluminum phenoxide; siloxy-containing
aluminum such as dimethjl aluminum trimethyl siloxide and
dimethyl aluminum .triphenyl siloxide; aminc-containing
alkyl aluminum such as (diethylamino)diethyl aluminum and
di(diethylamino)ethgl aluminum; and halide-containing

alkyl aluminum such as diethyl aluminum halide. Of those,
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Col um tenperature 50C -* 200C, 10C/ mn Calibration for
quantitatively determ ning chlorine concentrati on can be conduct ed
with a make-up liquid of, for exanple, trichloroethylene. [0072]
When a linear | ow density pol yethylene is produced using 1-hexene of
the present invention as a raw material olefin of polynerization
reaction of an olefin using a single-site catalyst, the foll ow ng
enbodi nents are illustrated. [0073] (1) A production nethod of a

|l i near | ow density pol yethyl ene, conprising obtaining 1-hexene by
trinerizati@ia1%9et iQusinugl NVs epeedatfgad aRHONEARREH1€Sa L@halhS! |
and wi thout renoval of an organohalide, polynerizing 1-hexene

cont ai ni ng thiethydanelamidem,n aridimssbotydl Glemiduf5 tor 10tpivatin
weight in terns of a halogen atomin the presence of a single-site
catal yst. Jlogidahm {8)marerpxefadmad.met hod of a |inear |ow density
pol yet hyl ene, caonprising obtaining 1-hexene by trinerization reaction
of ethyl endd%€dg a chromi um series catal yst, renoving an

or ganohal i de, addj ng _an g{gganohél ide.to 1-hexene so as to be a

concentration of TRPofitBPEBERY WY 3R BPSTPROnSR Y Bs 3 3994 dgen
atom and | ymerd zing. it in the.presence of a single-site. cat.alyst.
Loo7s) B VoREidl lohonns’ FATAR! R, Hhe Feshetiive | SR e

to a pol Mgt bEaEEAEHE SYB) CBL aft bRk Anibky CRhBbYRL, WhEN
the raw material ol efin does not contaln an organohal i de; the
organohal i g@138y Bgrisided t A17/8Laha3ti08H emedh10l £4i in aRd FRYgdE of

added to a polynerization reaction system separately fromthe raw

mat eri al olgehierallforfxmmnmoe, té hel (dr,ga@00hapreife rarlpe fadaediamgeaicher

wi th hydrogen used as a nol ecul ar wei ght nodifier.
20,000, and more preferably from 100 to 10,000. On the
other hand, when an ionic compound or Lewis acid is used
as the component (B), the molar ratio of transition metal
is in a range of generally from 0.1 to 1,000, preferably
from 0.5 to 100, and more preferably from 1 to 50. When a
solid acid or an ion-exchangeable laminar silicate is used
as the component (B), the amount of a transition metal
complex used is in a range of generally from 0.001 to 10
mmol, and preferably from 0.001 to 1 mmel, per 1 g of the
component (B) .
[0067]

Before a catalyst for olefin production comprising a
transition metal and a promoter is used as a catalyst for
clefin polymerization (main polymerization), the catalyst
is supported on a carrier according to need, and such a

catalyst may be subjected to a pre-polymerization

treatment which preliminarily polymerizes a small amount
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[ 0076] The pol yolefin of the present invention is described
bel ow. The pol yolefin of the present invention is obtained by
polynerizing in the presence of a given anmount of an organohAlide as
descri bed above, and is characterized in that the organohalide is
contained in an amount of from0.005 to 1 ppmby weight in terns of a
hal ogen atom The preferred concentration of the organohalide in a
polyolefinis fromO0.005 to 0.5 ppmby weight. The preferred
polyolefin in the present invention is a linear |ow density

pol yet hyl enef #005V8£fin. Thel herermilanterizatibnomeithodesan hak the
further specifically based on the Exanpl es. However, the present

i nvention ieenyertippaicgethedhe fol | om ng Exanpl es so far as it does
not depart from.its gist. In the follow ng Exanples, a |inear |ow
density pol¥ﬁﬁﬁglene was produced from|l-hexene. (Reference Exanple
1) (Production gf 1-hexen continyous process) [0078 The
representative g%ﬁﬁBiﬁsd?ghﬁﬁﬁdﬁ?ﬁd”ﬂfﬂﬂfgngiﬁslé EBﬁi?%%cﬁﬁp¥%ﬁﬂﬂﬁ on
process is La Fig._ a prc havi onpl e} € ]-X14N
and stirri ﬁ?ggygghrgéac%oﬁfa}iaé dgfggl(ség%%g’t anj;%c%;,&éaﬁ et%%ae/%@f( 1%

separ at i on geqltdRB, 3Qrm§tﬂ§ﬂlh-hﬂiﬂdﬂ'égr ﬁﬁqa%a&gemom&&@ & s fierrne

separation colum 50 and a sol vent Ich stores a circul ation
sol vent as ThigoWn polymerizati@@nt i neaks | ayipGBIREr | ZappP I eadindem Of
ethylene is conducted to produce 1-hexene. [0079] -
copolymarization and block copolymerization as well as
homopolymerization. Ethylene is general as a comonomer in
the case of the copolymerization.
[0069]

