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OLEEFIN C#YNED AND PFROCESS POR PREPARING THEZ SAME

5 The present ventlon relates to olefiin polymers and
procezsses for preparing the same. More particularly, the

invention relates to an olefin polymer having an

§‘._l

extremely narrow molscuoliar weight distribution, an olsfin

polymer containing two kinds of specific polymer blocks,
10  the zbove-mentioconed olefin polyvmers having a functicnal

-

group &t the terminsl, a block copoelymer, and processes

b
i

for preparing these oclefin polymers.

BRECEKGROUND ART

15 Folymers having narrow molecular welght distribution

Y]

and speclfic molecular welght, polymers having
functional group introduced at the terminal and bloaok
polymers having diffsrent segments bonded to sach other
exhibit various useful properties, 50 that they are very
20 important from neot eonly the academic viewpoint but also

A

the industrial viewpeint.

th

It is generally well known that in the production o
polymers having such specific structures, living

el

polymerization whersin nelither termination resaction nor
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chain transfer reaction substantially takes place during

metallocene catalyst that is generally used as an olefin

polymerization catalyst to produce polymers having the
above spescific stiructures, chain transfer reactions of

the glowing polymer chains freguently take place, and
is very difficult to produce colefin polymers by living
polymerization. For example, it has been made clear by
distribution, etc. that when a block copolymesr is

intended to be synthesized using a known catalyst system,

& mixture of homopelymer and random copolymer is produced

egler—Natta Catalyst and Pelymerization',

]...l.

{Boor, “Z

Academic Press Co., 1979).

Under such circumstances, some researches of liwving
polymerization ¢f clefins have been reported.

on of propylene

|._;,

For example, living polymerizat
using a specific vanadium catzlyst has been reported by
.
Doi, et &l. (Macromoleculies, wvol. 19, p. 28%6, 1886)., In
this process, however, an extremely low polymerization
temperature such as a temperature cof -78°C to -40°C

necessary, and the polymerization activity is several

tens g-polyvmer/mmcl-M-h and is not commercially
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50 % by mol)

o produce commercially useful poly

copolymers by living polyvmerization.

a prohlem of low stersdregularity {
than 0.8) of the resulting polyprop
process is industrially. insufficien

Brookhart, et al. and McConvil

reported living polymerization of hi

t

az propylene and l-hexens with
titanium complex {Journal

vel. 118, p.

i.—l
3=t
o
o
10N
bt
jte]
(5o
ja3

Journal o

“

Society, wvol. 118, p. 18008, 12%&).

low-temperature polymerization at a

o

higher than 07C i1s necessary in man
resulting polymer has an atactic

stersoregularity. Morecover, it

polyethviene or an ethylene polymer
LN

polymerization using the nickel complex o

comples.

Scga, Shione, et al. have stud

but in this process, an extremely 1

type which can be
opylene or a

& low ethylene

;o and 1t is difficult

0

ethylene and sethvlene

Moreover, there is

racemic diad: not mors
and hence this

i, et

complen o
Bociety,
f American Chemical

,
this process

1

temperature of not

y cases, and the

ied living
metallocene catalyst,

ow temperature such as
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a temperature of -78°C to -60°C is necessary, and the
levels of polymerization activity and molecular weight of
the resulting polymer are low [(Macromolescule, vol. 31, p.

3184, 1988, Macromolecule Rapild Communication, wvol. 20,

o

637, 1999 .

k= a synthesis of

poelvethylens by living

polymerization, that is gznerally said be difficult,

(5}

Kakamura, et al. have reported a process of using a

nichium or tantalum complex, and Yasuda, et al. have

reported

512
ke’
o
Q
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marium complex. In these

processes, however, there are defects that the achivity

I3

is low, the molecular weight of the resulting
polyvethvliene is limited to about 100,000, and
copolymerization of comonomers éther than ethﬁlene is
infeasible {(Journal of American Chemical Socisty, wol.
115, p. 10890, 13823).

Bs a synthesis of a2 block polymer having different

segments bonded to each other, a process, of using &

specific metallocene catalvst has been reported

{International Patent Publication WOLL/LZZ2E83, WOS4/21700).
S

In this procsss, however, the activity iz low, and low-
temperature polymerization (-10°C teo 0°C) is essential.

Moreover, 1t is described that the blocking efficisncy is
decreasad to leszs than 10 % by increasing the

polymerization temperature to.10°C. ©On this account,
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preduction of a block copelvmer at an industrially

usually used polymerization temperaturse (50°C to 75°0

[

impossible. - Alsc in case of low-temperature

- -

polymerization, the molecular weigh

rt

distribution (Mw/Mnj,
that is an indication of living polymerizability, of the
block copoliymer is not less than 1.35 and is not narrow,

so that this polymerizétion Is not living polym ation
suffiiciently conﬁroll&dd Therefore, most of the products
contaln large amounts of non-block poiymérs as by-
products, and fractionation to remove the UNnecessary

polymers is essentiasl as & post treatment. Thus, there
Ll

r])

infdustrially available high temperature szh high

polymerization activity is of industrially very great

Under such circumstances, the pressnt applicant has
£ pp

found, as novel clefin polvme“ ation catalvsts,
transition metal compounds having a salicvilaldimine
“

ligand, and has alsc fou

na that when a transition metal

compound having a speci

h
(=)
9
in

structure gelected from ths
transition metal compounds having a salicylaldimine

ligand is used, living polymerization procseds at an

industrially available high temperature with actaivity
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extremely higher than that of hitherto known living

polymerization, and production

O
1
o

poivolefins having high

molecular weight and narrow molecular weight distribution
and polyolefins or block copolymers having functional

groups guantitatively introduced at the terminals is

rh

(]
v

0,

sible. Based on the finding, the rprasent invention
has been.accomplished,. The present applicant has

furthermore found a process for efficiently producing

such peolymers, and accomplished the present invention.

B4

ot

is an object of the invention to provide olefin

h

polymers exhibiting varicus useful properties, such as a

polymer having a narrow molecular weight distribution and
& specific molecular weight, & polymer having a
functional group introduced at the terminal and 2 bloak
polymér having different segments bonded to each other.

It 1s another object of the invention to provide

processes for preparing these olefin po

6]

viners. It is a

}_,A

further object of the invention to provide processes for

efficiently preparing such polvmers.
Y prep g POLY

DISCLOSURE COF THE INVERTION

The clefin polymer according to the invention

},—:.,

s =z
polymer of at least one olefin selected from olefins of 2
to 20 carbon atoms and has & number-avarage molecular

weight of not less than 500 and Mw/Mn (Mw: wed ht-average

g
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polybutene, a copolymer of ethylens and af

)

molecular welght, Mn: number-average molecular weight

Q
iy

not mere than 1.5. BSuch a polymer is somstirmes referre

(R

to as a "monodisperse polyclefin®™ hereinafter.
The menodisperse polyvolefin of the invertion is, for

example, polyethylene, high-density pclyethvlens

polyvethylene (referred to as "LLDPE"™ hereinafter)

olefin selected from colefins of 4 to 20 carbon atoms,
dienes and cycloclefing, or & copolymer of propylene and
at least one olefin selected from clefins of 4 to 20

s

carbon atoms, dienes and cycloolefins.
The monodisperse pelvyelefin of the invention is, for
exampie, a polymer of ethylene, which has & number—

average molecular welght of not less than 110,000 and

o

Mw/Mn of net mors than 1.5, or a polymer of at least one

ole

h

in selected from ciefins of 3 to 20 carbon aztoms,

which has & number-average molecular weight of not less

than 500, Mn/Mn of not more than 1.5 and a melting point

of not lower than 70°C.
. .

The moncodisperse polvolefin of the invention is, for

jore

example, an olefin polymer which 1s & polymer of
propylens or butene and has a racsmic diad (r), as

e
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of not lgss than 0,83
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i
o
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G
}..:.x
E
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which is an ethylene/propylens copolymer and nas an
ethylene content of not less than 60 % by mol.

The clefin polymer according toe the invention is,
fof example, an olefin pelymer which is an olefin

copolymer of at least two olelins selected from clefin

n

of 2 to 20 carbon atoms, has & nuwber-average molecular

weight of not less than 500 and is a tapered polymer

containing a segment wherein compesition of two or more
moncmers continuously changes in the polymer chain. A

1l

.

=l

v

tapered polymer having Mw/Mn of not more than 2.5

()

tapered polymer having an ethylene content of not less
1

[}

than 30 % by mol are also avallable.

The olefin polyme

H

according to the invention is,
for example, an olefin copolymer which comprises a
monomer unit M7 derived from an olefin of 2 to 20 carbon
atoms and at least one monémer unit Mz thet 1s different

from the monomer unit Mi, and has the following

propertiss

I

=
=

1-Mzl, [M1-Mal, ([Mz-M2)}, [M1] and [Mz], as

measured by 13¢-NMR, satisfy the following relations:

LS

-y
12 IM1 Mo le/ (dx MM Ix Mz -Mp] ]
wherein [M1} is a melar fraction of the monomer unit Mi,

(M2} is a molar fraction of the monomer unit Mz, [Mq-#M2]

ig & molar fraction of & unit in which the monomer unit
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M1 and the monomear unit M2 are adlacent to szach other,
[M1-M1l is a molar fraction of a unit in which the

o

monomer unit M1 and the moncomer unit M1 are adjacent to

2

gach other, and [M2-Mz] 4 fraction of & uni

W
i
=]
[
}Y
j2h
It

ot

in

™

which the moncomer unit M

pa

0

o]

(X
¢t
¥

®

monomer unit Mz ar

[

adjacent to eacn other.

-

The olefin polymer according to

he invention is,

o

for example, a polymer satisfying the zbove relations and
having Mw/Mn of not more than 2.5, an olefin copolvme

wherein an isclated monomer unit M1 and a seguence of two

Or mors continuous monomer units M1 oare both detected in
"

ot

“he polymer chain by means of L2°C-NMR, or an olefin

coopelymer wherein a sequence of two continuous monomer

units M2 and a sequence of three or more continucus
monomer units. My are both detected in the polymer chain
by means of 13C-NMR.

In the above polvmers, ithe monomer unit Mi

i

[

preferably an sthylene unit. A&n olefin copolymer wherein
a seguesnce of two cor more continuous methylene groups is
detected by mesns ol L3C-NMR and a seguence ol two

[

centinuous methylene groups and & seguence of three or

more continucus methylene groups are both de

v
ot
]
O
o
{
o2
;—J
0

abl

f.Ar
&

also avai .

Znother embodiment ¢f the olefin polymer of the

invention is an olefin bloeck copolymer compr
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{1} & polymer nlock obtained from at least one

Yy

clefin selected from olefins of to 20 carbon atoms, and

(i1} 2 polymer block that is obtained from at least

The olefin klock copolvmer is, for axample, =

9]

clymer comprising two or more polymer blocks, adiacent

polymer blocks of which are diffsrent

Hh

rom each cther,

and having z number-azverage molecula

5]
H

weight of not less.

]
o

than 500 and Mw/Mn of net more “han

The ol

[0}

fin block copolvmer is, for axample, an
¢ . .
clefin polymer which iz a dibklock copolymer comprising
two polymer klocks and has Mw/Mn of less than 1.35, an
clefin polymer which is a triblock copolymer comprising

three polymer blocks and has Mw/Mn of less than 1.80, or
POLY

s & multibleck copolymer comprising four

[

a polymer which
or more polyvmer blocks and has Mw/Mn of less than 2.00.

The above clefin block copolymer is, for example, a

polysthyliene, HDPE, LLDPE, a copolymer of ethylene and at
T
£

least one olefin selected from clefins of 3 +o 20 carbon

atoms, dienes and cycleclefins, atactic polypropylens

4
&
Hh
¢
181
a}
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O
&
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f
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T
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isotactic polypropylens (referred to as "iso-

pelypropylene” hereinafter), syndictactic polypropylens
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freferred to as "syn-polypropviene" hereinafter), a

th

copolymer of propylene and at least one olefin selected

from olefins of 2 to 20 carbon atoms, dienss and

cycloolefing, and the aforesaid tapered polymer.

§.¢.~.‘

Rlsc avallable Is a diblock copolymer or a triklock
copolymer wherein each polymer bleock is selscted from
polyethyvlene, HDPE, LLDPE, an ethylensa/propylene
copolymer, an etﬁ,lene/butene copolymer, an

ethylene/hexene copolymer, an ethylens/octens copolymer

ata-polypropylens, syn-polypropviene, a propylens/butene

'c?poiymer and a propylene/hexsne copolymer.

The polymer block (i) and the pclymer bklock (ii) are

(2) & polymer block obtained from ethvlene,

(b) & polymer block obtained from one o-olefin
selected Ifrom a-olefins of 3 to 20 carbon atoms, and

{¢) a polymer block obtained from two or more a-
clefins selected from w-olefins of 2 to 20 carbon atoms.
The oclefin block copolymer is, for example, =a
polymer containing at lsast one of the polvmer block (a)

which has a2 number-average molegular weight of 1

g-J

g, 000 to
L0006, 000 and Mw/Mn of not more than 1.5.
A further embodiment of the clefin polymer according

to the invention i$ an olefin polymer having a functional
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copolymer or olefin block copolymer.

The molded product according to the invention

comprises the monodisperses polyolefin, the tapered
polvmer, the olefin copolymer or the olefin block

3
(1]
*{j
I

ocess for preparing an olefin pelymer

according to the invention comprises polymerizing an
olefin of 2 to 20 carbon stoms in the presence of an
olefin polymerization catalyst comprising a transiti

metal compound which is represented by the following

formula (I} and has properties that, in a P-agostic

structure of & cationic complex wherein one of ¥ in
formuls (I} is replaced with a n-propyl groug, said

structure beling measured by & density functional mec
the distance betwsen the heterocatom, which has no di

bend to the central metal M and is nazres

-t

kdJ/mol, te prepare the monodisperse polyolafin, the

olefin copolymer, the tapered polvmer or the clefin
copolymer;
LynM¥ (1)

to The ce

on

nod,

block
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wherein M is a transgition metal atom s

[£1]
'AJ
D
{¥
o7
{4
[a]
th
L]
]

m Group

the pericdlc tab

4y

3 to Group 11 o

et

2

i

{l

r
m is an integer of 1 to 5,
n is & number satisfying a valence of ¥

g & ligand coordinated to the central met

Fad
[
i
51

1 M ang

a

is a ligand having 2 hstersatom which has no direct bond
to the central metal M, and

ﬁ is an oxygén atom, & hvdrogen atom, a hzlogen atom,
a hydrocarbon group, an oxygen-containing group, a

sulfur~containing group, & nitrogen-containing group, =&

beron-containing group, an aluminum-containing group, &

!

phosphorus-containing group, a halog

b

n-containing group,
& hetercocyclic compound residue, a silicon—containing

croup, & germanium-containing group or a tin-containing

¥
It

o8]

group, and when n ls 2 or greater, piural groups

indicated by X may be the same or different, and plural

groups indicated by X may bz bonded to form a ring.
The transition metal compound is, for example, a
transition metal compound represanted by the following

formula {II-a} or (II-b};

\

AN
R~—< L', .
\ Py I & RT3
-

4

R‘E
/ |

O=H

ES
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wnerein M- is a transition metal atom selected from Group

i
r+

3 to Group 11 of the p

[t

riodic table,

(w3

m is an integexr of 1 to 5,

o]

2 is & nitrogen atom

[s]
(]
it
0
Y
H
o
o
(]
W
o
Q2

am having =

[a8]

substituant R=,

]

A is an oxyvgen atom, sulfur atom, & szleniuvm atom

or a nitrogen atom having substituent R7,

o

Rl is a hydrocarpon group having one or more

hetercatoms or a hydrocarbon group having one or more

hetercatom-containing groups,
1

]

)
r{‘ -

may be the same or different and are eac!
hydrocarbon group, & halogen atom, a hydrogern atom
nydrocarborn-substitutaed silyvl group, an oxygen-contalining

group, a nitrogen—containing croup, & sulfur-containing

r

o

group, poron-containing group, an aluminum-containing

group,

ar

phosphorus—containing group, a halogen-

containing group, a hetercocvelic compound residue, a

silicon-containing group, & germanium-containing grour or

£
o
o
£y
&
=
Y
L
U
i

a tin-containing group, two or more of R
LS

1

ponded to form a ring, and when m is 2 or greater, R+g,
s, Ris and R3s may be the same or ifferent, and
y
s

one group of RS to RY contained in one ligand and one

- = " : T -~z 3
group of R4 to RS contained in other ligands may be



10

20

25

15

nols a number satisfying a valence of M, and
X has the same meaning as that of X in the sforesaid
formulzs (I);
. (11—

wherein M+ iz =

Transition metal atom selacted from Group
2 to Group 11 of the periodic table,
m is an integer of 1 to &,
Y iz a nitrogen atom or a rhoesphorus atom,
U is a carbon atom having a substituent rE, &
nitrogen atom or & phosphorus atom,
0 is a2 carbon atom having a substituent R7, &

nitrogen atom or a

. T is & carbon

nitrogen atom or a

R+ oand RP

¥

<

described with r

16

5

b

and when m

e

and RYs may be tThe

-

phosphorus atom,
atom having a substituenﬁ rS, a
phosphorus‘atom,

atom having a substituent

phosphorus aztom,

Y are each the same atom Or group as
P 1. B2 - 5 4 . = 1
ect to B+ and R4 o R2 in the formula
P}
18 2 or greater, R+s, R65; ”73, R8s

same cr different,
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to RY contained in one ligand and one group ©

i
o
Faal
et
r
T
it

contained in other ligands mav be bonded,

n

n is a number satisfying a valence of M, and

n tne aforesaid

[

¥ has the same meaning as that of ¥
formula {I).
Similaxly to the transition metal compound

represented by the formula (I}, the transition metal

th

compound represented by the formula (II-a) or {II-b)
preferably has properties that the distance beatwsen the

hetercatomn, which has neo dirsct bond to the central metal

M and iz nearest to the central metasl M, and hydrogen at

The transition metzl ceompound represented by the
formule (IT~a} or (II-b} is preferanly a compound wherein
rl is an aromatic hydrocarbon group, an aliphatic

hydrocarbon group or an alicyclic hydrocarbon group,

selected from a phenyl group having, at at lzast ons
position cof the Z-pcosition and the ¢-position, when the

ot

position of the carbon ztom bonded to nitrogen is the i-

N .
position, one or more subsitituents selected from a

heteroatom and a hetercestom-containing group, or has, at

4 K - :
gt ieadi one

ke,

osition of the 3-position, the 4-position
and the 5-pesition, at least one substituent selected

from & hetercatom other than a fluorine atom, a fluorine-
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conteaining group having one carbon atom and not more tha
) . .5

"
L

] .

twe fiuorine atoms, a fluorine-containing group having
two or more carbon atoms, and a group containing a
netersatom other than & flucrine ztom, and when RY is an
arcmatic hydrocarbon group other than a phenyl group, an

aliphatic hydrocarbon group or an alicyelic hydrocarbon

group, this group has at least dne substituent s

1
'_..l
Y
0
ot
D
L

from & heteroatoﬁ end a hetercatom-gontaining group.

In the transition metal compound repressated by the
foﬁmula (Ii—a) cr (Ii-b), when the pogition of the carbon
atom bonded to nitrogen is the l-pesition, R is

-
preferably & halogen-containing hydrocarbon group of 1 to
3@ carpon atoms selected.from a pnenvi group having, at
ét least one position of the Z-position and the 6-
position, one or more substituents selected from a
halogen atom and a halogen-containing group, a phenyl
roup having, at at least one position of the 3-position,

the 4-position and the S-position, at lea

b

Coonse

63}
T

substituent selected from a fluerine-containing group

having one carbon atom and not more than twe fluori

ot
1

1

atoms, a Ilucrine-containing group heving two or mor

{1

carbon atoms, a chlorine atom, a bromine atom, an iodins

i

atom, & chicrine-containing group, & bromine-contzining

group and an icodine-containing

[{s]

roup, an arcmatic

hydrecarbon group other fhan & phenyl group having at
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ieast one substituent selected from a halcgen atom and a

-
122

nalogen-containing group, an ali

s
t

ic hydrocarbon group
having at lesast one substituent selected from a halogen
atom and a halogen-containing group, and an alicyelic
hydrocarbon group having at lesast one substituent
selected from a halogen ztom and a halogen-containing

group.

The transition metal compound is, Ffor example, =

wherein M+ is z transition metal atom selected from Group

th

Fh

4 to Group S o

R

periodic table,

mis 1 or 2,

rR10 {5 an aromatic hydrocarbon group, an aliphatic
hydrocarbon group or an alicyclic hydrocarbon aroup, whan
Rl is a rhenyl group and the pesition of the carbon atom
bondad to nitrogen is the l-position, this phenyl group
has, at at least one position of the Z2~position and the

t-position, oneg or more substituents selected from &
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hetercatom and a het

¢

roatom~contalning group, or has, at
at lsast one position of the 3-positicn, the 4d-positicon

and the S-positicn, at least one substituent selected

bty

from & heterocatom other than & flucrine atom, 2 fluorine-
containing group having one carbon atom and not more than

rwo fTiluosrine atoms, a fluocrine-conia

1y

b

ot

nin

!
Wy

roup having
two or more carhon atoms, and a group contalining a
hetercatom other than & fluorine atom, and when EiC is an

arcmatic hydrocarbon group cther than & phenyl group, an

0

aliphatic hydrocarbon group or an alicyclic group, this
group has at least one substituvent selected from a

=
hetercatom and & hetercatom-containing group,

/]

.
5il

h
I

g1l o Rlé'may be the sams or

ifferent and are each .

a hydrogen atom, a halogen atom, a halogen—containing

group, a hydrocarbon group, & hyvdrocarbon-substitutead
silyl group, an oxygen-containing group, a nitrogen-

containing group or a sulfur-containing group,
15 L . e Ly - —
R+~ 1z a halogen atom, 2 hzlogen-containing group, &

hydrocarbon group ¢r a hydrocarbon-substituted silyl

-

n is a2 number satisfying a valence of M, and

¥ hasz the same meaning as that of ¥ in the aforesaid

In the transition matal compound represented by the

formula (III}, when the position o©f the carbon atom
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bonded to nitregen is the l-position, RIC ig preferably a

E

halogen-containing hydrocarbon group of 1 to 20 carbon

atoms selected from a phenyl group having, at at least

Hh

one position o the Z-position and the &-position, one or
more substituents selected from a halcgen atom and a
helogen-containing group, a phenyl group having, at at
least one position of the 3-pcsition, the 4-position and
the S-position, ét least one substituent selecited from =
fluorine~containing group having one carbon atom and not
moere than twe fluorine atoms, a fluorine-containing group
having twe cor more carbon atoms, a chlorine atom, &
promine atom, an iodine atom, a chlorine-containing group
& bromine-contalning group and an iodinewcontaining group
an aromatic hydrocarbon group cther than & phenvl group

having at least one substituent sslected from z halogen

atom and & halogen-contzining

w3

roup, an aliphatic
hydrocarbon group having at least one substituent

selected from a halogen atom and a halogen-containing

group, and an alicyeclic hydrocarbon group having at least

one substituent sslected from a halogen atom and a
=

halogen-containing group.

By thes above progess, Ifor example, the monodisparsse

m
+

{

polyoiefin, the tapered polymesr or the olefin block

copolymer can be prepared.
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Ancther embodiment of the process for preparing an

olefin

he

presance of

the above-mentioned transition metal compound to prepa
P

a polvmer

olymer according to the Invention comprises

ing an olefin of 2 to 20 carbon atoms in the

£ an cleiin polymerization catalyst comprising

Iy

and then bringing the polymer into contact with

a functional group-centaining compound to prepare an

ymer having a functional group at the terminal.

ther embodiment of the process for preparing an

ymer according to the invention comprises

polymarizing at least two olefins which are selectesd from
1

polymerization react"v“tla“ in the pre

2 to 20 carbon atoms and have diffzrent

6]

ence of an olefin

polymerization catalyst comprising the above-menticonead

transition metal compound fo prepars a tapared polvmer
containing a segment wherein composition of two or moere
monomers continuously changss.

2 still further embodiment of the process for
prepa g an olefin polymer according to the invention
coﬁp:ises conducting the following step (1), the
&
following step (2}, and optianally, the following stap
{3y of an arblitrary number of times, to prepare an olsefiin

(1) &

selected £

from olefins ¢f 2 to 20 carbon atoms in the

step of polvmerizing at least one olefin
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sence of an colef

T3

nopolymerization catalyst comprising
the above-mentioned transition metal compound to pDrepares
a pblymer block,

(2} & step of polymerizing at least one olefin
seiected from olefins of 2 te 20 carbon atoms in the

presence of the polymer block prepared in the step {1} to

5

prepare a .polymer block which ig different from the

polvmer block prepared in the step (1), and

o

3) & step of polymerizing at least one olefin

;elecﬁed from clefins of 2 to 20 carbon atoms in ths
rresence of the polymer block prepared in the step (2
and the polymer block preparsd in the step (2) to prepare

2 polymer block which Is different from the polymer

L]
'—-L.
[
[¥]
i
ot
L

bloc¢ks prepared in the previo

A still further smbodiment of the process

th

or
preparing an olefin polymer according to the ;nvention
cémprises preparing a tapered poiymei or an olefin block
copolymer by the above process and then bringing the

N,

resulting {(colpolymer into contact with a functional

[te}

roup-containing compound to prepare a tapered polymer or

an clefin block copolymer having a functional group at

'

the terminal.

1

'y
&3
1
had
s
h

+
2

urther empodiment of the procsss for

[

o
o]

an olefin polymer according te the invention

prepari

\

comprises polymerizing an clefin in the presencs of

[

i
o

{
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polymerizaticon catalyst which promotes living
polymerization of an olefin and further conducting oliefin
polymerization by the use of a catalyst obtained by
cleaving a bond produced in the system between the
catalyst and the resulting polymer chain by means of

chain transfer resactlion.

chi

1]
s
b

Th

¢

1 transfer reaction can be promoted by the
uge of at least one compound selected from, for example,
hydrogen, an organcaluminum compound, an organcoboron
compound, &n organozinc compound, an crganosilicon
compound, an organccadmium compound and an organolead
compound.

