. DESCRIPTION
1-HEXENE FOR LINEAR LOW DENSITY POLYETHYLENE PRODUCTION

RAW MATERIAL

Technical Field
[0001]

The present invention relates a production method of a polyolefin, a polyolefin
and 1-hexene for linear low density polyethylene production raw material. Background

Art

[0002]

A method of using a catalyst is known as a production method of a polyolefin. For
example, where [-hexene is used as a raw material olefin, a linear low density
polyethylene (LLDPE} is obtained.

[0003]

On the other hand, trimerization reaction of ethylene using a chromium series
catalyst is known as a production method of 1-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).

[0004]

Trimarization reaction of ethylene is conducted in the presence of a reaction

solvent.
After completion of the reaction, 1-hexene obtained is {reated in a distillation column,
and separated and recovered from the reaction solvent. In such a case, 1-hexene may

contain a slight amount of an organohalide.



[0005]

Conventionally, an organohalide in 1-hexene is removed from the fear that the
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 1-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). Furthermore the
concentration (see Patent document 5) and the type (see Patent document 6) of the
catalyst employed in the production of alpha olefin oligomers has been found to affect
the vield and selectivity of the end product. Other methods of producing high purity 1-
hexene have involved tinkering with the solvent, for example using an aliphatic
hydrocarbon as the solvent and adding an aromatic hydrocarbon to the reaction system
(see Patent document 7) or through the addition of a specified heterogenous element
containing an organic compound e.g. a carboxylic acid ester or ketone (see Patent
document 8). Much work has also gone into trying to maximise the stability of the type
of catalyst employed (see Patent document 9) or prevent it from being poisoned (see

Patent document 10).

[00086]

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-3-99024
Patent Document 5: US 6,133,495
Patent Document 6: EP 0699648
Patent Document 7: JPH-09 268135
Patent Document 8: JPH-09 268133
Patent Document 9: JPH-09 194524
Patent Document 10: EP 0722955



Disclosure of the Invention
Problems that the Invention is to Solve
[0007]

Bowever, according to the finding of the present
inventors, surprisingly, an organchalide in l1-hexene does
not always adversely affect a catalyst, but in the case of
a specific content thereof, the oxganochalide increases
activity of .a catalyst. The present invention has bean
completad based on such a finding. The present invention
comprises the zelated 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 peolyoclefin by
polymerization reaction of a raw material olefin in the
presence of a catalyst, concentration of an oxganchalide
to the raw material olefin is from 0.05 +to 10 ppm by
vweight in texms of a halogen atom.

[0009]

A sacond aspect of the presant invention xesides 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, and a third aspect of the

present invention resides in 1-hexene foxr linear low



density polyethylene production raw material,
charactexrized in that it contains an organchalide in an
amount of £from 0.05 to 10 ppm Aby weight in texms of a
halogqn atom,
f0o0101

That is, the gist of the present invention resides
in the following (1) to (11).
{1) A production method of a polyolefin, chiractarized
in that in producing a polyolefin by polymerization
reaction of a zaw 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.
{2) The prodgction method as described in' (1), whexein
l-hexene is used as the raw material olefin, and the
concantration of the oxganohalida to l-hexene is from 0.05
to 10 ppm by weight in texms of a halogen atom.
{3) The production method as described in (2), wherein
the 1l-hexene is obtained by trimexization reaction of
ethylene using a chzomium series catalyst comprising a
combination of a chromium compound (a), a nitrogen-—
c;:ntaining compound (b}, an aluminum-containing compound
(c¢) and a halogen-containing compound (d).
{4) The prxoduction methed as described in any one of (1)

to (3), wherein <the organchalide is an unsaturated

organochalide.



{5) The production method as described in (4), wherein
the unsaturated organokalide is a halogenated olefin.
[0011] |

{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 polyolaefin as described in (6), wh:’.cﬁ is a
linear low density polyethylene.

(8) l-Haxene for 1linear low density polyethylene
production raw material, characterized in that it contains
an organohalide in an amount of f:r:ém 0.05 to 10 ppm by
woight in terms of a halogen atom.

(9) The 1-hexene as described in (8), whezein the
l1-hexene is obtained by trimerization reaction of ethylene
using a c,hromim;a 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 described in (8) or (8), wherain the
organochalide contained 4in I1-hexeme is an unsaturated
organchalide.

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

Advantage of the Inveantion

foci2]

Accoxrding to the present invention, catalyst



activity is increasad, and a polyolefin such as a lineax
low density polyethylene can be produced industrially
advantageously.
Brief Description of the Drawing
(00131
[Fig. 17 Fig. 1 is an explanatory view of a production
process of l-hexene used in Reference Example 1,
Description of Reference Numerals and Signs
[00141

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: Fouxth supply piping

16: Compressox

20: Degassing tank

30: Ethylene separation column

40: High boiling separation column

50: Hexene saparation column

70: Solvent drum
Baest Mode for Carrxying Out the Invention
[0015]

The present invention is described in detail below.