Examples of the polymerization reaction format
include a slurry polymerization and a solution
polymerization, conducting in the presence of an inert
hydrocarbon solvent such as butane, pentane, hexane,
heptane, toluene and cyclohexane; a bulk polymerization
conducting in the presence of a solvent such as liquefied
o-olefin; a high pressure ion polymerization conducting
under critical condition of a-olefin; and a gas phase
polymerization in the state that a liquid phase such as a
solvent or a monomer is not substantially presaent. The
gas phase polymerization can be conducted using a reaction
apparatus such as a fluidized bed, a stirring bed and a
stirring fluidized bed equipped with a stirring and mixing
machine. The polymerization temperature is generally from

-50 to 350°C, and preferably from 0 to 300°C. The
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Unreact ed et hyl ene separated fromthe degassing tank 20 and the

et hyl ene separation colum 30 is continuously supplied together with
ethyl ene freshly supplied froman ethylene supply piping 12a to the
reactor 10 froma first supply piping 12 by a conpressor 16. A
recovered n-heptane solvent separated in the hexane separation colum
50 is passed through the solvent drum 70, and is continuously
supplied to the reactor 10 from A second supply piping 13 at a fl ow
rate of 40 liters/hr. [0080] Next, an n-heptane sol ution

cont ai ni ng pdREriFatibh) pregbirbhe@sanndt &8 ahgdNGE generally from
2,5-dinmethyl pyrrole (b) is supplied froma catal yst supply piping 13a
at a flow ratdimfry0ptebisueeshto abdut s2 p@MN ikufimi’y prepersisly of #dme
reactor 10 via the second supply piping 13. An n-heptane sol ution of
triethyl al \eRdinaryc pressaresi rhsoubi 500 Ubgf /anf ,t andh anoxmcpoefdtalilom
athird suggly piping 14 at a flowrate of 0.03 Liter/hr.

Fur t her nor £X%h aFHBarInpressuresntes 1 o Fadidet halvdyegen gray be

continuously supplied to the reactor 10 froma fourth supply piping
1"t a1 R 074, 0A | MOIARPLaR caFSRGRT | SURHRRIOULRy tne

supplied tqQt I 1? h that . the nolar ratio of each
conponent ;§?#¥§?F?%§¥%%?: %éégéiﬁfﬁi “™rhe reaction conditions are
120C and 51;degigjcn2. [0081] 2- Et hyl hexanol as a neta
solubilizing agent is added to a reaction |iquid continuously

wi thdrawn from t tRer g2648ést CcHd B t14RA6L V! @haSPRAbYNET Divith thilbrat
a flowrate of 0.005 liter/hr, and such a reaction liquid is then

successi velpedideat edinn ttkatlegalysi ngpdicaiueind, the pohydbsin by
separation .colum 30, the high boiling separation colum 40 and the
hexene sep@cdiymgmizatien seachiom ¢fsaptolafipesina an ¢atadivadi,ned

fromthe top of the_hexane separation colum 50. (Reference Exanple
2) crganchalide is present in a polymerization zreaction

system in an amount of from 0.05 to 10 ppm by weight in
terms of a halogen atom as a concentration of a raw
material colefin. The concentration of the organchalide is
preferably from 0.1 to 10 ppm by weight, and more
preferably from 0.5 to 10 ppm by weight.

[0071]

Specific examples of +the organohalide include
organchalides as described in 1«hexene of the prasent
invention. Of these, an unsaturated organchalide is
preferred, and a halogenated olefin is more preferred.

When the organchalide is, for example, a
chlorination product, an analysis of chlorine
concentration in 1-hexene c¢an be conducted undexr the
following conditions using a gas chromatography equipped

with an atomic emission detector (AED/GC).
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(Production of 1-hexene by batch process) [0082] A2liters
autoclave dried in a dryer at 150C was assenbled in heating, and was
vacuum substituted with nitrogen. A catalyst feed pipe equipped with
a rupture disk was fitted to the autoclave. 750 ml of an n-heptane
solution containing 26.6 ng (0.280 mol ) of 2,5-dinethyl pyrrole, 320
ng (2.80 mml ) of triethylalumnumand 66.4 ng (0.280 nmol) of
hexachl or oet hane was charged in the autoclave. 3 m .of an n-heptane
solution containing 22.5 ng (0.0467 mml) of chrom.um