The olefin peolymerization catalyst used in the above
procsss is, for example, an olefin polvmerization
catalyst comprising the above-mentionsd transition metal
aagpound} The polymer produced in the above process is,
for example, the monodisperse polvelefin, the olefin
copolymer, the taperesd polymer or the olefin blook
copolymear,

In the process for preparing an olefin polyvmer

ot

i
F
L

iz preferable that the clefin polymer obtained before

ey

1
¢
jax
6]

chain transfer reaction and/or the clefin polvmer
‘ ¥

obtained after the chain transfer reaction is the

monodisperss pelyelefin, the olefin copelymer, the

n

tapered polymer or the clefin block copolyvmer, and it

¢t
‘-r
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more prefsrable that the olefin polymer obtained hefore

ct
s
D
9]
3
1
Y-
s
rt
4
fu
=3
0]
]
1]
it

reaction and the olefin polymer
obtained after the chain transfer reaction are sach the
monodisperse polyelefin, the olefin copolymer, the
tapered polymer or the olefin block copolymer. The

olefin polymer obtaine

3
o
[ty
h
o
H
{®
o
jard
&)
()
s
3t
[
=
it
e}
jsh}
]
wn
H:
1)
=t

reaction and the, clefin polvmer obtainad zfter “he

t chain
transfer reaction mayv be the same as =ach other
BRIEY DESCRIPTION OF THE DRARING
Fig. 1 is an explanatory visw showing steps for

preparing an olefin polymerization catalyst which is

cccasionally used in the present invention.

w

X

EST MODE FOR CARRYING OUT THE INVENTICN

The meaning of the term "polymerization®™ used herein

is pot. limited to "homopolymerization® but may comprehend
N
"copolymerization™. Algo, the meaning of the tern

"polymer™ used herein is not limited to “homopolymer™ but

-

ray comprehend "copolymer™,
The olefin polymer (monodisperse polyvolefin) in one

embodiment of the invention is a po

Jot

vmer of at least one



10

15

20

25

clefin selectec from olefins of 2 to 20 rcarbon atoms
(sometimes referred to as. "olefins” hersinafter). This
olaefin polymer may be a polymer of one olefin selectsd

from olefins of 2 to 20 carbon atoms or may be a random

~copolymer or a block copolymer of two or more olsfins

selected from clefins of 2 to 20 carbon atoms.
ez oL the colefins of 2 to 20 carbon atoms
include:

straight-chain or branched o-olefins of 2 to 20
carbon atoms, such as ethylene. propyiene, l-butene, 1~
pantene, 3-methyl-Il-butene, l—hexen&, d-methyl-l-pentens,

3-methyi-l-pentene, l-octene, 1l-decene, 1-dodecense, 1~

ne;

@]
B
e}
!—_l
O
o
bt
13
i
!_t
1
i
0
£
%)
t
e}
Pa
[
Q
o
H
o
Q
m
0
=
o
4
o
1
i
U
iy

iopentene, cycloheptene, norbornens, S-methyl-2-
norbornene, tetracyclododecene and Z-methyi-1,4,5, 8-
dimethano»l,E,B,1,éa,é,8,8a—octahydronaphthalene.

as are als

L)

’~<‘.

Vinylcyclchexnanse, dienes d po
employvable as the olefins of 2 to 20 carbon atoms.

Az the dienes or the polvenes, cvclic or chain

compounds having 4 te 20 carbon atoms and two or more

=1

double ponds can be mentioned. xamples of such

iene, isoprene, 4-methyi-1

43
L
i

compounds incliude buta

; o-hexadiens,

o)
8]
)
s
&4
.
-
o
[
—
Lk

H

o)
{5
4
ct
3H
{1
[
59
0
o
Vo

1

s
4]
)
[
o
j o
I_l
0]
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1,4-hexradiene, 1,3-he:

v

adiene, 1,3-cctadiens, 1,4-

[

octadiene, L1, o-cctads

ene, .,6-octadiens, 1,7~octadiens,

sthyvlidene norbornene, vinyli norborneng,
licyclopentadiene, 7-methyl-1,6-occtadiene, d-ethylidene-
8-m=thyl-1, 7-nonadiena and 5, -dimethyl~1, 4,8-decatriene

Aromatic compounds are also employable as the

A

ins, and examples thereol include mono or

4]

polyalkylstyrenes, sugh as styrens, o-methylstyrene,

methylstyrene, p-methylstyrene, ©,p~C dimethylstyrens

r

~

ethylstyrsne, m-ethylstyrene and p-ethylstyrene, 3
phenvlipropylene, 4-pher
[ !

The above olefins can be used singly in

(8]

=

¥

combination of two or more kinds.

As the olefins, monomers having atoms other than

carbon and hydrogen are also smpl

O

Examples of such monomers include:

o, p~unsaturated carboxylic acids, such as acryli

itaconic acid and itaconic anhydride, cycloolefin

carboxvlic acids or anhydrides thereof, such as
A

biCyclo(2,2,l}—S—heptene—Z,B—dica poxylic acid, and

fels

rylpropylene and o-methylstyrene.

4, fumaric acid, maleic annhydride,

metallic salts therecf, such as sodlium salts, potassium

, magnesium salts and

vable in the invention.
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a,f~unsaturated carboxylic esters, such zs methyl

acryiate, ethyl acrylate, n-propyl acrylates, iscopro

h’

acrylate, Z-ethylhexyl acrylate, methyl methdcrylats

ethyl methacrylate, n-propyl methacrviate
methacrylate, n-butyl methacryvliate and isobutyl
methacrylate;

vinyl esters, such as vinyl acetate, vinyil

propionate, vinyl caproate, vinyl caprate, vinyl laurax

vinyl stearate and vinyl trifluorcecetate;

glycidyl methacrylate and monoglyeidyl itaccnate:

crylate, n-butyl acrylats, iscbutyl acrylate, Cert-butyl

@

unsaturated glycidyls, such &s glycidyl acrvlate,

halogenated olefins, such as vinyl Tluorids, wvinyl

chloride, vinylidene chioride, vinvl bromide and vinyl

iodidea:

unsaturated cyano compounds, such as acrylonitrile

and methacrylonitrile;

unsavurated amlides, such as acrylamide,

methacrylamide and N, N-dimethylacrvliamide;

unsaturated ketones, such as vinyl methyl kstone and

unsaturated ethers, such as methvl vinvl sther

etnyl vinyl ether;

functional group-containing styrens derivatives

such as methoxystyrene, ethoxvstyrene, vinyl benzoas

1

@,
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methylvinyl benzoate, vinylbenzyl acetate, hydroxystyrene,
o-chiorestyrene, p-chlorestyrene and divinvlibenzene; and

vinyl group-ceontaining heterocyclic compounds, such

fu
tn
=
)
<
I‘.l
&3
e
'
v

rrolidone, N-vinylcarbozole and vinylpyvridine.
At ;gast one ciefin selected from the clefins
employable in the Inventicon is an clefin consisting of
only carbon and hydrogen. There is no specific
limitaticn on the guantity ratio of the clefin consisting
of only carbon and hydrogen to the whole olefins, but for
example, the ratio is not less than 5 % by mol and not

nan 100 % bhyv mol bas

,M
[}
[

mere T
:
3

¢ on the whole olefins. By

the expressicon "at lsas

o

one olefin" 1s meant that at
least one kind of an olefin consisting of only carbon and
hydrogen is centained in the whole clefin polvmer of the

invention, and in case of, for exampls, an olefin polymer

i

-

composed of pilural polymer blocks, the olefin comsisting

of only carbon and hydrogen may be contained in any one
of the polymer blocks.

The monodisperse polvelefin desirably has a number-
average molecular weight of not less than 500, preferably
: _

500 to 10,000,000, more preferaply 1,000 to 5,000,000,

and Mw/Mn of not more than 1.5, preferably not more than

1.3
The weight-average molecular weight, numbesr-average
molecular welght and Mw/Mn (Mw: weight-average molecular
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weight, Mn: number-average molscular weight) ars measursd
in an orthodichlorobenzens solvent at 140°C by means of
GPC (gel permeation chromatography). The polymer
molecular waight obtained is converted to a molecular
welght In terms of polystyrens by a universal method.
When the resulting polymer is monodisperée pelyethyvlans
or @ monodisperse ethylene/propylene copolymer, the

molecular weight is calculated in terms of polyethylerns

(=3

and when the resulting polymer is another polvmer

(tapered polymer, olefin block copolyvmer), the molecular

"

eight is calculsted in terms of polypropvlens. The

E

llows.

T
ja))
H
E.J
=
8]
rt
[¢H
I
n
s
in
)
()
fu
by
i
jAs
6]
Fdy
Q

Polystyrens standard sample: K=G.000137, 0=0.%586

Polyethylene: K=0.000328, a=0.77

Polypropylene: E=0.0001, o=0.8

The melting point of the resulting polvmer is
mezsured in a stream of nitrogen under the heating rate

conditions of 10°C/min using & differentizl szanning

calorimeter (DSCY .

4

he 12C-NMR measurement and analysis can be carried

out in accordance with a method hitherte known.

Literatures on the L{°C-NMR measuremen

ot

and aznalysis are

—

1} L.P. Lindeman, J.Q. Adams, Anal. Chem., 43,

(93]

24

f)
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2y F.A. Bovey, M.C. Sacchi, A. Zambell:i,

Macromolecules, 7, 752 {1974

3y J.C. Randall, Macromolacul

i_‘ ]
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I
)
—
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4) A, Zambelli, P. Locatelli, G. Bajo, -
Macromolecules, 12, 154 (1879

55 Y. Dol, Macromolecules, 12, 248 {1578

&Y N. Kashiwsz, A. Mizuno, §. Minami, Polvm. Bull.
12, 105 (1984)

7y P, Bmmendola, L. Oliva, G. Gianctti, A. Zambelli,

Macromolecules, 18, 1407 (1985)
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A. Toyocta, H.

copolvmer o©f sethylens and propylenes, & copolymer of

sthylens and an olefin of 4 to 20 carbon atoms, and

a
copolymer of propylene and an olefin of 4 to 20 carbon

]

atoms. In these sxamples, pelyesthyvlene iz an ethyvlene

polvmer having & comonomer content of less than .01 % by
mol, HDPE is an ethylene copolymer containing as a

comonomer componsent an clefiin of 3 to B carbon atoms,
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wvinyl compounds, such as styvrene;
-4

.methyl norbornene. When the comonomer is an

31

l-butene or d-hexens, in an amount
of not less than 0.01 % by mol and less than 3 % by mol,
and LLDPE is an ethylene copolymer containing as a
comoncmer component an olefin of 3 to 8 carbon atoms,
preferably propylens, 1-butene or l-~hexsne, in an amount
¢f not less than 3 % by mol and less than 10 % by mol.
Examples of the plefins of 4 to 20 carbon stoms inciuds
c-clefins, such as imbutene; l-pentene, l-hemsne, 1-

octene and l-decene; dienes, such zs butadiens, isoprens
,

1,4d-pentadiene, 1,5-hexediene and 1,7-octadiene;: aromatic

i3]

nd cycloolefin

compounds, such as tetracyelododecene, norbornene and

oy

O
1
4
]

afin of
to 8 carbon atoms, the comonomer content is not lass than
10 % by mol, and in cother casss, the comonomer contant

=

B

=
Q
&

less than €¢.01 % by mol.

Cf the above examples, the copolymers may contain

on& COmMONUMer oOr may contaln TWo Or mMOre COMONOmers.

ethylene/propylene copelymer, an ethylens/butens.
copolymer and an ethylene/hexene copslymer, and
particularly preferable are HDPE, LLDPE, polypropvlene,

polybutens, an sthylene/propylene copolvmer, an
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sthyvlene/butene copolymer and an ethyle
copolymer.

The monodisperse pelyolefin of the
preferably & polymer of sthylene which
average molecular weight of not less th
preferably 110,000 e 10,00C¢,000, mors
to 5,00C,000, .and Mw/Mn of not more tha

not more than 1.3, or a polymer of at 1
selected from olefing of 3 to 20 carbon
number-average molacular ght of not

preferably 500 o 10,000,000, more

5,006,000, Mw/Mn of not more than 1.5,

more than 1.3, and a melting po

In case of 2 polymer of propylene

polymer prefersbly has & number-averags

of not less tThan 500, preferably 500 t

9]

refe

i

aply 1,000 to 5,000,00¢C,

preferably not morse than 1.3, and & rac

sasured by L3C-NMR, of not less

not less than .80,

eraply not

less than 70 %

5

The monodisperss polyolefiin of the

to cther structural s within

]

&

Jot
i

Mw/Mn of

than .

ne/hexens
invention is

has a number-

an 110,000,

mreferably 150,000
n 1.5, preferably

2ast one

atoms which hag a
legs than 500,
eramly 1,000 to

preferably not

not lowar than 70°

oI

i-butene, this

molecular weight
10,000,000, more
not more than 1.5,

emic diad {(r},

85,

inventicon may be

Lilmits not
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s
]

detrimental to the obs
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The polvmer
of the invention may bs a graft modified polymer.

The olefin polymer according tco th

4

invention i

in
-

r

H

or exampie, a copolymer of at least two olefins selected

Hh

rom olefins of 2 to 20 carben atoms, which has z number-
average molecular weight of not less than 500, preferably
500 to 10,000,000, more preferably 1,000 te 5,000, 000,
and which is a sé—called tapered polymer containing a
segment whereln composition of two or more monomers

continuously changes.

The "tapered polymer" used hersin 1

o

a polymer in
N
which the comonomer composition gradually changes Ffrom
cne end to the other end of the polymer chain. This

polymer can be svnthesized b

e

polymerizing two or more
monomers (e.g., ethylene and propylene) in a perfect

living polymerization system wherein the chain transfer

Cia

reaction does not substantially take place. When the

Living properties of the polvmer

-

zation system is

&

insufficient, obtainable is not a pariect tapered polymer

but & mixturs of copclymers having differen: compositions.

The living properties of the polymerizatio

!
6]

el
6]
rt
1
2
-
5]

Judged by a molecular weight distribution (Mw/Mn) of the
resulting polymer. When the living propertiss of the
polymerization system is high and a perfec

peiymer is preduced, the value of Mw/Mn is preferably not
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more pr
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In the above polymer, the LwWo 0Or MOre monomers are

selected from clefins of 2 to 20 carbon atoms.

|93
o
¢
[
e
th
'..1
7
4]
| ad
!...J
!
C
7
6]
=
a3}
s
11]
s
H
6]
th
O]

rably selected from ethylene,
propylene, l-butene, i-pentene, l-hexene, l-heptene and
i-octene, and they are more preisrably sselected from
ethyliene, propylene and l-butens. GCns ¢f the monomears is
still more preferably ethylene, and the.ethylene ceontent

is particulariy preferably noct less than 30 % by mol.

olymers include an

r

ethylens/propyvliens tapered polymer, an ethyvlane/butens

tapered polymer, an sthyvliene/hexsne tapersd

0,
o
(&)
! -2
|
i
H
w

propylene/butene tapered polymer and @ propylene/hexens
taperad polyvmer.

The tapered polymer of the invention may be bonded
to other strubturél parte within limits not detrimental

te the objects of the invention, with the proviso that iz

oy
f
N
ot
i
(0
m

bove structure. The polymer of the invention
may be a graft modified polymer.

The olesfin polvmer according to the inventicn is,

kn olefin polymer which is a polymer consisting of

two or more kinds of monomer units, i.g. monomer unit

[

3

1 to 20 carbon atoms and at

M1 derived from an olefin of
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least cne monomer unit Mz that is different from the

M

monomer unit Mi, and which has the following properties:

fMp-mM2l, IM3-M31l, [Mz-M2], [Mi] and [M2], as
measured by L3C-NMR, satisfy the following relations:

1> (M1 M2 /(2% M1 1% M) ) (B}

1My - M2T2/ (4x M
wherein [M1] is & melar fraction of the monomer unit M1,

o

[Mz] iz & molar fraction of the monomer unit Mo, [M7 Mo

[

is a molar fraction of a unit in which the monomer unit

‘M1 and the monomer unit Mz are adiacent to sach other,

a unit - in which the

by
1y
¥
v
9]
¢t
}_l.
O
i
[}
[
0

IM1-Mil is a mola:

i

Bt

monomer unit Mi and the monomer unit M1 are adiacent to
each other, and [Mp-M2] is = molar fraction of a unit in
which the monomer unit M7 and the monomer unit Mo are
djacent to each other, with the provisc that

[M11+M2i=0.0 and [M1] -M2l+[M1-M1i+ Mo M2]=1.0C.

When the monomer unit M; and the monomer unit M2 are

contained in the polymer chain at istically random,
the probability of occurrence of [Mi'M2] becomes

2x[M1]x[M2]. The reason of multiplication by 2 is tha:z
%,

[M1-M2] i1s strictly a molar fraction of units of the

total of the Mi1-Mz units and the Mz-M1 units. The

r

relation (&) indicates that the units wherein the monomer

unit M: and the monomer unit Mo are adizcent ar

M
)
131

2

contained in amounts smaller than those in the cass whers

+
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they are contalned at statistically random, This means

T

that a portion of nigh content of the monomer units Mj

by

ion of high content of the monomer units My

ch

and a por

coexist in one polymer chain, and this phenom=non is

ohezerved in a tapered polymer or a klock polymer.
The structure of the olefin copoclymer of the

W

invention iz precisely controliled, so that the Mw/Mn of

the copolymer is usually not more than 2.5, preferably

on

not more than 2.0, more preferably not more than 1.8,

still more preferably not mors than 1.6, particuolarly
preferably not more than 1.5, most preferably not mors
;
than 1.3.
When a tapered polymer or a block polymer satisfying

the relation (A} is intended to ke synthesized by the

pricr technigue, there is a possibliiity that a polymer

Y“h

apparently satls

fvying the relation (&) can be synthesized
by changing the feed ratic between the monomer unit Mj
and the monomer unit Mz with time during the

polymerization. In this case, however, the
polymerization reactivities of the monomer unit Mj and
i

the monomer unit Mo are different from each other, and
consequently the reactivities of the feed monomers change

witn time. As & result, a small value of Mw/Mn is not

n

obtained, Q;f:e*en 1y from the present invention.
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On the other hand, when a pelymer of small Mw/Mn is

intended to bs prepared by the prior technigue, the fee

3

ratio between the monomer unit M: and the monomar unit M»

neesds to be kept constant during the polymerization in

order to prevent change of the reactivities of the feseg
menomers with time, so that £he probability ¢f occurrencs
ol [M1-Mzp] becomes eqgual. to 2x[M1]xiMzY, and it becomes

impeossible to satisfy the relation (R} .

. the present invention. it is possible *o

=t

precisely control the polymer structure even wher the

reactivities of the feed monomers change with time. The
=

G.9521M1 ~Mp] /(2% [M1Ix[M2]) (B=2)
oO0Z MY M2 ] A 2x MR M 1) ({R-3)

contents described with respect to the relation {EY with

]_.
o]

much higher accuracy.
Az described above, [M1-M2] is strictly a molar

fraction of units of tn
.,

{4

total of the Mi~-M» units and th

1

Mp-M] units, so that the probability of ocourrence of the
Mi-Mz unit wherein the monomer unit M| is followed by “he

monomer unit Mz and the probability of accurrence of the
M2-M1 unit whersin the monomer unit Mz is followed by the

menomer unit M1 beth become [M31-M2]1/2. When =he terminal
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of the polymer 1s the monomer unit M

H
N

and

after this

monomeyr unit the monomer unit M: or the monomer unit M
iz inserted to produce a Mi-M71 unit or a Mi~M2 unit and

besides when the polymerization proceeds at statisticall
random, the ratic bestwesn occurrences of thoss units
agrees with the ratioc between [M1] and [M2] That is=,
the molar fractions satisfy the following relation (B-0-

.

§

monomsr unit My or the monomer unit M2 is

produce a

polymerization proceeds at statistically

ratio betwsen ocourrsnces of those units

[M2].

({Mg-M2]/2) /M Mpi=(M1]/(M2)
That i.S,

statistically random, the

Eny!

The aforesaid

Mo-Mi unit or a Mo-Mz unit and besides when

(M1 M2l /2y 7 IMy-NM1i=[M21/[M1] {(B~0-13
On ths other hand, when the terminzl of the polvmer
“is the monomer unit Mz and sfter this monomer unit the

a

ingerteq o

when the polyvmerization proceeds at

the
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adjacent are contained in amounts smaller than those in
the case where theyv are produced at statistically random.
This means that the probability of continucus insertion
of the same kind of comonomers at the rerminzl of the
poelymer is higher than the probability of insertion of
different kinds of comonomers at the terminal of the
polymer and that a tapersd polymer or z blocok polymer can
be synthesized with precisely controlling the structure,
The structure of the olefin copolymer of the
invention is precisely controlled, so that the Mw/Mn of

the copolymer is usually not more than r preferably
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0.70> M1 Mp12/ (% (M- M1 1Mo -M2]) (B-7)

The reason why a polymer having 11 Mw/Mn valus

W
i

ST

43

an@ satisfying the relation {B), such as the tapered
polymer of the invention, cannct be produced by the priox
technigue is the same as the reason why & polymer
satisfying the relation (&) cannot by produced.

Tt is detected by +3C-NMR that inlthe tapered
pelymer out of the olefin copolymers satisfyving the

relations (A} and (B) and having Mw/Mn of nct more Lhan

2.5,

™

n isolated monomer unit M1 and & sequence of two or
more continuous monomer units M1 are both present in the

pelymer chain. Such tructure was not

Al
i
iy
Hel
B
H
(]
|93
o)
o]
F
15
H
0

[ )

made clear for the first time by t{he technigue of the

-present invention which is capable of promoting sxtremely

oot B

ko]
H

ecise polymerization.
On the other hand, in the block polivmer the isolatad
monemer unit M1 is not detected but only a ssguence of

Ltwo or more continucus monomer units M1 is detecte

In the tapered polymer structure made clear by th

I

Jr

presant inventicn for the first time, it is preferable

ence of two continuous monomer units M1 and z

v

F
N
or
t
)

seg

seguence ©f three or more continuous monomer units M1 are

x

d. That is, it is preferable thait thres units of

(.

gtac

Tt
{1

n lsolated monomer unit M1, & unit compesed o

3!
[

it

-
WO
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continuous monomer units M1 and a unit compcsed of thres
Gr more monomer units My are detected by 13C-MMR at the
same ﬁime.

The monomer unit M1 and the monomer unit Mp ars
derived from the monomers previously given as exampleas of
the olefins of 2 t¢ 20 carbon atoms.

‘The monomer unit M; is preferably derived from

gthylene, propylene, l-butene, l-pentens, l-hexene,

t

heptene or l-octene, and is more preferably derived

b4
4
9}
3

ethylene. The monomar unit M» is preferablv . derived from

preopylene, l-butene, l-pentene, l-hexene, l-heptene or 1-
[l

octene, and ls more preferably derived from propyiene or

1=buten

M

When the monomer unit M1 is an ethylens mit, 1t is
preferable that three units of an isolated monomer unit
Mi, e unit composed of Cwo continuous monomer units My

and a2 unit composed of three or mors monomer units M1 are

detected by L3C-NMR at fhe same fTime.

Fed

t is zlso

preferable that an isclated monomer unit Mo and anit

o

composed of twe or more continucus monomer units Mo are
detected at the same tTime. That is, it is preferable

that e segquence of two or more continuous methylene

: 5 . N 1
greups is detected by 13C-WMR and sequences of one, two,

rt
u
H
o
®
-
it
a
o
t
]
i
b
48
o
o
N
U
=
™

or more methylens groups are

all detected. It i3 more preferable that the molar
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fractions of the seguences of ons, twoe, ithree, Zour, Iive

and six or more methylens groups are detected as

The +3C~NMR measurement and analysis can be carried
5  out in accordance with 2 method hitherte kxnown, as
pravicusly described.
The clefin copolymer caﬁ be favorably used for
various molding ﬁaterialﬁ for films, sheets and blow
molded products, various additives such as

410 compatibilizing agent and modifier, costing materials and

the invention will be described later.
Tne olefin copolymer of the invention may have &

15 functional group at the terminal of the main chain. The
olefin copolymer of the invention may e bonded to other
structural parts within limits not detrimental to the
objects of the invention, with the provisco that it has
the above structure. The polymer of the invention may bs

20 a grait modified polymer.

b

As the functional group, an aromatic hydrocarbon

o

group, a halegen atom, an oxygen—containing group, =&
nitrogen-containing group, a sulfur-containing group, 2

phosphorus~containing group, & metal stom-containing

erable.

iy

25 group or the like is pre
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Examples of the aromatic hvdrogarbon groups include

Q2

phenyl, naphthyl, tolyl, biphenylyl and anthrvl.
Examples of the halogen atoms include fluorine,
chlorine, bromine and icdins.

Tne oxygen-containing group is, for example, a crou

3

411

b

[§]
8
s
¥
o]
}a-
i
ot
3
)
i
B

oxygen atoms, but the later-described
heterocyslic compound residue is not incliuded in this
group. A group éomtaining & nitrogen atom, a sulfur stom,
a phosphorus atom or & halogen aztom, said atom being

dirgctly bonded To the oxygen atawm, is not includsed

i

aither. xamples of the cxygen—containing groups includs
T

hydroxyl group; alkoxy groups, such as methoxy, ethoxy,

propoxy and butory: aryvioxy groups, such as pheﬁaxy,

methyliphenoxy, dimethylphénoxy and naphthexy; arylalkoxy

groups, such as phenvimethoxy and phényietboxy; acetoxy

group; carbonyl group; carboxyl.group; esté: group; and

acetyl group. When the oxygen-containing group conta

carpon atom, the number of carbon atoms is in the range

of usually 1 to 30, p ably 1 to 2G.

g}
&

Ie

[

The nitrogen-containing group i1s, for examp
Y

group conteining 1 tc 5 nitrogen atoms, but the later-

0

escribed heterocyclic compound residue is not in

8]
Jt
j
jo
1
{3

in this group. Examples of the nitrogen-containing
groups include aminc group; zalkylamino groups, such as

[T

methylamino, dimethylamine, ethylamino, propylamino,
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butvlamine and cyclohexyiaming;

i

nd arylamine groups,

such as phenylamino, tolyiamine and naphthylaminoc.

m

The sulfur-ceontaining group is, for example, a group
containing 1 to & sulfur atoms, but the later-descrihed
hetereocyclic compound residue is not inciaded in this
group. Examples of the sulfur—containing groups incliude
sulfonato grOupSJ such as methylilsuifonato,
triflavome:nanesulfona*u, phenvlsulfonato,

benzvisulfonato, p-toluenssulfonato,

trimethylbenzenesulionato, ©rl sonu ylbenzenesulfonato,

P chior chenzenesulfonate and pentaflucrohenzaenesulfongto;
gsulfinateo groups, such as meihylsulfinato,
phenylisulfinato, benzvisulfinate, p-toluenesuliinato,

trimethylbenzenssulfinate and pentaflurobenzenesulfinato;

alkylithic greoups; and aryithic groups. Wnen the sulfur-
containing group contains carbon atom, the number of
carbon atoms is in the range of usually 1 to 30,

prefarably 1 to Z0.

