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 nmethod of a polyolefin,
pol yol efin and 1-hexene for linear |Iow density polyethyl ene production raw

mat eri al .

Background Art [0002] A nethod of using a catalyst is known as a

a

production nethod of a pol yolefin. For exanple, where 1-hexene is used as a
raw material olefin, a linear |ow density polyethylene (LLDPE) is obtained.
[ 0003] On the other hand, trinerization reaction of ethylene using
chrom um series catalyst is knownPBESCBIFEEGHucti on nethod of 1-hexene.
representative chromiumseries cat aI%E is a _chronmium series cat al
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[ 0004] Tr %&i&f on reactlon of ethylene is conducted in

Technical Field
[0001]

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

Background Art
[0002]

A method of wusing a catalyst is known as a
production method of a polyeclefin. ' For example, where
l-hexene is used as a raw material olefin, a linear low
density polyathylene ({LLDPE) is obtained.

[0003] |

On the other hand, trimerization reaction of
ethylene using a chromium series catalyst is known as a
production method of 1l1-hexene. The representative
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 halogen-containing compound
(d) (for example, see Patent Document 1).

[C004]

Trimerization reaction of ethylene is conducted in

a

st
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the presence of a reaction solvent. After conpletion of the reaction,

1- hexene obtained is treated in a distillation colum, and separated and
recovered fromthe reaction solvent. In such a case, 1-hexene may contain a
slight amount of an organohalide. [0005] Conventionally, an organohalide in
1-hexene is renoved fromthe fear that the organohalide adversely affects
a catalyst for linear | ow density pol yethylene production (single-site
catalyst). Fromlong ago, various nethods are known as the renoval nethod.
For exanple, a nethod of using an_ ion-exchange resin (see Patent Docunent

2) and a FEEhRFITSRLS n§fark KRR SaLNeRE- al AftRF capplefion of
silica-alumna or activated clay (see Patent . Docunent 3) are known.
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[CO05]

Conventionally, an organohalide in 1l-hexene is
removed from the fear that thé organohalide 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,
silica, silica-alumina or activated clay (see Patent
Document 3) are known. Additionally, a method of using
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-chlorobutane in l1l-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 1l: JP-A-11-060511

Patent Document 2: JP-A-53-103411

Patent Document 3: JP-A-57-183726

Patent Document 4: JP~A-3-99024



Di scl osure of the Invention Problens that the Invention is to Solve [0007]
However, according to the finding of the present inventors, surprisingly,
an organohalide in 1-hexene does not always adversely affect a catalyst,
‘but in the case of a specific content thereof, 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

i nventions, and the gist of each invention is described bel ow. Means for
Sol vi ng the Problens°§[0008] SpeC|f|caIIy, a first aspect of the present

i nvent i on PASS1@S8Ten NE4Aht hod of a polyolefin, characterized in
that in produci a polyolefln by . polynerization reaction of a raw nateri al
olefinin Fﬁ@leﬂge narhiph it HxSAALVR i on of an organohalide to
t he raM/n% ﬁl olefin |s fron10 05 to 10 ppmby weight in ternms of a

hal ogen atlORo [0009] A second aspect of the present invention resides in a

pol yol efin, chagacterized in t it, co I n . org lide in an anount
of from 0.005 t G°Y¥eyBH/by2REPH f'ngl e e&%’? Elﬁgﬁﬁ g‘g}ﬂ PERA#*ACt hir d
aspect of ;U0 h 2SS el gAY ATy [ 5hU8E ghRohal SR8 G r YR NS 40Y5 3
not always adversely affect a catalyst, but in the case of

a specific content thereof, the organchalide increases
activity of a catalyst. The present invention has been
completed 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

[0008]

Specifically, a first aspect of the present
invention resides in a production method of a polyolefin,
characterized in that in producing a polyolefin by
Polymerization reaction of a raw material olefin in the
presence of a catalyst, concentration of an organohalide
to the raw material olefin is from 0.05 to 10 ppm by
weight in terms of a halogen atom.

[0009]

A second aspect of the present invention resides in
a polyolefin, characterized in that it contains an
organohalide in an amount of from 0.005 to 1 ppm by weight

in terms of a halogen atom, and a third aspect of the

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



density pol yethyl ene production raw material, characterized in that it
contai ns an organohalide in an anount of fromO0.05 to 10 ppm by weight in
terms of a halogen atom [0010] That is, the gist of the present invention
resides in the followng (1) to (11). (1) A production nethod of a

pol yol efin, characterized in that in producing a polyolefin by

polyneri zation reaction of a raw material olefin in the presence of a
catal yst, concentration of an organohalide to the raw material olefin is
fromO0.05 to 10 ppmby weight_in terns of a_halogen atom (2) The
product i ofleREitYd as RRL¥S PR (1) PERAVCERRD 1- hBddhe | sMAseHiAL t he raw
material olefin, and the, concentration of the organohalide to 1-hexene is

from 0. 05 chaFagtrerhresdy Wi fat mterRRtadng 2R o§EF28PBMAL1dS) Hhean

production nethod gs descrjb in (2), wherein the 1-hexene i s obtained by
P Phrer i o BRORTaaRE s SHOBY O iy It@ncLOSPRE PEnFoNBhn ot | EOrma: s
conprisin conbi.nation of a chrom um conpound (a), a nitrogen- containing

conmpound OS5t A ‘num cont ai ni ng conpound (c) and a hal ogen-cont ai ni ng
conpound g%%i (14) The production nethod as described in any one of (1) to
(3), wherein éﬂe organohal ide is an unsaturated organohalide. 4

That is, the gist of the present invention resides
in the following (1) to (11).
(1) A production methoed of a polyolefin, characterized
in that in preoducing a polyolefin by polymerization
reaction of a raw material olefin in the presence of a
catalyst, concentration of an organochalide to the raw
material olefin is from 0.05 to 10 ppm by weight in terms
of a halogen atom.
(2) The production method as described in (1), wherein
l-hexene is used as the raw material olefin, and the
concentration of the organochalide to l-hexene is from 0.05
to 10 ppm by weight in terms 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) The production nethod as described in (4), wherein the unsaturated
organohalide is a halogenated olefin. [0011] (6) A polyolef in,
characterized in that it contains an organohalide in an anount of from
0.005 to 1 ppmby weight in terns of a hal ogen atom (7) The polyolefin as
described in (6), which is a Ilinear |ow density polyethylene. (8) 1-Hexene
for linear |l.ow density polyethylene production raw material, characterized
in that it contains an organohalide in an anount of fromO0.05 to 10 ppm by
weight in ternms_of a hal ogen atom_(9) The 1- hexene as described in (8),
wherei n t &) 1-FB§aR§q4¥é%ﬁ9ﬂrﬁﬁF%@dtPFmQﬁ%ﬁﬁ#hﬁ#rbﬁcﬂﬂdn(ﬂmﬁi?ﬁﬂene
using a chrom um series catalyst conprising _a_conbination _of a chrom um
conpound ?,“HsﬁFPFﬁﬁgﬁ;eﬁﬁﬁgPhﬁﬁédEOﬁﬁoGnaalPE?Pa§ﬁdaP&ﬁﬁﬁﬁh}containing
conpound &ﬁhl Ed a hal ogen- containing conpound (d). (10) The 1-hexene as
descri bed ? ) or (9), wherein the organohalide contained in 1-hexene is

wherei n tHE) orBaROMELRE 170 S RATBGERGT ER OBy (TPt n RIS (A
Invention,, LORLAk1£GEOTH 8 Gt R T 1060 U1 Gl By wegnt
in terms of a halogen atom.
{(7) The polyclefin as described in (6), which is a
linear low density polyethylene.
(8) l1-Hexene for linear low density polyethylene
producticon raw material, characterized in that it contains
an organchalide in an amount of from 0.05 to 10 ppm by
weight 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 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).
{10) The l-hexene as described in (8) or (9), wherein the
organohalide contained in 1l-hexene is an unsaturated
organchalide.
(11) The 1l-hexene as described in (10), wherein the
organchalide is a halogenated oclefin.
Advantage of the Invention
[0012]

Accerding to the present invention, catalyst



activity is increased, and a polyolefin such as a linear |ow density

pol yet hyl ene can be produced industrially advantageously. Brief Description
of the Drawing [0013] [Fig. 1] Fig. 1 is an explanatory view of a
production process of 1-hexene used in Reference Exanple 1. Description of
Ref erence Nuneral s and Signs [0014] 10: Conpletely m xing and stirring type
reactor 11: Deactivator supply piping 12: First supply piping 12a:

Et hyl ene supply piping 13: Second supply piping 13a: Catalyst supply
piping 14: Third supply piping 15: Fourth supply piping 16: Conpressor 20:
Degassi nga€4irisy: i pierRasedar andor RAINALEHED YRR bEEl ihglEw@AF ati on
colum 5Q: Hexene, separation colum 70: Sol vent drum Best Mde for Carrying
Qut the | MP¥nt FERS:F¥01BP Tﬁ5h§$3§@ntcﬁﬂvéh?idﬂF?@“?@gcr*Qﬂﬁﬁ?FﬁﬁiﬁﬁiI

bel ow. 6advantageously.

Brief Description of the Drawing
[0013]
[Fig. 1] 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 boiling separation column
50: Hexene separation column
70: Solvent drum
Best Mode for Carrying Out the Invention
[0015]

The present invention is described in detail below.