(111)-2- et pdiyearoat Gamschriomagedraphy h¢Agilanty @8d9ed pi pe. The
aut ocl ave was heated.to 120C, and et hyl ene was introduced into the
catal yst feed pipe. THstamist ur emdisikonas dahsahoad bychloyimme atom)
pressure, and ethylene and chrom um ﬁ)l I I%- 2- et hyl hexanoate were

i ntroduced into the aft®iciente528R8RekGL| &1? p¥*lyneri zati on of ethyl ene

was initiated. Ethyleng was introduced until fhe total pressure
reaches 51 kgf/cnR. T&%@'ﬁ"é’?,’"?ﬁe g 8?gp?8i%ﬁgmi‘#ai‘?ﬂ'ai%(f'at
51 kgf/cn2 and the reggt '5on t enperature was mai ntained at 120C. One
hour later, 1.46 g (11.7 m%'l) of 2-ethyl- hexanol was introduced

into the auiEglbaysme?Pbdillf iSRGt Wad®S HiQRPeH/sThereafter, the
I id was |

tenperature of the reaction liquid owered to 40C, and ethyl ene
was di scharged to obtain a reactionrdid&ntibn whakaramsgrc of the
reaction liquid obtained was charged in a pot of O dershow
distillation apparatus having 20 actalaimm| tdmgesrachuxie |508CI e 208°C,
conducted at a reflux ratio of 3 at ordinary pressures, and 1-hexene
was distilled fromthe top. Wen t H0°Cdpinenperature was hi gher than
the boiling point of 1-hexene, distillation of 1-hexene fromthe top
was stopped. (0083fibration|fog gHantibatiybnt dareurining -shlcxiaaas
measured in the follow ng mapner. That i.s, .100 m_qf 1-hexene and. 20
o of an NAGHSRRGEBHETRORAR BR CoB NEhs R, AR, KGRIy
funnel, an at sl et to a shaker, and shaken for
1 hour. 15%31@%1?‘%%2&Na%—l'y%}gueousth%%ﬁ%'on was col |l ected, and
neutral i zeqogi7el) a nitric acid aqueous sol ution. Analysis was
conducted wth an ion chronmatography under the follow ng. neasurenment
conditions. As awhesuht liclaatr i1d6s densitsf NEFolfetthydlaner iike Eidcidcdd)
1- hexene distilled fromthe top in Reference Exanple 2 were 1 ppm by
wei ght . usingAd -hegenel pfothecpsesemeninvention gas a raw material
chromat ogr aphmass spectronmeter (GC-1(S) in order to identify a
structure SLefps oPPHEReTIFaA: hFRF AR safh as etefirehhsing a
et hyl ene, trichloroethylene_and cis-1,2 -dischloroethyl gne ywere
cont ai ned isﬁ'nf?'ﬁé%ﬁﬁ. E’mp'%fd:s o?‘h&‘o PHRI o\ RO PERT SN e B R >
On the ot her en a halide (in terns of a halogen aton) in the
commer ci al I%S}lg\%glg?ggaé 1- hexene (a product of M tsubishi Chem cal
Cor por at i OMO%qI en 6) was neasured, the anmount thereof was 0.02 ppm
by wei ght ichis the detection limt or |ess.

(1) A production method of a linear low density

polyethylene, comprising obtaining l1-hexene by
trimerization reaction of ethylene using a chromium series
catalyst, and without removal of an organchalide,
polymerizing l1-~-hexene containing the organohalide in an
amount of from 0.05 to 10 ppm by weight in terms of a

halogen atom in the presence of a single-site catalyst.
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[ 0084] [TABLE 1] (lon chromat ograph nmeasurenent conditions) Apparatus
DI ONEX DX- 500 Col um AGl11+AS11 Thernostat bath tenperature 35C Fl ow
rate of eluent 2 m/mn

[0074]

(2) A production .mﬂthod of a 1linear 1low density
polyethylene, comprising obtaining 1-hexene by
trimerization reaction of ethylene using a chromium series
catalyst, removing an organchalide, adding an orgﬁnohalide
to 1l-hexene so as to be a concentration of from 0.05 to 10
pem by weight in terms of a halogen atom, and polymerizing
it in the presence of a single-site catalyst.

[0075]

In the present invention, the organchalide can be
added to a éolymerization reaction system of a single-site
catalyst. When the raw material olefin does not contain
an organchalide, the organochalide may be added to the raw
material clefin, and may be added to a polymerization
reaction system separately from the raw material olefin.
For example, the organochalide can be added together with
hydrogen used as a molecular weight modifiex.

[0076]

The pclyoclefin of the present invention is described
below. The polyolefin of the present invention is
obtained by polymerizing in the presence of a given amount
of an organochalide as described above, and is
characterized in that the organohalide is contained in an
amount of from 0.005 to 1 ppm by weight in texms of a
halocgen atom. The preferred concentration of the

organochalide in a polyolefin is from 0.005 to 0.5 ppm by
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El uent NaOH aqueous solution (0.1 mml/Ilter) Detector Electric
conductivity type detection Exanple 1 [0085]
Tetrachl oroet hyl ene was added to the above comercially avail abl e
1- hexene (a product of M tsubishi Chem cal Corporation, Dialen 6),
and concentration.was adjusted to 1 ppm by weight as a concentration
in ternms of a chlorine atom Such a solution was used as 1-hexene for
| inear | ow density pol yethylene (LLDPE) production raw material.
[ 0086]

weight. The preferred polyolefin in the present invention

is a linear low density polyethylene.
[0077]

The present invention is dascribed 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. 1In the following
Examples, a linear low density pelyethylene was produced
from l-hexenea.