The phosphorus-containing group is, for example, =a
E - d E = f

‘group containing 1 to 5 phesphorus atoms, and sexamples
- .

thereof include trialkylphosphine groups, such as
trimethylphosphine, tributylphosphine and
tricyclohexylpheosphine: triarviphosphine groups, such as

hin

D

triphenylphosphine and tritolylphos; ; phosphite

rl;j

groups (phosphide groups), such as methylphosphite,
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ethylphosphite and phenylphosphite; phosphonic acid

group; and pnosphinic acid group.

The metal atom-containing group is, for example,

48]

group contalning an stom of silicon, aluminum; boron,
zing or magnesium, or z metal atom Such as lithium, ang
examples thereof include a silicon-containing group, an

aluminum~containing group, a boron-containing group, a

o

zinc-contalning group, & magnesium-containing group and
lithiam atom.
The silicon-containing group is, for examplie, =

Vo
S1L1CO0

n
rt
Q
=
n

Exemples of the
sllicon-containing groups include hydrocarbon-substituted

silyl groups, such as phenvisilyl, diphenylsily

ether; silicon-substitutsed alkyl groups, such as
trimethylsilylmethyl; silicon-substituted aryl groups

r

such aF trimethysilylphenyl; and hydrocazrbon-substituted
i

siloxy groups, such as trimethylsgiloxy. OFf the

oy
<
o5

rocarbon-substituted silyl groups, trialkyisilvl
¥ g 2 3
groups, such as trimethyisilvl, tripropylsilyl and

tricyclohexylsilvl, are preferable.
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The aluminum-containing group is, for exampls, &
to 3 aluminum atoms. An exampie of

the aluminum-containing group is -AlRz group (R i1s

8}

¥

hvdrogen, an alkyl group, an aryl group which may have a

substituent, & halogen atom or the Ilike).

The borcon-containing group is, for example, & group

5]

containing 1 to 5 boron atoms. An exampl

¢4

of the bhoron—

containing group is ~BRz group (R is hydrogen, an alkyl

group, an aryl group which may have a substituent, &

;L

The zinc—containing group ig, for example, a2 group
containing 1 te 3 zinc stoms. An example of the zinc-

containing group is -ZnR group (F

is hydrogen, an zlkyi
group, an aryl group which may have a substituent, a
halogen atom or the like).

The magnesium~containing group is & group containing
1 to 2 magnesium atoms. An example of the magnesium-

containing group is ~MgR group (R is hydrogen, an alkyl

group, an aryl group which may have a substituent, &

T

halogen atom wr the liks).
LN .

i

[

Examples of the clefin pelymers having a functlional
group at the terminal of the main chain include polymers

naving-a halogen atom, a phenyl group, a hydroxyl group,

iy
has
v
|>‘.J
r‘?:"‘
8}
¥
[ ,::
&}
\
Q)
o
8]
o
It
jty
-t
vy
&
v}
-
b
o]
[
o}
[
3
0

carboXyli group, ab

ester group, an acetyl group, an alkylamino group, a
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trialkylesilyl group, a trimethylsiloxy group, &
dislkylaluminum group, a dialkylboron group, an azlkylzinc
group, Lithium or the like at the terminals of
pol?ethylene, HDPE, LLDPE, polypropylene, polvbuterne, a
nomopolymer of I-pentene, I-hexens, l-octene, l-decens or
#

the liks, a copolymer of ethylene and propylens, a

copolymer of ethylene and an olefin of 4 to 20 carbon

atoms {e.g., a—oiefins, such as l-butene, I-pentens, 1-

hexene, l~octens and l-decene; dienes, such as butadiens,

imoprene, 1,4-pentadiene, 1,5~hexadiens and 1,7~

octadiene; aromatic vinyl compounds, such as styrens;

‘ ‘

éyc;oclefin compounds, such as tefracyclododecense,

norpornene and methyl norbdrnene}, z copolvmer of

propylens and the above-mentioned olefin of 4 to 20

carbon atoms, and the afcresaia tapered polymer
0f these, particularly preferable are poliymers

heving & chlorine atom, a bromine atom, an iodine atom, a

hvdroryl group or an alkyvlzinc group at the terminals of

!

polvethylens, HDPE, LLDPE, polypropylene, polvbutens, an

PRt
g
2l

<
}_J
1]
jal
[
A‘\‘\

s
14

opvlene ceopolymer, an ethylene/butens

The clefin polymer having & functional group at the
terminal of the main chain can pe favorably used for
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modifier, coating matserials and adhesives. The use

EEE]

ication of the polymer will be described later.

[

app

4]

The process for prsparing the olefin polymer having
a functicnal group at the terminal of the main chain will
be described later,

The olefin polymer in ancother embodiment of the

invention is an olefin block copolymer comprising:

=

N

(1) a polymér mlock obtained from at least one
olefin selected from olefins of 2 to 20 carbon atdms, and

(il & polymer block that is obtazined from at least
ong colefin selected Irom olefins of 2 to 20U carbon atoms

and ls different from the pceivmer block (i).

The polymer blocks differsnt Irom zach other are
those different in at least one of primaryv structures of

polyvmers, such as monomer Ltype, comonomer. Type, COMOonomsr
composition, comonomer content, comonomer configuration

and sterecregularity.

The polyma

+

biocks (1) and (ii) mey be each =z

ne clefin selected from olsefins of 2 to 20

ie;
o
!__}
i
H
L
0

ca rbon atoms or may he a random copolymer of two or more

olefins sslected from olefins of 2 to 20 carbon atoms
The clefin blocgk copelymer may further have single

bt

or plural polymer blocks {i1ii) in addition to the polymer

block (i) and the pcolymer block {iiy. In this cass, the
block copolvmer takes a form of (i)~ (iiij-{iii} wherein
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S

an integer of 1 or more, preferakly 1 te 8, more

by

preferably 1 to 3, and the adjacent polymer blocks are

t

different f£rom sach other.

The polymer block (iil) may be a polymer of one
clefin selected from olefins of 2 to 20 carbon atoms or
may be a random copolymer of tyo or more clefins selected
from olefins of 2 teo 20 carpon atoms.

In ths olefin block copolymer, the polymer hlogk (1)
and the polymer block (1i) are each preferably a polymer
block selected Zrom the following pelymer blocks (a), (b)

and {c):

Qi
12

polymer block cobtained from erthvlene,
(b} & polymer blcock obtained from one g-olefin
zelected ffom g~olefing of 3 to 20 carbon atoms, and
(c) a polymer block obtained from two or more o~
olefins selzcted from ¢-olefins of 2 to 20 carbon atoms.
The polymer pblock (b)) is preferably z block of =
homopolymer of propylene, l-butens, lnheﬁane or 1-octene
The polyvmer block (¢} is preferably a block of an
ethviene/propylens conclvmer, an ethylena{l-butene.
A
copolymer, an sethylens/l-hexene copoly@e: or an
ethylene/l-octene copolymsr.
In the present invention, at lesast ons polvmer block
{g) obtained from sthylene is contained, and ths polvmer

block (a] desirably has a number-average molecular weight
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of not less than 110,000, preferably 110,000 to
10,000,000, more preferably 15C,000 to 5,000,000, and
Mw/Mn of neot mere than 1.5, preferably not more than 1.3.

The above-mentioned olefin polymer is, for example,

a polymer wherein an arbitrary number of polymer block

it

cbtained from.at least cone oleflin selected from clefins
of 2 te 20 carbon atcems are bonded, the number-average
molecular weight (Mn) of the whole polymers is net less

than 500, preferably 500 to 10,000,000, more preferably
1,000 to 3,000,000, adjacent polymer hlocks are different

from sach othsr, the number-averagse molecula

o
#,
1)
;.J

W
o
o
(¢
h

. not less than 100, preferably 100

{

each polymer bleock i

To &,882,900, more &

i

erably 500 to 4,999,500, and Mw/Mn

is)
5

of sach polymer block is not more than 2.5.

In the present invention, the nuwrber of polymer
nlocks i8 an integer of Z 0r more, uSua;;y Z2 te 10,
preferably 2 to 6, particularly preferably 2 to 4.

In case of a diblock polymer in which the number of
polymer blocks is 2, Mw/Mn is creferably less than 1.33,
more przferably less than 1.30.

In case of a triblock polyvmer in which the numbsr of

ess than 1.80,

[ )
=

y

polymer blocks is 3, Mw/Mn 1ls prelferab

more preferably less than 1.50.
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In case of a multiblock polymer in which the number
of polymer blocks is 4 or mors, Mw/Mn is prefera ably less
than Z.00, more preferably less than 1.80

I he above ¢lefin block copolvm . &zch polynmer

LLDEE, a copolvmer of sthviene and an olefin selaectad

from olefins of 3 to 20 cerbon atoms {including dienes
and cycleolefins), ata-polypropylene, iso-polypropylene,
syn-polypropylene, a copolvmer of propviene and a monomer
selacted from olefinz of 4 to 20 carbon atoms (including

dienes and cvcloolefins), and the aforesaid tapered
!x. -
polymer.
Particularly preferable is a diblock polymer or a

triblock polymer in which esach polymer block is selected

from polyvethylene, HDPE, LLDPE, an ethylens/propvlens

copolymer, an ethylena/butene copolymer, an

iy

ethylens/hexene copolymer, an ethylene/octene copolyme

ata-polypropylene, syn-polypropylens, a propvlens/butene

copolymer, a propylens/hexene copolvmer, and the

eforesaid tapered polymsr
LN

Examples of the block polymers are given below. In
the following examples, polyethylene~HDPE means an olefin

$3]
8]
'A___l
O
0
e
jil]
jon]
8%
{b
jao)
[}
i
=1

block copolymer wherein a polyethylen

ock are bonded, and 1f the polymer block iz a copolymer

o
=

TWCo Or more monomers, such as an ethyvlens/pr opylene

~
o T
oL
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copolymer,

random copolymer or a tapsred

polyethylens-HOPE,

polyethylene—ethyl

its monomsr

52

configuration

polyethyvlene-LLDPE,

ene/propyl

polysthylene-ethyvlene/butens copolvmer,

polyethylene-

ethylen

e/hexene copolymer,

polvethylene~athylene/octene copolymer,

polyethylene~ata-polypr

opylene,

polyethvlene-syn-polypropylens,

g

olyethylene-;
po vethyvlene-p
HOPE-LLDPE,

HDPE-ethvliens

HOPE-syn~polypropylens,

HDPE—-et

/hexene

**opguermr—\/mm_eno— CDDO.LWE'.*,

HDPE-ethylene/butens copolymer,

copoiymer

copolymer,

HDPE~propylene/hexene copolymer,

LLDPE~sthviens/propylene

cepolymer,

LLDPE~ethylense/butene copolvmer,

LLDPE-ethyiene/hexene copolvmer,
LS

LLDPE-ethylene/cctens copolymer,

LLDPE~syn-polypr

-opY

},.._J

t

ene, LLDPE-propylen

ene/hexene copolymex,

copolymer-ethylene/butens

may ba

HDPE-ata-po

HDPE~-propylena/but

=/utens

that of =z

l—

yoropylens

gne copolymer,

ropylene,

copolyvmer,

copolymer,

copolymer,



ethylene/propylene copolymer~ethylene/octene copolymer,

ethylene/propylens copolymer- ata~polypropylilens,

ethyl@né/pxopyleae capolym@r—syn—polypropylene,

sthylene/propylans copolymer~propyles

ne/butensg copclymer,

ethyliens/propylene copolymer-propyvlene/hexerne copolvmer,

10

15

20

athylene/butene

ethylene/butene
ethyvlene/butens

gthylene/hsxene

ethylens/hexene

ethylene/hexene
ethvliens/hexene
athylene/hexens
ethylens/octene
ethylene/octene
lene/octens

ethy

ethylene/octens
kY

ata-polypropylene-

wopolymer~ethylene/octe

a-polypropylene-propylene/butens con

copoliymer—ethylene/hexens o

(ﬁ
9]
Q
6]
O
[
1
H

COpGlymﬂf—qtﬁ—pO7yp”o

viens,

opolymer—syn-polypr

opyiene,
copolymer-propyliene /butens copolyvmer,
copolymer—pro@ylene/hexene
copolymer—ethylene/octens "opo7vmug
copolymer— polypropylens,
copolymer—syn~polypropylene,
copolymer— pylene/butene copolymer,
copolymer-propylene /hexens
copolymer-ata-polypropylens,
copoiymer—syn-polypropylens,
copolymer-propylene/butene copolymer,
copoclymer-propylens/heyene copolymer,
syn-polypropylens,
polvmer,
copolymer,
copolymer,

opolyme:s
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i

replylene/butens copolymer-propylene/hexene copolymer,

polyethylsne-EDPE~-polyethyvlene,
polyethylene-LLDPE~polyethylens,
polyethylens-stnylene/propyiene copolymer-polvethviene,

polyvethyiene-ethylens/buten

[}

copolymer-polvethylenes,
polyethylene-ethylene/hexane cepolymer-polyathylene,
p@iyethylene~eth§lene/octene opolymer~polyvethyliens,
polyethviene-ata~-polypropylena- -polvethylene,

polyethylene-syn-polypropyviene-pelysthylene,

.

olyethylene-propyvlene/butens copol
pl‘_ ¥ E FY

ADFE-ethylene/propylene copolymer-HDp
HDPE-sthylene/butens olymer-HDPE,

HDPE~gthylene/hexens copolymer-HDPE,
¥ J ¥m

HDPE-ethvliene/octene copolymer~HDPE,

e
)
53
53]
]
je3,

taz-polveroepylense-HBPE, HDPE-syn-polypropylene~-HDPE,

HDFE-propylene/butene copolymer-HDPE,
HDPE-propylene/hexene copolymer-HDPE,
[N b4

LLDPE-polyethylene-LLDPE, LLDPE-HDPE~LLDEE,

[

LDPE~ethylens/propylens cepclymer-LLDPE,
LLDPE-ethylene/butens copolymer~LLDPE,
LLDPE-ethylene/hexens copolymer-LLDPE

LLDPE-sthylen

(fi

/octene copolymer~LLDPE,
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LLDPE~ ~propylen

m

P

ethylene/propylen
ethylene/propyliens

ethylene/propyvl

o

ene
copolymar,

ethylene/propylene

ethylena/propylens
ethylens/propylene

athylens/propylense

ethylene/propylens
?thylene/p:opylenﬂ
ethyléne/pxo;ylene
ethylene/propylane

ethviene/propylene

ethylene/propylens

mth\lﬂﬂ@/Eubene copolymer-polyethylene-e

~propylene/outens

e/ hexens

copolymer-LLDPE,
copelvmer-LLDPE,
copolymer~polyethylene—

polymer,

copoliyvmer-HDPE~-ethylen e /for
copolymer-LLDPE~ethylens/p
copoiyme;wethylen@/mucene
copolvmer-ethylens/hexens

copolymar,

copolymer-ethylens/octene

[

copolymer,
pelymer-

copolymer,

opylene

ropyvlane

CODO’VHE*“

copolymer -

&ta-polypropylene~

copolymer-syn-polypropyviens-

copolymer-propviens/butens

copclymer-propylene/hexane

COpolymer,

copolymer-

copolymer-
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586

ethylens/butene copolymer-HDPE~-ethylens/butene copolymern
S I X J r i !
etnylene/butene copolymer-LLDPE~ethylene/butene copolymer,

gethyliene/buten

1
}
O
T
O
e
)
=]
5]
4

|

@
rt
ot
‘*C.

ene/propylene Topolymer-
ethylene/butens copolymer,

ethylens/butens copolymer-ethylene/hexens copolvmer-
ethylens/butene copelymer,

etnylene/butene copolymer-ethylene/octaene copolymer-

bt

ethylens/butene copolymer-ata-polyvpropylene—

ethylene/butene copclynerx,
-

)

ethviene/butens

()

opclymer—-syn~polypropylene-

ethylene/butene

ﬂ

ool v =,
ethylene/butene copolymer-propylene/butene copolymer-
ethyviene/butens copolymer,

ethylene/butene copclymer-prepylene/hexene copolymer-

athylans/butene copolymer,

6]
s
3
§~_
’“3
6]
e
o

2]
4
[¢l}
i}
[§1]
0
H

cpolymer-polyethyvlene~sthyvlens/hexens
copolymer,

ethylene/hexene copolymer-HDPE-ethviens/hexene copolymer,
~

ethylene/riexene copolymer-LLDPE-ethylene/hexens copolymer,

etnylens/hexene copolymer-ethylene/propylens copolymer-

sethyl

Py

n

ne/hexens copolymer,

ethylene/hexens copolymer-ethylene/butens copolymer~
ethylene/hexene copolynmer,
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ethylene/hexene
ethylene/hexene
ethylens/hexanse
ethylens/hexene
ethylens/hexane
ethylens/hexene
ethylene/hexene
ethvlene/hexene
ethylenes/hexene
sthylens/hexene
ethylene/octene

copolymer,.

ethvlene/cotens
ethyvlene/octens

ethylene/octene
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iene/octane
ethylene/hexens

lypropyle

Hed

78

copolymer-ethylens/propylene

ene,

gthylene/hexene copolvmer—-ethylena/propyiens

ethylens/haxens
propylene/buten
ethylena;

‘hexens

propylene/hexsns

ethylens/hexe

gthyl

Y

ethylens /hexsne ¢

nolypropylene,

e/hexens

ethylene/ hexens

propylene/butens

ethylene/hexens

propyle

ne copolymer-—

copoclymer—athylene/propylene
opolyme,

ocpolym ethyl /propylene
polymer,

ene/octene copolymer,

CODO

lymer—

copolymer -

copolymer-

copclymer=

copolymer-

copolyme -

copolymer—~sthylens /butene copolvmer-ata-
copolymer—ethylene/butene copolymer-syn-

copolymer—-ethyvlane/butene copel

copolymer,

copolymer—ethylenes/butane

e/hexens copolymer,
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ethvlene/hexene
polypropylene,
ethylene/hexens

polypropylens,

ethylens/hexena

copolymer-ethylens/octen

D
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i

propylene/outens copolymer,

e2thylene/hexenes

copolymer-ethylene/octene copolymer-syn—
copolymer—ethylene/octens copolymer-
copolymer—ethylens/octens copolymer-

propylens/hexens copolymer,

ethylene/heaxena
ethylene/octens

ethvlene/hexene

polypropylane,
ethylenz/hexene

copolymer-ata-poelypropylene-

copolymear,

copolymer-ata-polypropylene~

propyiene/butene copolymer,

ethyvlene/hexsne

o

ethyvlene/hexene
ethylene/octene.
ethylene/hexens

olypropy

[

-0

ane,

sthylene/hexene

s
H
O

e

1.~

ethylene/hexene

rlena/butene

copolymer~at

41
I
0
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]
e
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ropylene/hexene copolyvmer,

copolymer,

copolymer-syn-polypropyiens-ata-~

copolymer-syn-polypropylens—

copolymer,
coepolymer-syn-polypropylens-

copolymer-polypropylens/butens copolvmer-
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ata-polypropylene,
sthylene/hexene copelymer—-polypropylene/butens

syn-polypropyiens,

ethylene/hexens copolymer-polypropylene/butene
propylens/hexens .copolymer,

ethylene/hexene co?clymer—polypropylene/hexéne
athyiene/octene_
ethylene/herens

copolymer-polypropylans/hexens

P, 4

atg-polypropylene,

athylene/hexene copolymer-polvpropviene/hexens

syn-polypropylene,
ethylene/hexene copolymer-polypropylene/hexens
propylene/butene copolymer,

sthylens/octene

@

]

thylene/octens

Q

cpolymer,

AN
copolymer,
ethylens/cctene copolymer-HDOPE-ztz-polvyoropylens

ethylene/occisne
ethylene/octene

ethylenz/octens

copolymer-

copolymer-

copolymer-pelyvethylens-ata-polypropylene,

thylene/octens copolymer-polyethylens-syn-polvpropylens,

ethvlens/octens copolymer-polyethylene-propylens/haxenes

cepolvmern,

copolymer,
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sthylene/octens copolymer-LLDPE~ata-polypropylens,
ethylene/octens ccpoiymer—LLBPE¥syn—polypropylene,
ethylene/octene copolymer-LLDPE-propylens/butene
copolymer,

ethyliene/cctens copolymer-TLI

copolymer,

ethylens/octens copolvmer-ethylene/propylens copolymer—

ethylene/octene copolymer-sthylene /prapyvlene copolymer—

®
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vl copolymar-
propylens/hexene copolymer,
ethylens/octens copolymer-ethylene/butene copolymer-ataz-—

polypropylene,

ymer~ethylene/butene copolymer-syn-

bt

ethylene/octense copo
polypropylens,

ethylene/ectenz copol

—r
W

mer-~ethylene/butene copolymer -
propyiene/butene copclymer,

ethylene/octene copolymer-ethyliene/butens copolymer~

ethylensz/octene copolymer-sthylensa/hensne copolymer~ata-

olypropylenes,

i8]

ethylene/octene copolymer-ethylene/hexens copolymex-syn-
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pelyprepylens,

ethylene/octene copolymer-ethy
ropylene/butene copolymer,
gthylene/octens copelymer—ethylene/hexens

propylene/hexene copolymer,

ethylene/octene copolymer-ata-polypropyl

ne-syn-

polypropylens,
ethylens/occtene copolymer-ata-polypropylens-

propylens/butens copolymer,

ethylens/octene copolymer-zta-polypropyvlene-

repylene/hexene

polymer-syn-polypropylen

propyiens/butene copolymer,

{1}
{
o
[
{4
"
8
.

Joctene <op
propylene/hexene copelvmer,

ethyvlene/oct

o

ne copolymer-prepylene/butene

ethylene/octens copolymer-propylens/butene
A"

ethylene/octens copolymer-propylene/butens
propylens/hexene copolymer,

polymer~propylene /hexene

=

olymer-syn-polypropylene—

copolymer—-ata-

{2
&
e

copolymer—

4]
]

clvme

T

yiene/hexene copolymer-

[

—syn-
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ethyiene/octene copolymer-propyvlens/hexene

pelypropylene,

thylens/octene copolymer-propylene/hexene Y
ropylens/butene copolymer,

ata-polypropylene-po

ata-polypropvlens~po

zgta-polypropylene-HD
sta-polypropvlens-HD

ata-polypropylens-et

propylene/hexene cop

m

te-polypropylene-at

lyethviene~syn-polypropylene,
lyvethylene-propylena/butens cepelyvmer,
lvethylene-propylensg/hexene polymer,

Po-syn—-polyvpropylens,

efoctene
hylen=a/octene copolymer-
olymer,

byvlene/propvlene copcl

Vmer—-syn-
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ata-pclypropylens-ethylene/butene copolymer-
propylens/butene copolymer,

at

u

-polypropylens-ethylene/butene copolymer-

propylene/hexens copolymer. i

0

ta-polypropvlene-athylene/hexene CoOpolymer—-syn-

2
§

polypropylene,
ata-polypropylene~stnyvliene/hexene copolymer-

propylens/butene copolymer,

ata-polypropylene—ethylane/hexene copolymer-

S

ropylene/hexene copolymsr,

a-polypropyvlene-ethylene/occtene copolymer-syn-

{1
-t

-
o

olvpropylens

| =

atz-po

T

ypropylene-ethylene/octens copolymer-—

].—.—l

ro ene/butens copclymar,

e

7y

3
B

{1z

ta-polypropylene~ethylene/octene copolymer-

propyliene/hexens copolymar,

ata-polypropylene-syn-polypropylene-propyleng/hexene

ata-polypropyvleng-propylene/butense COpolymer-syn-

polypropy

3t

2NE,

ata-polypropvlene~-propyleneg/butens copolymer-

propylena/hexens Copolymer,
ata-polypropyliene—propylene/hexene copolymer-syn-
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propylens,

e

- N

ata~polypropylene~-propylens/hexenes

L.

propylene/butens copelymer,

copolyvmer-

syn-polypropylene-polyethylene-propylene/butehe

syn-pclypropylene-polyethylene~-propylsne/hexens

syn-polvpropylene-HDPE-propyieng/hexens copolvme

syn~polypropylene-LILDPE~propylene/butans

copolvm

copolym

capolymer,

r,

syn-polypropyiens-LLOPE-propylens/hexene copolyvmer,

W
v

n-polvpropylene~ethylene/proms

propylens/butene copolymsr,
€

Flene copolymer-

syn-polyvpropylene-ethylene/propylene copolymer—

propylens/hexens copolymer,
synwpolypropylane-ethylene/butene
propyiens/butens copolymer,
syn~polvpropylene-ethylene/hutene

propyleng/hexene copolymer,

propylene/hexene copolymer,

propyiene/hexene copolym

=]
o
g

copolymer-

copelymear-

copolymer~

copelymer-—

er,

er

=
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copolymer,

syn-polypropylene-ata-polypropylens-propylen

copolymer,
syn-polyvpropylens-propyleng/butens
propylene/hexene copolymer,
syn~polypropylens-propylene/hexene
prcpylene/buteﬁe copolymer,

propylena/butene

copolymer,

copolymer,
nropylene/butens copolymer—
propyvlans/hexens copolymer,

ropvlene/butens

s

n I8

opyliene/herans

el
K

propylene/butene

ropylena/hexene copolymer,

ﬂ}

e/hutans

s
H
3

opylen copolyms

opyiene/hexene

s
ﬁ

propyiense/butene
propylene/hexens

propylene/butene

copolymer—sthylene/hexsns

-ethylene/octene

lypropylene-propylens/butens

s/heyene

lene-propylene/hexens

sthylene/propylens copolymer-—

copolyvmer—

copolymer-
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propylere/hexens Copoiymer.

0f these block copolymers, particulazrly preferabls

P

olvethyvlene-polypropylene,

o

polyathylens—-ethylene/propylene copolvmer,

7

ol
o]
Fus

yvethylene—ethylene/butene copolymer-LLDPE,
polypropviens—ethyvlene/propylens copolymer, and
polyethylene-LLDPE~HDPE, polyvethylene-LLDPE.

bonded to other structural parts within Iimits not
detrimental to the cobjects of the invention, with the

proviso that it has the above

4]

Fh

tructure. The polvmer o

the invention may be z graft modifled polymern.

The olefin copolymer can be favorably used for
various molding materials for films, sheets and blow

molded products, various additives such as
compatibilizing agent and modifier, coating matsrials and
C C

gdnesives. The use applicaticn will be described later.

a functional group at the terminal of the main chain.



10

15

20

88

Examples of the functicnal groups include the same groups

28 previously described.

The olefin block copolymer havin

)
[31]
h
ot
3
i
¢t
t
8]
ol
Y
'.4 "

W3
H
o]
i

e}

application will. be described later.

The process‘for preparing the olefin block copolymer
having & functional group at the terminal of the pain
chain will be described later.