In the production mathod of an o-olefin low polymexr
to which the embodiment of the invention is applied, the
o~olefin used as a raw material includes substituted or
unsubstituted o-olefins having from 2 to 30 carbon atoms.
Specific examples of such an «a-olefin include ethylene,
propylene, l-butene, l-hexena, i-octene, 3-methyl-l-butene
and 4-methyl-~i-pentene. In particular, ethylene is
preferred as the do-olefin of a raw material, and when
aethylene is used as the raw matexrial, l-hexene as a trimer
of ethylene is obtained in high yield and high selectivity.
Furthermore, when ethylene is used as the raw matexial,
impurity components other than sthylene may be contained
in the xaw material. Specific impurity components include
methane, eathane, acatylene and carbon dioxida. 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 fox linear
low density polyethylene production raw material dis
described for the sake of convenience of the desexiption.

l-Haxene of the present invention is obtained by
trimerization reaction of aethylene using a chromium sexies
catalystl 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



of at least a chromium compound {a), a2 nitrogen-containing
compound (b) and an aluminum—éontaining compound (c).
Accoxrding to need, the chromium series catalyst further
containing a halogen—containing compound (d) is used.
[0017]

The chromium compound (a) includes at least one
compound represented by the general formula CrxX,. In the
general formula, X represents an optional oxganic 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 Z ox
more, Xs may be the same or different.

{0018]

Examples of the oxganic group include a hydrocarbon
group having from 1 to 30 carbon atoms, a carbonyl group,
an alkoxy group, a carboxyl group, a B-~diketonate group, a
f~ketocarboxyl group, a f-ketoester group and an amido
group. Examples of the inorganic group include chromium
galt~-forming groups such as a nitrie acid group or a
sulfuric acid group. Examples of the mnegative atom
include oxygen and a halogen. A halogen~containing
chromium compound is not included in° the balogen-
containing compound {(d) described hereinafter.

[0019]

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

The preferred chromium compound (a} ircludes a carboxylate

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



chromium include chromium (IX) acetate, chromium (III)
acetate, chromium (III)~n-octancate, chromium (III)-2-
ethylhexanocate, chromium (III) benzoate and chrémium (III)
naphthenate. Of those, chromjum (III)-2-ethylhexancate is
particularly preferred.

[0020]

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 tha anmine
include a primary amine compound, a secondary amine
compound and a mixture of those. Examples of the amide
include a matal amide compound derived £rom a primary
amine compound ox a secondary amide compound, a mixture of
those, and an acid amide compound. Of those, a secondary
amine compound is preferred.

[0021]

Spacific examples of the secondaxy amine compound
include pyrroles such as pyrroie : 2,4A-dimethylpyrrolae,
2,5-dimethylpyrrole, 2-methyl-5-~ethylpyrrole, 2,5-
dimethyl-3-ethylpyrrole, 3,4-dimethylpyrrole, 3,4~
dichloxopyrrole, 2,3,4,5-tetrachloxopyrrole, 2-acetyl~
pyrrole and dipyrrole comprising two pyrxole rings bonded
through a substituent, and their derivatives. Examples of
the derivative include metal pyrrelide dexivatives.
Specific examples of the metal pyrrolide derivative

include diethylaluminum pyrrolide, ethylaluminum



dipyrrolide, aluminum +tripyrrolide, sodium pyrrolide,
lithium pyrrolide, potassium pyrzrelide, diethyl-
aluminum {2, 5~dimethylpyzrrclide), ethylalurinum bis(2,5~-
dimethylpyrrolide), aluminum tris(2,5-dimethylpyrrolide),
sodium(2,5-dimethylpyrrolide) , lithium(2,5-dimethyl-
pyrzolide) and potassium(2,5-dimethylpyrrolide). Of those,
2,5-dimethylpyrxrole and diethylaluminum {2, 5~dimethyl~
pyrrolide} are preferred. (Here, the aluminum pyrrolides
ara 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¢) idincludes at
least ona compound such as a trialkylaluminum compound, an
alkoxyalkylaluminum compound and a hydrogenated
alkylaluminum compound. Specific éxamples thereof include
trimethylaluminum, triethylaluminum, triiscbutylaluminum,
diethylaluminum ethoxide and diethylaluminum hydride. OFf
those, triethylaluminum is paxticularly preferred.

{0023}

Examples of +tha halogen-containing compound (d)
include at least one compound of a Thalogenated
alkylaluminum compound, a linear halohydrocarbon with 2 or
more carben atoms, having 3 or moxe halogen atoms and a
cyclic halohydrocarboen with 3 orx more carbon atoms, having

3 or more halogen atoms. (The halogenated alkylaluminun
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compound is not included in the aluminum-containing
compound (<)). Specific examples of the halogen-
containing compound {d) include diethylaluminum chloride,
ethylaluninum sesquichloride, carxbon tetrachleride, 1,1,1~
trichloroethane, 1,1,2,2-tetrachloroethane, pentachlozro-
ethane, hexachlozrcethane, 1,2,3~trichloxocyclopropane, -
1,2,3,4,5,6-hexachloxocyclohexane and 1,4-bis{trichloxo-
methyl)~-2,3,5,6~tetrachlorckbenzene.