In the production nethod of an a-olefin |ow polyner to which the enbodi nent
of the invention is applied, the a-olefin used as a raw material includes
substituted or wunsubstituted a-olefins having from2 to 30 carbon atons.
Speci fic exanples of such an a-olefin include ethylene, propylene,
1- butene, 1-hexene, 1l-octene, 3-nethyl-I-butene and 4-nethyl-I|-pentene. In
particular, ethylene is preferred as the a-olef in of a raw material, and
when ethylene is used as the raw material, 1-hexene as a triner of
ethylene is obtained in high yield and high selectivity. Furthernore, when
ethyl ene i s usednathene gfeiian imgthod npfir pny dcodediantlowipriynemn
ethyl ene may be contained in the raw material. Specific inpurity conponents
i ncl ude #et H€h ghpinenbadimengnofyithe aipvantioni d8. appdded.cot®nent s
are preferably in an appunt of 0.1 nold or |ess, based on ethylene of the
raw mat er PaPlefin: 1e9d| pnihgr AU AFLRTIAT, inpiudee syPstitated |¥Ky density
pol yet hyl ene production ra terial js escribed faor the sake of
conveni enb@sypstptuged. dptefins having H¥opné FPeShica t3FM$ s
obt ai ned %¥ trinmerization reaction of ethyleng using.a chrom series
Cat al yst . PRELEAFSAMEIER Plactich BF GFIQTertn| intlnde s uct od
according_to tge netggg escrihed in__ faqr exanple,,JP-A-11-060511. [0016]
The chronPaPEePPEs catRTEe ¢ q’%éé’se'acﬁboc?% f oh ™ é’yjll Pwedne
and 4-methyl-~l-pentene. In particular, ethylene is
preferred as the oa-olefin of a raw material, and when
ethylene is used as the raw material, l-hexene as a trimer
of ethylene is obtained in high yield and high selectivity.
Furthermore, when ethylene is used as the raw material,
impurity 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 convenience of the description.
l1-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 series catalyst comprises a combination



of at |east a chrom um conpound (a), a nitrogen-containing conpound (b) and
an al um num cont ai ni ng conpound (c). According to need, the chrom um series
catal yst further containing a hal ogen-contai ning conpound (d) is used.
[0017] The chrom um conpound (a) includes at |east one conpound represented
by the general fornmula CX,,. In the general fornula, X represents an
optional organic group, inorganic group or negative atom and n is an
integer of froml1l to 6, and is preferably 2 or nore. Wien it is 2 or nore,
Xs may be the sane or different. [0018] Exanples of the organic_ group

i ncl ude a°fy@fodS@sdn @ FHAAPIR iTRIRIBIE 1(8)0 P Rit¥RFPRTEAREALAENG hony|
group, an al koxy, gr,pup, a .carbox roup, a f3-diketonate grqQup, a

( 3- ket ocaFBW?Pnér odﬁ}l a2pg- k@f‘oeé{"\é'a" ?"gﬂﬁ"ﬁ{ﬁﬂ"ﬁﬁnﬁm ﬁ%mpﬁﬁqﬁ p. (Banpl es of
t he i norganic_group jnclude chromu salt-formn [ QUPRS Suc anitric
aci d gr oup=6P%; "“@ﬂl#‘ﬁr Repr:d d&b‘? oﬁgmﬁ%gﬁ‘m%%rb?gt %8%&2353'1 vgurz’fs}b?‘r’f i ncl ude

oxygen and athal Qgen. ﬁllal 0 gré-c%nt.ai.ni ngz chrorgduggaco ound, i s not

i ncl uded FR™CAR&DH o@e AL ﬁ’lnnélgo"ﬁ?o r?a“P(c’ab“ escri ea’sf?éir'ei nafter.

[ 0019] Th@o'a':l'.;fﬁer of valency of chromum (Cr) is O to 6. The preferred

chrom um conpound (a) includes a carboxylate of chromum (Cr). Specific

exanpl es of theTﬁgrb8§¥£ﬂ&§m0fcoﬁbound {a) includes at least one

compound represented by the general formula CrX,. In the

general formula, X represents an opticnal organic group,
inorganic¢ group or negative atom, and n is an integer of
from 1 to 6, and is preferably 2 or more. When n is 2 or
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 p-diketonate group, a
B-ketocarboxyl group, a [j~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



chromi um i nclude chromum (11) acetate, chromum (lI1l) acetate, chrom um
(I'11)-n-octanoate, chromum (l11)-2- ethyl hexanoate, chromum (111) benzoate
and chromum (I111) naphthenate. O those, chromium (111)-2-ethyl hexanoate
is particularly preferred. [00201 The nitrogen-containing conpound (b)

I ncludes at | east one conpound selected fromthe group consisting of an
am ne, an am de and an imde. Exanples of the amne include a primary am ne
conmpound, a secondary amine conpound and a mxture of those. Exanples of
the am de _include a netal am de corrpound derived froma primar am ne

conmpound GF‘rSm%BE‘onﬂ'é‘F}“gﬁ hEFRPYENL I npeedrdeot cPﬁSE‘é“man IH acid
%B“eifffﬁ”pe%%itss of °S@%on@t§¢5§ a%qf&mm”ﬁ Hien ol DR such as
s i me kP hoEeRpR r'?%'h% om'tp” (4755 HeRdase. dnﬁf T, G o e,
oyrtole F?%és “HsRase” | %sae"eff%‘w“ﬁ*&ﬂﬁalﬁd-"% R LR st Blamp s
of the dggp@%ﬁgfpgc S:eefe%a@ pyrrolide derivatives. Specific exarrpl es

of the metal pyrio rivative include diethylalum num pyrrolide,
et hyl al um'[%gb]Q

The nitrogen-containing compound (b) includes at
least one compound selected from the group consisting of
an amine, an amide and an imide. Examples of the amine
include a primary amine compound, a secondary amine
compound and a mixture of those. Examples of the amide
include a metal amide compound derived from a primary
amine compound or a secondary amide compound, a mixture of
those, and an acid amide compound. Of those, a secondary
amine compound is preferred.

[0021]
Specific examples of the secondary amine compound

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

2,5-dimethylpyrrole, 2-methyl-5-ethylpyrrole, 2,5-
dimethyl-3-ethylpyrrole, 3,4-dimethylpyrrole, 3,4-
dichloxopyrrole, 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 pyrrelide derivatives.
Specific examples of the metal pyrreoclide derivative

include diethylaluminum pyrrolide, ethylaluminum



di pyrrolide, alumnumtripyrrolide, sodiumpyrrolide, Ilithiumpyrrolide,

pot assi um pyrrolide, diethyl- alum num 2,5-dinethyl pyrrolide), ethylalum num
bi s(2,5- dinethyl pyrrolide), alum numtris(2,5-dinethylpyrrolide),

sodi unm( 2, 5-di net hyl pyrrolide), lithium 2,5-dinmethyl- pyrrolide) and

pot assi unm( 2, 5-di net hyl pyrrolide). O those, 2,5-dinethylpyrrole and

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

pyrrolides are not included in the alum num containing conpound (c).

Furt hernorg, the _haJ ogen-gont ai ni n% p\{)rrol .compound, (b I S no;,i ncl uded in
the hal og&HP¥ iSg ¢ B (o FIRPYEER23FeThe 20 unP¥bRPAiARNg

conmpound (,c),.i.ncl udes at _least one conpound such ag.a trialkylal um num
conpound, 1&1#‘%0xy§¥§§?§?‘§ ¥ numRY 1 and PY TR nat e@—/eﬁ‘ﬁrm umi num
i ot hyl A PIRRRETHE G SRR TR o of ATPALAHRERUE hokt B2aRa

or of o 1 o P E R ) | ARBR bl Ot T LRI EBREB RS 10 1t e
Pal ohydr oL FALH (i e ABAMAINAD 0. hATHAE TR TBR MRy OO o
and a Cy?gﬁ%ﬁgﬁy%ﬁ?W&#%l@ 9£d£ﬂ?é&nffé€9iloﬂ8£ﬁ "G¥! Pflosg, Or MMore

hal ogen a enat e ylal um nu
2,5-dimethylpyrrole and diethylaluminum(2,5-dimethyl-

pyrrolide) are preferred. (Here, the aluminum pyrrolides
are not included in the aluminum-containing compound (c).
Furthermore, the halogen-containing pyrrocle compound (b)
is not included in the halogen-containing compound (d).)
[0022]

The aluminum-containing compound (c) includes at
least one compound such as a trialkylaluminum compound, an
alkoxyalkylaluminum compound and a hydrogenated
alkylaluminum compound. Specific éxamples thereof include
trimethylaluminum, triethylaluminum, triiscobutylaluminum,
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 halecgenated
alkylaluminum compound, a linear halohydrocarbon with 2 or
more carbon atoms, having 3 or more halogen atoms and a
cyclic halohydrocarbon with 3 or more carbon atoms, having

3 or more halecgen atoms. (The halogenated alkylaluminum

10



compound i s not included in the alum num containing conpound (c)). Specific
exanpl es of the hal ogen- containing conpound (d) include diethylalum num

chl oride, . ethylalum num sesqui chl oride, carbon tetrachloride, 1,1, 1-

trichl oroethane, 1,1, 2,2-tetrachl oroethane, pentachl oro- ethane,
hexachl or oet hane, 1,2, 3-trichl orocycl opropane,
1,2,3,4,5, 6- hexachl orocycl ohexane and 1, 4-bi s(trichl oro-

met hyl ) -2, 3,5, 6-tetrachl orobenzene. [0024} The trimerization reaction of

et hyl ene i s _conducted in éhe. resgnge of a reactipn solvent. Exanples of
t he reacff’ﬂlﬁc’é‘BEVeﬁts use i ntgﬁgg Eﬁai APsat'tiat W‘b‘&é?%’ﬁ%‘n%$g
i i t t.ed b . ' f 1t 0 b t : h
but ane,  pERPRRERSS] (BHX P00 SRR 2RE Thadilge (Co) 1BE) IR oot ane.
| oh byl 2. -t nget hyl t d L D0; d
o omat o ASHFALE A, SRR " s tubly Wb ANSA] chfSR A,

mesi tyl e”%tﬂﬂ»ga&%}nﬁghh” se%'?ﬁfl@i %M%J@é%@%&é rﬁl ;‘E(rji zplion of

et hyl ene may~be use as a vent . ose can be us 5ol vent of

t ty Gl tyd ' tur at ed
wo  or W&ichﬁ%&ié_%fthalme, par ty gyl ﬂé{@%ﬁﬂ%ﬁgﬁé’eﬂ pé,??a&bﬂ,,gb.sa urate

hydr ocarbons or alicyclic saturated rocar avi ng om4 to 10

carbon at @@han¥)en HIAMIHI Hanal © USES, 3 byr fEREESEy Dby FBESnsUCh as a
pol yet hyl ene can be suppressed. Furthernore, when the alicyclic saturated
hydrocarbang,ar q,8s dhekadh1cHcthlohelkhne and 1,4-bis(trichloro-
methyl)-2,3,5,6-tetrachlorcbenzene.
[0024]
The trimerization reaction of ethylene is conducted
in the presence of a reaction solvent. Examples of the
reaction solvent used include chain saturated hydrocarbons
or alicyclic saturated hydrocarbons, having from 1 to 20
carbon atoms, such as butane ,. pentane, 3-methylpentane,
hexane, heptane, 2-methylhexane, octane, cyclohexane,
maethylcyclohexane, 2,2,4-trimethylpentane and decalin; and
aromatic hydrocarbons such as benzene, tcluene, =xylene,
ethylbenzene, mesitylene 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 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