. Next, the process for preparing an clefin pCclymer
according to the inventlon is described.

The process for preparing an olefin polyvmer

according to the invention uses an olefin po

|....i
o
H
l_:.
I
i)
t
o
Q
3

catalyst comprising the bhelow-dascribed transition metal

h

compound (&), preferably an olefin polymeri

ot
L
0
)

s

catalyst comprising:
(A} the below-described transition metal compound,
and
(B} at least one compound seslected from:
(B-1} an crganometallic compound,

(B-2Z} an organcaluminum oxy-compound, and

(B-2) 2 compound which

o
H
]
01
1
ot
o
=
[
ot
o7
ot
jug
0

e

ransition metal compound (A) to form an ion pair.
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focld . i ¢ = = 4 [
FlLYsT, the components foxn Icrming the ©

1n

[t}

a

fmt

polymerization catalyst used in the inventior are

describead.

(A} Transition metal compound

The transition metal compound (A} for use in the
invention i1s & compound which is represented bv *he
2] i

ol

Hh

Lt

owing formula {I) and has properties that, in =a £

agestic structure of & cationic cowmplex wherein ¥ in the

the distance (r value) between the hetercatom (2}

Y

;o whniich

has no direct bond to the central metal M and is= nea

H

egt

to the central metal M, and hvdrogen at the B-pos is

;._l.
ct
L
8]
o

The "density functional msthod” means calculation
using a program ADF2000.01 (developad by SCM Co.

{(Netherlands}), obtained by making a license contract with

3CM Ce. and then downloading the program frow the home
page {html://www.scm.com) of SCM Co.) and using BLYP

method. As the basis function, a Sl

function is used. As for the structurs, z function of
Triple zsta type is used for the central metzl, and a

is used for other atoms,

nowever, in the electrostatic energy svaluation, =
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unction of Double Zeta typs added with a polarization

L

4

kS

function is used for other atoms. The basis function is
used also for the single-point calculation of +he opt imum

structure oblained by structural calcoulation.  In

calculations other than the structursl calculation

between hydrogen at the B-peosition and the nearest

hetercatom. More specifically, the eslectrostatic energy

1

i i

. an interatomic electrostatic interacticn based on ths

t

*

electron referred te harein is each slectron population
of s, p, cd-orbitals of the two atoms obtzined by the

= T ot { e 1 ; Tyt e 3 ety )
complex calculation (single-point calculation in the -

H

agostic optimum structure obtained afier the structural

ImMEp (1)

In the formula (I}, M is a transition metazi atom

selected from Sroup 3 to Group 11 oF the periodic table,
W

m 15 an integer of I to 8.
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L is s ligand coordinsied to the centra

;

5

metal M oand

t
foa

.

s an organic or inorganic ligand having at leas:t on

O
[0

¥

hetervatom (4} which has no direct bend o the rentral

}ou

0
<
}
'_1
[0
8]
(]
ju]
i
2]
1.
E"" .
i
o]
-
i
a
;3;
m
oot
D
ot

on, acetylacetonato skesleton,
phencoxy skeleton, amido skeleton, imido skeleton and

ligand skeleton which forms the later-described

R+ is 2 bydrocarbon group and any one of BY and RY has

the later-described hetercatom or hetercatom-containing
group, namely, ligand skeleton whersin at least ons of RI
%3 and RY has the later-described hetercatom or
hetercatom=containing group.

The ligand skelston represented by the formula (I1I-

R+ is a hydrocarbon group and any one of R®, R7, 8% ang
N

o P
R has the later-describesd hetercatom or hetersatom-

least ons of Rl, RG, B, R

described hetercatom or hetercatom-containing group.
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The ligand skelston represented by the formula 1)
includes ligand skeleton of the formulz (II1} wherein R0

is 2 hydrocarbon group and any one of rIY, rlZ pls g4
and Ri3 has the iéter—described hetercatom or hetercatom-
containing group, namei', ligand skeleton wherein at
lzast one of RYY, R1Z, ®13, rl4 angd El® has the later-
described netercatom cor hetercatom-containing group.

The hetercatom is a nonmetal atom other than =
carbon atom and a hydrogen atom, and examples thereof

include atoms of nalogen, nitrogen, oxygen, phosphorus,

rgen atom, & hydrogen atom, & halogen atom,

:\/
[
in
i
o
0
>
L)

a hvdrocarbon group, an CXygen—contalning group, &

sulfur-containing group, & nitrogen-containing group, &
boron~-containing group, an aluminum-containing ¢group, a
phosphorus-containing group, & halogen—contalning group,

2 heterocyclic compound residue, a silicon-containing

e b4

group, & germanium-containing group or & tin-containing

0
P
o}
s
(4]
o
bt
-
H
o
ot
i8]

roups indicated by ¥ mav be bonded to

When n

]._J
53]
[
Q
H
e
4
m
v
Tt
b
]
o]
s
o
[
{
o
el
b
0
[
8]
n
m
et
0]

indic d by X
may be the same or different.

Examples of the halogen atoms include flucrine,

chlorine, bromine and lodine.
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groups, such as methyl, ethvl, propyl, butyl, hexyl,
cctyl, nenyl, dodecyl and eicosyl; cycloalkyl groups of
to 30 carbon atoms, such as cyslopentyl, cyclohexyl,
5 norbornyl and adamantly; alkenyl groups, such as vinyl,
propenyl and cyclohexenyl: aryvlialivi groups, such as
benzyl, phenyl LD}4 and ph r;l?ropyl; and aryl groups,
zuch as phenyl,‘tolyl, dimethylphenyl, trimethyiphenvl,
etnylphenyl, propylphenyl, biphenyl, naphthyl

10 methyilnapnthyl, anthryl and pt lenanthryl. In fthe

aydrocarbon groups halogenated hydrocarbons, such as
groups wherein at least one hydrogen ls replaced with a

halogen in hydrocarbon groups of 1

(a3

o 20 carbon atoms,
are also includead.

]

15 The oxyvgen-containing group is
poe = r

il

containing 1 o & oxvgen atoms, but the later—dsscribed

hetercoyclic compound residue iz not included in this

for sxanmpls, & grow

]

group. & greoup containing @ nitrogen atom, a sulfur atom,

a phosphorus atom, a halogsn atom or a silicon atom, said

20  atom being directly bonded to the oxvgen atom, is not
kS

inciuded either. Examples of the oxygen-~containing

groups inclilude hydroxyl group; alkoxy groups, such as
metheoxy, ethoxy, propoxy and butoxy! aryioxy groups, su

as phenoxy, methylphenoxy, dimethylphenoxy and naphthoxy;

25  arylalkoxy groups, such

o
@0
T

nenylmethoxy and
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phenylethoxy; acetoxy group; and carbonyl group. When
the oxygen-conteining group contalins carbon atom, the

number of carbon atoms is in the range of usually 1 o

¢
£

L
L)

—
£
n
s
},..)
[
=
[}
i
[§
o]
]
¢t
1]
}—!
s
e
s}
1]
e}
]
Q
[
e
'_‘J..
4]

;, for example, & group
containing 1 te 3 sulfur atoms, but the later~described
heterocyclic compound residue is not included in this
group. Examples §f~the sulfar-containing groups include
sulionato groups, such as methvisulfonato,
trifiurometnanesulfonato, phenylsulfonato,
b@nzylsuifonaco, p-tolusnesulfionato
trimethylbenzenesulfqnatoﬁ triiscbutylbenzenesulfonato,
p-chlerchenzenesulfonato and pentafluorchenzenesulfonato:
sulfinato groups, such as m@thylﬁﬁlfinaic,

phenylsulfinate, besnzylsulfina

ni

-toluenesuliinato,

Gr

o)

trimethyibenzenesulfinatc and pentaflurcobenzenesulfinate;

alkylthic groups; and arylthic groups. When the sulfur-

contalning group contains carbon atom, the number of

The nitrogen-containing group is a group containing
1ote §onitrogen atoms, but The later-described

terocvelle compound residue ls not included in t¢hils
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metnylamine, dimethylamino, diethylaminc, dipropylaminc

and dibutylaminc, dicyclohexylamine; and arviamino or

alkylaryiamino groups, such as phenylamino, diphenvlamino,
diteolylamino, dinaphthylaminc znd methylphenviamine.

The boron-containing group is, Tor example, a group

g

containing 1 to beron atoms, but the later-dess

®
0.
[l
o
(w3
E
»

heterocyciic compound residue 1s not includ
group. An example ¢of the boropn-containing group is BRg
{R is hydrogen, an alkyl group, an aryl group which may

have a subs

n
ot
j¥]
t
=
1
&)
ot
1

& halogen atom or th

.+ The aluminum-containing group is

]
8]
[in]
D
v
o}
=)
I-C‘
!_t
m
.
i

group containing 1 te 5 aluminum atoms. An example of

the wwumlnum—-“ontni-ing group 1% AlLR: (R 1s hydrogen, an

alkyl group, an aryvl group which mav have a substis

he phosphorus-containing group is, for example,

i

described heterccyclic compound rasidus iz noit included
in this group Lzamples of the phosphorus-~containing

trimethylphosphine, tributylphcsphing and

tricyclohexylphosphineg; triarviphcsphine P such as
tripheyliphesphine and tritolylphosphine; phosphite groups

{phosphidoe groups), such as methylphosphite
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ethylphesphite and phenylphosphite; phosphonic acid

¥e;

rourn: and phosphinic acid group.
pxamples of the halogen-contalning groups include
flucrine~containing groups, such as PFg and BEyg;

chlorine~containing groups, such as Cl0s4 and Sbllg: and

o

Examples cof. the hetarocyclic compound residues

include residues of nitrogen-containing groups suc

=

pyrrole; pyridine, pyrimidine, guinoline and trizzine;

esidues of

H

oXygen—containing groups such as furan and

’U

pyran; residues of sulfur-containing groups such &s
thiiophene; and groups wheresin these heterccyclic compound
regidues are further substituted with substituents such
as alkyli groups of 1 to 30 carbon atoms, preferably 1 to
20 carbon atoms, or alkoexy grouns

The silicon-containing group is, for example, =&

group containing 1 to 5 silicon atoms. Exanples of the

trimethylsilyl, triethvisilvl, tripropvisilyvl,
A

o
¥
;_.1
9]

g
0
—
O
o)
8]
oo
<
e
[6)]
o
‘.._-I
<]
",
ot

3
|..l

e
¥
®
jan]

<
}_z

Isilyl, methyidivhenylisiivl,

ether; silicon~substituted alkyl groups, such as

tramethylsilylmethyl;: and silicon-substituted arvl groups,



such as trimethylsilylphenyl. Whnen the silicon-
conteining group contalins carbon atom, “he number of

i
carbon atoms is in the range of usually 1 to 30,

5 Examples ¢f the germanium-containing groups include

ilicon is replaced with germanium in the

above-mentioned silicon-containing groups.

{1

xamples of the tin-containing groups include groups
wherein silicon is replaced with tin in the above-
40  mentioned silicon-containing croups.

Az the transition metzl compound (&7 for use in the

invention, & compound represented by the following

Hh
]
Y
=
=
b
Jll
‘—'{
i‘-{

or {(II-Ix) is aveailable.

-
15 =L
: Y
Q.
e T '
\\ i
T
TR
R /e e (TI-a)
. . . .- . i . .. .
20 wherein N---M! generally means fThat theyv are coordinated
i
te each other, but in the present invention they are not

Lransition metal atom

5

25
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specifically titanium, zirconium, hafnium, vanadium,
niobium, tantalum or the like, more preferably a
transition metal atom of Group 4, specifically titanium,
circonium or hafnium, still more preferably t

Q is = nitrogsn atom or & &arbon atom‘having &
substituent RZ (-C(RZ)=).

a sulfur atom, a selenium atem

T
}J’
o
m
)
8]
»
b
e}
0
o
w
o
Q
]

or & nitrogen atom having a substituent RO (=W (RS -,

R: is 2 hydrocarbon group having at least one
heteroatom or a hy&rocarbon group having at lesast one
hetercatom-containing group. Examples of the heteroatoms
includé atoms of halcogern, niﬁrogen;'oxyg@n, phosphorus,
suifur and selenium. The hetercatom-containing group is

& group conteining a nonmetal atom other than a carbon

]

ator and 2 hydrogen atom, and examples thereof include an

oxygen-containing group, & nitrogen-containing group, =

sulfur-containing group, & phosphorus-containing group, =
halogen atom-containing group and a heterocyclic compound

residus. Examples of the oxygen-containing groups, the

nitrogen-containing groups, the sulfur-contazining groups
1 ! ¢ £ Y T

[
g
e
o
=
8]
[¥4]
e
jua
8]

rus—containing groups and the hetarocyclic

[

compound residues include the same groups as previously

described with respect to X in the formula (I). Examples
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hydrocarbon groups of 1 to 30 carbon atoms, prefsrably 1

-

to 20 carbon atoms, such as alkyl groups {(e.g., methyl,

ethyl, propyl, butvi, hexvl, cctyl, nonyl, dodecyl and

o

18

eicaosyl), cycloalkyl groups of 3 fto 30 carbor atoms
cysiopentyl, cyclchexvi, norbornyl and adamantly),
alkenyl groups {e.g., vinyl, propenyl and cyclchexenyl),

aryial¥yl groups. (e.g., benzyl, phenylethvi and

=

phenvipropyl) an& arvl groups (e.g.., phenyl, tolyl,
dimethyliphenyl, trimethylphenyl, ethviphenyl,
propylyphenyl, kiphenylyl,. naphthyl, methylnaphthyl,
anthryl and phenanthryl). Specific examples of such
groups include triflucromethyvl, perfliucrcesthyl,

pentafluorophenyl, perilucrohexyl, trichloromethyli.

perflucropropyl, perfluocrobutyl, rfluorcpentyl,
,

perfluorchexyl, perflucroheptyl, perfliuorcoctvi,

o
b
=
Hhy
F
o
O
#‘ﬂ
Q
{
;‘\
‘<‘
{ﬁ ot
—t
a
o)
s
[
o
o
L}
O
T
H
&}
9]
et
ot
.
32

Yyl B, lE~
perfluorobutyl, 1H,I1H-perflucropentvl, 1H,1H-

perfliucrchexyl, 1H,lH-perfliucroheptyl, 1H, 1H-

?‘h

parfluorcoctvi, 1H, lH-perflucrodecyl, perfluorocyclohexyl,
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riflucromethyleyclohexyl, bis{trifluoromethyl)cyclohexyl,

triflucromethylfluorccyclohexyl, monoflucrophenyl,

diflucrophenyl, triflucrophenyl, tetraf auoroohenWL

e

entafluorophenyl, (trifluoromethyl)pentafluorophenyl,

{triflucromethyl) fluorophenyl, trifluoromethyiphenvl,

o

rifluorcmethyl) phenvl, tris{triflucromethyl)phenyl,

tetrakis{trifluoromethyl) phenvl,

pentakis(triflucromethyl) phenyl, perfluoroethylphenyl,

e

bis{perfluoroethyl)phenyl, perflucrcpropy yiphenv

b

f

r
perfluorobutyliphenyl, perflucropentylphenyl,
pggflucrohexylphenyl, bis (perflucorchexyl)phenyl;
perziuvcronaphthyl, perfluoroph Ltn“yl, perilucrvanthryl,
{(trifluorcmethyl)tetrafluoropheny) or the like.

RZ to RO may be the same or different and are =ach =
hydrogen at am, & halogen aﬁom4 & hydrocarbon group, &
hydrocarbon-substituted silyl groun, an oxygen—containing

group, & nitrogen-containing group, a sulfur~containing

group, a boron-containing group, an aluminum-containing

 group, a phosphorus-contalning group, & halogen-

gontaining Ggroup, a'hetérocyclic compound residue, 3
silicon-containing group, a germanium-containing group or
g2 tin-containing group. Two or more of RE to RO g may be
bonded to form a ring.

Examples of the boron-containing groups, the

aluminum-containing groups, the phosphorus—conta ining
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groups, the haloger-containing groups, the heterccyvelic

compound residues, the silicon-containing groups, the
ng gr 2, the
ermanium-containing groups and the tin-containing groups

[
v

R P S o
inGlcated by R4 to R include the same groups as

L]
w4
e
bt
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n
o
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iy
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@
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described with réspect to E! 4in the formuls (fI-a)

Examples of the hydrocarbon groups indic

4]

to R inciude those of 1 to 30 carbon atoms.
Specifically, there can be mentioned straight-chain or
prancned alkyl groups of L to 30 carbon atoms, preferably

i to 20 carbon atoms, such as methvl, ethyl -propyvi
B N e e S

avoms, such 2z vinvl, allyl end isopropenyl: stralght-

chain or bran

{3
oy
i
Q.
33
ot
75
=
o
o
[t
e
I
&)
£
n
8]
i
3]
it
8]
[F))
o
]
i
il
o
«
1
3]
ot
Q
=
in

P | - . PRI S A . : i
YCLOPropyL, cyciobutyl, cyclopentyl, cvolohexyl and
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T3

erably ¢ to 20 carbon atoms, such as phenyl, banzyl

naphthyl, biphenylyl, terphenylvyl, phenanthryl and

anthryl; and alkyl-substituted aryl groups, such as tolyi
p = W v
iso-propylphenyl, t-butylphenyl, dimethylphenyl and di-t-

butylivhenyl.
The above-menticned hydrocarbon groups may be

substituted with oth

[

r nvdrocarbon groups, and sxamples
of such groups include alkyl grou

groups such as benzvl and cumyl.

dimethylsilyl, trimethylsilyl,

m

ai
=}
1
tn

I_'.
s
]
!_. '
b
4

¥
s
el

?...J
n

'..J

! —
o

aP s

lsilyl, diphenylmethylsilvl, triphenyiszilyl,

rt
H
i od
&
oF
o
et
E‘w-‘
=

dimethyl{pentalluorophenvl)silyl. Of these, preferabls

are methylsilyl, dimethylsilyl, trimethylsilyl

=

dimethylphenylsilyl and triphenvlsilyl. Particularlv

]

preferable are trimethylsilyl, triethylsilyl,

triphenylsilyl and dimethylphenylsilyl.

[13]

Examples of the oxygen~contalining groups indicated

. D A TR :
by RE< to BY include the same groups as previously
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bxamples of the nitrogern-containing groups indicated

by R4 to R- include the same Jroups as previously
described with raespect to X in the formula (1)
Examples of the sulfur-cont aining groups. indicated

by R< to RS include the Same groups as previocusly

R“ to BY are each preferably a hydrogen atom, a
nalogen atom, a hyvdrocarbon group, a hydrcoccarbon-

substituted silv) FIoup, an oxygen-containing group, =&

nitrogen-contalinin

=

L&

M

group, .a sulfur-oont

m

ini g group or

halogen-containing gzZoup, more preferably i hydrogen ztom,

¢
i

halogen atom, & hydrocarbon group, & nydroczrhop-
substituted silyl group or a haloge n=-contalining group.

Examples of the halogen atoms and the halogsn-

nois & number satisfyving a2 valenc

specifically an integer of 2 to ¢, preferablv 2.

X ls an oxygsn atom, a hydrogen atom, a halogen atom

a hydrocarbon group, an erygen~containing group, &

sulfur-containing group, a nitre gen-containing group, a
boron-containing group, an aluminum—containing group, &
phosphorus-containing group, a halogen-containing group,

i
e
o}

sterocyclic compound residue, a silicon-containineg

=
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group, &

group. Examples of such

other, but in the present invention thev are nor
aiwéys coordinated.
I the formula (II-b), ML is 2 transition metal atom
selected from Group 3 to Group 11 of the periodic tabls,
preferably a transition metal atom of Group ¢ to Gr 5

-7

specifically titanium, zirconium,

foot
[ ¥

atoms and

grour

respect to X In the formula I}
Wnen n is 2 or greater, plural
-may be the same or different, and plural
hy ¥ may be bondgd te ferm a ring.

5

hafnium,

b

the

ncluds

vanadium,

germanium-contzining group or a tin-containing

o

LN
niobium, tantalum or the like, more preferably a
transition metzl atom of Group 4, specifically titanium,

m is an Iinteger of 1 to 3,
praferably 2.

titanium.

Z to 4, more
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VB
-
"
o
z

itrogen atom or z phosphorus atom.
U 1is & carbon atom having & substituent RO (~C R =)

a nitrogen atom or a phosphorus atom.

-t

i
w
ol

3

& carpon atom having a substituent R (*C(d7)=;

w

nitrogen atom or a phcsphoru

5]

atom.

N

is & carbon atom having a substitusnt RE [~C(RB) =)

a nitrogen atom or a phosphorus atom.

(=i}

' IS ; . « . . - 1 . o
15 & carbon atom having a substituent BY (O (RF) =

j8h)

nitreogen atom or a phosphorus atom.

L
heteroatom—containing groups, and has the same meariing as

Phe]

Ré to P may e the same or differsnt and are

P
R
1
s
i

hydrogen atom, 2 halogeén atom, 2 nydrocarbon group, a

hydrocarbon-substituted silyl group, an oxygen—centaining

il

group, & nitrogen-containing group, & sulfur— crntaining

L
I
£
9

group, & boron-containing group, an aluminum-containing
group, a phosphorus-containing group, & halogen-

containing group, a heterocyclic compound residue, a

0",
e

licon-containing group, a germanium-contalining group or
a tin-containing group. Examples of the hydrocarbon

groups and the hydrocarbon-substituted silyl groups

include the same groups as previously described with

(Lo
H

o aot T p? + 55 iy o+ - ‘l {IT-a1 Dlmp H - =
respelct TO ® SR i Lhne tormula {13 g} . nXampies of
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groups, the sulfur-containing groups, the nitrogen-—

containing group, the boron-containing groups, the

groups, the halogen-containing groups, the heterccy

compound residues, the silicon-containing groups, the

germanium-containing groups and the tir-zontaining groups

include the same groups as peeviously described wit
h

halogen atom, a hydrocarbon group, & hydrocarbon-
substituted silvl group, an ocxvgen-containing group
nitrogen-containing group, a sulfur-ceontaining grou

\ -

w@iogen-contalning group, more pr

& halogen atom, 2 hydrocarbon group, & hydrocarbon-—

n

&

™
=

M
h
Y
in]
®
Uy
e
L
1]
-
g
£k
iy
Q
L8]
0}
i}

B
oY &
atom,

substituted silyl group or a halogen—-containing group.

oo G PO Py -
Two or more o0f R® to RY may be bonded to form a

N N 3 -~ e )
and when m is 2 or greater, Rls, R%s;, R7s, R8s and

may be the same or differsnt, and one groun of R® ¢

X

contained in one

[
v}
(o3
-
[}
)
O

igand and one group of
S

contained in ot

o1
¥
bt

igands may be bonded,

te]
453
<3
a1
o
m
ot
[
W
&
h
Z
}‘;i

nois a number satisfying

a hydrccarbon greoup, an oxygen~containing group

sulfur-containing group, a nitrogen-containing grou

X 1s an oxygen atom, a hydrogen atom, a halogen

ring,
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boron-containing group, an sluminum-containing group, a
phesphorus—containing group, a-halogen—containing group,

a heterocyclic compound residue, =a silicon~containing

group, a germanium-containing group or a tin-containing

44

gfoup. Examples of such atoms and groups include th
same atoms and groups as previously described with
xespéct To X in the formula (I).

When n is 2 'or greater, plural groups indicated by X

may be the same or different, and plural groups indicated

by ¥ may be bonded to form a ring.

<

t
representad by the formulas (I}, the transition metal

hetercatom, which has ne direct bond to the centr

M and 1s nearest ©o the central metal

electrostatic energy is not more than 10 kJI/mol.

formuls (II-z3) or (II~b}, a2 transition metal compound
b . - . - - N
represented by the following formula (II-2') or {(Ii-b',

and naving the following structurs as 2l is preferable as

the transition metal compound (B) for use in the
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wherein N-—--¥Mt generally means that they are coordinated
to each other, but in the present invention they ars not
alwavs coordinated.

n o the formula (II-a'], MY is & transition meta

ad

by

i

atom selected from Group 3 to Group 11 of the period
table, preferably a transition metal atom of Group ¢4 to
Group 5, specifically titanium, zircooium, hafnium
vanadiumq'niobium, tantaLum,“: the like, mcore preferably

a Transition metal atom of Group 4, specifically titanium,

o
}_J
B
0
[¢]
i
;,,i
o

ium or hafnium, still more preferably titanium.

4]
o
o2
n
+
|«..:.
ot
[
63}
]
ot
23]
B
i
1]
=
S
il

A 1s an oxygsn atom, a sulfur atom, a2 selenium atom

¢r & nitrogern atom having & substituenr RS (=CH{RIy =),

.
1

R~ is a phenyl group having at least on

5
M

substTituent

¢

selected from a hets

Il

catom and a heteroa

T

om-

O}

ontalining

greups, an aromatic nydrocarbon group other than s phenyl

[§]

group, an aliphatic hydrocarbon group or an alicyclic
hydrocarbon group. When R+ is a phenvl group and the

esition of the carbon atom bonded o a nitrocen z-om is
g

rt

he l-position, the phenyl group desirably has, at at

je

i3

east one position of the Z-pesition and the é-position,
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at lesast one substituent selected from a hetercatom ang

)]

hetercatom-containing group, or has, at the d~position,

the 4-position and the S-position, at leas

F

one

n

ubstituent selected from a hetercatom other than a
fluorine atom, = fluorine-centaining group centaining one
carbon atom and not more than Swe fluorine atoms, =
flucrine-containing group conraining twé oY more carbon

ztoms and a hetercatom-containing group having a

netercatom other than a flucrine atom. Wnen RY is an

aromatic hydrocarbon group other than a phenyl group, an

aliphatic hydrocarbon group or an alicyclic hydrocarbon
L

group, this group has one or morse substituentes szlected

from hstercatoms and hetercatom-containing group

be

155

h

&

=2

ot

Exémples of hetercatoms and the heteroatom-

containing groups indicated by RY include the same atoms

b

and groups as previcusly described with respect to R+ in

the formula (II-a).
formula (II-a'}, when the position of the carbon atom

ponded to @ nitrogen stom is the l-position, RL is

preferably & fluorine-containing hydrocarbon group oI 1

fluorine astom and 2 fiucrins atom—containing group, &
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pnenyl group having, at the 3-position, the 4-position
and the SMposition, at least ons substituent selected
from a f?uoglnm ceontalining group having one carben atom
and not more than two fluorine atoms and & fluorine-

contalning group containing two or more carbon atoms, an

aromatic hydrocarbon group other thar a phenvl group

atom and & fluorine-containing group, an aliphatic
hydrocarbon group having at least one substituent
selected from a fluorine atom and a fluorin containing

group, and an alicyclic hydrocarbon group having at least

, ot

one substituent selected from a fluorine atem and a
fluorine~containing group. Such a transition metal

compound is preferable from the viewpoints of activity

and molecular weight of the ressuliing polymer.

o1

Specifically, B+ is 111uoromatbw_, perflucroethyl

-1

perfluvoropropyl, perflucrobutyl, perflucropentyl,

perfliuorchexyl, periluoroheptyl, perfluorcoctyl,
periluorcdecyl, IH,lH-perflucropropyl, 1H,1k-

perfluorcbutyl, 1H,lH-perflucropentyl, 1H,1H-
perflucronexyl, 1H,lH-perfluoroheptyl, IH,lH-

perfluorcoctyl, I1H,lH-perfluorodecyl, perfluorgcyclohexyl,

!"

trifluoromethylcycliohexyl, bis(triflucromethyl): yc lohexvl,

ot
[

rifluvorcmethylflucrocyvelohexvl, monoflucropnenyl
o o '

difluorophenyl, trifluorophenyl, tetraflucorophenyl,
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pentafluorephenyl, (tr iflueromathyl) lpentaflivcorophenyi,
(triflucromethyl) fluorophenyl, trifluoromethylphenyl,
bititrifluoromethyl)phenyl, tris{trifluoromethyl}phenyl,

tetraki (trifiuoromeunyl)whenf ‘

pe”takis{trifluoramethyl)phenyl, perriucrosthylphenyl,
bis(perfluoroethvl)phenyl, perflumrop:opylphenyl,
uﬁﬁluoromury?mnenVL, perilucropentylphenyl,

perfluorohexylphenvl, is(perfluorohexyl)phenvl,

perfiuorenaphthyl, perflucrophenanthryl, perfluocrcantnryl,

{triflusrom&thyi}tetrafluorophenyl or the like.