[0024}

The trimerization reaction of ethylene is conducted
in the presence of a reaction solvent. Examples of the
reaction solvent used include chain satt{rated hydrocarbons
or alicyelic saturated hydrocarbons, having from 1 to 20
carbon atoms, such as butana,. pentane, 3-methylpentane,
hexane, heptane, 2-mathylhexane, octane, cyclchexane,
methylcyclohexane, 2,2,4-trimethylpentane and decalin; and
aromatic hydrocarbons such as benzene, toluene, xylene,
ethylbenzene, mesitylene and tetralin. Furthermore,
l-hexene formed by trimerization of ethylene may be used
as a solvent. Those can bae used as a mixed sclvent of two
oxr more thereof. The particularly preferred solvent is
chain saturated hydrocarbons ox alicyclic saturated
hydrocarbons, having from 4 to 10 carbon atoms. When
those solvents are used, by-produced polymers such as a
polyethylene can bs suppressed. Furthermorae, when the

alicyclic saturated hfdrocarbons are used, high catalyst
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activity tendx to be obtained.
[0025]

The amount of the chromium compound used is
generdlly from 1.0x10™7 tc 0.5 mole, preferably f£rom
5.0x10”7 to 0.2 mole, and moze praeferably from 1.0x10™° to
0.05 mola, per 1 liter of a solvent described hereinafter,
in texms of the amount per chromium atom of the chromium
compound (a). By using such a chromium series catalyst,
for example, when ethirlane is used as the raw material,
hexene which is a trimer of ethylene can be obtained in
selactivity of 90% or more. Furthermoxe, im this case,
the proportion of l-hexene occupied in hexene can be 55%
oxr moxe.

[0026]

The molar xatio ({(a):(b):{(c):(d) of the chromium
conmpound {a), the nitrogen-containing compound (b}, the
aluminum-containing compound (¢) and the halogen-
containing compound {(d) is gemerally 1:{1 to 50):(X 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 highex.

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

liquid in trimerization reaction of ethylsme ((l-hexnene

12



in reaction liquid)/{ethylene in reaction liguid)) is
genexally fxom 0.05 to 1.5, and preferably from 0.10 to
1.0. It is preferred that in the case of a continuous
reaction, catalyst concéntration, reaction pressure and
other conditions are adjusted su;:h that the molar ratio of
ethylene and 1l-hexene in the reaction liquid is fallen
within the above range, and in the case of a batch
reaction, the reaction is stopped at. the time that the
nmolar ratio iz fallen within the above range, By this,
there ig the tendency fthat by-production of components
having a bkoiling point higher than that of l1l-hexene is
suppressed, and selectivity of l-hexene is further

increased.

[0028]

Tha reaction temperature is in a range of genexally
from 0 to 250°C, preferably from 50 to 200°C, and Ffurther
prefarably from 80 to 170°C. On the othex hand, the
reaction pressure can be selected from a range of from
ordinary pressures +to 250 kgf/cm®, but in genaeral,
pressura 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 methed, After completion of the reaction, the
reaction liquid is treated in a distillation column and

spparated into an a-oclefin mainly comprising l-hexene and

13



a reaction solvent. A slight amount of o-clefin is C4
component, C6 component other than l-hexene, C8 component,
Cl10 component, Cl4 component and the like.

[0029]

l-Hexene of the prasent invention is characterized
by containing an organchalide in an amount of fzom 0.05 to
10 ppm by weight in terms of a halogen atom. 1In the
production of L1l-hexene, tha Il-~hexene of thae present
invention can be obtained by remaining a slight amount of
an organchalide contained in l-hexene without zemoval of
an organchalide that is conducted to 1-hexene (the abova-
described 0o~olefin) separated and recovered form the
reaction solvent. Fuxthermore, from the standpoint of
controlling the content of an organchalide, a method may
be: employed that after ramoval of an organochalide, a
constant amcunt of an oxganohalide is added to Il1-hexena
recovered.,

[G030}]

Examples of the orxganohalide containad in 1l-hexene
of the present invention include organohalides by-produced
by decomposition product of the halogen-containing
compound (d) used as a component of tha chromiwm series
catalyst, and/or organokhalides by-produced by that halogen
atoms generated fxrom the halogen-containing compound (d)
is substitution zreacted with hydrogen atoms of a raw

material ethylene. Examples of those by-produced

14



oxrganchalides include monochloromethane, monochloroaethane,
nmonochloroethylena,’ 1,1-dichloxoethylene, 1,2~
dichlorcethylene (cis~ and trans-forms), trichloro-
ethylene, tatrachloxrcethylene, allyl chloride “and
3,3~dichloro—l-propena, The organchalide contained in
l-hexene of the presont invention is an organohalide that
a chlorine atom is difficult to be pulled out by a single-
site catalyst for polyolefin production, preferably an
unsaturated organohalide, and further preferably tha
halogenated olafin describhed above as a by-produced
organchalida. The halogenated olefin generally has a
boiling point of 150°C oxr 1lower, and is therefore
‘dgifficult ko saparate 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 iz not sufficiently exhibited, and where the
amount is +too large, the oxnganohalide may act as a
poisoning substance to a single~site catalyst,

{0032]
The production method of a pelyclefin according to

the prasent invention is dascribed below. In thae praesent
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invention, a polyclefin is produced by polymexization
reaction of an clefin using a catalyst. The catalyst is
preferably a single~site cata]:yst.