11



activity tends to be obtained. [0025] The anount of the chrom um conpound
used is generally from1.0x10-7 to 0.5 nole, preferably from 5.0x10-7 to
0.2 nmole, and nore preferably from1.0x10-6 to 0.05 nole, per 1 liter of a

sol vent described hereinafter, in terns of the anpbunt per chrom um at om of
the chrom um conmpound (a) By using such a chrom um series catalyst, for
exanpl e, when ethylene is used as the raw material, hexene which is a

trimer of ethylene can be obtained in selectivity of 90% or nore.
Furthernore, .in . this case, _the prqportion of 1-hexene occupied in hexene
can be 999tHVik¥y &9“%60%8] bengbEARERY 4t | o (a):(b):(c):(d) of the chronium
conpound &gh t he ni trogen-containing conpound (b) , the

al um num ?aﬂning conmpound (c¢) and the hal ogen- containing conpound (d) is

generally 1:(1 50).. (1 to 200).(1 to,50).. and preferahbly_ 1: to 30): (10
to 150): (1 to '%,8? §§Ft“ﬁ"g' combi naton c&rggu"é‘ﬁ“ spg%'ln??%n on&lstelg%ns’,'s hexene

can be produsedsnd vegb o 89%60r R © d B ORI oN Bl 1pt e Lprmat i on

am)unt) ) puri héxenée i n exene can Creas or

e LBOBHOUEI 65 eBh AU i ARG e’ 0™ LT 1
0.05 mole, per 1 liter of a solvent described hereinafter,
in terms of the amount per chromium atom of the chromium
compound (a). By using such a chromium series catalyst,
for example, when ethylene is used as the raw material,
hexene which is a trimer of ethylene can be obtained in
selectivity of 90% or more. Furthermore, in this case,
the proportion of l-hexene occupied in hexene can be 99%
or more.

[0026]

The molar ratio (a):(b):(c):(d) of the chromium
compound (a), the nitrogen-containing compound (b), the
aluminum-containing compound (e) 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 ¢f l-hexene to ethylene in a reaction

liquid in trimerization reaction of ethylene ((l-hexnene
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in reaction liquid)/(ethylene in reaction liquid)) is generally fromO0.05
to 1.5, and preferably from0.10 to 1.0. It is preferred that in the case
of a continuous reaction, catalyst concentration, reaction pressure and

ot her conditions are adjusted such that the nolar ratio of ethylene and
1-hexane in the reaction liquid is fallen wthin the above range, and in
the case of a batch reaction, the reaction is stopped at the tine that the
nolar ratio is fallen within the above range. By this, there is the

t endency that by-production, conponents _having a boilin i nt hi gher

t han that 18f fggﬁgéﬂﬁ i 1q§ﬁ§é/é§ggﬁ,°ﬁﬁd §Blef?gGF%9nofli g&éhe 12 further
I ncreased._ [ 002 T reaction tenperature is in a,range of generally from
0"t o' 250CTBPERLENLIGF T ofi B8 55 ohots ARG FRAABLY oFEptnty 10 ok B0 1 o
170C. On the other hand,_the reaction pressure _can be selected froma range
of from r‘§i°naP§tprJ' 3531’?%%’?’63%58&?& llcnnﬂi,?'ﬁﬁutcﬁsr? g‘t’%ﬁef‘al‘?‘m 14T e of 100

9T/ O | 308U LR el e TSI LB o 5 Wb 41305 0LgaRE" 2y from 1

m nute to hour's, r ef rom our s- e réaction fornmat

may be anynal SRRl RS N0l e Ul BINOGRN b af Yhi{bYE et hod.

After conpletion o e reaction I qui reated 1n a

i”_ ﬁtGi('e'ngt %ﬁgﬁ%&mﬂaﬁ&d 1-3eBUMY €8n! N ABedctiBh! M {G{Y yi‘éonf’éiféﬁ‘g
within the above range, and in the case of a batch
reaction, the reaction is stopped at the time that the
molar ratio is fallen within the above range. By this,
there is the tendency that by-production of components
having a boiling point higher than that of 1l-hexene is
suppressed, and selectivity of 1l-hexene is further
increased.

[0028]

The reaction temperature is in a range of generally
from 0 to 250°C, preferably from 50 to 200°C, and further
preferably 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/cmz , but in general,
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
continuous 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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a reaction solvent. A slight ambunt of a-olef inis C4 conponent, C6
conponent ot her than 1-hexene, C8 conponent, Cl10 conponent, Cl4 conponent
and the like. [0029] 1-Hexene of the present invention is characterized by
contai ning an organohalide in an anount of fromO0.05 to 10 ppm by weight in
terms of a halogen atom In the production of 1-hexene, the 1-hexene of the
present invention can be obtained by remaining a slight anount of an
organohal i de contai ned in 1-hexene w thout renoval of an organohalide that
i's conducted to 1-hexenge (the above- described a-ol efin) separated and

recover ed®f FERAHER (BALYPBE - solfy efit 1R AMAURF OF 1 (CGiRYHE St ARdSA nt of
controlling the contepnt of an organohalide, t hod na be enpl oyed t hat
after renBVEPOBF an g gSRBREPFRL, © %efoﬁgﬁ§na'§%ﬁﬁﬁﬁfo aﬁ“ﬂ%ﬁgﬁﬂﬁélide i s
added to %- exene reﬁovgigd. 0030% Exagp%gs gt t he organohal i de contai ned
in 1- hexehd? SPEPRReBFes FRUBRPEBR ARE 588 &MB8nohal i des by-produced by
deconpositéﬁg ﬂroduct of the hal ogen-contai ning conpound (d) used as a
conmponent ? e chromium series catalyst, and/or organohali des by-produced

by hat hal ogen: -4l pma0eier el e LLaihe Il Ade: Cout Blid Sumaund (9

I's substitution rea Wt h"hydfogen at ons 0 raw mater ene.
Exanpl es 9{1 EgﬂégigifﬁgrQHUQQGangaﬁalide 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 l1-hexene of the present
invention can be obtained by remaining a slight amount of
an organohalide contained in l-hexene without removal of
an organchalide that is conducted to 1l-hexene (the above-
described «-olefin) separated and recovered form the
reaction solvent. Furthermere, from the standpoint of
controlling the content of an organchalide, a method may
be employed that after removal of an organochalide, a
constant amount of an organchalide is added to l-hexene
recovered.

[C030}

Examples of the organohalide contained in l-hexene
of thg present invention include organchalides by-produced
by decomposition product of the halocgen-containing
compound (d) used as a component of the chromium series
catalyst, and/or organohalides by-produced by that halogen
atoms generated from the halogen-containing compound (d)
is substitution reacted with hydrogen atoms of a raw

material ethylene. Examples of those by~-produced

14



or ganohal i des i ncl ude nonochl or onet hane, nonochl or oet hane,
nonochl or oet hyl ene, 1, 1-dichl oroethyl ene, 1,2- dichloroethylene (cis- and
trans-fornms), trichloro- ethylene, tetrachl oroethylene, allyl chloride and
3,3-dichloro-1-propene. The organohalide contained in 1-hexane 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 an wunsaturated organohalide, and further preferably the

hal ogenat ed ol efin. descr.i bed .above as.a by-produced organohalide. The

haIogenat8ﬂgﬁ?gk?ﬂig%ﬁeF&Fﬁydﬁa§Q§°€aﬁqq4%5 e Se GFeathane: and is
therefore difficult to.separate fr 1-hexene by.di.stillation. [Q031] The
anount ofm?ﬂgcg#ﬁﬁﬂﬁﬁgyﬁaggContainegqhﬁdfpﬁgfgﬁ Y98 present® i4ivent i on

is f . i.gh bly f . , b i gh

and more SpeatSraRFBPERRY, 07KaEE" 10 Ry by RGO 1 or 2 P Fal ogen

atom Vhepgyd g, Sont ey gl e ARAad de 1811400 Sughbostige effept of
gle-"si | u y

i ncreasing actrvify of "a”sin site cat'alys not °s rcrentl

o SO RELE Ppe BN [ A ol oLl T oL o

?Leapfg'sg%{-ﬁéiigné%@ HHY giesdle HEFSEEioh NYENhORYgandead idaedRal ow. I n
a chlorine atom is difficult to be pulled out by a single-
site catalyst for polyolefin production, preferably aﬁ
unsaturated organchalide, and further preferably the
halogenated clefin described above as a by-produced
organchalidae. The halogenated olefin generally has a
boiling point of 150°C or 1lower, 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 ppm by weight, in terms of a
halogen atom. Where the content of the organchalide is
too small, the effect of increasing activity of a single-
site catalyst is not sufficiently exhibited, and where the
amount is too 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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i nvention, a polyolefin is produced by polynerization reaction of an olefin
using a catalyst. The catalyst is preferably a single-site catalyst. [0033]
The single-site catal yst can use the conventional catalysts wthout
limtation. For exanple, a catalyst (netallocene catalyst) conprising a

net al | ocene conplex (conponent A), a co-catalyst (conponent B) and if
necessary, an organoal um num conpound (conponent C) can be used. Dependi ng
on characteristics of olefin polynerization process, a carrier (conponent

D further. b d tit t fo t | at 0034] Th
et al] ocehEveD wix“.saﬁclas aﬁ@%loﬂsﬁﬂ@rﬁ% (B PR AR L
d dic t h
hor oi na tEFe fﬁ“’”p oy HaPHE 2 uBaRE Ga A TR monbRy CRAEREH Giha.
th th | f I 1 2
ose, é$P gre;gg%g% ﬁ¥tf]giﬁﬁ# @nng genera ormula (1) or (2)

are pref X5 (1) A YAX
[0033]

The single-site catalyst can use the conventional
catalysts without limitation. For example, a catalyst
(metallocene catalyst) comprising a metallocene complex
{(component A), a co-catalyst (component B) and if
necessary, an organoaluminum compound (component C) can be
used. Depending on characteristics of olefin
polymerization proéess, a carrier (component D) may
further be used as a constituent for particulation.