'-—Jv
9}

rRL is preferably a Fluorine—conta ning aliphati
-

~

hydrocarbon group of 3 to 30 carbon atoms, and examplas

thereof l de 1H, lH-perfluoropropyl, 1E,iH-
periluorcbutyl, 1E, lH-perflucropentyl, 1H,1H-

periluorchexyl, iR, lH-perfluoroheptyl, 1H, 1H-

4

perflucrooctyl and 1H, 1H- —perflucrodecyl. Alsc prefarable
are aromatic hydrocarbon gréups of 6 to 30 carbon =toms
substituted with fluvorine and/or flucrine- containing
hydrocarbon, such as monofluorophenyl, diflucrophenyl
trifliuerophenyl, tetraflucrophenvl, pentafluorophenyl
L

(:rifluoromethyl}§antafluoromhemyl,

(triflvoromethyl) flucrophenyl, trifluoremethylphenyl,

r
}-
0

triflucromethyl)phenyl, tris{trifivoromethyl)phenyl,

tetrakis(triflucromethyl) phenyl,

pentakis(trifluoromethyl) phenvl, perfluor ocethyiphenvl,
Y4r 3 ¥ 3
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perflucrohezyiphenyl, bis{perfluorohexyl}phenyl,

perfluoronaphnthyl, perfluorophenanthryl, perflucroanthryl

)
s
0
+
al
(R
I+

luoxomethyl}tetrafluorophenyi.

Jt

Of the above examples, particular ¥

ks

referable as R

are monoflucrcphenyl, difluorophenyl, trif

4
ot

usorophenyl,
tetrafluoreophenyl, pentaflucrophenyl,
(trifluorometbyl}penﬁafluorwphenyl and 1H, 1H-
perilucrococtyl.

. r , Lt L o 4
RZ to RO may be tne same or different and ars sach =
e

hydrogen atom, a halogen atom, & hydrocarbon group, &

hydreocarbon-substituted silyl group, an oxygen-containing
group, & nitrogen-containing group, a sulfur-containing
o4

roup, @& boron-contzining group, an aluminum—comtaining
group, a phosphorus-containing group, & halogen-
containing group, a heterocyclic compound residue, a
siiicen-containing group, & germanium-containing group or
& tin-containing group. Two or more of B2 to RS may be
bonded to form a ring.

W

Examples of thse voron-containing Jgroups, the

aluminum-containing groups, the phosphorus-containing

groups, the halogen-containing groups, the heterocvalic

-

compound rasidues, the s Licon-contalining groups, the

germanium-containing groups and the tin-containing groups
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&k}

by < to rY include the same droups as previously
in the formula fl' ~&) .
Examples of the hydrocarbon groups indicated by RZ
To RY include those of I to 30 carbon atoms.
Specifically, there can be mentioned straight~chain or
branched alkvl groups of 1 to 30 carbon atoms, preferably

1 o 20 carbon atoms, such as methyl, ethyl, n-propyl,

» Di=butyl, iscbutyl, sec-butyl, tert-butyl

atoms, such ag vinvl, allvl and iscpropenyi; straight-
chain or branched alkynyl groups of 2 to 30 Carbon atoms
prefe:ably 2 to 20 carbon atom, such as ethynvl and
bPropargyli: cyelic saturatéd hydrocarbon groups of 2 to 30
carbon stoms, .preferably 3 to 20 carbon atoms, such as

cyclopropyl, cyclobutyl, cyclopentyl, cye

?-..J
O
5
@
s
=
4]
3
0.

LN

30 carbon atoms, such as cyclopentadienvl, indenyl and

flucrenyl; aryl groups of & to 30 carbon atoms,
preferably & to 20 carbon atoms, such as phenyl, benzyl,

naphthyl, biphenylyl, terphenylyl, phenanthryl an

o

anthryl; and zlkyl-substituted aryl groups, such as tolyl,
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iso-propylphenyl, t-butylphenyl, dimethyliphenyl and di-o-
butylphényl.

The above-menticned hydrocarbon groups may be
substituted with other hydrocarbon groups, and examples
of such groups include alkyl groups substituted with aryl
groups such 23 benzyl and cumyl.

Examples of‘tha hydrocarbon-substituted silvl Groups
indicated by RZ to RY incliude those of 1 to 30 carbon
atoms. Specifically, there can be mentioned methyisilyl,
dimethylsilyl, trimethylsilyl, ethylsilyl, diethylsilyl, -

- -
i f

tristhylsilyl, diphenylmethyieilyl, triphenylsilyl,

dimethylphenylsilyl, dimethyl-t-butylsilyi and

dimethyl (pentafluorophnenyl)silyl. Of these, preferable

o+
4
-
e

phenylsilyl and dimethylphenylsilvl.
Examples of the oxygen-containing groups indicated

by B¢ to RY include the same groups as previously

described with respect to ¥ in the formula {I).

H

Examples of the nitrogen-containing groups indicated

by Re to RY include the same groups as previ

Q

usiy

=

described with respect to X in the formula |
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- the sulfur-containing groups indicated

bty

Ixamples o
by E< to R® include the saﬁe groups as previously
described with respect to X in the tormulé (1.

Examples of the halogen atoms and the halogen-—
containing groups indicated by BZ to 285 include the same

groups as previously described with respsct to RY in the

o

balogen ztom, & hydrocarbon group, a hydrocarbon-

substituted silyl

te]

roup, an cxyvgen—-contalining group, =

nitregen-containing group, 2 sulfur~containing group aor a
[ .
halogen—containing group, more preferably a hydrogen atem,

& halogen atom, a hydrocarbon group, a hvdrocarbon-—

n is z number satisfyving z valence of Ml,

-~
o

nteger of te 4, preferahly 2.

[,

specifically an
¥ is an oxygen atom, a hydrcgen ztom, & halogen atom,
& hydrocarbon group, an oxygen-containing grouy, a
sulfur-containing group, a nitrogen-containing group, a
boron-containing group, an aluminum-containing group, =

S,
phosphorus-containing group, & halogen-

[¢]

ontaining group,

1ot

& heterocyclic compound residue, a silicon-containing
group, a germanlum-Ccontalining group or & tin-containing

group. Examples of such atoms and groups include the
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same atoms and groups as previously described with

il

respect toe X in the formula {(I).

j

0 N
o O

9]

When n is

™~
)
a1
D
83}
f
8
[
T3
},,,_i
[
Iat
2k
fout

groups indicated by ¥
may be the same or different, and plural groups indicated

orm & ILn

th

by ¥ may be bonded to

{0

8

;
.»f,.Nm‘
k \ /,‘ WM,
L O |
Yok A

- ' s fTI-b"
NCTT O

wherein N——-M1 generally means that they asre cocrdin

o

AN
- 7

wted
to each other, but in the present invention thev are not

it
g._J
5
[
-
i
O
&
o
7
e
b
jal]
ﬁ
T
o

atom sslected from Gréup-B To Group LI of ths periodic
table, preferably a transition mstal atom of Group 4 o
" Group 5, specifically titanium, zirconium, hafnium,
vanadium, niobium, Tantalum or the like, more preferablv
& transition metal atom of Group 4, specifically titanium,

zirconium or hafnium, still more preferably

Y o Titanium
S
m is an integer of I to 3, preferably 2 teo 4, more

A 13 2 nitrogen atom or a phosphorus atom.

U is & carbon atom having a substituent RE {-C (RE
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Q is @ carbon atom having a substituent R/ (-C(R7}=

Y

& nitrogen atom or & phosphorus atom.
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a nitrogen atom or & phosphorus atom.

jav
s
T

3
4]
Rt

T 1s & cerbon atom having z . substituent

23]

nitrogen atom or & phosphorus aton.

-

-

Bt 1s 3 hydrocarbon group heaving one or more

neteroatoms or a hydrocarbon group having ons or more

netercatom-containing groups, and has ths same meaning s
that of RL in the Formula (II-a’}.

i
oy

ot

i
6]
o
1)
9]
-

. & ..
to RY may be

fu

game or different and are
[ .

hydrogen atom, a halogen a2tom, 2 hvdrocarbon

Tou

b
L]
"l

P

o

hydrocarbon-substituted silyl group, an oxygen—containing

group, a nltrogen-containing group, a sulfur-containing

=

0
i
o)
™

o
o)
T
8
Fi
o
¢

-containing group, an aluminum-containing

o]
4
]
o
(o]
fat

phosphorus~containing group, =a halogen~-

containing group, a heterccyclic compound residue, a

silicon-containing group, =& germaniun-containing group or

u

tin-containing group. Examples of the hydrocarbon

F

groups and the hydrocarbon-substituted silvl groups

respect to R to BY in the formulz (II-2). Examp

i-f

25 O

j

the oxygen-containing groups, the nitrogen-containin

jn
{18

groups, the sulfur-containing groups, the nitrogen~—

contalining group, tha boron-containing groups, ths
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aluminum-containing groups, the phesphorus-contain

groups, the halogen-containing groups, the heterccyclic

-
H

compound residus licon-containing groups, the

[0}

-

; The

[#]

germanium-containing groups and the tin-containing groups

5 include the same groups a2s previously described with

gubstituted silvl group, an oxygen-contalning group, a

10 nitrogen—containing group, a sulfur-containing group or

b
L

o

halogen~containing group, more preferably & hyvdrogen atom,

N . m e I~y N
15  and when m is 2 or greater, Ris, Rgs, B7s, RBz and RO

-
=l

o . . P o
may be the same or different, and one group of RY to R¥

n 18 a number satisiving & valence of M,
20 ¥ is an oxygen atom, a hydrogen atom, a2 halogen aton,
. i
A

£

nydrocarbon group, an oxygen-coentaining group, a

sulfur-containing group, & nitrogen-containing group, a

boron~containing group, an aluminum~containing group, a

}2

phosphorus~-containing group, 2 halogen-containing groug,

25 & neterocyclic compound residus, & silicon-containing
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When n 1s 2 or greater, plural groups indicated bv ¥
may be the same or different, and plural groups indicated

by ¥ may be honded to form a rin

i8]

Zs the transition metal compound (&) for use in the

invention, there can be also mentioned a transition metal

cationic complex wherein cone of ¥ in the formuls (ITI) is
replaced with a n-propyl group, s=aid. structure belng
measured by a densityv functional method, the distance

between the hetercatom, which has nc direct borwl o the
central metal M and is nearest to the central metsl N
and hydrogen at the f-position is not more than 2.0 & and

the electrestatic snergy is not more than 10 kJI/mol.

-
o]
=)
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wherein Ne---Ml generally means that they are coordinated

to ezmch other, but in the present invention they are not

always coordinated.

selected from Group 4 to Group 5 of the periodic table,

tanium, zircenium, hafnium, vanadium,

petr

specificaellv ©
niohium, tantalum or the like, preferably a transitior

etal atom of Grdup 4, specifically titanium, zirconium
or hafnium, more preferably titanium.

mois 1 or Z, preferably Z.

rs)
ot
3
%
n
f

hydrocarbon group having at least cne

hetarsatom or a hydrocarbon group having at least one

het@roaiomwcontaining group. Ezxamples of the hetercatoms
include atoms of halogen, nitrogen, oxygen, phosphérus,
sulfur and selenium. The'heteroatommcontaining group is
a group containing a nonmetal atom other than a carbon
atom and a hydrogen atom, and sxamples thereof include an
oxygen-containing group, & nitroger-coniaining g:ouﬁ; a

sulfur-ceontaining group, & phoesphorus-conteinin

191

group, &

halogen atom-containing group and a heterocyclic compound
N .

residue. Examples of the oxygen-—containing groups, the
nitrogen—centaining groups, the sulfur-containing groups,

he phesphorus-containing ¢roups and the heterccvelic

ot

compound residues include the same groups as previously

described with respect toe ¥ in the formula (I). Exanmples
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of the halegen-containing groups includs groups wherein
at 1z

8t one hydrogen iz replaced with halogen in

aydrocarbon groups of 1 to 30 carbon atoms, prefsrably L

to Z0 carbon. atoms, such as alkyl groups {e.g., methvl,

ethyl, propyl, butyl, hexvl, octyl, nonyvl, dodecyl and

cyclopentyl, cyclohexyl, nerbornyl and adamantly),

alkenyl groups (e.g., vinyl, propenyl and cyclohexenvl),

arylalkyl groups (e.g., Denzyl, phenylethyl and

dimethylipheny), trimethvlphenvl, ethvlphenyl,

propyliphenyl, biphenylyl, naphthyl

methyinaphthyl,

-

anthryl and phenanthryl). Specific examples of such
groups include trifluorcmethyl, perflucrsethyl,
pentaflucrophenyl, perfiuorchexyl, trichloromethvi,

leroethyl, pentachlorcophenvl and perchlorohexyl.

!._

perch

10 i preferably a halogen zatom-—contalining

3

hydrocarbon group ¢f 1 to 30 carbon atoms, particularly

preferably a2 fluorins-~containing hydrocarbon group of

periluorohexyl, perflucroheptyl, perfluorcoctyl,

perilucrodecyl, 1H,lH-perfluorcpropyi, 1H, 1H-

1H, 1H-

perflucrobutyl, 1H,1H-perfliucropentyl
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perfliuorchexyl, 1H,1H-perfl luoroheptyl, 1H, 1H~

perilucrooctyl, 1H,lH-perfluocrodecyl, perflucrocyclohexyl

triflucromethylcyciochexyl, bis(trifluoromethyl)cyclohenyl

triflucromethylfluorccyclohexyl, monofluorophenyl,
difluorcophenyl, triflucrophenyl, tetrafiuvorophenyl,

pentaflivorophenyl, {triflucromethyl)pentailucrophenyl,

fluo&cmathvl‘f uorcphenyl, triflucromethylipheny]

s 4 -

pentalls (trifluoromethyliphenvi, per fluorocethylphenyl,
Bis{pe _fluo“ocuhv?)mnenvi perilucropropyiphenyl,
pérfluorcbutylphenﬁl, perflucrepentylphenyl,
perfluorohexy;phenyl, bis{perfluorchexvlphenvl,
periiucronaphthyl, perflucrophenanthryl, perflucrcanthryl

e
H
;.l
th
[
i
8}
H
O
=
i
F
jay
W
}_..l
4
{n
¢t
L
bt
!
]“....l
o
9]
H
o}
g,
jo g
j$4
:J
8]
r
o
gy
6]
'—mf
l...!
oy
44

Ril to R4 may be the same'or'different and ars each
a hydrogen atom, a halogen atom, a halogen~containing
group, & hydrocarbon group, & hydrocarbon-substituted
siivyl gréu;f an oxygen—containing group, & nitrogen-

contalning group or a sulfur containing grouvp. Examples
. .
of such atoms and groups inciude the same atoms and

. .y N ' - -
roups as previously describsd with respect to REZ +o B~
: 2 P ¥ ®

EL® is a halogen atom, z haloge h-centaining group, a

hydrocarbon group or & hvdrocarbon-substituted silyl
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group. EBExampies of such atems and groups include the

game atoms and groups as previcusly described with

o
£

:espect o Re to in the formula (Il-a&).

Examples of the hydrocarbon groups indicated by RIS
inzlude theose of 1 to 30 carbon atoms. Preferrsd
examples thereol include straight-chain or branched alkyl

roupe of 1 to 20 carbon atoms, preferably 1 to 2§ carbon

D

Lot
|

atoms, such &s methyl, ethyl, n-propyl, isopropvi, n-

butyl, isobutyl, sec-butyl, tert-butyl, n-pentvl,

alicyclic skelston and having 3 te 30 carbon atoms,
e
preferably 3 te 20 carbon atoms, such as cyvclopropyl,

cyclobutyl, cyclopentyl, cyclohexvi, norbornvi and

adamantyl; aryi groups of & to 30 carbon atoms,

preferably & to 20 carbon atoms, such as phanvl, benzvl
naphtinyl, biphenylvl, triphenylyi, fluorenyl, anthryl and
phenanthryl: and groups wheresin these groups are further

substituted with an alkyl group of 1 to 30 carbon atonms,

[
~ L0

prefera®ly 1 tc 20 carbon atoms, or an aryl group ©

iy

30 carbon atoms, preferably & to 20 carbon atoms. OF
%,

bxamples of the hydrocarbon-substituted silv] groups

' . . N TE L s
indicated by R-° include the same groups a

i
o

reviocwusly

described with respect Lo R4 to R in the formul

r
-
ot
11
1
o
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Examples coif The heterostoms and the heteroatom-~

{n

containing groups indicated by RS include the same atoms

. : : ; - 1
and groups 23 previously described with respect to RL in

the fermula {II-a).

[ 1 . TR ' i
RIC ang r11 to RIS may be the same or

o
o
o3

rt
5
o]

or more cif them may be bonded to Zorm & ring.

node a number satisfyving & valence of ML,
specifically an integer of 2 to 4, preferably 2.
¥ iz an oxvgen atom, & hydrogen atom, & halogen atom,

a hydrocarbon group, an oxygen—containing group, a

sulfur-conteining group, & nitrogen-—cont

]
!.J -
-
jo ]
)
i8]
Iai
a
=
T3
¢

boron-containing group, an aluminum-—containing group,

phosphorus-containing group, a halogen-containing group,

gr
& hetercoyclic compound resldue, a silicon-contalning
group, & germanium~containing group or & tin-containing

ot

group. bxamples of such atoms a

o

d groups include the
gsame atoms and groups as previowsly described with
respect te ¥ in the formula (I).

. s N & 4 .
When n 18 2 or greater, pluxral groups indilc

$]

ted by X
may ba the same or different, and plural groups indicated
LN

by ¥ may be bonded te form a ring.

Es

ot

he ftransition metal compound (R, thare can be
also mentioned & transition metal compound represented by
the following formula (III'; and having the following

structure 2s REO.
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v

wherein N---pl generally means that they are coordinated
o each other, but in the present invention they ars nct
always cocrdinated,

In the above formula, M1, m, R
¥ have the same meanings as those of Mt m, R1I to pid

P :

RIS, n and ¥ in the Formuls (LI,

pld 415 a phenyl croup having at least one
substituent sslected from z hetercatem and z hetercatom-—

contalning group, an aromatic hydrocarbon group other

than 2 phenyl group,

il
bl

aliphatic hydrocarbon group or an

licyelic hydrocarbon group. Whnen RLU is & phenyl group

o

and the poesition of the carbon atom bonded to nitrogen is

the i-position, this phenyl group has, at at least one

iwgtercatom-containing group, or has, at the 3-position,

.

the 4-position and the S-position, at lszst cne

substituent selected from a hetercatom other than &

fluvorine atom, a flucrine-containing group having one
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carpon atom and not more than two fiuorine atoms, =

T

fluorine-containing group having twe or more carbon atoms,

and a hetesrcatom-containing group having a hetercatom
other than a fluorine atom. When RV is an aromatic

hydrocarbon group other than a phenyl group, an aliph

hydrocarbon group or an alicyclic group, this group h

at least one substituent selected from z hetercatom and a

hetervatom~containing group.

e

Examples of the hetercatoms and tThe heteroatome

ad

contalining groups include the same atoms and groups a

o
L]

previcusly described with respesct te RE in the Fformul

+

{II-ay.

jti}
(w3

=

o

jaH

ic

In the transition metal compound represented by the

fTormula (III}, when the position of the carbon atom
bonded to & nitrogen atom is the l-position, R0 is

Wwrine-containi

ke
I
e
Fh
m
4
N
82
l.._J
b
b
h
I_!
o
b
]
L]
W
<
[0
[
o]
¢
]
i
o3
&
b
e]
H
O
o
s}
[
I3

te 30 carbon atoms which is selected from a phenyl group

having, at at lesast one position of the Z-position and

[N

group having, at the 3-pesition, the 4-position and tha

S5-position, at least one substituent selected from 2

o

fluorine-containing group containing one carpon atom

not more than two fluorins atoms and z fluorine-

ol

+

contalining group containi

o
33
o«
rt
*
o]
0]
by
o
G
H
h
1
i1l
H
8
o
=
5
r
9
=
w

o
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gromatic hydrocarbon group other

having at lezst one substituent sslected from a flucrine
atom and & fluoriné—containing group, an aliphatic
hydrocarbon group having at least one substitusnt
selected from & fluorine atom and & fluorine-containing
group, and an alicyclic hydrocarbon group having at lszast
one substituent selected from a fluorine stom and a
fluorine—containiug group. Such a transition metal
compound is preferable from the viewpoints of activity

and molecular weight of the

Fh

whe

for the substitution positiocn o

present at the position of &

\

the P-position) adjacent to

-
10 4o

-]

is bonded to =

o
0
5
34
o
<
pe

the

adjacent

Examples of the hetercatoms and the
i
containing groups

TaLln

o
[§3]
o+
o
by
O
o
ot
Q
=
1
9]
1
s}

aLTom 1ln R+

regultTing polvmer.

10

[4H)
foret
e
"U_
o
1H]

hetercatom-

1

fluorirne~containing

1iNg group.
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triflucromethyl, periluoroethyl,

i,
D
rq

flueropropyi,

perfluorobutyl, perflucropentyl, perfluocrchexvl,

e}
It
[
iy
E..J
[
Q
H
Q
3
o

i8]
la}
<]
!.._l

g
¢
I
Fh
—
o=
)

{

G
o]
@]
a3

L

}M.

ol

erfivorcdecyl,
1E,iH-perflucropropyl, 1H,lH-perfluorobutyl,
LH, H-perflucropentyl, 1H,lH-perflucronsxyl,
1H, lE-perfluorcheptyl, 1H,IH-perfliuoroosctvi,
13,1pre:fluorsda ¥1l, perflucrocyveichexyl

trifincromethyloyclohexyl,

Cbis(trifivoromethyl)cyclohexyltrifliucromethylfliuorocyeclo-

hexyl, monoflucrophenyl, diflucrophenyl, trifluezophenvl,

Lfluoromethyl)pentafluorophenyl,
{(trifluvoromethvl) flucrophenyl, trifluoromethyiphenvl,

bis(triflvoromethyl)phenyl, tris(triflucromethyl)phenyl

perflucroanaphthyl, perflucrcphananthryl,
A

perflucrocanthryl and {trifluoromethvl)tetrafluorcphenyl.

hydrocarbon group of 3 to 30 carbon atoms. Examples

include aliphatic hydrocarbon groups of 3 to 30 carbon

atoms substituted with fluocrine and/cor fluorine-
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m
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contailning hydrocarbon

iH,lH-perflucropropyl, 1H, lH-per
1H, lE=perflucropentyl, 1H,1lE-perfl

iH, iB-periluocrohaptyl,

difiuvorophenvl,
pents f:uoropnen 1

(Trifluvron

1 .
tetrakis{trifliuo

hydrocarbon group

with fluocrines, an

carbon atoms
u
hvdrocarbon of 2

Examples include

monoflucrophenyl,

IH, IH-perilucrodecyl

Ethyi?f

B
63}
r
¥
ot
frt
o]
o
m
o

(perfluorocsthyl;phenvl,

o more car

LH,

O manc

trifluorophenyl,

(trifluoromethyvl)p

si{trifluoromethyiiphenvi,

perfl

aromatic hvdrocarbon

substituted with &

Don
of 7 to 30

& flucrine-con

difluerophenyl,

"
|
-}

3¢ carbon

carbon atoms subsioif

flucrobutyl,

lucrohexyl,

lH-perflucrooctyl,

fiuorophenvl,

tetrafluorophenyli,

ntaflu

perflucroethyliphenvl,

vlorpropylphenyvl,

luprophenvl.

atoms substitot

T

-~
[

group of & to 30

fluorine-containing

&TOmMS Or an aromatic

tgining hydrocarbon group.

trifluorophenyl,
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tetraflucrophenyl, pentafluoropheanyl,
(triflucromethylip aflucrephenyl,
{trifluoromethyl)

Flucrophenyi,

<~
i

tris{trif

triflivoro metb Dh LY
luoromethyl) phenyvl,

&  tetrakis{trifluoromethyl)vhenyl,
pentakis(trifivoromethyl)phenvl, perflucrosthvliphenyl,
bis{perfl vethyl)phenvl, perfluoropropyiphenyl,
pert robutylphenyl, perfluoropentyiphenyl

perflivorchexylphenyl, bis(perflucrchexyl)phenyl,
10 perflucronaphthyl, perfluocrophenanthrvl,
perflucrcanthryl anﬁ (triflucromethyl)tetraflucrophenyl.
| Of these, particularly preferable as R are
—Zluorephenyl group, 2,&-difluocrophenyvl group,
£,4,6-triflucrophenyl group, pantaflucrophenvl group,

45  d4-trifluoromsthyl 2,.3.5, 6-te flucrophenvl group,
2-trifluor thylphenyl group and 1#, 1E-perflucroociyl]
group.