[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 (componeat B) and if
necessary, an otganoa;luminum conpound (component 4c) can ba
used. Depanding on characteristics of olefin
polymerization proéess, a carrier (component D) may
further be used as a constituent for particulation.

[0034]

The metallocene complex includés matallocena
complexes of transition metal compounds of groups 4 to 6
in a pericdic table (short periocd type, hereinafter the
‘same) , having a conjugated five-membered xing ligand. Of
those; complexes zepresented by the following general
formula (1) or (2) axe preferred.

[0035]

1s



{Chem. 1]

(1)

A p4
A X
O

[0036)

In the general foxmula (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
hydrocarbon group may be bonded as a monovalent group to
the cyclopentadi.enyl group, and when plural hydrocarbon
groups are present, two of those groups may be bonded at
the respective othex end (@-end) to form a ring togethar
with a part of cyclopentadienyl. Othexr 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-merberad ring legands at an arbitrary
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position, and specific examples thereof include an alkylene group, a
silylene group and a 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 periadic table, and exampies 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. Specific
examples of X and Y each represents a hydrogen atom, a halogen atom,
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).

18



[0041]

{B-1) : Aluminumoxy compound

(B-2): Tonic compound oxr 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 aluminmmoxy compound, it is well known
that the aluminumoxy compound can activate a metallocene
complex, and specific examplas thereof include compounds

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

[0043]
iChem. 21}
R Rl
AN /
Al(O-Al),—0—Al (3)
R \Rl
(4)
(O-Al)p,;
]
RI
R} R? Rl
AN f /
Al-Q—-B=0Q~AL (5)
Rl/ Rl



[0044]

In the above each formula, R' reprasents a hydrogen
atom or a hydrocarbon raesidue, preferably a hydrocarbon
rasidune having from 1 to 10 carhon atoms, and particularly
preferably a hydrocarbon residue having from 1 to 6 carbon
atoms. R's may be the same ox diffexent. p is an intager
of from 0 to 40, and prefexably from 2 to 30.

[0045]

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

[0046]

The compound represented by the general formula ‘(5)
can be obtained by the reaction between ona kind of a
trialkyl aluminum oxr twe kinds or more of a trialkyl
aluminum, and an alkylboronic acid xepresented by the
general formula RB{OH), in 10:1 to 1:1 (molaxr xzatio).

[0047]

Examples of the ionic compound or Lewis acidic
compound, which reacts with the component (&) and can
convert the component (&) into a cation include compounds
in which a ¢ation such as a carbonium cation or an

ammonium cation, and an anion such as tetraphenyl borate,
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tetrakis (3,5-difluorophenyl) borate, tetrakis (pentafluro-
phenyl)bozata ozr tetrakis (;;hentafluoxophenyl) alumipate
form an ion pair.

[0048]

Examples of thae Lewis acidic compound include
various organocboron compounds such as tris(penta-
fluor'ophenyl)borate. The organcboren compound used hgrein
encompasses an ioni¢c compound in which an oxgancboron
compound is present as a part of iom 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]

Metallocena catalysts using the above-described non-—
coorxdinating boxon compound are illustrated in, for
example, JP-A-3-234708 and JP-A-5-247128.

[0051]

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

compound and reprasented by the following formula (7) that

is an ionic compound.
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[0052]
[Chem. 3] 4

BR’R'R® (6)
[0053]
(In the formula, R® to R° which may be the same or
diffexrent each xepresents a C; to Ciy hydrocarbon
containing a halogenated aryl group or a halogenated
aryloxy group.
[0054]
[Chem. 4]

A({BRR'R®R®) {7
[0055]
{In thea fom;ula )y A raprasents an amina or ammonium salt, a
carbocation oxr a metal cation of valency of +1 to +4, RS
to R’ which may be the same or different each represents a
C; to Cyy hydrocarbon group containing a halogenated axyl
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 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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Examples of the solid acid include alumina, silica-
alumina and silica~magnesia.
[0058] ’

The ion-exchangeable laminar compound occupies a
major portion of a clay minaral, and is preferably an ion-
exchangeable laminar silicate. The ion-changeable laminax
gilicate (hexeinafter sometimaes simply abbreviated as
“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 (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 silicatas described in
Haruo Shiromizu, Nendo Xobutsu Gaku ({(Clay Mineralogy),
Asakuxra Publishing Co., Ltd. (1995) are illustrated.