[0034]

The metallocene complex includes. 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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Q M(2) A-Y[0036] In the general fornmula (1) or (2), A and A represent
a cycl opent adi enyl group which nmay have a substituent. Exanple of the
substituent includes a hydrocarbon group having from1l to 30 carbon atons.
The hydrocarbon group nmay be bonded as a nonoval ent group to the

cycl opent adi enyl group, and when plural hydrocarbon groups are present, two
of those groups nmay be bonded at the respective other end ((a-end) to form
aring together wth a part of cyclopentadi enyl. O her exanples of the
substituegé inclﬁge an indenyl group, a fluorenyl group and an azrenyl
group. Th %gﬁro s may further have a substituent on a sub-ring. O those,
an i ndenyl group and an azrenyl group are preferred. [0037] Q represents a
bondi ng group which grosslings two conjugated five-nmenbered ring | egands at
an arbitrary 17 posi 'ong/and speci fic exanpl es thereof include an

al kyl ene group, a silyl group and a gernyl ene gggyg. Those groups may
further have a substit . [0038] Mrepresents a tal atomof a transition
netal selected fron1g?§up 4 to 6 of the periodic table, and exanples
thereof include titaM um zi¥conium and haf ni um

Q (2)

7\

A X
N,
N

[0036]

In the general formula (1) or (2), A and A’
repraesent a cyclopentadienyl group which may have a
substituent. Example of the substituent includes a
hydrccarbon group having from 1 to 30 carbon atoms. The
hydrocarbon 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 (o0-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
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O those,

| i gand,
havi ng o
limted

each represents a hydrogen atom a halogen atom a hydrocarbon group,

hydr ocar
group ha

zirconiumor hafniumis preferred. [0039] X and Y are an auxiliary
and react with the conponent (B) to forman active netall ocene
lefin polynerizability. Therefore, the kind of X and Y is not

so long as this object is achieved. Specific exanples of X and Y

and a

bon group which may have a hetero atom O those, a hydrocarbon

ving from1 to 10 carbon atons or a halogen atom is preferred.

0040] The not er atin 2 ent conponent a_ cQ nent which
gct i th espﬁg?‘n‘%?'ﬁf’l'océﬁ’(—‘ii l:\cl)ﬁﬁl?‘ég nd FER%onp X ¥hi cﬁ'g‘?" 3Ees vﬁ‘lt h an
auxiliary Hsgg of a_ _netall Oﬁﬁ e rrg ex and can conveﬁt t he_ netal | ocene
conplex if RSt Rypeli & FO APT 3oPFREVLSESI 1937P Speci fi ¢

exanpl es Qﬁoghe 2 gérgtgagngg%gﬂg% thg] ef gl Is%ng_t B,D to (B-4). 18 [0041]

(B-1): Alumnu

reacts
cation.

onrc corrpoun& or Lew s acid, that

é g?we conponent (A) and can convert the conponent (A) into a
(

Solid acid (B-4): lon-exchangeable |am nar silicate
M represents a metal atom of a transition metal

selected from groups 4 to 6 of the periocdic table, and
examples thereof include titanium, zirconium and hafnium.
Of those, zirconium or hafnium is preferred.

[0039]

X and Y are an auxiliary ligand, and react with the
component (B) to form an active metallocene having olefin
polymerizability. Therefore, the kind of X and Y is not
limited so long as this object is achieved. Specific
examples of X and Y each represents a hydrogen atom, a
halegen atom, a hydrocarbon group, and a hydrocarbon group
which may have a hetero atom. Of those, a hydrocarbon
group having from 1 te 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 c¢an convert the metallocene
complex intec an active species having an olefin
polymerizability. Specific examples of the promoter

include the following (B-1) to (B-4).
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[ 0042] Regarding the al um nunoxy conpound, it is well known that the

al um nunoxy conpound can activate a netall ocene conplex, and specific
exanpl es thereof include conpounds represented by the follow ng general
formulae (3) to (5). [0043] [Chem 2] RLRL "AI(OGAl)p-OCGA (3) R\RL (4
(OGALl) pt2 Rl RRLRR RL (5 i A-O0BO0-A \ R R19 [0044] In the above
each fornula, Rl represents a hydrogen atom or a hydrocarbon residue,
preferably a hydrocarbon residue having from1l to 10 carbon atons, and
partlcularlﬁﬁ ?referably a hydrocarbon residue having from1l to 6 carbon
atoms. R § be the sane or different. p is an integer of fromO to 40,

and preferably from 2 0045] The c ounds represented by the genera
fornﬂlae S AgumlnuL Lompoungnp P y g

(B-2): Ionic compound or Lewis acid, that reacts
with the component (A) and can convert the component (A)
into a cation.

{B-3): Solid acid

(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 thereof include compounds

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

[0043]
[Chem. 2]
R! R!
N\ /7
Al(0-Al),—0-Al (3)
R \Rl
(4)
( O"'Al ) P+2
|
Rl
Rl R2 Rl
\ | /
Al—-0-B—=0-Al (5)
RY gl



(3) and (4) are a conpound called am noxane. O those, nethyl am noxane or
met hyl 1 sobutyl am noxane is preferred. The am noxane can be used as a

m xture in each group and anong groups. The anm noxane can be prepared under
the conventional various conditions. [0046] The compound represented by the
general formula (5) can be obtained by the reaction between one kind of a
trialkyl alumnumor two kinds or nore of a trialkyl alumnum and an

al kyl boronic acid represented by the general formula RRS(OH)2 in 10:1 to
1:1 (nolar ratio). [0047] Exanples of the ionic conmpound or Lewi s acidic
conpound, [RAR8A reacts with the conponent (A) and can convert the conponent

(A) into a catign includge conpound I n_which a cation,such as_ a carboni um
cation or an aﬁﬁoﬁ’ m "l'ebga diaﬁmﬁﬁ?‘on%éuEﬁpigsﬁﬁ‘Frsaﬁel?mr?ﬁ)?’éte, 20

tetrakis(3,5-difl henyl t t et raki t af - ph I t

Lot 1 aki o( BRER: 11 L8y ADREFYA T ARPES Por FARET TP B OGR4I os. of
the Lew L. di i_.ncl ' b h

L1 s( pont 585p S, BRRERY! Fashs oo “ordly g R Pt L R TR T B n

£NCOMPaSSE3o80rhAICaC AL e b UAMP Ut 1 YD Wl o5t

as a part ron p
atoms. R!s may be the same or different. p is an integer

of from 0 to 40, and preferably from 2 to 30.
[0045]

The compounds represented by the general formulae
(3) and (4) are a compound called aminoxane. Of those,
methyl aminoxane or methyl isobutyl aminoxane is preferred.
The aminoxane can be used as a mixture in each group and
among groups. The aminoxane can be prepared under the
conventional various conditions.

[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 R?B(OH), 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 cation such as a carbonium cation or an

ammonium cation, and an anion such as tetraphenyl borate,
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t han the above include netal halides such as alum num chloride and
magnesi um chl oride. [0049] A certain kind of the Lewi s acidic conpound can
be recognized as an ionic conpound which reacts with the conmponent (A) and
can convert the conponent (A) into a cation. [0050] Metallocene catal ysts
usi ng the above-descri bed non- coordinating boron conpound are illustrated
in, for exanple, JP-A-3-234709 and JP- A-5-247128. [0051] Specific exanples
of the organoboron conpound include at |east one conpound of conpounds

bSO R ROAEIER I NEATER OG0 TEECEE

By TG Sl M e N R RN R

containirﬁbéhrgﬂcgggqéggrgryl group or a hal ogenated aryloxy group. [0054]
[0048]

Examples of the Lewis acidic compound include
various organoboron  compounds such as tris(penta-
fluofophenyl)borate. The organocboron compound used herein
encompasses an ionic compound in which an organcboron
compound is present as a part of ion pair. Examples other
than the above include metal halides such as aluminum
chloride and magnesium chloride.

[0049]

A certain 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]

Metallecene 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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[Chem 4] A (BR6R R8BR9) (7) [0055] (In the fornmula, A represents an am ne
or ammonium 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 Cl4
hydr ocar bon group containing a hal ogenated aryl group or a hal ogenated

al kyl group, and nis an integer of from1l to 4.) [0056] As the specific
exanpl es of the hydrocarbon groups of the general fornmulae (6) and (7), a
pent af | uor ophenyl group, a pentafluorobenzyl group, tetrafl uorophenyl group
and a tetrafluorotolyl group are preferred. As the specific exanples of A
in the ged@PaRIfornuia (7), N Ndinethylaniliniumor triphenyl methyl is

preferred. 0057] 22 Exanples of the solid acid include alumna, silica-
al um na ah@hemy; 3 -magnesi a. [0058] The ion-exchangeabl e | am nar conpound
occupies a nmgjQrapREtion of a clay mneral, and isgﬁ:eferably an ion-

- exchangeabl e | a silicate. The ion-changeable ldMinar silicate

(hereinaf&ﬁh ﬁ?netines sinply abbreviated as "silicate") has a crystal
structure aclfaces constituted of ion bond or the like are mutual ly piled

in parallq&nbythe formula, R’ to R’ which may be the same or
different each represents a C; to C;4 hydrocarbon
containing a halogenated aryl group or a halogenated
aryloxy group.
[0054]
[Chem. 4]

A(BR°R'R°R’) , (N
[0055]

(In the formula, 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
C, to C;; 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 pentafluorophenyl
group, a pentafluorobenzyl group, tetrafluorcophenyl group
and a tetrafluorctelyl group are preferred. As the
specific examples of A in the general formula (7),
N,N-dimethylanilinium or triphenylmethyl is preferred.