&g for the substitution position of flucorine, when
R10 is aromatic, this fluorine is preferably present at
20  the position of a carbonm atom (carbon atom at the B-
S
position! adjacent to the carbon atom in R1IC that is
bonded to & nitrogen atom, and when RV is aliphatic, the
Tlucrine is preferably pressnt at the adjacent position
or lts adjacent position

(P-position or y-posi
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RIL to R4 may be the same or different and are each

-

a2 hydrogen atom, a halogen atom, & halogen-containing

group, & hydrocarben group, a hydrocarbon-substituted

silyl group, an oxygen-containing group, & nitrogen-—
containing group or a sulfur-containing group. IZxamples

of such atoms and groups include the same atoms and

group. Examples cof such atoms and groups include the
LR
same atoms and ¢roups as previously described with

< to RY in the formzia {(II-a).

5]
D
0
8,
@
O
-
{
0
sl

n

- e . N . : 'y : v 1
Examples of the hydrocarbon groups indicated by R+

include those of 1 to 30 carbon atoms. Pref

H\

srred

U]
0
}."J
M
ot
a
5]
H
b

mples Tl I include straight~chain or branched alkyl
groups of 1 to 30 carbon atoms, preferablyv 1 to 20 carbon

atoms, such

ethyl, n-propyl, isopropyl, n-
pbutyl, obutyl, sec-butyl, tert-butvl, n-pentvl,
necpentyl and n-hexyl; hydrocarbon groups having

adamantyl; arvl groups of & to 30 carbon atoms,

s
Fy
®
=
G
r
m

ply © to 20 carbon atoms, such as phenyl, benzyl,
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naphthyi, biphenylyl, triphenylyl, flucrenyl, anthrvl and

phenanthryl; and groups wherein these groups are further

¢

th an alkyl group of 1 to 30 carbon

substituted w

)]

TOoms,

preferaply 1 to 20 carbon atoms, or an arvl group of 6 to

-

30 carbon atoms, preferably € to 20 carbon atoms, 0OFf

these, tert-butyl

[
9
=t
Q
[n
¢

f{:}
H
o
h
5]
H
a
o
pult
®

Examplies of the hvdrocarbon—-substituted si

[

Y1 groups
indicated by R include the same groups &s previously

described with respest To R4 to RY in the formula (II-a).

containing greoups indicated by B2 include the same atoms

«

v described with respect toe Ri in

)t

and groups as previous

2l ang ril to RIS may be the same or different, and

Two or more ¢f thsm may be bonded te form a ring.

—

£i

0

o
a

§a-

spec ly an integer of 2 to 4, preferably Z.

s

is an oxyvgen atom, a hvdrogen atom, a halogen atom,

a hydrocarbon group, an oxygen—contzining croup, &

sulfur-containing group, & niltrogen-containing group
&
cron-containing group, an a2luminum-coniaining group, a

o

*

h ng group, a halcogen-containing group,

(o]

[y

1s—contaln

e
O
0
=
o

sp

&2 n

(D

teroccvclic compound residue, & silicon-containing

group, & germanium-containing group or a tin—-containing

group. Examples of such atoms and groups include the
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same atoms and groups as previouslv described with
respect to X in the formuls (I,

When n is 2 or greater, plural groups indicated by ¥

may be the same or different, and plural groups indicated
5 by ¥ mey be bonded to form a ring.

The transition metal compound represented by the
formulis {EIW&‘}(:(EI—;’} r (II1') preferably has
properties that, in z B-agostic structure of z cationic
complex wherein ome of ¥ in the formula is replaced with

10 & n-propyl group, said structure bsing mesasured by oz
B yi g g b

b
(1

density functional method, the distance between the

*
'

heteroatom, which has no direct bond te the central metal
M and is nearest to the central metél M, and‘hydregen at
the f-position is not more than 2.0 A and the
15  electrostatic energy is not more than 10 kJ/mol.
Bxamples of the transition metal compounds

represented by the Zormulz (I}, (IZ-a}, {II~b), (II-a'),

i

-

I) are given balow, without limiting

20
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In the above examples, Bu
in the present invention,
wherein the titaniuam metal is r

than

above-nmentioned compounds are a

denctss a butyl group.

transition metal compounds
eplaced with a.

metal other

titanium, such as zirconium or hafnium, in the

iso emplovabls.

The process for preparing the transition mers1
compound (A) is not specifically limited, and for example
the transition metal compound reprasented by the formula

TIT) can be synthesized by all
becomes a liga

compound to re

Mt-containing compound re

% have the same meanings as tho

formul and k is = numbe

a

(IIL},

-

M=)

The ligand precursor is
salicylaldehyde compound to raa

compound represented by
same meaning as previously desc

A
compound or an alkvlamine

both of the starting compounds

the formula RIO-Ng,

owing a compound {ligand
nd in
gct with a
presented by M and

-
M

o,
>

e
52 GL

&I

r satisfving a

ribed), such as an anilins
More specifically,

are dissclved in =

& hvydrocarbon

r
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toluene is preferable. Then, the resulting soluticn

i
i

i3 stirred for about 1 toe 100 hours under the conditions

ol room temperaturs to & reflux temperature to obtaln the

corresponding ligand precursor. In the synthesis of the

6]

ligan

o
i3
o
9
[
Y

or

ecursor, an acid catalyst such as formic acid,

acetic a

{1

id or toluenesulfonic acid may be used. Uss of
molecular sievesf magnesium sulfatsz or sodium =ulfate as
& dehydrating agédt or d@hydration by a Dean-Stark method
is effective for the progress of the reaction.

Then, the ligand precursor thus cbtained is allowed

Lo react with a transition metal Mli-containing compound

More specifically, the ligand precursor thus synthesized

is dissclved In a solvent, and if desired, the solution

A

!
f

is contacted with a base to prepars a.phenoxide salt
Then, the sclution or the szal: is mixed with 2 metall
compound such as & metallic halide or & metellic alkylate
at & low temperature and stirred for about 1 to 48 hours
at & temperature of -7B8°C to room temperature or under

vent usually

1

the refliux conditicons. As the solvent, a ao

Iy
fost
¢

LS

used for such a reaction i1s emplovable, andg gbove all, 2

polar solvent such z2s sther or tetrahydrofuran (THF) or a

hvdrocarbon solvent such as toluens is preferable. As

metallic salt such 25 & lithium salt (e.s.



pDutyliithium)

or & sodium z3a2lt

; ., sodium hydride: or
an organic basse such as tristhvliamine Qr_pyxidina is
preferable,

Depending upon the propertiss of the compound, the
5 ligand precursor can be zllowed to directly react with
the transition metal Mi-containing compound withoun
preparation of the phencxide salt, to synthesize the
corresponding transition metal compound.
It is possible to replace the metal M} in the

10 synthesized transition metal compound with another
transition metal in & conventionazl way. Further, when
..‘t.
any one of RLC and R to RIS is H, a substituent other
than H may be introduced in any stage of the synthesis.

It iz possible tLo use the reéction solution ¢f the

18"  ligand precurscr and the transition metal Ml-c ntaining

compound as it is without isolating the transiticn metal

compound.
& usual process for preparing
in EPLOGESGLAZ.

described also
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compound
%,
can be used singly or in combination of two

the complzx is
{A] mentioned azbovs

coMpound

the organometalli

inn the

invention

compounds

include



f44

!‘,.J
|93}

of Grou

1t}

organometallic compounds containing meta

)

Group 2 and G

H
5
i

oup 13 of the pericdic table, such as those

described below.

(B-la) COrganocaluminum compound represented by ths

followin

e
)]
- 0O
H
=]
r
',_.J
m

R3pAL (ORP) pHpX

wherein P& and RP may be the same or different and ars

each a hydrocarbon group of 1 to 15 carbon atoms

fu

85

preferably 1 to 4 carbon atoms; X 1s & halogen atom: an

m, n, p and g ars numbers satisfying the conditicns of

/A

04=32, 0En<3, 05p<

L]

. 0Fad3

o,
&

i 1

1

oo = 2.

+S

(B~1hk) Alkyl complex compound comprising a metal of
Group 1 and aluminum and represented by the following

formula:

z
3N
el

{ \lp\aé

+

wherein M4 is Li, Na or K: and R® ig a hydrocarbon group
LS

g
|m—!.

To

[y
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o
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feralkly 1 to 4 carbon atoms,

t

‘B-1c) Compound represented by the following
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wherein R¥ and PP may be

the same

or and
each a hydrocarbon group of 1 to 15 carbon atoms,
preferably 1 te 4 carben atoms; and M7 is Mg. .

Examples of the organocaluminum compounds (B-lz
include:

AN organoaluminum compound represented by the
following formula:

)

FP may be the same or different and are
each 2 hydrocerben groun of 1 to 15 carbon atoms,
preferably 1 to 4 carbon atoms, and m is preferadbly a
number satisfying the conditién of 1.5Zn=3;

an corgancaluminum compound represented by the
folg§w;ng formula:

RzmleB T
“
wherein R® is & hydrocarbon group of 1 to 15 carbon =a
preferably 1 to 4 carbon atoms, X is a halogen atom,
m is preferably a number satisiving the condition of
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9
o
L)

[a

=2
o

an organcaluminum compound represented

folliowing formuala:

Ram}“x:‘_i'*:ﬂ -

wherein R® is & hydrocarbon group of 1 to 1% carbon atoms,

praferably 1 to 4 carbon atoms, and m is preferably

o

number satisfying the conditicn of 2Em<3;
and
an organcaluminum compound represented by the

following formula:

wherein R® and RP may e the same or different and are
ezch & nydrocarbon group of 1 to 15 carbon atoms,

preferably 1 to 4 carbon atoms, ¥ is a halogen atom, and

+

m, n and g are numbers satisfving the conditions of G<mS

e

3, 0&n<3, 0=g<3 and m+n+g = 3.

Particular examples of the organcaluminum compounds

Tri~n-alicylaluminums, such as trimethvialuminum

triethylaluminum, tri-n-butylaluminumx,

ot
[
’ 3
T
[
O
3
L

leluminum,

ripentylaluminum, trihexylaluminum, trioctylaluminum and
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branched~chain trialkyl

;..

aluminums, such as
trilsopropylaluminum, tf;;SODutv¢alum_“um, Lri-sec~
butylaluminum, tri-tert-butylaluminum, tri-Z-

methylbutylaluminum, tri-J-methylbutylaluminum, tri-2-

methylpentvlaluminum, tri-3-methylpentyvlaliuminum, tri-é-
methyipentylaluminum, tri-Z-methylhexvialuminum, tri-3-
methvihexylal ammnam and tri-I-ethylihesyvialuminum;
tricyclealkylaluminums, such as
tricyclohexylaliuninun and tricyclooctylaluminum;

[xe)

riarylaluminums, such as triphenvlaluminum and

tritolylaluminum;

-

trialkenvlialuminums, e.g., Those represented bv the

formula (i-C4Ho) xAly (CsH1¢)z (wherein x, y and z axre sach

alk\la‘um num. alkoxides, such as lsobutyialuminum
methoxide, isobutylaluminum ethoxide and isobutyiazluminum
isopropoxids;

dialkyleluminum alkoxides, such as dimethylialuminum
methoxids, diethyvlaluminum ethoxide and dibutylaluminum
AN
butoxnide;

alkylaluminum sesguialkoxides, such as sthylaluminum

sesguiethoxride and butvialuminum sesquibutoxide:
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partially alkoxylated alk

g

ialuminums, such as those
having an average composition represented by
R82, 5R1(ORP)p &,

dialkvlizluninum aryloxides, such as diethylaluminum

phenoxide, diethylaluminumi{Z,6-di-t-butyli-4-

metnyiphenoxide), ethylaluminumbis (2, 6-di-t-butyi~4~

,“
.,E\.
i

metnylphenoxide), diiscbutylalumium(2,é-di-t-butyl
methylphenoxide} and iscobutylaluminumbis(Z, 6- di-t-butyl-

4-methyliphenoxide) ;

dialkyialuminum halides, such as dimethylaluminum
chloride, disthylaluminum chlozid dibutvlaluminum

alkylaluminum sesguihalides, szush as etbylaluminuﬁ
sgsguichnloride, butylaluminum sesgulchloride and
ethylaluminun sesguibromide,

partially halogenated alkylaluminums, e.g.,
alkylaluminum dihalide such as sthylazluminum dichlorids,

ropylaluminum dichloride and butvialuminum dibromide:
r— - .

t

kyialuminum hydrides, such as dieth

311
Glad

;..‘.1
o
i
[
b
-

4
£

&
hydride, dibutylaluminum hydride and dilsobutylaluminum

nydrids:

o
n)
r

rtially hydrogensted alkylaluminums, e.g

L

!....J

a

kylaluminum dihydrides, such as ethylaluminum dihydride

and propylaluminum dinydride; and



d and ha

¢

partially alkoxvlat

1_..;

ogenated alkyilzluminums,
such as ethylaluminum ethoxychloride, butylaluminum
butoxychloride and ethylaluminum ethoxybromide.

Eiso emplovable zre compounds analogous to the
¢rganoaluminum compound (B-la). For sxample, there can
be mentioned crgancaluminum compounds wherein two or more
aitrminum compaun@s are combined through a niiroger atom,

such as (C2HS) 2AIK{C2HR AL (C 2HR) o N

(‘)1

Zzamples of the compounds (B-1b) include LiRl (C2H5) 4

methyllithiuam,

methylmagnesium bromide, met%vlmaab sium chloride
ethylimagnesium bromide, ethylmagnesium chloride,
propyvimagnesium bromide, propyimagnesium chloride,
butvyl magneg um bromide, butyimagnesium chicride,

dimethylmagnesiun, diethvimagnesium, dibutylmagnesium and

butylethyimagnesium. Combinations of compounds
capable of producing the above-mantionsd crgancaluminum

compeunds in the polymerization system, e.g., a

combination of halogenated zluminum and alkvllithium an:

0.

a combination of aziogenated zluminum and alkylmagnesium,

are alse emplovable.
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Df the organometallic compounds (B-1), the
organcaluminum compounds are preferable.
The organometallic compounds (B~1) mentioned above

are used singiy'or in combination of two or more kinds.

.~

B-2} Oroancaluminum oxy-compound

The organcaluminum oxv-compound (B-2} which is
optionally used in the invention may be conventional

alumincexane or & benzens-insoluble organoaluminum oxy-

compound such as exemplified in Japanese

iy

Patent Lald-Upen

Pub m¢Cmthﬁ No. 78687/1880.

]
i

The conventicvonal zluminoxans can be preparsd by, for

gxample, the folleowing processes, and L1s gengrelly

-

e

obtalned as &

!As
™
it
?.J,
o}
w1

ydrocarbon solvent sol

O

trialkylaluminum is added te a hydrocarbon medium
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chioricge hydrate, to allow the organoaiuminum compound o

react with the adsorption wa

oF

er or the water of

(Z) Water, ice cr water vapor ils allowsd tfo
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trialkylaluminum in 2 medium such as benzene, toluene,

£33
ot
3
el
]
cf
i
22
[
O
[
it
1]
ot
4
{1

hydroforan.
(3] An organotin oxide such as dimethyltin oxide or

dibutyltin oxide is allowed to react with an

crgancaluminunm compound such as ftrialkyvlaluminum in a
medium such as dezane, benzens or toluene.
The aluminoxane may contain z smell amount of an

organcmetailic component. Further, it is possible that

the zolvent or the unreacted organcaluminum compound is

(R
}_J_
4]
ot
e
} )
‘_,_I
0]
(63
o
th
Hh
th
H
0
=
5
&
H
v
[§]
Q

overed sclutlion of aluminoxane
and the remainder is redissolved in & solven®* or
suspended in & pocr solvent for aluminoxans.

Examples of the organcaluminum compounds used for

ke
H
0]
o
]
by
'
]
[T
¥

the aluminoxane include the same crgancaluminum

0
O
=
L8]
2
5
o8
e
v

8 previously described with respect €o the

Y

srgancaluminum compound (B-la). OFf these, praferable are

trialkylaluminums and tricycloslkylaluminums.
Farticulazly preferable is trimethylaluminum.

i
=)
]
QO
=
te}
u
t_l-e

noaluminum compounds are used singly or
cembination of two or more kinds.
Exanples of the solvents used for preparing the

aluminoxane include aromatic hydrocarbons, such as

benzene, fLoluene, xylene, cu

5

ens anc cymene; aliphatic
hydrocarbons, such as pentane, hexane, heptane

decane, dodecane, hexadecane and ochtadecans: alicycl
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Llohexans,

o
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[8)

ons, such as cyclopentans, oy

1§

cyclooctane and methyleycleopentan

m

etroleum fractions,

]

;
such as gasoline, kerosine and gas oll; and hazlegenated

products of these aromatic, aliphatic and alicyclic

T

)]

hyd:

;
L4

carbons {e.g., chlorinated or brominated products

b
vy
[
e
[
G
ry
t

Also emplovable are ethers such as ethvl ether

and tetrahydrofuran. Of the solvents, particularly

The benzene-insoluble organcaluminum oxy-compound

s
4]

b

for use in the invention 15 preferably an organcaluminum

e

oxy-compound containing an Al component which is soluble

o
O
ot
=
0
r
i

3 1 - o @ : — yr ey e =3 3
in benzene at &0 "C, in an amount of usualily

%, preferaply not more thar 5 %, particularly

praferaply not more than 2 %, in terms of Al atom. That
is, the benzene-insoluble organcaluminum ozxy-compound is

The organozluminum oxy-compound for use in tha
invention is, for example, an organcaluminum oxy-compound

containing boron and represented by the following formuls

y N IV
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wherein R4+ is a2 hydrecarbon group of 1 to 10 carbon

. ' 7 (PR
atoms; andg each Re+ ma

Y,
o

r e the same or different and is a

hyvdrogen atom, a halogen atom or a hydrocarbon group

o]
Fh

te 10 carbon atoms.
The organcaluminum oxy-compound containing boron and

represented by the formulas (IV) can be prepared by

L is thne same group gs descoribed above,

7 rt =t s T ST e o “8“ S g Ly A ETTITL LA Yt T e
solvent a2t & temperature of 0 "C to room temperature
for 1 minute to 24 hours under an inert gas atmosphere.

Examples of the alkylboronlc acids represented by

43

he formula (V) include methvlboronic acid, ethylboronic

acid, ilsopropylboronic aci

i
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butylboronic acid, isobutvliberonic acid, n~hexyvlboronic

acid, cyclohexvyliboronic aclid, phenylboronic acid, 3, 5-

difivorcbhboronic acid, pentaflucrophenylboronisc acid and

i
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reble are methylboronic acld, n-butviboronic acid,

isoputvlbeoronic acid, 3, 5~diflucrophenviboronic acic and
- 4 b -

pentafluorophenylboronic acid.

'
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=3
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D
1
fot

kylboronic acids are used singly or in

combination of two or more kinds.
Examples of the ocrgancaluminum compounds to be

rzacted with the alkylboronic acid include the same
organcaluminum compounds as previously described with
respect to the organcaluminum compound (B-la). OFf these
preferakhle are trialkylaluﬁinmms and

tricycioalkylaluminums. Particularly preferable are
trimethylaluminum, triethylaluminum and
triisobutylalominum. These organcaluminum compounds are

used singly or in combination of two or more kinds.

;e

The organcaluninum oxy-compounds (B-2] mentioned

above are usesd singly or in combination of. two or mors

L

rt
vy

-

{(B~-3) Compound which rezacts. w the transition mnetal

compound (&) fto form ion pair

The compound {B-3) which reacts with a2 Transition

th

metal compound (A} to form
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"lonizing ionic compound

b
optionally used in the invention, includes Lewis acids,
an lonic compounds, borane compounds and carbeorane

compounds described in Japanese Patent Laid-Open

E%, Ho.
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291 and No.
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20770471951, and U.S%. Patent No. 5,321,106, A hetercnolvy
compound and an isopoly compound may also be emploved,

The Lewls acids are, for sxzample, compounds

M
D
9
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phenvl group which

ue

|

may have a substituent such az §

L

sine, methyl or

o

trifivoromethyl). Examples of such compounds include

iy

trifluorchbeoren, triphenvlboren, tris(4-flucrophenyliboron

o 7

o—diflucrdphenyliboron, Tris(4-

.
B

i

3

rr
1...I.
¥

flucromethylphenyliberon, tris{pentaflucrophenyliboron,

tris{p-tolyliboron, tris{o-tolyliboron and tris(3, 5-

¥

dimethvliphenvl)boron.
The ionic compounds are, for example, COMPOUNGSs

represented by the following formuls (VI):

In the sbove formula, R2° is H*, carbonium cation,

oxonium cation, ammonium caition, phosphonium caticr,

cycioheptylitrisnyl cation, ferrocenium cation having a

R<é4 to rZ7 may be& the same or different and are each
an organlc group, prefsrably an aryl group or a
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Exampies of the carbeonium cations include tri-

substituted carbonium caticns, such a8 triphenvlicarbonium

cation, tri{methylphenyl)carbonium cation and

tri{dimethylphenyl)carbonium cation.

Examples of the ammonium cations includs
trialkylammonium cations, such as trimethylammonium
cation, txi&thy;ammonium cation, tripropylammonium cation,
tributyvlammeniom cation and trifn—butyl}ammonium cation:;
W, N- Qialkylénilinium cations, such as N, N-

dimethylanilinium cation, W, N-diethylanilinium cation and

H,8-2,4, ¢~pentamethyvianilinium cation: and

.

a3

lkyiammonium cations, such as di(isopropvl)ammonium
cation and dicyclohexvliammonium ca*ion.
Examplies of the phesphonium cations incliudge

ucn

of
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g triphenylphosphonium
cation, tri{methylphenvl)phosphonium cation and
tri{dimethylphenyl)phosphoniom cation.
iz preferably carbonium cation or ammoenium
cation, particularly preferably triphenvicarbonium cation,
N,N-dimethylanilinium cation or N,N-diethylaniliniumn
*-»-‘.
cation.

Also emplovable as the ionic compound is a frialkvi-

substituted ammonium salt, a N,N-~dialkylanilinium salt, =2

alkylammonium salt or a triaryiphosphonium salt.
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the ftrialkyl-substituted ammonium salos

bty

Examples o
include triethylammoniumbtetra (phenvliboron,
tripropylammoniumtetra (phenvliboron, triin-

butyl)ammoniumtetra (phenyliboron,

ot

rimethylammoniumtetra ({p~tolyliboron,

Iny
]

imethylammoniumtetraf{o~tolyvliboron, tri(n-

o

utyl)ammoniumtetra (pentafiluorophenvliboron,

tripropylammoniuntetra (o, p-dimethyiphenyliboron, trii(n-

butyl)ammoniumtetrsa (p~trifluorcmethyvliphenyliboron

putyl)ammoniumtetra (3, 5-dizrifluoromathylphanyl)boron an
.('
tri{n-putyl)ammoniumtetra (o-tolvliboron.

Erxamples of the N,N-dialkvianiliniuvm salts includs

W, N-dimethylaniliniumtetra (phenvl)boron, N,HN-

Giethylaniliniumtetra (phenyl)boron and N,K-2,4, 6~

3

entamsthylanilinivmtetra (phenvl)lboron.

Examples of the dialkylammonium salits include difz

o

ropyljammoniumtetira (pentaflucrophenyl )boron and
dicyclohezyliammoniumtetra {(phenyl) boron.

Further employable as the lonic compounds are
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N, N-diethylaniliniumpentaphenyvlcyclopentadien

and & boron compound represented by the formu

wherein Bt iz an ethyl group, or the formula

(VITI)

ane compounds include

salts of metallic carborane anions, such

7

=)

n~putyliammoniumbis {(nonahydrido-1,

¥

\

icarpanonaborate)cobaltate (III),

82

tri(n-butyl)ammoniumbis (undacahvdride-7, 8-

dicarbaundecaborate) ferrate (III),

tri(n~butyll mmoalumbls(unaecabvd ido-7, 8-
LS
dicarbaundecaborateicobalitate{IIT;,

trd (n=butyl)ammoeniombis {undec

( D
::!
s
(@3
i
'_J
Q.
O
___;
m
!

dicarbaundecaborateinickelate{III),
tri{n-butyl)ammoniumbis {undecahydride~-7, 8~

dicarbaundecaboratelcuprate (111,

!
4

VI

as

o
.

-

Y.
3o
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tri{r-butyl)ammoniumbis (undecahydrido~7, 8-

ml

icarbaundecaborate}aurate {IIT),
tri{n-butyl)ammoniumbis (nonahydride~7T, §~dimethyl~7, 8-

T

dicarbaundecaborate) ferrate (1

14

L
L0
\

ri(n-butyvl) ammoniumbis inonahvdride—7, 8-dimethyl-7, 8-

dicarbaundecaboerate) chromate (IT

=
-

Tri{n~buty l)ammoﬁiuw is{tribromcoctahydrido-7,8~

dicar] agndecabO“ate)coualtawe( I

Ly

trisitri(n~butyl }ammonlumjbﬁ“’unaecaﬂyurido~7—

-4

carbaundecaberate} chromate

—
bt

IT),
bhisitri{n: Du yijammonium]bis (undecanvdrido—7-

.

V)

dF

carbaundecaborate)manganate (I
bis{tri{n-bu t}? ammonium] Bis{undecahydrido-7-
carbaundecaborate)cobaltate{IIl] and
bis[tri(n-butyl)ammonium]bis (undecahvdridoe~7-
carbaundecaborateinickelate {IV).

. The hetercopoly compound comprises zn atom of silicen

rphosphorus, titanium, germaniuam, a

[t

IS

senic or tin and one
or more atoms selected from vanadium, niobium, molvybdenum

and tungsten. Examples of such compounds includ

&1

phosphovanadic acid, germanovanadic acid, arsenovanadic

acid, phosphonicbic acid, germancnicbic acid,

gilicomolybdic acid, phosphomolybdic acid, titanomolybdic
acid, germanomoliybdic acid, arsenomolvbdic acid,

3

stannomolybdic acild, phosphotungstic acid,
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1§

germanotungstic acid, stannotungstic acid,
phosphonolybdovanadic acid, phosphotungstovanadic acid,
germanotaungstovanadic acid, phosphomolybdotungstovanadic

acid, germanomolybdotungstovanadic acid,

phosphomolybdotungstic acid, phesphomolybdeonioblc acid

r

4w g

etallilic salts of these acids, specifically, sa

H

fast

T

i

of
these acids, fﬁrtaxample with metals of CGroup 1 or 2 of
the periodic table such as lithium, sodium, potassium,
rubidiom, cesium, beryllium, magnesium, calclum,

strontium and barium and organic salts of the above acids

sucn as with triphenylesthyl salt, but not limited theretc.

<
1

The iomnizing ionic compounds (B-3} mentioned above

may be used singly or in combination of two or more kinds.

f the transition metal compcound (&) is used as an

4

slefin polymerization catalyst and an orgenoaluminum oxy-
compound such as methylalurinoxane ig used as a co-

catzlyst component in combination with the compound {A},

nigh polyvmerization activity to olefins.