{Reference Example 1)
(Production of l-hexene by continuous process)
[0078]

The representative example of producing l-hexene by
a continucus reaction process is shown in Fig. 1. In a
process having a completely mixing é.nd stirring type
reactor 10, a degassing tank 20, an ethylene separation
column 30, a high boiling separation column 40, a hexene
separation column 50 and a sclvent drum 70 which stores a
circulation solvent as shown in Fig. 1, continucus low
polymerization reaction of ethylene is conducted to
produce l-hexene.

[0079]

Unreacted ethylene saeparated from the degassing tank
20 and the ethylene separation column 30 is continuously
supplied together with ethylene £freshly supplied from an

ethylene supply piping 12a to the reactor 10 from a first
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The inside of a 2.4 liters (inner volune) stirring type autocl ave
equi pped with a rupture disk therein was thoroughly substituted with
nitrogen, and 0.5 liter of special grade toluene (a product of Wko
Pure Chem cal Industries, Ltd., a special grade reagent is passed

t hrough a nol ecul ar sieve (MS) packed columm to renove water) was

i ntroduced therein. The rupture disk is used to contact a specific
cat al yst conponent under polynerization atnosphere. [0087] 1.8
m of a heptane solution of triisobutylalumnum (0.1 nmol-Al/mn

hept ane; hepwredy upéping t h2 shyre puredupsessopt adé.as aboveycawered
added to toluene in the_autoclave, and subsequently, 3.4 nl of a

t ol uene sol”lmﬁaBP t PPAHERY nﬁmabﬁﬁ r 4R sﬁéﬁt aPPHEPBphWrm e

0.62 |/ ol t d I d
Feagent . o SEBICE oL 4uRBSHH o CEFERTL PR hARLY P EQ s d%,t%»%uéﬁ an
NS packed %%lnm bAEF NGRS ) edRGpaddediodll Furt%r By 100 dlondf
t he above raw naterra Xéne was a ? A he<S

hand, 1.4 ve nes s i f hyh s

bi s(4 5,6, 7- Pgar aﬁ%gé'g?ng%n%;ailﬁlgbgﬁlrt?%bg?ghfgr#d%éﬁ. Or'grml [ mi;

t ol uene usq@ogdpjt he same purified toluene as above) was added to the
rupture disk side. Inner pressure of the autoclave was purged.
Thereafter, the Hexper aanr en+hepfameautseduaionwasontainisg tchi@nGumand
the rupture disk was ruptured by ethylene pressure. Ethylene parti al
pressure i AXIA¢ Foesdbiydhexansataniabl avd Zostdﬁmhﬁhyﬂﬁ¥rnm¥§ (b) is
pol ynmeri zati on_was conducted at 85C for_ 0.5 hour. The yield of a

pol yner (| iS¥ERLirdnEgensat Fapalyet hwram’éf RIF )13@otasﬁ fedflgy rate
882?2? on 861 B i/ eRe8n i EAERBESE T %w&c}ed €0 2
e 12 SO B 538 aPhacesd EhiSILAATL I 0y kgt
shown in Tabh@tZon(EeMidthyaBXRimhe {3) [£990bntinucusly supplied
to the reactor 10 from a third supply piping 14 at a flow
rate of 0.03 liter/hr. Furthermore, an n-heptane solution
of hexachlorocethana (d) is continuously supplied to the
reactor 10 from a fourth supply piping 15 at a flow rate
of 0.02 liter/hr. A catalyst is continuously supplied to
the reactor 10 such that the molar ratio of each component
is (a):(b):(c):(d)=1:6:60:5. The reaction conditions are
120°C and 51 kgf/cm®.
[o081]
2-Ethylhexanel as a metal solubilizing agent is
added to a reaction liquid continuously withdrawn from the
reactor 10 from a deactivator supply piping 11 at a flow
rate of 0.005 liter/hr, and such a reaction liquid is then

successively treated in the degassing tank 20, the
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Pol yneri zati on was conducted by operating in the same manner as in
Exanple 1 except for directly using the above commercially avail abl e
1- hexene (a product of M tsubishi Chem cal Corporation, Dialen 6) as
araw material for linear |ow density polyethyl ene production. The
yield of a polyner (linear |ow density polyethylene (LLDPE)) obtai ned
s showmn in Table 2. [0091] [TABLE 2] Kind of organohalide in

1- hexene LLDPE yield Kind Concentration

ethylene separation column 30, the high beoiling separation
column 40 and the hexene separation column 50. As a
result, l-hexena can be obtained fxrom the top of the
hexene separation column 50.