[0057]

22



bondi ng force, and nmeans a silicate conmpound that an ion contained is
exchangeable. Most silicates are naturally produced as mainly a main
conponent of a clay mneral, and therefore frequently contain foreign
substances (quartz, cristobalite and the like) other than the

| on- exchangeable lamnar silicate, but those may be contai ned.

Conventional various silicates can be used as the silicate. Specifically,
the followi ng | am nar silicates described in Haruo Shirom zu, Nendo Kobutsu
Gaku (O ay M neral ogy), Asakura Publishing Co., Ltd. (1995) are

il lustrated. [OGBGmrBemprestbe Ssolidypeid nerclude nalumingpestiilieagr oup

m nerals such as nontnorillonite, zauconite, beidellite, nontronite,

saponi t e, Hamigg tandyrpfikicamagnesiayverniculite group mnerals such as
verm cul i te; mca group mnerals such as mca, illite, sericite or

gl auconi t ef09384 ophyl lite-tal ¢ group minerals such as pyrophyllite or 23
talc; and chlorite group mnerals such_as My chlorite. Exanples of 2:1

ri bbon type m ndh s ioRcrexsbangsahiliea e landnagy ¢eppPoRnde. oFGUBARSThE
silicate may, be a lam nar_silicate jn which the, above m xed |layer is
formed. TAAIRY RAEESR ¢hed ntay ‘Eb‘i‘ﬁ)’&ﬁr]snta’i‘g b?e‘PE?QSF?béYsPPl ¢8R having

21 1Ype SHOUGLULS ol S LS el 2Pl Y, BIPCHS BL0U8na80dunP" LSELEL! Y
silicate (hereinafter sometimes simply abbreviated as
“gilicate”) 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 (quartz,
cristobalite and the like) other than the ion-exchangeable
laminar silicate, but those may be contained.
Conventional various silicates can be used as the silicate.
Specifically, the following laminar silicates described in
Haruo Shiromizu, Nendo Kobutsu Gaku (Clay Mineralogy),
Asakura Publishing Co., Ltd. (1995) are illustrated.

[0059]

Examples of 2:1 type minerals include smectite group
minerals such as montmorillonite, =zauconite, beidellite,
nontronite, 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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[0061] The silicate obtained as a natural product or an industrial raw
material can directly be used without particular treatnment, but is
preferably subjected to a chemcal treatnment. Specific exanples of the
chem cal treatnent include an acid treatnent, an alkali treatnent, a salt
treatnment and an organic treatnent. Those treatnent conditions are not
particularly limted, and can use the conventional conditions. In general,
t he ion- exchangeable |lam nar silicate contains adsorbed water and
interlam nar water, and is therefore preferably used after renoving water
by appl yi f@l%oragdafileritent IHeHPd AN LS r 84Chems uMder chheritgas fl ow
[ 0062] The organoal um num cQnpound used, according to_need . is, an

or ganoal ufiSARRIeS U T WP YRR mingrat & includegeepiqhite and

or ganoal um num conpound is preferably 24 conpounds represented by the

f ol | owi ng (i la (8). The conpounds illustrated as the al um nunoxy
conpound ira)0 r}e pronoter descri bed above can al so be used. [0063] [Chem
5] AIR3 i N (é?) [0064] (In the formula, R represents a hydrocarbon group

having from1 tp 209300 HY e %a" TREERER! 2531 VEYLU HOB the
above mixed layer is formed. The silicate as the main
component is preferably a silicate having 2:1 type
structure, more preferably smectite group, and
particularly preferably montmorilleonite.
[0061]

The silicate obtained as a natural product or an
industrial raw material can directly be used without
particular treatment, but is preferably subjected to a
chemical treatment. Specific examples of the chemical
treatment include an acid treatment, an alkali treatment,
a salt treatment and an organic treatment. Those
treatment conditions are not particularly limited, and can
use the conventional conditions. In general, the ion-
exchangeable laminar silicate ceontains 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 organocaluminum c¢ompound which does not contain a

halogen. The organocaluminum compound is preferably
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an al koxy group, a phenoxy group, a siloxy group or an am no group, and i
I's a nunber of 0<i<3, provided that when X is hydrogen, i is 0<i<3.) [0065]
Speci fi c exanpl es of the organoal um num conpound include trialkyl alum num
such as trinethyl alumnum triethyl alum num tripropyl alum num
triisobutyl alumnumand trioctyl alum num al koxy-containing al kyl

al um num such as di net hyl al um num net hoxi de, diethyl al um num net hoxi de,

di i sobutyl al um num net hoxi de, and diisobutyl al um num et hoxi de;
phenoxy-cont ai ni ng al um num such as di net hyl al um num phenoxi de;

si | oxy- comeaipaungls HMeaprersntad byisthes fehlowinargenexraki fiermylasi(8bxi de and
di met hyl al um num triphenyl siloxide; am no-containing alkyl alum num such
as (di et hyih&n mﬁ?‘é‘%‘g&/l 1iF-Hﬁ1tﬁB#Péndl9 dtheli alppingmegyectesaraundi 44m and
hal i de-contai ning al kyl alum num_such as di_et h)ﬂ al um num halide. O those,
25 trial kyiheaREmARRY defcaibhadfborf) 390 Ay iPaawffihum  tri et hyl

al um num triisobutyl alum numor trioctyl alumnumis nore preferred.

[ 0066] The[o&ﬁr?donent (A) and the conponent (B) are used in an optinum
amount ratjiQ in g]e respective conbi nati ons. Wen the conponent (B) is an
al um nuno ?’fﬁthp nd, the nolar ratio of Al/transition netal is in a range
of generally frA?l.'R;,l-g:-t o 100,000, preferably from 199) to

[C064]

(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 or an
amino group, and i is a number of 0<£i<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, triisobutyl
aluminum and tricctyl aluminum; alkoxy-containing alkyl
aluminum such as dimethyl aluminum methoxide, diethyl
aluminum methoxide, diisobutyl aluminum methoxide, and
diiscbutyl aluminum ethoxide; phenoxy-containing aluminum
such as dimethyl aluminum phenoxide; siloxy-containing
aluminum such as dimethYl aluminum trimethyl siloxide and
dimethyl aluminum triphenyl silexide; amino-containing
alkyl aluminum such as (diethylamino)diethyl aluminum and
di (diethylamino)ethyl aluminum; and halide-containing

alkyl aluminum such as diethyl aluminum halide. Of those,
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20, 000, and nore preferably from 100 to 10,000. On the other hand, when an

I oni ¢ conmpound or Lewis acid is used as the conponent (B) , the nolar

of transition netal is in a range of generally fromO0.1 to 1, 000,
preferably from0.5 to 100, and nore preferably from1 to 50. Wen a
acid or an ion-exchangeable lamnar silicate is used as the conponent (B)

the anmbunt of a transition netal

rati o

solid

conplex used is in a range of generally

fromO0.001 to 10 mmol, and preferably fromO0.001 to 1 mml, per 1 g of the
conponent (B). [0067] Before a catalyst for olefin production conprising a
transiti orfkidldylandlumpremoti Prefissteds andt Arjimethyl alunipum,

pol yneri zation _ (main polynerization), the catalyst 1is supported on_a
carrier adedrihyd t crheminumpng $Fddsebutatlal yalungpupe Ofj ebrdactyla
pre-pol ynerization  treatnent which prelimnarily polynerizes a smal

26 of an AlSMmingm fg mare pHefarted: i on nethod can use the conventiona

met hods.

ne, 1l-hexene, 1-octene, 4-nethyl-I- pentene,

amoun @ respective d&mbinations.
When the component (B) is an aluminumoxy compound, the
molar ratio of Al/transition metal is in a range of
generally from 10 to 100,000, preferably from 100 teo
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 mmol, per 1 g of the
compenent (B) .

[0067]

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

catalyst may be subjected to a pre-pelymerization

treatment which preliminarily polymerizes a small amount

26

[Rﬁﬁ%ﬁ Exanpl es of the raw material ol efin include ethyl ene,
propyl ene,**I-Plt e

3-met hyl -1 - b _ vinyl cycl oal k __ The pol yner i zat |
ui tably appl y ABRSHRRESIRN G nEt AT oRnen GOBPRERnSopy AR 498N taS vel

as honopol ynerjzation. Ethyl enge.is .gengral as a canpnone
pal’y op'l::l.mum ra'E:Lo J.% 'E{).

anount
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the case of the copolynerization. [0069] Exanples of the polynerization
reaction format include a slurry polynerization and a sol ution

pol ymeri zation, conducting in the presence of an inert hydrocarbon sol vent
such as butane, pentane, hexane, heptane, toluene and cycl ohexane; a bul k
pol yneri zation conducting in the presence of a solvent such as |iquefied
a-olefin; a high pressure ion polynerization conducting wunder critical
condition of a-olefin; and a gas phase polynerization in the state that a
i quid phase such. a vent or nonojrer, j s not stantially, present.
The gas ﬁ%§§¥‘p8} ﬁé?rza 6n RS BRLVRRRE |BPR) SPR ﬁagréﬁﬁlﬁﬁﬁ Bﬁaratus
such as-a fIU|d|zeg?$$d é%ﬁ#lrrlng bed and a stirring fluidized bed
eqU|pped\ﬂqﬁ¥ H& ﬁ]Xlng machi ne. The pol yneri zation tenperature
i s general gem -50 to 350C, and preferably fromO to 300C. The 27
polynerizétlon pressure is in a range of generally from ordinary pressures

o Foout 2, SOCSUAREAE o W Ay GRS B PLESUEE eh TR0
i 00% Bl S ettetel™ Aot e B Beblrcac
present | petdnd) I-aRitdRAJ1Hdtdind N WA CENE1 Sa PRANO! £hdNsBYrene.
The polymerization can suitably apply random
copolymerization 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 pelymerization 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
od-clefin; a high pressure ion polymerization conducting
under critical condition of oa-olefin; and a gas phase
polymerization in the state that a ligquid phase such as a
solvent or a monomer is not substantially present. 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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pol ymeri zation reaction of an olefin using a catalyst, an organohalide is
present in a polynerization 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 from
0.1 to 10 ppm by weight, and nore preferably from0.5 to 10 ppm by wei ght.