[0059]

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

pyrophyllite~talc group minerals such as pyrophyllite or

23



tale; and chlorite group minerals such as Mg chlorite.
Examples of 2:1 ribbhon type minerals include sepiolite and
palygorskite.

[ag801]

The silicate may be a laminar silicate in which the
above mixed layer is formed. The gilicate as the main
component is preferably a silicate having 2:1 type
structure, nore preferably smactite groeup, and
particularly preferably montmorillonite.

[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 txeatment and an organic treatment. Those
treatment conditions are not particularly limited, and can
use the conventional conditions. In generxal, the ion-
exchangeable laminar silicate contains adsorbed water and
interlaminar water, and is thexefore preferably used after
removing watexr by applying, for example, heat dehydration
treatment under inext gas flow.

[00621]

The organcaluminum compound used according to need

ig an organcaluminum compound which does not contain a

halogen. The organcaluminum compound is preferably
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compounds represented by tha following general formula (B8).
The compounds illustrated as the aluminumoxy compound in
the promoter described abova can also ba used.
[0063]
[Chem. 5]

AlR3-3X; ' {8)
[0064]
{In the formula, R represents a hydrocarbon group having
from 1 to 20 carbon atoms, X represents a hydrogen atonm,
an alkoxy group, a phenoxy group, a 8iloxy group ox 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
inelude trialkyl aluminum such as trimethyl aluminum,
triethyl aluminum, tripropyl  aluminum, triisobutyl
aluminum and trioctyl aluminum; alkoxy~containing alkyl
aluminum such as dimethyl aluminum methoxide, diethyl
aluminum maethoxide, diiscbutyl aluminum methoxide, and
diiscbutyl aluminum ethoxide; phenoxy-containing aluminum
such as dimethyl aluminum phenoxide; siloxy-containing
aluminum such as dimeth;}l aluminum trimethyl siloxide - and
dimethyl aluminum .triphenyl siloxide; amino~containing
alkyl aluminum such as (diethylamino)diethyl aluminum and
di (diethylanino) ethgl aluminwm; and halide-containing

alkyl aluminum such as diethyl aluminum halidae. Of those,
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trialkyl aluminum is preferred, and trimethyl aluminum,
triethyl aluminum, +triisobutyl aluminum ox triectyl
aluminum is more preferred.

[00656]

The component (A) and the component (B) are used in
an optimum amount ratic in the respective combinations.
When the component (B) is an aluminumoxy compound, the
molar ryatico of Al/trangition metal is in a range of
generally from 10 to 100,000, preferably £rom 100 to
20,000, and more preferably from 100 to 10,000. On the
other hand, when an ionic compound or Lewis acid is wused
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 morxe 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 0.00%1L to 10
mmol, and preferably from 0.001 to 1 mmol, 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 fox
olefin polymerization (main polymerization), the catalyst
iy supported on a caxrier according to need, and such a
catalyst way be subjected to a pre-polymerization

treatment which preliminarily polymerizes a small amount
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of an olefin. The pre-polymerization method can use the
conventional methods.
(00681

Examples of the raw material olefin include ethylene,
propylene, 1-butene, 1l1-hexene, l-octene, 4-mathyl-1-
pentene, 3-methyl-l-butene, vinyl cycloalkane and styrene.
The polymerization can suitably  apply random
copolymaerization and block copolymerization as waell as
homopolymerization. Ethylene is general as a comonomer in
the case of the copolymexization.

[0069]

Exanples of the polymerization reaction format
include a  slurxy polymerization and a solution
polymexization, conducting in the presence of an inext
hydrocarbon sgolvent such as butane, pentane, hexane,
heptane, toluene and cyclohexane; a bulk polymerization
conducting in the presence of a solvent such as liquefied
a-olefin; a bigh pressure ion polymerization conducting
under critical condition of «~olefin; and a gas phase
polymerization in the state that a liquid phasa such as a
solvent ox a monomer is not substantially present. The
gas phase polymerization can be conducted using a reaction
apparatus such as a fluidized bed, a stirrxing bed and a
stirring fluidized bed equipped with a stirring and mixing
machine. The polymerization temperature is genexally from

=50 to 350°C, and preferably from 0 to 300°C. The
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polymerization pressure is in a range of generally from
ordinary pressures to about 2,000 kgf/cm®, preferably from
ordinaxry pressures te 1,500 kgf/cm’, and more praeferably
from ordinary pressures to 1,300 kgf/cm?. Hydrogen may be
present as a molecular waight modifier din the
polymerization reaction system.

[0070]

The greatest characteristic of the present invention
resides in that in producing a polyclefin by
éolymerization reaction of an olefir using a catalys=t, an
crganohalide is present in a polymerization reaction
system in an amount of fxom 0.05 to 10 ppm by weight in
texrms of a halogen atom as a concentration of a raw
material olefin. The concentration of the organochalide is
preferably frxom 0.1 to 10 ppm by weight, and more
preferably fxrom 0.5 to 10 ppm by weight.