{Reference Example 2)

{Production of l-hexene by batch process)

[0082]

A 2 liters autoclave dried in a dryer at 150°C was
assembled in heating, and was vacuum substituted with
nitrogen. A catalyst feed pipe equipped with a rupture
disk was fitted to the autoclave. 750 ml of an n-heptane
solution containing 26.6 mg (0.280 mmol) of 2,5~dimethyl-
pyrrcele, 320 mg (2.80 mmol) of triethylaluminum and 66.4
mg (0.280 mmol) of hexachlorcethane was charged in the
autoclave. 3 ml of an n-heptane solution containing 22.5
mg (0.0467 mmol) of chromium (III)-2-ethylhexancate was
charged in the catalyst feed pipe. The autoclave was
heated to 120°C, and ethylene was introduced into the
catalyst feed pipe. The rupture disk was ruptured by
ethylene pressure, and ethylene and chromium (III)-2-
ethylhexanocate were introduced into the autoclave, thereby
low polymerization of ethylene was initiated. Ethylene
was introduced until the total pressure reaches 51 kgf/cm?.
Thereafter, the total pressure was maintained at 51
kgf/cm’® and the reaction temperature was maintained at

120°C. One hour later, 1.46 g (l11.2 mmol) of 2-ethyl-
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(I'n termof hal ogen atom) Exanple 1 Tetrachl oroethylene 1 ppm by
wei ght 97 g Exampie 2 1, 2-Di chl oroethylene (cis- form) 1 ppm by
wei ght 89 ¢

hexanocl was introduced into the autoclave, and the
reaction was stopped. Thereafter, the temperature of the
reaction liquid was lowered to 40°C, and ethylene was
discharged to obtain a reaction ligquid. The whole amount
of the reaction liquid obtained was charged in a pot of
Oldershow distillation apparatus having 20 actual plates,
distillation was conducted at a reflux ratic of 3 at
ordinary pressures, and l-hexene was distilled from the
top. When the top temperature was higher than the boiling
point of l-hexene, distillation of 1-hexene from the top
was stopped.

f0083]

Halogen atom concentration in l-hexene was measured
in the following manner. That is, 100 ml of l-hexene and
20 ml of an Nabn agqueous solution (20 wt%) were placed in
a separatory funnel, and the separatory funnel was set to
a shaker, and shaken for 1 hour. 15 ml of the NaOH
aquecus solution was collected, and neutralized with a
nitric acid aqueous solution. 2Analysis was conducted with
an ion chromatography under the following measurement
conditions. As a result, chlorides (in terms of a
chlorine atom) in l—hexenq digtilled from the top in
Reference Example 2 were 1 ppm by weight.

As a result of measurement with a gas chromategraph-
mass spectrometer (GC-MS) in order to identify a structure

of the chlorides, organochlorides such as tetrachloro-
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Conparative Exanple 1 - 0O ppm by wei ght 669 It is seen from
Exanples 1 and 2 and Conparative Exanple 1 that when (a |linear |ow
density polyethylene (LLDPE)) is produced using 1-hexene in which
concentration of an organohalide to 1-hexene as a raw naterial is
fromO0.05 to 10 ppm by weight in terns of a hal ogen atom activity of
a catalyst for polynmer production is inproved, and the yield is

I ncreased. Exanple 3 [0092] Tetrachl oroet hyl ene was added to

t he above commercially avail abl e 1- hexene (a product of M tsubish
Chem cal Corthylaneon,tiBichlencéihyiene c ande wirsaili,@ndiashidroatiedldams 1
ppm by weight as a concentration in terns of a chlorine atom Such a
sol uti on wiengssgngainedeimnb-ieene.raw material of linear |ow
density pol yet hyl ene (LLDPE) production.. [Q093]. The inside of a 2.4
liters (i nn%%n e PESEPFR %ally available 1-hexene>

On the other hand, when a halide ({(in terms of a
halogen atom) in the commercially available 1l-hexene ({(a
product of Mitsubishi Chemical Corporation, Dialen 6) was
measured, the amount thereof was 0.02 ppm by weight which
is the detection limit or less.

[0084]
[TABLE 1]

(lon chromatograph measurement conditions)

Apparatus ' DICNEX DX-500

Column AG1{+AS11

Thermostat bath temperature 35°C

Flow rate of eluent 2 mimin
Eluent NaOH aqueous solution (0.1 mmol/liter)
Detector Electric conductivity type detection
Example 1
[0085]

Tetrachloroethylene was added ta the above
commercially available l-hexene (a product of Mitsubishi
Chemical Corpoxation, Dialen 6), and concentration was
adjusted to 1 ppm by weight as a concentration in terms of
a chlorine atom. Such a sclution was used as l-hexene for

linear low density polyethylene (LLDPE) production raw
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type autocl ave equi pped with a rupture di sk therein was thoroughly
substituted with nitrogen, and 0.5 liter of special grade toluene (a
product of Wako Pure Chem cal Industries, Ltd., a special grade
reagent i s passed through a nol ecul ar sieve (MS) packed col.um to
remove water) was introduced therein. The rupture disk is used to
contact a specific catal yst conponent under polynerization

at nosphere. (0094] 1.8 mM of a heptane sol ution of
triisobutylalumnum (0.1 mmol -Al/m heptane; heptane used is the sane
purified epieteeciad.above) was added to toluene in the autoclave, and
subsequently, 3.4 nm of a toluene solution of triphenyl nethyl