[ 0071] Specific exanples of the organohalide include organohalides as
described in 1-hexene of the present invention. O those, an unsaturated

organohalide is preferred, and a hal ogenated olefin is nore
t he or gan@AyRRrization pxeappse 45 chhof neargsm pfodirner

eni ssi on RABRAFY (BFPBFNRES at

referred. Wien

wnfrgmi s of
chlorine concentration in 1-hexene can be conductgd under the
condi t i onLHENAFY RERSIFIHetRgreRYy 2q0PPpEgE/wmi n mrefesably cfFS®i on
detector (AED GC). 28 Anal yzer: g?s chromat ogpaphy (Agilent 6890) Atomc

fol |l ow ng

| kgE/eP3p0AndOmoR”) PERferably

Supel cowax- 10, stron olarity, 0.32 0.m_., 0,25 Eun Measurenent
condi ti onsfrci%smi-%'—'l%ﬁrﬂﬁe??l‘}/’é%?i bR {"Tghﬂgr k@& em550 EYLEPIRR ’E‘El?pgfaat ure

S0C -> 20%%eselnotd Mds a molecular weight modifier

polymerization reaction system.

[0070]

in

the

The greatest characteristic of the present invention

resides in that in producing a peolyoclefin by

polymerization reaction of an olefin using a catalyst, an
organchalide is present in a polymerization reaction
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 clefin. The concentration of the organochalide 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 organchalide

i

nclude

organochalides as described in 1l-hexene of the present

invention. Of those, an unsaturated organochalide 1is

preferred, and a halocgenated olefin is more preferred.

When the organochalide is, for example, a

chlorination product, an analysis of

ch

lorine

concentration in 1l-hexene can be conducted under the

following conditions using a gas chromatography equipped

with an atomic emission detector (AED/GC).
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Calibration for quantitatively determ ning chlorine concentration can be
conducted with a nmake-up liquid of, for exanple, trichloroethylene. [0072]
When a linear | ow density polyethylene 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 follow ng enbodi nents are
illustrated. [0073] (1) A production nmethod of a linear |ow density

pol yet hyl ene, conprising obtaining 1- hexene by trinmerization reaction of

et hyl ene u3|ng a chrom um series catal and wi_thout renoval of an

or ganohal iApal YﬁﬁﬂyneﬁﬁflﬁBrTmﬁE?€ﬁ3P98nﬂﬁ9ﬁFﬂ§ttﬁ§9899anohal|de in an
resence oirims?ngf’et@re@l SramfLFeide | dekselos) Aloldtiron HERbA of a
(rimer i zation reanti GRSSEOBENGPERERLAEhgASCRROM um series  catal yst .
Concent ration o TronPOebaEPEat0Ey AR RN Y o b nBP oBen atom
and polynerizing it pn, Ehﬁmpresence of a single-site catalyst. [0075]
Measurement conditions: Gas He=40 cm/s
Injection temperature 250°C
Column temperature 50°C —» 200°C,
10°C/min
Calibration for quantitatively determining chlorine
concentration can be conducted with a make-up liquid of,
for example, trichlorcethylene.
[0072]
When a linear low density polyethylene is produced
using l-hexene of the present invention as a raw material
olefin of polymerization reaction of an olefin using a
single-site catalyst, the fellowing embodiments are
illustrated.
[0073]
(1) A production method o¢f a linear 1low density
polyethylene, comprising obtaining l-hexene by
trimerization reaction of ethylene using a chromium series
catalyst, and without removal of an organchalide,
pelymerizing l-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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In the present invention, the organohalide can be added to a polynerization
reaction systemof a single-site catalyst. Wien the raw material olefin
does not contain an organohalide, the organohalide nay be added to the raw
material olefin, and may be added to a polynerization reaction system
separately fromthe raw material olefin. For exanple, the organohalide can
be added together with hydrogen used as a nol ecul ar weight nodifier. [0076]
The pol yolefin of the present invention is described below The polyolefin
of the preﬁﬁnt invention is obtained by polynerizing in the presence of a
gi ven anod?P74ds an organohal i de as descri bed above, and is characterized
in that t organohalide is contajpneq in_an anpuynt of fromO0.005 to 1 ppm
by wei ght h‘?ﬂ te mﬁﬁocg"cm%geﬂ°{ég8&1 e p?e?gflflﬁﬁrcor}t?éht reRHEBF t he
organohal ide in.a.polyolefin is.fromO0.005 to 0.5 ppm 30 weight. The

b of o1 r o0 BEAMSSEELBRR ' IFPMREASARE | 1y ARGTIPIRE 5 | ReFeAw QeRE ity

pol yet hyl ne, L:g_(%?z__]l Therepr sent oifn%r%;tiloneis denscri bed ;nl{rther ias

speci fi cal ymgaseaL Ot NS B WS 19 %raés% TRV T HR% i s not

anpl €s.

gi ot in CRESYERs, Pt T S il LaBOR R ofRRAa LIS o

produced ¢y gL QE%eNL as to be a concentration of from 0.05 to 10

prprm 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 polymerization reaction system of a single-site
catalyst. When the raw material olefin does not contain
an organohalide, the organohalide may be added to the raw
material olefin, and may be added to a polymerization
reaction system separately from the raw material olefin.
For example, the organohalide can be added together with
hydrogen used as a molecular weight modifier.

[0076]

The polyclefin 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 crganchalide as described above, and is
characterized in that the organchalide is contained in an
amount of from 0.005 to 1 ppm by weight in terms of a
halogen atom. The preferred concentration of the

organchalide in a polyolefin is from 0.005 to 0.5 ppm by
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(Reference Exanple 1) (Production of 1-hexene by continuous process) [0078]
The representative exanpl e of producing 1-hexene by a continuous reaction
process is shown in Fig. 1. In a process having a conpletely m xi ng and
stirring type reactor 10, a degassing tank 20, an ethyl ene separation
colum 30, a high boiling separation colum 40, a hexene separation columm
50 and a solvent drum 70 which stores a circulation solvent as shown in
Fig. 1, continuous |ow polynerization reaction of ethylene is conducted to

produce 1-hexene. 079 react ed et hyl ene separated fromthe degassing
Pank 20 HREFHe e5 éf@ BYFTREAH B %ecaﬁ??ﬂﬁsugpyen*s'asm i ed
together with ethylene freshly. supplied.froman ethylene supply piping 12a
to the reddtét efafroﬁ'lcﬁ' f‘%‘ﬁl"ti@ %\Yﬁ%‘lwlﬁ"fﬁng 12 by a conpressor 16. A
recovered (ﬂ?pﬁptane sol vent separated in the hexene separation colum 50
I s passed & rough the solvent drum 70, and is continuously supplied to the

reactor 10 from.a secqn supply. pipinhg 13 at_a fl,owrate.of 40 _Ljiters/hr.
[0080] Next, anq%@hepgg%?%éﬂﬁui%#?%ﬁﬁééﬂninbschréﬁ?ﬁﬁig??lI)é“ther

2 et Y| Nexa0aled diahPridy a0 ERDY UGS ( Dlndfoval LS ok Bhe
invention is not limited to the following Examples so far
as it does not depart from its gist. In the following
Examples, a linear low density polyethylene was produced
from l-hexene.

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

The representative example of producing l-hexene by
a continuous reaction process is shown in Fig. 1. In a
process having a completely mixing and 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 solvent drum 70 which stores a
circulation solvent as shown in Fig. 1, continuocus low
polymerization reaction of ethylene is conducted to
produce l-hexene.
[0079]

Unreacted ethylene separated from the degassing tank
20 and the ethylene separation column 30 is continuously

supplied together with ethylene freshly supplied from an

ethylene supply piping l12a to the reactor 10 from a first
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of 0.1 liter/hr, and is continuously supplied to the reactor 10 via the
second supply piping 13. An n-heptane solution of triethylalumnum (c) is
continuously supplied to the reactor 10 froma third supply piping 14 at a
flow rate of 0.03 liter/hr. Furthernore, an n-heptane solution of
hexachl or oet hane (d) is continuously supplied to the reactor 10 froma
fourth supply piping 15 at a flowrate of 0.02 liter/hr. A catalyst is
continuously supplied to the reactor 10 such that the nolar ratio of each

conmponent is _(a):(b):(c):(d)=1.6:60:6. The reaction conditions are_  120C
and 51 kgfs/“émé‘.g! [Gﬁézﬂngz- Bty I Bexahol CYEPLERBPE| LB} ubi | Rzi RgcayeFed s

added to a reacgtion liquid .continuously w thdrawn fromthe reac%or 10 from
2 doact | vAGEPEIRG y SATNSRE 1 SeRazAted,, 18 o Hhe BeXERe| | PEPARAELGRA such a
reaction liquid is.then__successively, treated.in the.degassi ng tank 20, the
32 ot hyl efS 180, 39 4% EAIRRE SEP=oRdh ntBR AIYORF <25 aron 2R%I Bfn 40 and
t he hexen ratli c .5Q. result -hexe can _be_obtai,ned from
the top o% %%h%g%u%ted)?cei e g"e‘%ﬁ?é? |Qoné(§:oﬁ;l}1nen %%_acz: ﬁéf e?gn(r}gr%(ar?pl %eﬁ?nd

(Product Pyl RIGEP 1 Ui MO of W o i er s vt oot e ot o
Wi th [0080]

Next, an n-heptane solution containing chromium
(I1I) 2-ethylhexanoate (a) and 2,5-dimethylpyrrole (b) is
supplied from a catalyst supply piping 13a at a flow rate
of 0.1 liter/hr, and is continuously supplied to the
reactor 10 wvia the second supply piping 13. An n-heptane
solution of triethylaluminum (¢) is continuously 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 meolar ratio of each component
is (a):(b):(c):(d)=1:6:60:6. The reaction conditions are
120°C and 51 kgf/cm?®.
[0081]