[0071]

Specific examples of +the ozrganchalide include
organchalides as described in 1l~hexene of the prasent
invention. Cf those, an unsatuzated oxganchalide is
preferred, and a halogenated olefin is mora preferxed.

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

with an atomic emission detector (AED/GC).
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Aﬁﬁlyzer: Gas chzom;togxaphy {Agilent 6850)
" Atomic emission detector {chlorine atom)
Agilent G2350A (Cl 4739 nm)
Supalcowax-10, strong polarity, 0.32 mm, 60 m,
0.25 pm
* Measurement conditions: Gas He=40 cm/s
Injection temperature 250°C
Column temperature 50°C — 200°C,
10°C/min

Calibration for guantitatively 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 following embodiments are
illustrated.

[0073]

(1) A production method of a linear low density
polyethylene, comprising obtaining l-hexene by
trimerization reaction of ethylene using a chromium series
catalyst, and without zemoval of an organchalide,
polymerizing I1-~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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[0074]

(2) A production .method of a linear low density
polyethylaene, comprising cbtaining 1-hexene by
trimerization reaction of ethylene using a chromium series
catalyst, removing an organchalide, adding an organohalide
to il-hexene so as to be a concentration of from 0.05 to 10
ppm by weight in terms of a halocgen atom, and polymerizing
it in the presence of a single~site catalyst.

{0675}

In the present invention, tha organchalide can be
added to a p'o}.ymerization reaction system of a single-site
catalyst. When the raw material olefin does not contain
an organchalide, the oxganchalide may be a&ded to the raw
material olefin, and may be added to a polymerization
reaction system separately fxrom the raw material olefin..
For example, the organchalide can be added together with
hydrogen used as a molecular weight modifiex.

[007561

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 organchalide as described above, and is
characterized in that the oxrganohalide is contained in an
amount of from 0.005 to 1 ppm by weight in terms of a

halegen atom. The preferred concentration of the

oxganochalide in a polyolefin is from 0.005 %o 0.5 ppr by
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weight. The preferred polyolefin in the present invention is a linear low density

polyethylene.
[0077]

The present invention is described further specifically based on the Examples. In
the following Examples, a linear low density polyethylene was produced from 1-
hexene. (Reference Example 1) (Production of 1-hexene by continuous process)

[0078]

The representative example of producing 1-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. [, confinuous low
polymerization reaction of ethylene is conducted to produce 1-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 12a to the reactor 10 from a first
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supply piping 12 by a compressor 16. A zrecovered
n-heptane solvent separated in the hexena separation
column 50 is passed through the solvent drum 70, and is
continucusly supplied to the reactor 10 from a second
supply piping 13 at a flow rate of 40 liters/hr.
[0080}

Next, an n-heptana solution containing chromium
(ZII) 2-ethylhexanocate (a) and 2,5-dimethylpyrrole {b) is
supplied from a catalyst supply piping 13a at a flow rate
of 0.1 1liter/hr, and is continuously supplied to the
reactor 10 via 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 hexachloxcaethane (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 molaxr ratio of each component
is (a):(b):(c):(&)=1:6:60:6. The reaction conditions are
120°C and 51 kgf/cm?,
{o081}

2-Ethylhexanol as a maetal sclubilizing agent is
added to a reaction liquid contimuously withdrawn £rom the
reactor 10 from a deactivator supply piping 11 at a flow
rate of 0.005 litexr/hr, and such a reaction liguid is then

successively treated in the degassing tank 20, the
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ethylene separation colunn 30,  the high boiling separation
column 40 and the hexene separation column 50. As a
result, l-hexene can be obtained fxom the top of the
hexena separation column 50.

(Reference Example 2)

(Production of l-hexene by batch process)

[o0c82]

A 2 liters autoclave dried in a dryer at 150°C was
assenbled in heating, and was vacuunr substituted with
nitrogen. A catalyst feed pipe equipped with a rupture
disk was fitted to the autoeclave. 750 ml of an n-heptane
solution containing 26.6 mg (0.280 mmol) of 2,5~dimethyl-
pyrrole, 320 mg (2.80 mmol) of triethylaluminum and 66.4
ng (0.280 mmol) of hexachloroaethane was charged in the
auntoclava. 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 intreduced into the
catalyst feed pipe. The rupture disk was zruptured by
ethylene pressure, and ethylene and chromium {III)}-2-
ethylhexanocate were introduced into the auteclave, thereby
low polymerization of ethylene was initiated. Ethylene
was introduced until the total pressure reaches 51 kgf/cm®.
Thereafter, the total pressure was naintained at 51
'.l:gf/c.:m2 and the reaction temperature was npaintained at

120°C. One hour later, 1.46 g (11.2 mmol) of 2-ethyl-

33



hexanel was introduced dinto the autoclave, and the
reaction was stopped. Thereafter, the temperatura of the
reaction liquid was lowered to 40°C, and ethylene was
discharged to cbtain a reaction liquid. The whole amount
of the xeaction liquid cbtained was charged in a pot of
Oldershow distillation apparatus having 20 actual plates,
distillation was conducted at a reflux ratio of 3 at
oxdinary pressures, and l-hexene was distilled from the
top. Whan the top temperature was higher than the boiling
point of l-hexene, distillation of 1l-hexene from the top
was stopped.