t et r aki spent@®@6dor ophenyl borate (0.62 unol/nl; toluene is one

obt ai ned by passing special grade toluene, a product of Wako Pure
Chemi cal | ndustr B, ipgdde og‘hraouag# A W Habirrer oveknelo §euring
wat er) was ,added. Furthernore, 20 f the above raw materi al

m ., ] A
1- hexene wadPRdFOGYSs2auirped Hith o2 oEHBFURGNALsk Fhpredp yas
t ol | 14t i bi . t.vd i | fani yn
G chtori de Preaughly; SeYEeed! WY ChOPERLES. e 0 IThpR e 8 as

above) was dadit it repiddse digk ptidiBiet! YT wREES BUS CEhéé:flgc\?éL

aut ocl ave was purged. Thereafter, thé tenperature 1 n the auto

was el evat ahduet8®6s, anded e raiptdgeriadi Sgryas rvahyesd bys etdndne
pressure. Ethylene partial pressure in the autoclave was controlled
to be 0.2 Mixpughd mpohylheculkst i shevas (MSHdysickbdit c8Dimd Otol. Kinttare -
The yield of a polynmer (linear |ow density polyethylene (LLDPE))

obt ai ned byakekynwais; dntaeducedhdherpinTabFbe3 rupturpl disdk( 6.888ised
Pol yrmeri zati on was conducted by operating in the same manner as in

Exanpl e 3 &RcepforRattt et? acIRAVRUY | ef@tARYBEacecoPenpnt  under
conmmer ci al :?§&avai Lab{;e 1- hexerﬁ?was added to 1-hexene obtained in

Ref er ence ¥BPEL S O RYSH®E ®anount of a chloride in a raw

materi al ol@ggpito the anount of 5 ppmby weight in terns of a
chlorine atom concentration, and such a solution was used as a raw

material for lingag hoWodeRShbptRALYSbANEEHSE &kLPPE) s :d&E.nuLhe
yield of a polyner (linear |ow density pol yethylene (LL )) obtal ned
i's shown i (0TabimoB-Al/ml heptana; heptane used is the same purified
heptane as above) was added to toluene in the autoclave,
and subsequently, 3.4 ml of a toluene solution of
triphenylmethyl tetrakispentafluorcphenyl borate (0.62
pmol/ml; +toluene is one obtained by passing a spaecial
grade reagent, a product of Wako Pure Chemical Industries,
Ltd., through an MS packed column to remove water) ﬁas
added. Furthermore, 100 ml of the above raw material
l-hexene was added.
[0088]
On the other hand, 1.4 ml of a toluene solution of
dimethylsilylene bis(4,5,6,7-tetrahydroindenyl) zirconium

dichloride (1.0 pmol/ml; toluene used is the same purified

36



(Conpar ative Exanple 2) [0097] Pol ynmeri zati on was conduct ed
by operating in the sanme manner as in Exanple 3 except that

tetrachl oroethylene in place of the commercially avail abl e 1-hexene
was added to 1-hexene obtained in Reference Exanple 2 to adjust the
amount of a chloride in a raw material olefin to the amount of 25 ppm
by weight in terns of a chlorine atomconcentration, and such a
solution was used as a raw material for linear |ow density"

pol yet hyl ene (LLDPE) production. The yield of a polymer (linear |ow
density poltpduknberss ( BbBRR) ) walst cadvl | sosHhan rupthabe edisk side.
(Conparative Exanple 3) [0098] Pol ynmeri zati on was conduct ed
by oper ati Agnen PFessare winrikhe antoelavenpras pesged: fThexiafiem,y
usi ng the conmmerci al I¥_ avai |l abl e 1- hexene (a product of M tsubi shi

Cheni cal CHPHoFERPBRATEFEI th B)e Ankesianendd rAPVRERd| tRck? G .ofnd
donsi 1) polY8t nYFBREELLEPE) ) YR arwEYoFetsnbyn PRAYITRe Poqtius
[ TABLE 3] ﬂ%h?ieﬁa Bﬁgﬂﬂgfaﬁngéure in the autoclave was controlled
to be 0.1 MPa, and polymerization was conducted at 85°C
for 0.5 hour. The yield of a polymer (linear low density
polyethylene (LLDPE)) obtained by peolymerization is shown
in Table 2.
Example 2
[0089]

The same operation as in Example 1 was conducted
except £for using cis-1,2-dicholrcethylene in place of
tetrachloroethylena. The yield of a polymer (linear low
density polyethylene (LLDPE)) obtained is shown in Table 2.
(Comparative Examplae 1)

[0090]

Polymerization was conducted by operating in the
same manner as in BExample 1 except for directly using the
above commercially available 1-hexene (a product of
Mitsubishi Chemical Corporation, Dialen 6) as a raw
material for linear low density polyethylene production.
The yield of a polymer (linear low density polyethylene
{LLDPE}) obtained is shown in Table 2.