2-Ethylhexanol 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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nitrogen. A catalyst feed pipe equipped with a rupture disk was fitted to
the autoclave. 750 m of an n-heptane solution containing 26.6 ng (0.280
mol ) of 2,5-dinethyl- pyrrole, 320 ng (2.80 muol) of triethylal um num and
66.4 ng (0.280 nmol) of hexachl oroet hane was charged in the autoclave. 3
m of an n-heptane solution containing 22.5 ng (0.0467 mmol) of chrom um
(I'11)-2-ethyl hexanoate was charged in the catal yst feed pi pe. The autocl ave
was heated to 120C, and ethylene was introduced into the catalyst feed

pi pe. The rupture disk was ruptured b et hyl ene pressure, and et hyl ene and
chr oni um @thylene ASRATALIGRH AL WD e*? ntFRAIUREGh | hedling SBPBEREIED t hereby
| ow pol yneri_zation_ of ethylene was initiated, Ethylene I ntroduced unti |
t he tot al "[ﬁlé’é'ghrgore% edhe k‘@f‘FE‘ﬁ‘Q.seﬁﬂ’é?E%t?Per‘?°’t‘¥?§‘¥\%§)al pASssfre was

mai nt ai ned_at 51 /cn? _and_the reactian t erature s _mai nf ai ped at
120G - One TR Yrar dinekene” ety B rHhealded BERD: e "Kemngt wibe
introduce:}hi nto the z:ir__uattcicolnav%l and qu’ue reacti on was stopped. Thereafter,
t he tenpe AR FEPRTE “H8aGT I iU d was | owered to 40C, and et hyl ene was
di scharged%#ecfe %%ien r}a%t izﬁn i quid. The whol e amount of the reaction

ed i

| i qui d obtarned was C A a pot of O dershow distillation apparatus

havi ng 20 I 4.8k | gs nlq%“: ed at a ref lux ratio of 3
at ordina yolﬁgstg'l??{ego,sf é"ng{e?{%rleéx?#e%v}?as di}gs:{l eé fromthe top. Wen the
top tenpergjgyRy was hi gher than the boiling

A 2 liters autoclave dried :Ln 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-
pPyrrole, 320 mg (2.80 mmol) of triethylaluminum and 66.4
mg (0.280 mmol) of hexachloroethane was charged in the
autoclave. 3 ml of an n-heptane solution containing 22.5
mg (0.0467 mmeol) 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-
ethylhexancate were introcduced into the autoclave, thereby
low polymerization of ethylene was initiated. Ethylene
was introduced until the total pressure reaches 51 kgf/cmz.
Thereafter, the total pressure was maintained at 51
kgf/c:'.m2 and the reaction temperature was maintained at

120°C. One hour later, 1.46 g (11.2 mmol) of 2-ethyl-
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poi nt of 1-hexene, distillation of 1-hexene fromthe top was stopped.

[ 0083] Hal ogen atom concentration in 1-hexene was neasured in the follow ng
manner. That is, 100 ml of 1-hexene and 20 ml of an NaOH aqueous sol ution
(20 9% were placed in a separatory funnel, and the separatory funnel was
set to a shaker, and shaken for 1 hour. 15 m of the NaOH aqueous sol ution
was col l ected, and neutralized with a nitric acid aqueous sol ution.

Anal ysis was conducted with an ion chromatography under the follow ng

measur enent condi tions. . a.resuylt, chlorides (in terns of a_, chlorine
atom) in dfd% i | FBEEPPBRF helP%ﬁith?%ﬁéﬁﬁﬁﬁi;f&aonﬁdz W@fe 1 ppm
Dy Vel O eI Shh SERR SRy e B LR IBLR R TR
REE T T S A I e TR R
comerEL SRR o LoHENERC ShAdacH IR, IR To1E iBshtr 1o
1 ZU0hS Sk o Saa U 180 ALY VD | SREPUGHC oL 1P GG (P oo

Oldershow distillation apparatus having 20 actual plates,

distillation was conducted at a reflux ratio of 3 at

ordinary pressures, and l-hexene was distilled from the

top. When the top temperature was higher than the boiling

peint of l-hexene, distillation of 1l-hexene from the top

was stopped.

[ooss]

Halogen atom concentration in l-hexene was measured

in the fcllowing manner. That is, 100 ml of l-hexene and

20 ml of an NaOH aqueocus 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

agqueous solution was collected, and neutralized with a

nitrice¢ acid aqueous solution. Analysis was conducted with

an ion chromatography under the following measurement

conditions. As a result, chlorides (in terms of a

chlorine atom) in l—hexeng distilled from the top in

Reference Example 2 were 1 ppm by weight.

As a result of measurement with a gas chromatograph-

mass spectrometer (GC-MS) in order to identify a structure

of the chlorides, organochlorides such as tetrachloro-

34



[ TABLE 1] (lon chromatograph nmeasurenment conditions) Apparatus DI ONEX
DX-500 Columm AQ | +AS11 Thernostat bath tenperature 35C Fl ow rate of
eluent 2 m/mn El uent NaOH aqueous solution (0.1 mml/liter) Detector

El ectric conductivity type detection Exanple 1 [0085] Tetrachl oroethyl ene
was added to the above commercially available 1-hexene (a product of

M t subi shi Chem cal Corporation, D alen 6), and concentration was adjusted
to 1 ppm by weight as a concentration in terms of a chlorine atom Such a

o S LS e T | BT BB ST

vol une) Stll’l’ln ut o veewpped wth a rupture dlskthereln was
thoroughl é‘%nttlﬁ/ &n%{ and 0.5 liter of special grade

t ol uene (q:FBr duct  of V\a Pure em cal, .1,nd ries Ltd a special grade
reagent is p g‘ég s ﬁ‘Fr 6‘%‘““ gulavallaéb]ée% ’ba% ed coI um to renove
water) was '””%gucﬁﬂet 'B‘%!rfé glﬁﬁ,r%{éﬂe ad RK118e USGH EQrKONH! a2
speci fic catal yst conponen er
halegen atom) in the commercially available 1-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 ' DIONEX DX-500

Column AG11+AS11

Thermostat bath temperature 35°C

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

Tetrachloroethylene was added to the above
commercially available 1l-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

linear low density polyethylene (LLDPE) preoduction raw
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pol yneri zati on atnosphere. [0087] 1.8 ml of a heptane solution of
triisobutylalumnum (0.1 nmol-Al/m heptane; heptane used is the sane
purified heptane as above) was added to toluene in the autoclave, and
subsequently, 3.4 m of a toluene solution of triphenyl nethyl

t et r aki spent af | uorophenyl borate (0.62 pnol/m; toluene is one obtained by
passi ng a special grade reagent, a product of Wako Pure Chem cal

| ndustries, Ltd., through an M5 packed colum to renove water) was added.
Furthernore, 100 n1 of the above raw material 1-hexene was added. [0088] On
t he other“ﬁ&ﬁﬁla} ‘4 m of a toluene solution of dinethylsilylene

bi s(4,5, 6, 7-tetrahydroi ndenyl ) zirconium dichloride (1.0 nol/m; tol uene
used is t purified 36 toluene as above) was added to the rupture

Cemperature in TRE ANTAISVBE uds Brbyht BAFo (ABEST, NP LM 1 AELEFERE) Sk vas
was cont r VR Y RATS 1 Sirea %ﬁ”ﬁeﬁ?r&%é Frt TSRO AR aP2B5C 1 or
O earouy SHUS NS ohpBaBIHIER (H 8P UGS bt B! 4GS LLOPE)
special grade toluene (a product of Wako Pure Chemical
Industries, Ltd., a special grade reagent is passed
through a molecular sieve (MS) packed column to remove
water) was introduced therein. The rupture disk is used
to contact a specific catalyst component under
polymerization atmosphere.
[0087]
1.8 ml of a heptane solution of triisobutylaluminum_
(0.1 mmol-Al/ml heptane; 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 tetrakispentafluorophenyl borate (0.62
pmol/ml; toluene is one obtained by passing a special
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 pumol/ml; toluene used is the same purified
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[0089] The sane operation as in Exanple 1 was conducted except for using
cis-1,2-dicholroethylene in place of tetrachloroethylene. The yield of a
polymer (linear low density polyethylene (LLDPE)) obtained is shown in
Table 2. (Conparative Exanple 1) [0090] Pol ynmerization was conducted by
operating in the sanme 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 a raw material for linear |ow density

| t hyl duct | d | d ty
BK& gﬁt P% e”iu%%‘%&')%%ff s %P aK d%@lﬂf’:”ﬁ%g Q%f?%w 2)
I N 0 organonalide I n I N ncentr |1 O e I N erm
of hal ogerFhBEFPESSFHA 29 3-?%&%? Y5 e By oBndrgadret,

é gpa ggl Ogh'th l ené te’ 1n ztocf)é)vn; bv¥a evagedgtof ggU& OOnRar ative

the rupture disk was ruptured by ethylene pressure.
Ethylene partial pressure 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 polymerization is shown
in Table 2.

Example 2

[0089]

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

[0090]

Polymerization was conducted by operating in the
same manner as in Example 1 except for directly using the
above commercially available 1l-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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form)

Comparative

0 ppm by weight 66 g

Example 1

It is seen from Examples 1 and 2 and Comparative
Example 1 that when (a linear low density polyethylene
(LLDPE)) is produced using l-hexene in which concentration
of an organohalide to 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 polyethylene (LLDPE)
production.