{0083}

Halogen atom concentration in l-hexene was measured
in the following manner. That is, 100 ml of l-hexene and
20 ml of amn Na;OH agueous solution {20 wt%) were placed in
a separatory funnel, and the separatory funnel was szat to
a shaker, and shaken for 1 hour. 15 ml of the NaOH
aquacus solution was collacted, 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—haxenq digtilled f£rom <tha top in
Reference Example 2 were 1 ppm by weight.

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

of the chlorides, organcchlorides suich as tetrachloro-
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aethylene, trichlorosthylene and cis-1,2-dischlorcethylene
were contained in l-hexene,
<Analysis of commercially available l-hexene>

On the othexr hand, when a halide {in terms of a
halogen atom) in the commercially availabla l~hexene {a
product of Mitsubishi Chemical Corporation, Dialen 6) was
measured, the amount thexeof was 0.02 ppm by weight which
is the detection limit or less,
[0084]
[TABLE 1]

{ion chromatograph measurement conditions)

Apparatus ' DIONEX DX-500

Column AG1+AS11

Thermostat bath temperature 35°C

Flow rate of eluent 2 mlmin
Eluent NaOH aqueous solution (0.1 mmolfiiter)
Detector Electric conductivify type detectlon
Exanple 1
{0085}

Tetrachloroethylene was added to the above
commarcially available l-hexene (a product of Mitsubishi
Chemical Corporxration, Dialen 6), and concentration was
adjusted to 1 ppm by weight as a concentration in terms of
a chlerine atom. Such a solution was used as l~hexense for

linear low density polyethylene (LILDPE) production raw
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material.
{o086]

The insida of a 2.4 liters (inner volume) stirring
type autoclave equipped with a rupture disk therein was
thoroughly substituted with nitrogen, and 0.5 litaxr of
special grade toluene (a2 product of Wako Pure Chemical
Industxries, Litd., a special grade reagent is passed
through a molecular sieve (MS) packed column to zenove
water) was introduced therein. The rupture disk is used
to contact a  specific catalyst component under
polymerization atmosphere.

{60871

1.8 ml of a heptane sclution of triisobutylaluminum‘
(0.1 mmol-Al/mi heptana; heptane used is the same purified
heptane as above) was added to toluene in the autoclave,
and subsequently, 3.4 ml of a tolusne solution of
triphenylmethyl tetrakispentaflvorcphenyl borate (0.62
pmol/ml; +toluena is one obtained by passing a special
grade reagent, a product of Wake Pure Chemical Industries,
Ltd,, through an MS packed column to yremove water) ﬁas
adgded. Furthermoxre, 100 ml of the above raw matexial
l1-hexene was added.

[0088]

On the other hand, 1.4 ml of a toluene solution of

dimethylsilylene  bis(4,5,6,7-tetrahydroindenyl) zixconium

dichloxide (1.0 pmol/ml; toluene used is the same purified
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toluena as abova) was added to tha rupture disk side.
Inner pressure of the autoclave was purged. Thexeafterw,
the temperature in tha autoclave was elevated to 85°C, and
the rxupture disk waz zruptured by ethylene pressure,
Ethylene partial pressure in the autoclave was controlled
to ba 0.1 MPa, and polymerization was conducted at 85°C
for 0.5 hour. The yield of a polymer (linear low density
polyethylene (LLDPE)) cbtained by polymexization is shown
in Table 2.

Example 2

[0089]

Tha same operation as in Example 1 was conducted
except £or wusing c¢is-l,2-dicholrcethylene in place of
tetrachloroethylena. The yield of a polymer (linear low
density polyethylene (LLDPE)} cbtained is shown in Table 2.
{Comparative Exampla 1)

[0090]

Polymerization was conducted by operating in the
same manner as in Example 1 except for dixectly using the
above commercially available 1-hexene (a praoduct of
Mitsubishi Chemical Corporation, Dialen 6} azs a raw
material for linear low density polyathylene production.
The yield of a polymer (linear low density polyethylena
(LLDPE}} obtained is shown in Tahle 2.

[a0911]
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[TABLE 2]

Kind of organohalide in 1-hexene
g ] LLDPE
Kind Concentration vield
(In term of halogen atom)
Example 1 Tetrachloroethylene 1 ppm by weight 879
Example 2 1,2-Dichloroethylene {cis- 1 oom by welght 89
P form) ppm by welg g
Comparative 6 ppm by welght 66
Example1 | Ppm by we'd 9

It is saen from Ezamples 1 and 2 and Comparative
Example 1 that when (a linear low density polyethylene
(LIDPE)) is produced using l-hexene in which concentration
of an organohalide to 1l-hexene as a raw mataxrial is £zom
0.05 to 10 ppm by weight in texms of a halogen atom,
activity of a catalyst for polymer production is improved,
and the yield is increased.