[0091]
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added to raw material 1-hexene Anpbunt of organohalide in raw materi al
1- hexene (in terns of hal ogen aton) LLDPE yield Exanple 3
Tetrachl oroethyl ene 1 ppm by wei ght 26 g

[TABLE 2]
Kind of organchalide in 1-hexene
. LLDPE
Kind Concentration yield
{In term of halogen atom)
Example 1 Tetrachloroethylene 1 ppm by weight 97 g
Examble 2 1,2-Dichloroethylene (cis- 1 b iaht g0
m by we
P form) Ppm by weig 9
Comparative 0 by weiaht 66
Example 1 PPM By welg 9

It is seen from Examples 1 and 2 and Comparative
Example 1 that when (a linear low demnsity polyethylene
(LLDPE) ) is produced using l-hexene in which concentration
of an organohalide tc l-hexene as a raw material is from
0.05 to 10 ppm by weight in terms of a halogen atom,
activity of a catalyst for polymer production is improved,
and the yield is increased.

Example 3
[0092]

Tetrachloroethylene was added to the above
commercially available l-hexene (a product of Mitsubishi
Chemical Corporation, Dialen 6), and concentration was
adjusted to 1 ppm by weight as a concentration in terms of
a chlorine atom. Such a solution was used as l-hexene for
a raw material of linear low density polyethylane (LLDPE)
preduction.

[0093]

The inside of a 2.4 liters (inner volume) stirring
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Exanpl e 4 Tetrachl oroethyl ene 5 ppm by wei ght 23 g Conparative
Exanpl e 2 Tetrachl oroet hyl ene 26 ppm by wei ght 16 g Conparative

Exanple 3

type autoclave equipped with a rupture disk therein was
thoroughly substituted with nitrogen, and 0.5 liter of
special grade toluene (a product of Wako Pura Chemical
Industrxies, Ltd., a special grade reagent is passed
through a molecular sieve (MS) packed column to remcve
water}) was introduced therein-. The rupture disk is used
to contact a specific catalyst component undex
polymerization atmosphere.
[0094]

1.8 ml] of a heptane solution of triisobutylaluminum
(0.1 mmol-Al/ml heptane; heptane used is the same purified
heptane as abova) was added to toluene in the autoclave,
and subsequently, 3.4 ml of a toluene solution of
triphenylmethyl tetrakispentafluorophenyl borate (0.62
pmol/ml; toluene is one obtained by passing special grade

toluene, a product of Wako Pure Chemical Industries, Ltd.,

‘through an MS packed column to remove water) was added.

Furthermore, 20 ml of the above raw material 1-hexaene was
added.
[0095]

On the other hand, 1.4 ml of a toluene solution of
bis(normal butylcyclopentadienyl)hafnium dichloride (1.0
pmol/ml; toluene used is the same purified toluene as
above) was added to the rupture disk side. Inner pressure
of the autoclave was purged. Thereafter, the temperﬁture

in the autoclave was elevated to B85°C, and the rupture
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- 0 ppmby weight 20 g It is seen from Exanple 3 and
Conparative Exanple 3 that when (a |inear |ow density pol yethylene
(LLDPE)) is produced using 1-hexene in which concentration of an
organohal ide to 1-hexene as a raw naterial is fromO0.05 to 10 ppm by
weight in terns of a hal ogen atom activity of a catal yst for pol yner
production is Inproved, and the yield is increased. It is
seen from Exanpl e 4 and Conparative Exanple 2 that when 1-hexene
obtained by trinmerization reaction of ethylene using a chrom um
series cat 89kt vagnprpstungdaby oathrnienenpoessire ¢ hrBhivianeo naotdal
(a), the nitro en-containigﬁlconpound (b), the alum nunm containi ng
tostaye

conpound (EFeEREEehdnhAhey niYRP cerpiotidad)te sPes8d2a¥Pa,r aw
mat eri al 1-hexeng, and the amount of ‘%échl ride cqntajned therein is
T

in a range®Bf FPHPE*IE2E5°R0 FHisin BSP ph % s atchl emFe
atom cat alyst Vit 1S_I ed,.and the vyield.of a pal I
(lI'i near |o§¥§eﬁ§%@? 56 y%tﬁépg%§¥(ﬁﬁﬁﬁﬁgf oﬁfé%%ﬂf%%?iﬁékﬁﬁgg ene
Furt her mor grrpie) § SReGiRd HyhabignspivhefoR 14 "GRfwd QW 98R8LLY
polyethylege (LL%EE) I's progﬁggd gﬁiné 1- hexene Conti nuougﬁy pr oduced
as in Refergamsidxqnple 1 as a raw material, the same effect is
exhi bited. [01001 Wil e the invention has been described in
detail and[0#96}reference to the specific enbodi nents thereof, it
wi |l be apparent to one skilled in the art that various changes and
nmodi fi cations cErlmenigatiner evas wicomductadpdy | wpeasingheinspithit
and scope thereof. This application is based on Japanese