[0093]
The inside of a 2.4 liters

(inner volume) stirring
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pol ymeri zati on atnosphere. [0094] 1.8 ml of a heptane sol ution of
triisobutylalumnum (0.1 nmol-Al/m heptane; heptane used is the sane
purified heptane as above) was added to toluene in the autoclave, and
subsequently, 3.4 m of a toluene solution of triphenyl nethyl

t et r aki spent af | uorophenyl borate (0.62 nol/m; toluene is one obtained by
passi ng special grade toluene, a product of WAko Pure Chem cal Industries,
Ltd., through an M5 packed colum to renove water) was added. Furthernore,

20 1 0 e AL Bbed LA PSRt LOORL Q0 NP
1] LS i o BAD iU HE R 2 PEEAEL O Vo
aitoc! v paBaR Shad 'OLIREAR. (TBAHARRE ! St MerRlsa ves
= 1Y ene Baugksellcoatie |l Meraliah MBS S04 0 k2 VP

polymer (ki,6agn! Qv ﬂs&ahhiaeolyf%wl ) (%éQEFg) [ild'€EoPYremove
pol ynerization™1s shown in Table 3. anmpl’e 4 10096
water) was introduced therein. The rupture disk is used
to contact a specific catalyst component under
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 above) was added to toluene in the autoclave,
and subsequently, 3.4 ml of a toluene solution of
triphenylmethyl tetrakispentafluorophenyl borate (0.62
pumol/ml; toluene is one obtained by passing special grade
toluene, a product of Wakc Pure Chemical Industries, Ltd.,
through an MS packed column to remove water) was added.
Furthermore, 20 ml of the above raw material l-hexene was
added.

[0095]

On the other hand, 1.4 ml of a tecluene 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 temperature

in the autoclave was elevated to 85°C, and the rupture
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Pol ymeri zati on was conducted by operating in the same manner as in Exanple
3 except that tetrachloro- ethylene in place of the cormercially avail able
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 anbunt of 5 ppm by
weight in terms of a chlorine atomconcentration, and such a solution was
used as a raw material for linear |ow density pol yethyl ene (LLDPE)
production. The yield of a polyner (linear |ow density polyethylene

b d hown I I
|(3|0_:_5§B,)Z§ tglnneﬁﬁsl 3 O(ﬁ%cﬁbgagibg}ﬁ??nﬁre %E’%tt?l 'S a%ﬁﬁee 3 1£’r’o 9Exlarrpl e
3 except tpg&sugéreg‘%thl agttg%h_gne wasol gggﬁgf%) ﬁc qua:rg: ZHZ val | abl e

1- hexene P " h&Xene abtaimed rn o adj ust

the amoung,gf & (AL A ddh 8uhdW JBLELLELACIS! | Bsol0 ddie QTBUG,Qf 25 ppm

by wei ght om concent ron, “and such sol ution
102 Vo 280 g0t e FAhnder (AR BRSO
(LLDPE)) @RLBPRFY bﬁtﬁk‘.ﬂ&’& bi} ;aﬁgﬂeémaﬁsna&@t SHOwn* 3P anik 3 0098]
Pol ynmeri zati on was conducted™by operating in sanme nanner as in Exanple
3 except ﬁgg_mgléeqtly using the
[0096]
Polyme;ization was conducted by operating in the
same manner as in Example 3 except that tetrachloro-
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
polyethylene (LLDPE)) obtained is shown in Table 3.
(Comparative Example 2)
[0087]
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 Reference 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 soclution was used as a raw
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commercially avail abl e 1- hexane (a product of M tsubishi Chem cal
Corporation, Dialen 6) as a raw material for |inear |ow density

pol yet hyl ene production. The yield of a polynmer (linear |ow density

pol yet hyl ene (LLDPE)) obtained is shown in Table 3. [0099] [TABLE 3] Kind
of organohal i de Amount of organohalide LLDPE added to. raw material in raw
mat eri al 1- hexene 1l-hexane (in terns of hal ogen aton) yield Exanple 3
Tetrachl oroet hyl ene | ppm by weight 26 g Exanple 4 Tetrachl oroethylene 5

Bamp o SeGEREARAL 5050 ABRFBY wablht G254 e RGP Chiene, SO tlom
o1 yot hyl BRESPEELRR) ) 1 ¥ SRERod st ng oL RETon G-I Ve SRATAL  on of
o oot SSTBRBL Sg} nd REESER) £°cRASHIELT bk s 0405, 0 41 10 PP
productiochﬁpgg2£9¥ngxgﬁglghg)yieId IS I ncreased.

[0098]

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 yield of

a polymer (linear low density polyethylene (LLDPE))

obtained is shown in Table 3.

[0099]
[TABLE 3]
Kind of organohalide Amount of organchalide LLDPE
added to raw material in raw material 1-hexene ield
1-hexene {in terms of halogen atom) y
Example 3 Tetrachloroethylene 1 ppm by weight 26g
Exampie 4 Tetrachloroethylene 5 ppm by weight 23 g
Comparative .
Tetrachloroethylene 25 ppm by weight 16 g
Example 2
Comparative .
- - 0 ppm by weight 20g
Example 3

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

organohalide to l-hexene as a raw material is from 0.05 to

41



It is seen from Exanple 4 and Conparative Exanple 2 that when 1-hexene
obtained by trinerization reaction of ethylene using a chrom um series
catal yst conprising a conbination of the chrom um conpound (a) , the

ni trogen- containing conpound (b), the alum num containing conmpound (c) and
t he hal ogen-cont ai ni ng conmpound (d) is used as a raw material 1-hexene, and
the anobunt of a chloride contained thereinis in arange of fromO0.05 to 10
ppm by weight in terms of a chlorine atom catalyst activity is inproved,
and the yield of a goLyner_ l'i near | ow d pal yet hyl ene (LLDPE))

nsity
obt ai ned” +9 PREr BYs¥8igpt, & eFﬁEP@,°fiP'&?%&Hﬁ&nﬁi?ﬂ4uﬁ°¥%ﬂ%?$%ﬂ§1%1Iinear
| ow densi t ol yethyl en LLDPE) s prodyced usin - hexgen contj puously
b oduced SEARYRET EPEnBELERRR, PEORSELET, Ap. SRRANER:, AHD e iR tder | s
exhi bi ted, [0100L Wi, e the invention has been described in detail and wth
ref erence*Bo PHE®288%fi c enbodi nents thereof, it will be apparent to one

PhLLed 1 e BELsMAkokoIa e RERNE s AUHTRLELEH 0 sy O
PPl ST Bt IR, HygARATEBeibaly PBLAGRLLER.CELRAL AR et o1,
her eby ing%QféﬂEeduQiyné eler BREEmitidUsd £ ’égﬁ:la'lm lj:Lﬂ{prising a
combination of the chromium compound (a), the nitrogen-
containing compound (b), the aluminum-containing compound
(c) and the halogen-containing compound (d) is used as a
raw material l-hexene, and the amount of a chloeride
contained therein is in a range of from 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 linear 1low density
polyethylene (LLDPE) is produced using l-hexene
continuously produced 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 thereof.

This application is based on Japanese Patent

Application (Patent Application No. 2006-351967) filed
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[0101] According to the present invention, catalyst activity is increased,

and a polyolefin such as a linear |ow density polyethylene can industrially
advant ageously be produced. Therefore, the industrial value of the present
invention is remarkable. 43 CLAIM5S 1. A production nethod of a polyolef in,
characterized in that in producing a polyolefin by polynerization reaction
of a raw material olef in in the presence of a catalyst, concentration of

an organohalide to the raw material olefinis fromO0.05 to 10 ppm by wei ght

[ f hal 2.,..0h d i hod | al med . | ai :
wherei n DSRERRRE 1€ UsctbUR: { HE A HELH | SORTEITH, S aste BRM%nt rati oh
of the orﬂggggaligggégqﬁag§ég§§0%gfgggg% .05 to 10 ppmby weight in terns

of a hal ogen at om e ron nethod as clained in claim2, wherein

t he 1'hexfﬂ&u&ér?Qia#eégiQXbiingriZati0” reaction of ethylene using a

chrom um serres cata conprising a conbination of a chrom um conpound
(a), a nitgg?ff- cont ai ni ng conpound (b), an al um num cont ai ni ng conpound
(c) and a hal ogen-containing conpound (d). 4. The production method as

clainmed in clai edordbfgei o t heny gapehabhee | SndgntiSAL Ur HAthlyst

organohal i de. 5. The production nethod as clainmed in claim4, wherein
activity is increased, and a polyolefin 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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t he unsaturated organohalide is a hal ogenated ol efin. 6. A polyolefin,
characterized in that it contains an organohalide in an anount of from
0.005 to 1 ppmby weight in terns of a halogen atom 7. The polyolefin as
claimed in claim6, which is a I|inear |ow density polyethylene. 44 8.

1- Hexene for linear |ow density polyethylene production raw materi al,
characterized in that it contains an organohalide in an anpunt of from 0.05
to 10 ppmby weight in terns of a halogen atom 9. The 1-hexene as cl ai ned
in claim8, wherein the 1- hexene iéP%P gined by trinerization reaction of
ethylene using a chromumseries c 9 t conprising a conbination of a

OO oo Bl MILEOBER ! R GRTRENR, chlbkaclzscen o)

al um num'cont ai'hi g comnpound and a haI cont ai ni Ng corpo 10.

Ine L-hexeqe efat! b IaGLaby O MGG SRR S o0 |

1- hexene 1S an unsat ur ere as alned in

claim 10, (YNSEELN bRE a OLANMAd G T SoRep2hodaNathd Yrlddhed®or a

catalyst, concentration of an organchalide to the raw
material olefin is from 0.05 to 10 ppm by weight in terms
of a halogen atom.

2, The production method as claimed in claim 1, wherein
l-hexene is used as the raw material olefin, and the
concentration of the organochalide to l-hexene is from 0.05
to 10 ppm by weight in terms of a halogen atom.

3. The production method as claimed in claim 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 claimed in claim 1, wherein
the organchalide is an unsaturated organohalide.

5. The producticon method as claimed in claim 4, wherein
the unsaturated organohalide is a halogenated olefin.

6. A polyolefin, characterized in that it contains an
organohalide in an amount of from 0.005 to 1 ppm by weight
in terms of a halogen atom.

7. The polyolefin as claimed in claim 6, which is a

linear low density polyethylene.
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8. l1-Hexene for 1linear 1low density polyethylene
production raw material, characterized in that it contains
an organochalide in an amount of from 0.05 to 10 ppm by
weight in terms of a halogen atom.

9. The l-hexene as claimed in claim 8, 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
(), an aluminum-containing compound (c) and a halogen-
containing compound (d).

10, The l-hexene as claimed in claim 9, wherein the
organohalide contained in l-hexene is an unsaturated
organohalide.

11. The l-hexene as claimed in claim 10, wherein the

organchalide is a halogenated olefin.
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