Example 3
[0092]

Tetrachlorcethylene 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 litexs (inner wvolume) stirring
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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 Puxa Chemical
Industxies, Ltd., a special grade reagent is passed
through a molecular sieve (MS} packed column to xemove
water) was introduced therein.. The xupture disk is used
to contact a  specific catalyst component under
polymerization atmosphere.

[0094]

1.8 m1 of a heptane solution of triisocbutylaluminum
(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 & toluene solution ofFf
triphenylmethyl tetrakispentafluorophenyl borate (0.62
Mmol/ml; toluerne is one obtained by passing spaecial grade
toluens, a product of Wako Pure Chemical Industries, Ltd.,
‘through an MS packed column to remove water) was added.
Furthermore, 20 ml of the abova raw material l-hexena was
added.

[0095]

On the other hand, 1.4 ml of a toluene solution of
bisg(normal butylcyclopentadienyl)hafnium dichloxide (1.0
pmol/ml; toluene used is the same purified toluene as
abave) was added to the rupture disgk side. .Inner pressure
of the autoclave was purged. Thereafter, the temparr;ttu:e

in the autoclave was elevated to 85°C, and the rupture
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disk was xruptured by ethylene pressure. Ethylene partial
pressure in the autoclave was controlled to bhe 0.2 MPa,
and polymerization was conducted at 85°C for 1.0 houx.
The yield of a polymer (linear low density polyethylena
(LLDPE)) obtained by polymerization is shown in Table 3.
Example 4

{0096}

Polyme;ization was conducted by operating in thae
same manner as in Example 3 except that tetrachloxo-
ethylene in place of the commercially available l-hexene
was added to l-hexene cobtained in Reference Example 2 to
adjust the amount of a chloxride in a raw material olefin
to the amount of 5 ppm by weight in texrms of a chlorine
atom concentration, and such a solution was used as a raw
material for Jlinear low density polyethylene (LLDPE}
production. The yield of a polymer (linear low density
polyethylene (LLDFPE)) obtained is shown in Table 3.
(Comparative Example 2)

[0037]

Polymerization was conducted by operating 3in the
same manner as in Example 3 except that tetrachloro-
ethylena in place of the commercially available 1-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 solution was used as a raw
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material for linear Ilow deasity polyethylane (LLDPE)
production. The yield of a polymer {linear low density
polyethylena (GLDPE)) obtained is shown in Table 3.
{Comparative Example 3)

[0098]

Polymerization was conducted by operating in the
same manner as in Example 3 except for dirzeetly using the
connarcially available 1l-hexene (a praduct of Mitsubishi
Chemical Coxporation, Dialen 6) as a raw material forxr
linear low density polyethylene production. The yiald of
a polymaer {linear low density polyethylene (LIDPE))

cbhtained is shown in Table 3.

[0099]
[TABLE 3]
Kind of organohalide Amount of organohalide LLDPE
added to rawmaterial | in raw material 1-hexene el
1-hexene {in terms of halogen atom) y
Example 3 Tetrachioroethylene 1 ppm by weight 2649
Example 4 Tetrachloroethylene 5 ppm by welght 23g
Comparative
Tetrachloroethylen 25 ppm by weight 16
Example 2 ¢ i ppm by wetg g
Comparative
: - 0 ppm by weight 20
Example 3 ppm by Welg 8

It is see¢n from Example 3 and Comparative Example 3
that when (a linear low density polyethylene (LLDPE)) is
produced wusing 1-hexene in vwhich concentration of an

organchalide to l1-hexene as a raw material is from 0.05 to
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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 1-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 compound(c) and

the halogen-containing compound (d)
is used as a raw material 1-hexene, and the amount of a chloride 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 low density polyethylene
I.LLDPE) is produced using 1-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.

This application is based on Japanese Patent Application (Patent Application
No. 2006-351967) filed December 27, 2006.

Industrial Applicability.
[0101]
According to the present invention, catalyst activity is increased, and a polyolefin

such as a linear low density polyethylene can industrially advantageously be
produced. Therefore, the industrial value of the present invention is remarkable.
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CLAIMS

1. 1-hexene for linear low density polyethylene production raw material, characterized in
that it contains a halogenated olefin in an amount of from 0.05 to 10 ppm by weight in
terms of a halogen atom, wherein the halogenated olefin is at least one selected from
the group consisting of monochloroethylene, 1,1-dichloroethylene, 1,2-
dichloroethylene (cis- and trans-forms), trichloroethylene and tetrachloroethylene.

2. The 1-hexcne as claimed in claim 1, wherein the 1-hexene is obtained by trimerization
reaction of ethylene using a chromium serics catalyst comprising a combination of a
chromium compound (a), a nitrogen-containing compound (b), an aluminium-

containing compound (c) and a halogen-containing compound (d).
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