—
o
o+
fin
6]
)
]
D
un
4
)
oF

invention, the transition meta
compound represented by any one ol the formulas (1), {(II-
a), (II-p) and (III) mayv be used singly as an olefin
polymerization catalvst, or there may ﬁe used an olefin

polymerizaticon catalyst comprising:

(R} the transition metal compound, and
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(B} at lezst one compound szlected From:

[B-1% an organozluminum compound,

(B-2) an organcaluminum oxv-compound, and

(B-3) a compound which reacts with the
Trangition metal compound {(A) te form an ion pa
If the transition metal compound (A) represented by
the formula (IZIY is used in combinatidn with the
component (B}, a‘ccmpound represented by the Ifcilowing

formula (III-a} is formed in the polymerization system.

{ : . .
g . e {ZII-8)

~

In the above formula, EiV to RS2, MY, m, n and ¥

(8]

have the same mzanings as those of RIU o 812, 1, m, =n

and ¥ in the formula {(III}, and Y 15 & sc-called weak

coordination anion.

In the fermula (III-a), the bond betwsen the metal
w,
and Y may be z covalent bond or an ionic bond.

Y is, for example, 2 weak coordination anion
described in “"Chemical Rewview", wvol. 88, p. 1405 (1588},
“Chemical Review", vel., 57, o, $27 (1983}, or WOSR/30612
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£. 6, and specific examples therecf include the following

compounds:

BLIR4-
wherein each R may e the same or different and is zn
cgygen atom, & nitrogen atom, = phosphorus atom, =

hydrogen atom, 2 halogen atom, =z substituent containd

pust

g

[

any of these atoms, an aliphatic hydrocarbon group, an

aromatic hydrocarbon group, an alicyclic hydrocarbon

phatic, arcmatic or

|

group, a substituent wherein an al

iy

icyvelic hydrocarbon group is substituted with an oxygen

w
‘_—l

atom, & nitrogen atom, & phosphorus atom or a halogen

atem, or a substituent wherein an aliphatic, aromatic or

}J
0
pa
g
0
i
0
0
0]
F
b
o]
)
10
H
8]
o
&S
-
i

e substituted with

{13

substituent having an oxygen atom, & nitrogen atom, &
phesphorus atom or a halogen atom:

BrRi-
wherein each R may be the same or differsant and iz an
oxvgen atom, & nitrogen atom, & phosphorus atom, 3

nalogen atom, a substituent containing any of these atoms,

an aliphatic hydrocarbon group, an aryomatic hydrocarbon
S
group, an alicyelic hydrocarbon group, a substituent

wherein an aliphatlc, aromatic or zlicvelic hydrocarbon

gr

a
)
ke

is substituted with an oxygen atom, a nitrogen atom,
& phosphorus atom or & halogen atom, or a substitusnt

wherein an aliphatic, aromatic or alicvecliic hydrocarbon

b



group is substituted with 2 substituent® having an oxygen

atom, a nitrogen atom, a phosphorus atom or a nalogen
pré=; Sbr57; trifilucromethane sulfonate;  and p-

The olefin polymerization catalyst emplovable in the
invention can c0§tain the following carrier () and/or
the later—described ocrganic compound (D), if necessary,
in addition to the transitior metal compound  {&: and at

least one compound (B) (sometimes referred

(9
it
O
jul
6]
o

1]

the

fase )

"compenent (B]" hereinafter) selected Ffrom

v
i

crgancmetallic cempound (5-1), the organcaluminum oRY-

compound (B-2) and the lonizing ionic compound (B-3) .

The carrier (C} optionally used in the invention is

an inorganic or organic compound in the form of granular

exchange layvered compounds are preferable.

Exampies of the porous oxides include $i0p, AL203,

o

¥

compounds or mixtures containing thess crides, such as

“

natural or synthetic zeolite, §5i02-Mg0

Ti0z, 5i02-Vp0s5, Si07-Crz03 and 5102-Ti0z~Mgl. ©f these,
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preferable are compounds containing Si02 and/or Al202 as
the main component.

The inorganic oxides may contein small amounts o

h

carhonate, sulfate, nitrate and oxide ccmponents; such as
NasC03, KoC03, CaCO3, MglOs, Has80s, Blp (5043, BasSOs,
NOy, Mg{NOzyo, AL{NO3)3, Nazl, K20 and Liz0.
Elthough thg:porous oxides differ in their
properties depanding upon the type and the preparation
process thereol, the carrier preferzbly used in the
inﬁention has a particle diameter of 10 to 300 um,

preferably 20 to 200 um, a specific surface area of 50 o
[

1,000 mé/q, preferably 100 to 700 m</g, and a pore volume

/g. I1f necessary, the carrier may be

W

cf 0.2 2o 3.0 cm

calcined at 100 te 1,000 °C, preferably 150 to 700 *C
Examples of the incorganic halides emplovable in thes

invention include MgClo, MgBrsz, MnClz and MnBro. The

inorganic halide may be used ag 1t is, or may be used

3,

o

after pulverized by, for example, & ball milil cr an

oscillaeting mill. The inorganic halide mav also be used

inorganic chloride in a sclvent such as alcohol and then

y ri n the invention is
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lg. The ion-
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exchange layered-compounds employable as & carrier in the
invention is compounds having & crystal structure wherein
planes formed by ionic bonding or the like are laminated
in parallel to one another with a weak bond strength, and

the ions contained therein are exchangeable. Most of

3]
HY
v
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The

natural ones but include synthetic ones.

m
o
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compounds include clay, clay minerals

and lon cryvstalline compounds having layered crystal

Loular examples of the clay and the clay

¢t
§.}

minerzls include kaolin, bentonite, kibushi clay, gairome
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montmorilionite, vermiculite, chlorite, palvgorskite,
kaclinite, nacrite, dickite and hallovsite. Particular

examples of the ion-exchange lavered compounds include
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Ti{HPG4)2, o~Ti{HRsO4}z *H2Q, a-Sn(HPO4)2 - H20, y-
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The clay, the clay minerals and the icn~exchangs

{

layered compounds are creferably those having a pors

volume, 28 measured on pores having a radius of not less

than 20 A by a mercury penetration method, of not less

‘than 0.1 oo/, and ars particularly preferably those

having & pore volume of 0.2 to 5 cofe. The rore volume

pei

is measured on the pores having a radius of 20 to 3xiné¢ A

by & mercury penestration method USLINng a mersury

If a compound having a pore volume, as measured on

pores having a radius of not less than 20 A, of lecss than

praferabl
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minarals to bz used
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‘chemical treatments. Anv of surface treatments, for

example, to remove impurities attachsd to the surfacs and

iluence on the crystal structurs of the clay, are

surface but also eluting cations such as &1, Fe and Mg
present 1n the crystal structure to incresse the surface

jats
4
44
a3}

The alkali treatment can destroy crystal structure
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i

of clay to bring about change in the structuze of the
clay. The salt treatment and the organic substance

treatment can produce, for example, ionic compositeas,

molecular composites, or organic derivative to changs the

surface area or the distance betwsen lavers.
The lon-sxchange layvered compound for uss in the

invention may be a layered compound in which

ot

ne

exchangeable ions betwesen lavers have been exchanaged with

i)

¥,

Introduction of other substances between lavers of a
lavered compound is called "intercalation™. FExamples of
the guest compounds to be intercalated include cation

inorganic compounds, such as TiClsz and Erllyg: metallic

alkoxides, such as Ti(OR)g, Zr{OR)4, FO(OR)3 and B (OR

[ SN

(R 15 & hydrocarbon group or the likei: and metalliic

hydroxide ions, such as [Al- {OH) 24177, [Zrel{OH)14]2%

G

1ad
—n

s

and [Fe30{0OCOCH3 g1 ™.

<
The compounds menticned above may be usad singlv or

1G]

in combination of two or mors kinds.
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i

(R 1s & hydrocarbon group or the like) or in the presence

of colloidal inorganic compounds such as 5107. Examples
of the pillars include oxides produced by intercalation

of the above-mentioned metallic hydrowide ions betrween
layvers, followed by denydration under heating.

The clay, clay minerals and ionfaxchange layered
compounds mentioned ahove'may be used as they ars, or mavy
be used after théy are subjected to z treatment of hall
milling, sieving or the liks. Moreover, they may bs used
after they are subjected to water adsorption or
dehydration under heating. The clay, clay minsrals and
fon-exchange lavered compounds may be used singly or in

compination of twoe or more kiands.

&

Of the ezbove-mentioned materials, preferablie amrs

clay and clay minerals, and particularly preferable are

I

meritmorillonite, vermiculite, hectorite,

ynthetic mica

0

N

The organic compound is, for example, a granular or

particulate solid compound having a particle Siameter of

10 te 300 pm. Examples of such compounds includes
S
(cojpolymers p

duced using an e~olefin of 2 o

H
o]

1Y

atoms such as ethylene, propylene, i-butens or d-m=thyl-~
i~pentene as a main ingredient, (cojvolymers produced

using vinylcyclchexane or styrene as a main ingredient

and modified producis therect.
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(D} Organic compound componant

In the present invention, the crganic compound
component (D) is optionally used to improve
polymerizability and properties of the resultinc polymer.,
Examples of the crganic compounds includs alcohels,
phenolic cémpounds, carboxylic acids, phosphorus
compounds and sulfonates, but not limited thereto.

mds, those
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. b T 3 .
epresented by RB-om (828 iz a hydrocarbon group o

[

To

50 carbon atoms or a halogenated hydrocarbon group of 1
vt .
to 50 carbon atoms) are generally employed.

Preferable zlcohols are those whersein Bl iz a2

~h
Al
e
0

nalogenated hydrocarbon group. Preferable phenolic

compounds are preferably those wharein fhe o, ' -positions

o

]

to the hydroxyl group are substituted with hydrocaxbon
groups of 1 to 20 carbon atoms.

As the carboxylic acids, those represented by RZ%-
COOH (RZY iz & hydrocarbon group of 1 to 50 carbon atoms
cr & halogenated hydrocarbon group of 1 to 50 carbon

atoms, preferably & halogenated hydrocarbon group

carbon atoms; are gensrzallv emploved

&85 the phosphoerus compounds, phosphoric acids having
P~0-H bond, phosphates having P-OR bond or P=C bond and

phosphine oxide compounds are preferably empl

|...
o

jo 8

y’{‘:
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The sulfonates used in the invention are those

il
y 38
N O

i
Koy Mm——;o“—s——ﬁe“’

In the abovs formula, M 1s an element ol Group 1 to

Group 14 of the periodic fabls.

r30 is hydrogen, & hvdrocaerbon group of 1 to 20

carbon atoms or a halogenated hydrocarbon group of 1 to
20 carbon atoms.

¥ is a hydrogen atom, a halogen atom, & hydrocarbon

hydrocarbon group of 1 to 20 carbon atoms.

In Fig. 1, an example of the process for preparing
an olefin polymerization catalvst which 1s occasionally
used in the present invention is shown.

W
Some examples of the processes ar

m

given bslow,
though the methods to use the compensnts and the order o
fesding the components are optionally sslected.

3 The transition metal compound (A} is singly fed

hy
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{2} The transition metal compound (A) and the

{3} B catalyst component wherein thes transition

5 supported on the carrisr (€Y and

pa-

metal compound (A)

-
BY

I

re f= i

the component ad to the polymerization reactor

—

in an ordinary order.

(4} B catalyst component wherein the

0
o
B
o
0
5]
®
e
rt
w

compound (&) are fed to the pelymerization reactcor in a

crdinary oxrder.

«
'

%3]
o

A catalyst component whereln the Transition

metal compound (&) and the componesnt (B) are supported ©

83

s fed to the polymerization reactor.

l,_.:‘

the carrisr ()
In the above processes {2} fto (5}, at lsast two of
the catalyst components may be previously contacted with

each other.

i
-
]
o]
a)

In the processe I (5} in which the component

I3

{B) having been supposrted 14

"

used, the component [(B)

§

having been not supported may be added in an arbitrary

S

~
order. In this case, these components {(B) may be the

transition metal compound {A) ls suppcrited on the carrie

component (B! are fed to the polymerization reactor in an
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component (B) are supported on the carrier (), an olef
=}

may be prepolymerized, and on the thus prepolymerized

selid catalyst component, a catalyst component méy'be
further suppﬁxted.

in the olefin polymerization process according to
thelinventian, an olefin of 2 to 20 cerbon atoms 1s

polymerized or copolymerized in the pressnce of the

of

olefin polymerization catalyst to obtain a polymer.

Examples of the clefins <of 2 to 20 rpon atoms include

0
8]

the same olefins as previously described.

In the present invention, the polymerization can be

<
{

carried cout as any of liguid phase polymerization such as

iy
"

soiution polvmerization or suspension pelymerization and
gas phase-polymerizatiom.

Ezamples of inert hydrocarbon media used fLor The
liguid Qhase poelvmerization include zliphstic
hydrocarbons, such as propane, putane, pentans, hexane,
heptane, octane, decane, dodecane and kerosine; alicyclic
hydrocarbons, such as cyclopentane, cyclohexane and

a3

3

-
P

methyleycloeopentane; arcmatic hydrocarbons, sug
benzens, toluene and zviene; halogenated hydrocarbons,

nloride, chlorobenzene and

8

such zs ethylens

dichloromethane; and mixtures of These hvdrocarbons. The

n
e
1%}
O
[
)
@
a3
[

olefin itself can bs usesd a
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ot an ciefin of 2 to 20 carbon
atoms using the olefin polymerization catalvst, the
transition metal compound {&) is used in an amount of
usually 10712 o 1 mol, preferably 10710 to 1p~4 mol,
based on 1 liter of the rasction wvolume.
In the uss of the component (B-1), the component (B-

1y dis

used in such an amcunt that the molar

1) /M) of the component (BE-1) to tns transition metal atom
(M} in the transition metal compound (A) becomes usually
G.01 to 100,000, preferably 2.08 to 50,000, In the uss
cf the component (B-2}, the component {BE~2) is ussd in

.
such an amount that the melar ratioc ((B~2)/M) of the
component {(B-Z) to the transition metal atom (M) in the

trangition metal compound

Goa,

becomes usually 10 to

preferably 20 <o 106,000, In the use of the
component {B-3), the component (B-3r is used in such an
amount tThat the molar ratioc ((BE-3)/M) of the component
{B-3! to the transition metal ztom (M) in the tranzition
metal ccmpoﬁnd (&) becomes usually 1 to 10, prefeﬁably
Lo 5
.

component (D)
the component
such an amount that
becomes usually 0.01 to 10,
the

compenent (D)

is used and the component

iz used and the component (B-
{B}, fthe component (D} is

the molar catic {({D)/(B-1))
preferably 0.1 to 5. When
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as the component (B), the component (D) is used in such
an amount tThat the molar ratic (DY /{B-2)) becomes

usually 0.00% to Z, preferably 0.005 to 1. When the

component (D) is used and the componesnt {(B~3).1s used as

0

the component (B), the component (D) is used in such an

amount that the molar ratic ((D)/(B-3)) becomes usuzally

+100°C, and the polymerization pressure i1s in the range
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the different reaction conditions.
The molecular weight oFf the resulting colefin polymer
can be modified by controlling the moncmer/catalyst ratio

zatlion time.

H
}JA

yineg

3—

or the po
By the proceés of the invention, an clefin polymer
such as the aforesaid colefin pelvmer having & number-

average melecular weliyni of ool
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500 to 16,000,000, more preferably 1,000 to 5,000,000,
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and Mw/Mn of not more than

P
s

e}
1t
M

1.3, iz obtained,

oy

According to the process of the invention, an olef
polymer having & high molecu;ar weight and a narrow
molecular weight distribution can be obtained with high
polymexization activity, or an clefin tapered pclymer or
an ole in block copolymer precissly controlled in the
sﬁructure can be obrained with high peolymerization
actiﬁity.

Anothsr emppodiment of the process for preparing an

fin

[
©

o]

£S]

clymer according to the invention comprises
: )

contacting the polymer obtained as above with a
functional group-contazining compound to prepare such an
olefin polymer having a2 functional group at the termins
as previously described. A compound cépable of baing

converted into 2 functionzl group is included in the

functional group-containing compound.

e
i

group-contalning

Pt

Examples of the functiona

+

compounds or the Vomgound; capabl

®

faki
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into & functional
L.

functional groups:s

group include compounds having

uch ag an aromatic

u
mn
"1’

iydrocarbon groun,

halogen atom, an oxygen-containing grou

1—

w

;& nitrogen-

e

containing group, a phosphorus-containing group and a

Specifically, thers can be

"l

metzl atom-containing o

Q
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mentioned an aromat i

0
o

inyl compound, 1o
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i

bromine, carbon dioxide, an ester compound, an aldehyde

compound, a carboxylic acid compound, cxygen, an

lkylamine compound, a s

it
I~

licon alkvlhalide, an
alkylaluminum compound, an alkylboron compound, an

Lkylzine compound, an alkyllithium compound and the like.

w
e

After the contact with the functional group-
containing compound, the functional group can bhe
converted into another functional group by a known method,

in the contact ¢f the oclefin polymer with the
functional group-containing compound, the temperature is
in the range of -76 to +300°C, preferably -78 to +200°C

.

and the pressure is in the range of usually atmospheric
pressure te 100 kg/cm?, preferably stmwospheric pressure

to 30 kg/cm=. The contact time is in the range of

ususlly 1 minute to 100 hours, preferably 10 minute

n
o+
@]

The contact of the olefin polyvmer with the

it

functional group~containing compound can be carried out

,..:
3
m
9]
O
bl
<
1
w2
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O
H

without & solvent. Examples of the

6]
[®)

lvents empioyable herein include aliphatic hydrocarbons,

+

such as propane, butane, pentans, hexanes, hepiane, octans,

4

decane, dodecane and kerosins; alicyclic hydrocarbons,
such &s cyclopentane, cyclohexenes and methvicyclopentane;
aromatic hydrocarbons, such as benzene, toluene and

xyiene; halogenated hydrocarbons, such as ethylene
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chloride, chlorobenzenes and dichloromethane; ORYgern-—
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orntaining compounds, such as disthyl ether a
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thereci.
A further embodiment of the process for preparing an
olefin pelymer according te the invention comprises
polymerizing at least two clefins which are selected from
clefins of to QO.carboa atoms and have d
polymerization reactivities, in the presence of an olefin

polymerization catalyst comprising the aforssaid

v

transition metal compound (A} to nrapar

B

a tapersd

polymer containing a segment wherein composition of twe

or more menomers continususly changes.
ks described hereinbefore, the tapered polymer is a

poiymer in which the comonomer composition gradually

changes from one end to the other end of the polymer
chain. This polymer can be gynthesized by polymerizing
two or more monomers having different resactivities (e.g
ethylene and propylene! in a living polymerization system
wherein chain transfer reaction does not substantially

Examples of the methods to feed the monomers incliude
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ccontinuously changing the moncmer composition and a

methed in which plurzl monomers are fed together in the
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polymerization resactivities of the monomers is taken
to obtzin & tapered polymer. The

the

¢t

-
o

pressure, addition

3

atzlyst and
in the peclvmeriration are

same as those described previocusly

Ins

The two or morse kinds of monomers are selecied from
the aforesaid olefins of 2 to 20 carbon atoms, they are
preferably selected from ethylene, propvlene, l-butene,

l-pentene, l-hexens,

!
)
)

o]
ns
¢4

ne and l-octene,

and they are
more preferably selected from ethylens, propylene and 1-
butens.

| A stili further embodiment of tThe progess for
prépazing an olefin polvmer according to the invention
comprises conduciting the following step (1), the
following stsp {2), and cptionally, the following step
{3} cf an arkbitrary numbeszr of times, to prepare an olafin
block copolymer comprising. plural poiym;x bilock
In the step (1), at least one olefin selescted from

20 carbon atoms is polymerized in the

-y

presence of the zfo
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efin

H

ation catal

-2

polyme

pt
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the olefins of 2 to 20 carbon atoms
include the sams clefins as previously described, and
they can be used singly or in combination of two or m

vst

ore
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lymer bhlocks include the zane

in the range of usuvally —-40 to +200°C, preferzbly 0 to
+15C°C, and the polymsrization preasure is in the rang

of usunally atmospheric pressure to 100 ky/cm?, preferably

"

atmospheri

ﬂ

oressure to 50 kg/om<.

In the step (2), at least one ole
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te 20 carbon atoms
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prasence of the polymer blo

Ios

0

k prepared in the step (1) to

The different polymer block means a polvmer block

zuch as monomer Lype, comonomer Lvype, COMONOmMET
compesition, comonomer content, comonomer configuration
and sterescregularity.

Examp!

iw

include the same olefins as previously describsd, and

they can be used singly or in combination of fwo or more
S

kinds., EBxamples of the polymer blocks ohtained in the
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of usually atmospheric pressure to 100 kg /ome, preferably
atmospheric pressure to 50 kg/om?.

In the step (3

p—

. at least one olaefin selected from

olefins of 2 to 20 carbon

atoms 1s poiymerized in the
presence of the polymer block prepared in the step (1)

44

and the polymer block prepared in the step {(2) to prepare

a pelymer block which is different from the polvmer

Examples of the clefins of 2 to 20 carbon stoms
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kinds. Examples of the polymer blocks gbhitained in thes
step {3) inclilude the same blocks as previously described,

In the step (3], the polvmerlization temperature is

in the range oI usually -40 to +2050

rocess of the invention, for exampls

=3
g
4
el
o
1
ot}
cf
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®
T

!

the aforesaid olefin block copolymer is obtained.
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narrow molecular welght distribution can be obtained at a
high polymerizaetion temperature with high polymarization
activity.

in the present invention, the block copo

]
i
E
E"é

obtained above can be contacted with z functional group-
containing compeund te obtain an olefin block copolymer
having a funciticonal group at the terminal.

The ceontact of the olefin block copolymer with the

i)

functional group—-contalning compound is carr

rt
e
=1

ad ou

[

.

the same manner zs previously described.

& gtill further embodiment of the process For

i .
preparing an colefin polymer according to the invention

pelymerization by the use of a catalyst obtained by
catalyst and the resulting polvmer chain by means of

the living polymerization can be
confirmed by the narrow molecular waight distribution of
the resuvlting pelymer and the increzase of the mclecular

weight of the resulting polymer with polymerization time.

According to the process of the invention, it is feasible

to prepare, for example, the monodisperse polvolefin

v

=
[
o
84
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cizfin copolymer, the tapered polyvmer or the olefin
copolymer mentioned above.
To confirm whether the 1iving polymerization

"

proceeds or not, it 1s moest preferable to polymerizs an

To confirm whether the menodisperse pelyolefin, the

olefin copelymer, the tapered polvmer or the olefin block

18 most preferabnle

for not performing & cleaving operaticn by the chain
transfer reaction {i.e., the same conditions except for
using no chaln transfer agent).

In this process, the following olefin polymerization

catalvsts (1) to (%) are emplovable.

[
ht
o
e
F, e
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Fh
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(21

1 polymerization catalystT comprising a

)
H
Q
[
s
2=Y
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&
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£
fod
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cene compound and & soluble non-
coordination anionic compound

Examples of such catalysts include those of the

,_.
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O
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—
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joxe
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[ BN
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¥ iz a2t least one hydrocarbon group of 1 tc 20
carbon atoms,
Cp is @ ligand having cyclopentadienyl skeleton

when plural Cp are contained, thev are the same or

10 combination of {(Y¥Cp)2$

are each the same as that described above, anc

;o

care sach the same as the aforesaid X)) and

!_-J
=
3
I_J.
o}
O
e
i
]
A

nethyvla

(3) A compound represented by the following formula:

\\
3

. 1 A p
20 wherein R3F to R33 are esach

¥
[}
o
3
[N
s
O
W
&
ja]
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ot
0
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o
1
1
}, of
oy

e
3

proviso that at least one of R to B33 nseds to be a
hydrogen atom but there is no case whers R3L1 to RI3 ars

all hydrogen atoms at tThe same time.

25 (4} Compound represented by the following formula:
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In the above formulz, M’ is a transition metal atem

may e the same or different and are each
& hydrocarbon group of 1 to 50 carbon atoms, a

nalogenated hydrocarbon group of 1 to 50 carbon atoms, an

selected from nitrogen, oxygen, phosphorus, sulfur and

Two or more of the groups indicated by B34 to p37

preferably adjacent groups, may bz boned to each other o

g is an integer of (G to 4.

& - 1 0 2 * 5 b1
X7 Ls a hydrogen atom, a halcgen atom, =z nydrocarbon
W

group of 1 to 20 carbon atoms, & halogenated hydrocarbon

U
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& sulfur-containing group, a silicon-containing group or

a2 nitrogen-containing group. When g is 2 or greater,

plural groups X may be the same or differsnt.
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{55! Compound representsd by the following formula:

RSB
|

N
{(Em}A;r{/ ->M‘*x’@p

:TJ'-~Z

a

In the ahove formula, M° is transition metal atom

fu-

O

{ Group 2 to Group © of the periodic table, preferably

Ao
&..

tanium, z“*ﬁoﬁﬁum or hafniom.

R*® and R*® may be the same or differsnt and

an

jal]

ra

i

a hydreogen atem, a hydrocarbon group of 1 to 50 carbon

atoms, a halogenated hydrocarbon group of 1 to 50 carbor
3

phosphorus, sulfur and silicon.

2
[

m is an integer-of 0 or Z, and n is an integer of

% ig an atom of Group 13 ts Group 1€ o

h

the periocdic
table, spescifically boron, carbon, nitrogen, oxvgen,
$ilicon, pheosphorus, sulfur, cgermanium, selenium, tin or

rapl y carbon or silicon.

4]
l’“h

the like, pr

When n

for
i3
a8
O
1
2
4
)
M)
ot
0
A
il
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s
f)s

A mav be the same or
different.
E is & substituent having at least one slement

selected from carbon, hydrogen, oxygen, halogen, nitrogen
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sulfur, ph

e

different,

<)
h
3

straight~chain or branched ¢-clefins of 2 to

ETOoms as p

carpon atoms,

aromatic

osphorus,

roups indicated by E sxist,

or may be

186

boron and s:ilicon. When plural
twe of B may bs the same or
bonded te each other to form & ring.
cf 0 to 4,
tom, & halogsn atom, a hydrocarbon

halogenated hydrocarbon
an oxyyg

& silicon-containing group

~containing group. When p is 2 or greater,
ups ¥*° may be the same or different.

les of the olefin compounds ol 1 fto Z0 caxbonl
uge in the polymerization include ths same

reviously described, cyvcloolefins of 3

vinyl compounds.

vinyicyclohexane,

20 caxbon
to 20
and

dienes, polyenes

These olefins can be used

singly or in combination or two or more kinds.