Pat ent AppPiRet RATAEPat 8ft UppEFERPLEn Ro. exuePd- 3thak7)teatnaghloro-

ethylene in place of the commercially available l-hexene
was added to l-<hexene obtained in Reference Example 2 to
adjust the amount of a chloride in a raw material olefin
to the amount of 5‘ppm by weight in terms of a chlorine
atom concentration, and such a solution was used as a raw
material for linear low density polyethylene (LLDPE)
production. The yield of a polymer (linear low density
pelyethylene (LLDPPE)) obtained is shown in Table 3.
(Comparative Example 2)

[00987]

Polymerization was conducted by operating in the
same manner as in Example 3 except that tetrachloro-
ethylene in place of the commercially available 1l-hexene
was added to l-hexene obtained in Refsrence Example 2 to
adjust the amount of a chloride in a raw material olefin
to the amount of 25 ppm by weight in terms of a chlorine

atom concentration, and such a soluticn was used as a raw
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Decenber 27, 2006, the entire contents thereof being hereby

I ncorporated by reference. Industrial Applicability [0101]
According to the present invention, catalyst activity is increased,
and a polyolefin such as a linear |ow density polyethyl ene can

i ndustrially advantageously be produced. Therefore, the industrial
val ue of- the present invention is remarkable. CLAIMS 1. 1-Hexene for
| i near | ow density pol yet hyl ene production raw materi al,
characterized in that it contains an organohalide in an anount of
from 0. 05 mategippm H9rwelipras n kow nslepisikyhapodpathybene 2. (IINPE)
1- hexene as claiped in claim1, wherein the 1-hexene is obtained by
trimerizat PSRIFEEEPRon dheeiPlen i st ngoaymar orfildneasr iloy clandijbyt

. Cnati h ) d (a).

i T ogen: CBRER FPHLERS BRI )b FE AR A e bR TABY Gorpound ()

and a hal oqggﬁ%g@i&{% Olégd (d). 3. The 1-hexene as clained in
, e

claim1 or erern rgandohal i de contained in 1-hexene is an
unsaturateqogggpnohalide. 4. The 1-hexene as clainmed in claim 3,
wherein the organohalide is a

Polymerization was conducted by operating in the

same manner as in Example 3 except for directly using the
commercially available l-hexene (a product of Mitsubishi
Chemical Corporation, Dialen 6) as a raw material for
linear low density polyethylene production. The yvield of
a polymexr (linear low density polyethylene (LLDPE})

obtained is shown in Table 3.

[0099]
[TABLE 3]
Kind of organohalide Amount of organchalide LLDPE
added to raw materiat in raw material 1-hexene
: yield
1-hexene (in terms of halogen atom)
Example 3 Tetrachioroethylene 1 ppm by weight 26 g
Examplie 4 Tetrachloroethylene 5 ppm by weight 23 g
Comparative | . rachloroethyl 25 '
Example 2 e oroethylene ppm by weight 16 g
Comparative 0 .
Example 3 ppm by weight 209

It is seen from Example 3 and Comparative Example 3
that when (a linear low density polyethylene (LLDPE)) is
produced using 1-hexene in which concentration of an

organchalide to l-hexene as a raw material is from 0.05 to
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hal ogenat ed ol efin.

10 ppm by weight in terms of a halogen atom, activity of a
catalyst for polymer production is improved, and the yield
is increased.

It is seen from Example 4 and Comparative Example 2
that when 1l-hexene obtained by trimerization reaction of
ethylene using a chromium series catalyst comprising a
combination of the chromium compound (a), the nitrogen-
containing compound (b), the aluminum~containing comﬁound
(c) and the halogen-containing compound (d) is used as a
raw ﬁaterial l-hexene, and the amount of a chloride
contained therein is in a range of £fxom 0.05 to 10 ppm by
weight in terms of a chlorine atom, catalyst activity is
improved, and the yield of a polymer (linear low density
polyethylene (LLDPE)) obtained is increased. Furthermore,
it is expected that even when a 1linear low density
polyethylene {LLDPE) is Produced using l-hexene
continuously procduced as in Reference Example 1 as a raw
material, the same effect is exhibited.

[0100]

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 therecof.

This application is based on Japanese Patent

Application (Patent Application No. 2006~351967) filed

42



December 27, 2006, the entire contents thereof being
hereby incorporated by reference.

Industrial Applicability

[0101]

According to the present invention, catalyst
activity is increased, and a poiyolefin such as a linear
low density polyethylene can industrially advantageocusly
be produced. Therefore, the industrial value of the

present invention is remarkable.
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CLAIMS

1-Hexene for linear low density polyethylene production raw material,
characterized in that it contains an organohalide in an amount of from 0.05 to
10 ppm by weight in terms of a halogen atom.

The I-hexene as claimed in claim 1, wherein the 1-hexene is obtained by
trimerization reaction of ethylene using a chromium series catalyst comprising
a combination of a chromium compound (a), a nitrogen-containing compound
(b), an aluminum-containing compound (c} and a halogen-containing
compound (d).

The 1-hexene as claimed in claim 1 or 2, wherein the organohalide contained
in 1-hexene is an unsaturated organohalide.

The 1-hexene as claimed in claim 3, wherein the organochalide is a
halogenated olefin.
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