Else emplovable as the olefins in the present
invention are monomers having atoms other than carbon and
hydrogen, and examples of such monomerns includé o, B-

.

unsaturated carboxylic acids, cycloolefin carbozylic
acids, anhvdrides thereoi, metallic sazlts thereof, such
2z sodium salts, potassium salts, lithlum salits, zinc
salts, magnesium salits and calclum salts thesreof, oL, B
unsaturated carboxvllic esters, vinyl esters, unsaturated



10

20

187

glycidyls, hazlogenated olefins, unsaturated cvano
compounds, unsaturated ketonss, unsaturated ethers,

in

15

o

functional group-contair

jte]

styrene deriveatives and vinyl
group-containing heterocyclic compounds.
At least one olefin of the clefins emplovable in the
invention i1s an ¢lefin consisting of only carbon and
hydrogen. There is no specific limitation on the
guantity ratic of the colefin consisting of only carbon

and hydrogen to the whole olsfins, but for exempl

D

; the

}._.l

ratio is not less than % % by mol and not more than 100

i

bv mol based on the whole olelins. By the expression "at

'Y ' A . . -

lezst one olefin® is meant that zt least one kind of an
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carbon and hydrogen is
contained in the whole clzafin polymer of the invention,

nd in case of, for example, an olelfin polymer composed

of plural polymer blocks, the colefin consisting of only
carbon and hyvdrogen may D& contained in any of the

viner bhiocks.

fr

pels]

in order to polymerize these clefins, the aforesaid

conditions are emplovable. The polyvmerization
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The chain transfer reaction is promote

o3
o
=

maintaining the temperature at & given tLemperature

at
which the reaction procseds cr by using at lsast one

compound selected from hvdrogen, an organcaluminum
compound, an organcboron compound, an organozinc compound,
an organosilicon compound, an organocadmium compound and
& organo;éad CO@pound.

The conditicns to promets the chain transfer

reaction may be the same as o

H
=)

temperature 1s in the range of ususlly ~100 to +200°C,
[ ’

preferably ~78 to +50°C, and the pressurs is in the

H
s
o

fte
D
O

£ usually atmospheric pressure

t

o 100 kg/cm<

-~ - ; . c o 3
preferably atmospheric pressure to 50 kg/cm~.

To promcte the chazin transfer reaction by heat, it

3
{

is preferable that the olefin compound is polymerized at

& tempersture at which the chain transfer doss not

S
and the pelymerization is conducted again at a

O
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uminum compound, an organoboron compound, an
crganczinc compound, an organosilicon cempound, an

s

-

organocadmiuvm compound and an organolead compound, thi
reaction agent may be present from the baginning of the
polymerization or may be added later in any stage. In

the preparation of z tapered polymer or z block copoclymar,

=

transfer agent after

{5
)
o
@
(J
iaa
v
—
ja}

it ls preferable to ad

the invention include hydrogen, an organozaluminum

compound, an organchoron compound, an OLGANOZING compound,

an organosiilcon compound, an organcCadmium compound

(L
u
o
jaR

an organciead compound. Spaecifically, there can he
mentionead:
an organocazluminum compound represented by the

formula:

wherein R® and R® may be the same or different, when

" = - T
plural R® cor plural R® are present, Lney may be the sams
kind or two or more different kinds, R2 and BRP are each a
A,
hydrocarbon group of 1 te 1% carbon atoms, preferably
toe © carbon atoms, ¥ is a halogen atom, and m, n, p and g

are numbers satisfying the conditions of 0O<ng3, 05n<3,
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an organcboron compound represented by

formala:

R2yB (ORR ] npXyg

whersein R® and R® may bhe the same or different,

plural R® or plurazl RP are present,

they may be

the followin

i

when

the

same

kind or twe or morse different kinds, R® and 20 are eazch
hydrocarbon group of 1 to 15 carbon atoms, preferzsily 1
to & carbon atoms, ¥ is a halogen atom, and m, o, » and
are numbears satisfving the cohﬁiti@ns of Q<m£l
{preferably 0<miZ), 05n<3 (preferably 0sn<2), 0<p<3
(preferably 1Sp<dd), (05g<3 (preferably 085p<Z2) and
L

min+p a3y

an organvsilicon compound represented by the
following formula:

R2nS1 (ORD) nHpiq
wherein R® andg EP may be the same or different, when
plurael R& cor plural RE are present, they may be the same
kind or two or more different kinds, R® and RP are zach
hydrocarbon group of 1 to 15 carbon atoms, preferakly 1
to € carbon atoms, ¥ is a halogen aﬁom, and ™, N, D and
&
are numbers satlsfying the conditions of O«<ms4
(preferably 0<m=3;, 0in<d {preferably 02n<3), Osp<4
{preferably 1<p<4}, 03g<4 (preferably 0Sp<3; and

g

m

U2
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compound re

gul
H
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wherein RP® and R® may be the same or different,

RY are present,

when

they may bs the same

kind or two or more different kinde, RE and B are sach =2
hydrocarbon group of 1 te 15 carbon atoms, preferably 1
te € carbon atoms, X is a halogen atom, and m, n, © and .
ars numbers satisfying the conditions of 0<m$4, (<n<4,

03g<d and m+n

a dialkyl compound of zinc or

by the following formula:
rRapbnd
wherein R® and R® may be the same or different and are

i

group of to 13

[
3]
l_h
4}
t
-
]_ 3
{u
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=
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§»-R
i
[
=

triisopropyl
diethyviaiuminum hydrids,

diiscbutylaluminum hydride, alkyial
aluninum dihydride and

borane,

aluminum

borans tetranydrofuran

carbon atoms,
M% is Zn or Cd.

compounds include

laluminum,

trioctyl

zluminum,

nd

m )

uminum hyvdride and
urinum dihvdrides,
Dro aluminum

complex, horane
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dimethylsulfide comples, borame dimsthylamine complex,

borane trimethylamine complex, borans trimethylphosphine

~complex, thexyl borane, S-borabicyvelol3.3.1llnonane,

triethylborane, trimethylborane, monocalkylsilane,
dialkylsilane, trialkylsilane, diethylzinc, dimethylzine,
diethylcadmium, dimethylcadmium and tetraphsnyllesacd.

Also employvable are compounds by which the chain

transfer agents are formed in the polymeriza®ion SV

0]
rt
®
=)

Qf the above compounds, preferable ars hydrogen
crganczine compound, an organoboron compound and an

organcsilicon compound, and particularly preferable zre
The chaln fTransfer agents menticned above ars used

When the chain transfer agent iz used, thi

h

polyvmerization reaction in the present invention is

and the chain transfer resction proceeds by the addition
of the chain transfesr agent.
The chain transfer agent is used in such an amount

o} T 2 o - Lo 3
&t Lhe molar ratic of the chain transfer agent to ths
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Lon metal compound bacome

£
£
w
[
{1
fot
j»_)
<

G.1 to 10000,

e
]
D
=ty
4
H

aply 1 to 35000.

Th

6]

clefin polymerization catalvst used in the above

process is preferably an olefin polymerization catalver

Accerding to the process of the invention, an olsfin
polvmer having a high molecular welght and & narrow

moiecular weight distribution ca

i
o]
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8
7
ot
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o
4
jo3
=
o
rt
3
o
¥
H
3

polymerization activity, or & tapered nolvmer or an

ot

]
I

0

;- in block copolymer preciselv controlled in the
structure can be obtained with high polymerization
activity.

Te the monodisperse polyolefin, the clefin copolym@r;
the tapered polymer, the olefin block copolvmer or a
poelymer having & functional group at the terminzl of any
of these polymers, various additives may be added.

The monodisperse pelyclefin, the olefin copolymer

the tapered polymer, the olefin block copolymer or a
N
poiymer having a functional group at the termi
oI these polymers can be applied to various uses.
A composition containing the monodisperse polvolefin,

the clefin copolymer, the tapered polymer, the olefii

block copelymer or a polymer having a function
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o
0
M
o
o
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articles by a known molding method.

Of the

fin pol

-

'P"‘l

copolymer containing a ri 1d block and & soft block and

the tapered polymer have properties of thermoplastic
elastomers.

"Examples of the uses of the poliymers include

o

automobile parts, such az sids malls, bumpers,
f pa

weatherstrips, glass run channels, boots and air duct

hoses; industrial parts, such as packings, mats, balts

and hoses: electric/electronic parts, such as elesctri

wires, codes and silencing gears; sporting goods, such

0

- ‘

spert shoes, ski shoes; and civil enginser ing/bullding
materials, such as gaskets and water barrier sheets,

o
L

1 L)

he colefin polymers o

o
ck
h
5
oy
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thermoplastic resins, fillers, nucle sting agents and

\J

additives used for polymers may be added in arbitrary

amounts, ancd the polymers may be subjected to secondary

modification such as crosslinking or blowing.
Zs The thermoplastic resins, crystalline
& -
thermoplastic resins, such as polyolefin, polyamide,

non—crystalline

0.

polyester and polyvacetal; an

thermoplastic resinsg, such as

3]
o
8
¥
<
12}
o
e,
L
(I
b
e

acrylonitrile/butadiene/st yrene copolymer (ARS),

polycarbonate, polyphenylens oxide and polyacrylate, ars

ymers of the inventicn, the block

53
O

the terminal of any of thess polymers can be molded into

2o

in
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emplovable. Polyvinyl chloride is also preferablyv

emploved.

methyl-I-pentene polvmer, a 3-methyl-l-butene polymer anda

st
o3
]
w
i
o
M
‘T
O
i._l
=
o
re

Of these, an ethylene polvmer, &

propylene polymer and =z d-methyl-l-pantense polymer are

breferable. As the ethylene polymer, an ethylens/pelar-
group contalining vinyl copolymer is preferable

Examples of the polvamides include eliphatic

polyamides, such as nylon-¢, nylon~6€, nylon-1l, nylon-i2

these, nylon-6 is particularly preferable.

|91

Examples of the polyaceials include polyformaldshyds
_
(polyvoxymethyvlens), polyacetaldehyde, polypropicnaldehvde
i 3 > ). E Y ¥ i I !

and poiybutylaldenyde. OF thase, polyformaldsghvde is
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be &

acrylon

methacrylate or
As the ABRS, prelferably ussad
35 % by mol of constituent units
acrylonitrile, 20 to 30 % by mol
derived from butgdiene and 40 to
constituent units derived from =
Erxamples of the polvcarbona

obtained from bis{{-hvdroxyoheny

hydronvphenyl)ethane,

<

Z,2-bis(4-
i

2, 2=-bis (4d-hydroxyphenvliibutane.

Do
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singly or in combination or two

r

The colefin block copolymer

addition to

accelerator, a crosslinking assi

tackifier, an anti-aging agent,

itrile, methyl

is cne comprising 20 to

of constituent units

50 % by mol of
tes inciude polymers

limethane, 1,1-bis(4-

hydroxyphenyl)propane and
Cf these, polycarbonate
henyvl)propane is
poly (2, 6~dimethyl-1, 4~
thyl methacrylate or
empioved
ntioned above may lbe used
or more kinds.
of the invention mavy
the thermoplastic resin

CrossSLinNiing

n
e

tant, &

& blowing agent, a

nomopoiymer of stvrene or a
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dghesion imparting agent, an inorgani

-
)

- & colorant, a lubricant, & flame retardant, &n anti-

blooming T and the like.

ol
[{e]
Y
3

Crosslinking agent

The crosslinking agent

rclohexane, t-butylcumyl peroxide, di-t-amyl

peroxide, t-butyl hydroperoxide, 2,5-dimethyl-2,

Sedi-{T-
butylperoxy)hexane or the like is preferable. When the
ocrganic peroxide 1s used as the crosslinking agent, it is

preferable to use & crosslinking assistant in combination.

Qf the various crosslinking agents, sulfur or a

i
o
Yo
H
[
34
¢

cmpounc, barticularly sulfur, is preferablv used

because a crossliinked product having sxcsllent properties

!
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As the crosslinking accelerator, N-cyolohexyl-2-
benzothiazoie sulfenamide (CBZ), W-oxydiethylene~2-
benzothiazole sulfenamide, N,N-diisopropyl-2-
benzothiazole sulfenamide, 2-mercaptobenzothiazols, 2-
(2,d-dinitrophenyvl)mercaptobenzothiazole or the like :ig
enpioved.

Crogglinking assistant

The crosslinking assistant is used for organic

peroxide crosslinking. Examples of the crosslinking

agsistants include sulfur; cuinone dioxime compounds,

such as p-guinones dioxime and p,p'-dibenzovliguinone

3

1

dioxime; and poiviunctional moncomers. such as

=
[0
ct
y
o
9]
[
e

ate compounds (e.g., trimethviolpropane

triacrylate and polyethylene glvool dimsthacrylate)

-

allyl compounds {e.g., disllyl phthalate and triallyl
cyanurate}, maleimide compounds (2.g., N, N ~-m-
phenyviensbismaleimide) and divinylbenzene.

renay

h

So
As the softeners, those heretocfore addsed to rubbers

are widely used, znd examples thereof include petroleum

!

LN
type softeners, such as process oill, lubricating oil,

paraffin, liguid paraffin, petroleum asphalt and

vaseline; coal tar typs softeners, such as coal tar and
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tall oll; factlce; waxes, such as beeswax, carnauba wax
ant lanoline; fatty acids and fatty acid salts, such as
ricinelic acid, palmitic acid, barium stearate, czloium

stearate and zinc laurate; and synths

¥

ic polymer
materizls, such as petroleum resin, atactic polypropylene

and coumarone-indene resin. Of these, petroleum type

‘s the blowing agents, those yenerally used for

blow-melding of rubbers are widely used, and examples
!

siude inorganic blowing agents, such as sodium

1]

b
£

)

thereo] n

s

bicarbonate, sodium ca;bonate, ammonium bicarbonate,
ammanium carbonate and amm@ﬁium nitrite; nitrosoc
compounds, such as N,N‘¥dimethyl~N'R'~
dinitroscterephthalamide and N,N'-
dinitroscpentamethylenstetranine; azo compounds, such as
arzodicarbonamide, azobisisobutyrcnit:ile,

azocyclohexyinitrile, azodiaminobenzene and barium
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azodicarboxylat compounds, such as

zenesulfonyl hydrazide, telusnesulfonyl hvdrazide,

p,p'-oxybis(benzenesulionylhydrazide} and diphenvlsulfon-
3,3 ~disulfonyl hvdrazide; and azide compounds, such as
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onyl azide. OFf these, preferable are nitroso

It

i

toluenesul

o

z

compounds, &z0 compounds and azide compounds.

Blowing azsistant

The blowing zssistant can be used in combination

4]

with the klowing agent. Use o

ToFh

the blowing assistant in
combination contributes to lowsring of decomposition
temperature of the blowing agent, acceleration of
decomppsition thereof and production of unifarm bubbles.
Exampies of such blowing asssistants inciude organic acids,

such as sallcylic acid, phthalic acid, stearic azcid and

oxalic acid: znd urss or it
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acid; salts of these higher fatty aocids, such as barium
stearate, zinc stearate and calclum stearste; and ssters

&

dnhesion between a crosslinksd product and a decorative

layer such as @ coating film, and examples of

inciude an organcotin compound, a tertiarv amine compound
& hydrozyl group-containing (colpolymer and a metsllic

hvaroxide.

Inorganic filler
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Examples of the inorganic fillers include silica,
diatomacecous earth, alumine, titanium oxids, magnesium
o#ide, pumice powder, pumice halloon, aluminum hydroxide,
magnesiwn hydroxide, basic magnesium carbonate, dolomite,
calcium sulfate, calcium titanate, barium sulfate,

calcium sulfite, talc, clay, mica, asbestos, glass fiber

H

1

as calcium silicate,

oot

n
hy
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g
mentmerillonite, bentonite, grapnite, aluminum powder and
molyvbdenur sulfide.

Bbove all, layered compounds ars preferably emploved,
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erties in

ilica and an octahedra
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sandviched between the tetrahedral layers. The two-laver

group or an antigorite group, and the three-laver

strusture type [(latter type) is, for sxample
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lay minerals include
kaolinite, dickite, nacrite, halloysite, antigorite,
chrysotile, pyrophyllite, montmoxi&ionite, beidsllite,
nontronite, saponite, s&uconite, stevensite, hectorite,
tetrasilicic mica, sodium taeniorite,‘muscovite,
margarite, talc, vermiculite, phlogopite, xanthophylilite

and chlorits.

materials (sometimes referrsd to as "organic modifisd
clay minerals") are alsc employable as the inorganic
laverad compounds {On the clay minerals having besen

O the zbove clay minerals, prefersble are a

smectite group, & vermiculite group and. a mica group,

Qo

nd

montmorilionite, beidellite, nontronite, saponite

I

inorganic layered compounds are swollen or cleaved are as
follows. 1In case of the swelling clay minerals, thers
can be mentioned water, zalcohols, sush zs methanol,

ethanol, propancl, lsopropancl, ethvlene glycol and
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diethylens glveol, dimethylformamide, dimsthyl sulfoxide

and acetone. 0f thess, water and azlcohol such as

methancol are preferable,

in case of the crganic modi

Fh

H

can be mentioned aromatic hydrocarbons, such as benzane,

-+

cluene anc xylene, ethers, such as ethyl ether and

tetrahydrofuran, ketones, such as acetons, methyl ethyl

ketone and methyl isobutyl ketone,. aliphatic hydrocarbon

such as n-pentane, n-hexane and n-octans, halogsnated

hydrocarbons, such as chlorcbenzsne, carbon tetrachloride,

chioroferm, dichloromethane, 1,Z-dichlorosthans ang
perchloroethylene, ethvl acetate, methyl methacrylate
(MME;, dioctyl phthalate (DOP), dimethylformamide,

dimethvl sulfawide, methyl cellosolve and silicone ¢

.

[N

Nucleszting agent

As the nucleating agents, various nucleating agents

‘hitherto known are ussed without specific limitation.

Examples of the nucleating agente include the following
aromatic phosphoric ester salt, benzvlidenesorbitol
aromatlic carboxylic acid and rosin nucleating agent.
[N .

Exampies of aromatic phosphorlc ester salt are

compounds represented bv the following formuls (1.

ied clay minerals, there
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In the above formula, R is an oxygen atom, a sulfur

atom or a hydrocarbon group of 1 to 10 carbon atoms; RY¥
and RY are each a hydrogen ztom or hydrocarbon group of
to 10 carbon atoms and may be the same or different, and
R*s, R%¥s or r*® and B* may belbomded to each cther to
form a ring: M is a metal atom having a wvalency of 1 to

o

1
{a)

3; and n is an integer of 1
-Ccncréte examples of the compounds represented bf
the above formula (1) include
sodium-2, 27 ~methylene-bis (4, 6-di-t-butyliphenyl)phosphate
sodiuvm-Z,2 " —ethylidane~bi 514 b-di-t-butyliphenyliphosphate,
lithium~Z,2'~methylene-bi 6-di-t-butylphenyl)phosphate,
lithium—2,2'~ethylidens-bis (4, 6~di-t-
N

butylphanyl)phesphate,

sodium-Z, 2 —ethylidene~bis {4~i-propyl-6-1~
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calcium~bis (2,2 -thicbis {{~-methyl—-6~%~
butylphenyl)phosphate),

calcium~bis (2,2 "~thiobis (d~ethyl-6-t—

butyiphenyl!phosphate),

;o

calcium~bis{Z, &thiobis{4,6—di~i—butylc?er

magnecium-bis (2,2

dium-2,2'-butylidene-~bis {4, 6-di-methyvioh
[l T
sodium-2 —butylidene-bis (4, 85-di~t~

puthylphenyl)phosphate,

sodlum~-2,2 ' -t~octylmethylene~bis (4, 6-~di-

methylphenyl)phosphate,
Sodium—ELZ‘~t~actylmethylen@—bis{é,G—diﬂt-
butylphenvliphosphat

calcium~-bis (2,2 ~methylene-bis{4, 6-di—+-
butyliphenyl)phosphate},

magnecium-pls (2,2 -methviene-bis {4, 6~di~t-
.

butylphenyl)phosphatel,

barium-pis(Z2,2'~methylene-his (4, 6-4i-t—

sodium~-2, 2" -methylene-bis ({~methyl-6-%-

butvliphenyl)phosphate,

iphosphat

QJ
ot
(D
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sodium~2,2'~methylene-pis {4d-ethyl-~6-1~
butylphenyl)phosphate,
sadiumm{4{4‘wdimethyl—5,6‘—di~t—butyl~2,2‘~
biphenyi)phosphate,

calcium~bis-{{4,4 ' ~dimethyl-6,6 ~di-t-hutyi~-2,2"~

sodium~2, 2' -methylene-pis (4, 6-di-methyviphenyl)phesphate,

sodium~2Z, 2" -methylien

@
t
5]
?J
0
-
5
}
o
5ot
I
43
[as
e
o
'__l

potassiun-2, 2 ' ~ethylidene~bis {4, 6~di-t-—
[ . .
butyliphenvl)phosphate,
caloium-bis (2,2 ~ethylidene~bis{4, 6~di-t~-
butylphenyl)phosphate), |

?

magnecium-bis (2,2’ ~ethylidene-bis (4, 6-di-t-

putylphenyl)phosphate) ,

parium~bis(Z,2 ' ~ethylidene-bis{4, ¢~di-t~-
butylphenyl)phosphate),
eluminium-tris (2,2 ' -methylense-bis 4, 6~di~t~

utylphenyl)phosphate) and

- g

sluominium=-tris(Z,2'~ethylidene-bis {4, 6~adi-t-

butylphenyl)phosphate), and mixtures of Lwo or more

phenyl ) phosphate,
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Examples of aromatic phospheris ester ssl

compounds represen

ct
4]
o
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-

[RS)

[ 20
P
m

[e]

in the abové formuia, R* is a nydrogen atom or
hydrocaroon gxouﬁ cf 1 to 10 carbon atoms: M is a metal
gtom having & valency of 1 to 3; znd n ils an integer of 1
o 3.

Concrete sxamples of the compounds represented by

e

t

the above formula {2Z) includs
sodium-bis (4-t-butyliphenvliphosphate,
sodium-bis(4-methylphenyl}phosphate

sodium—bis (4~ethyliphenyl)

sodium—bis{4-t—octyiphenyl)phosphate,
potassium-bis{4-t-butylphenvliphosphate,
calcium~-bis {é~-t-butyiphenyl;phosphate,

magnecium-bis (d-t-butviphenylphosphate,
.

Lithium-bis(4-T-butyliphenvl)ohosphate,

aluminum~bis {{-t-butylip!

=
i
o

mixtures or more thereof.

is sodium-bis{4-t-butylphenyl)phosphate.

preferable
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The benzvli

wherein each R49
hydrogen atom or

atoms, and m and

(3} include 1,3,2

he following formu

208

cenesorbitol is, for example, 2 compound

& {(3%:

Eu:

F— O
< e 030

O

may be the same or different and is a
a nydrocarbon group of 1 to 10 carbon
n are zach an integer of ¢ to 5.

-

the compounds represented by the formuls

d-dibenzvlidenescrbitol, 1,3-

penzylidene-2,d~p-methylbenzylidenesorbitol, 1,3-

benzylidene-2,{-p-ethylbenzyvlidenesorbitel, i, 3-p-

methylbenzviidene-

ethyvibenzylidane-

1,3,2,4~di (p~meth
S

ethylbenzylidense)

i8]

ropylbenzylidens

-

propylbenzylidene

[
|

butylbenzylidens)

butvlbenzylidens)

Z,4-penzylidenesorbitol, 1,3-p-

-Z2,4-benzryvliidenesorbitoel, 1,3-p-

ylbenzylidene)sorbitol, 1,3,2,
sorbitel, 1,3,2,4-di{p-n-

f oL, 302, 44 (p-i-

1o

i sorbito
Jsorbitel, 1,3,Z,4-di{p-n~

sorzitol, 1,

{2}

sorbitol, 1,
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putylbenzylidene)sorbitol, 1,
dimethylbanzylidene)sorbitel, 1,3,2,4-dilip~
methoxybenzylidene) sorbitol, 1,3.2,4-di(p-

ethoxybenzylidene)sorbitol, 1,3-benzylidene-2—-4-p~

chlorobenzylidenesorbitol, 1,3-p-chloreobenzylidene-2-4-

" benzyvlidenssorbitel, 1,3-p-chlorebenzylid —2 G=—p

methylbenzvlidenesorbitol, 1, 3~p-chlorobenzylidens—~2-d-p~
etny‘benzv¢1uenes rkitol, 1,3-p-methylbenzylidene-2-4-

chlorobenzylidenesorbitol, 1,3-p-~ethylbenzylidene-2Z-4-p-

chleorobenzylidene)sorkitol, and mixtures of two or mors

cf theses comprunds. Of thess, preferable arz 1,2,2

I e i, 3,

0.
o
o]
i
i

‘{‘
',._J
}..s

i denescrpitel, 1,3,2,4~di(p-

methyibenzylidenesisorbitel, 1,3,2,4-4i{p~
ethylbenzyliideng)sorbitel, i,3-p~chlorchbenzylidene~2-4-p-

methylbenzylidenesorbitol, 1,3,2,4~di{p-

[®)
o
[
8]

id

9.
®

r nzy

1§

na) sorbitel, and mixtures of two or more

-

0f the above benzylidenesorbitols, preferabls is a

compound represanted by the following formuls {4):
4,

Rdﬁ
/——o =

/,r—-—-_—-v\_ ‘ «;/
<\ >,m >—"'"O —\_

g“o:w{

\O ”

-

3
R4



10

-t
o

20

210

wherein each R4Y may be the same or different and is

methyl or sthyl.

The aromatic carboxylic acid iz, for example,

aluminumhydroxydipara-t—butyl benzoats represented by 1

following formula (5% :

SR anN

{“"‘T’“’""\:\\ /ﬁ\—;——coow%{c}%«r) -

- , / .. (5

\ | S /2

The rosin type nucleating agent is, for gxample, 2

metallic salt of a rosin acid, and “he metallic salt of
resin acid is a reaction product of a2 rosin aseid and z

(3
+

tallic compound. Examples of the rosin acids include

£

natural r

o]

5ins, such &8s gum rosin, tell oil rosin and
wood rosin; various modified rosins, such as
disproperticnated rosin, hyvdrogenated rosin,
dehydrogenated rosin, polymerized rosin and o, f-
ethylenically unsaturated carboxylic acid-modified row

purified products of the ins; and purified

o1
fr
-t
]
et
f
ot
H
O
n

-
=]
n
il

products of the modified rosi

»

carboxylic acids uvsed for prep

’

rin

v
[fe]
{

b

the w,P-ethyvlenical
unsaturated carboxylic acid-modified rosins include

maleic acid, maleic anh

g

dride, fumaric acid, itaconic

aclicd, ltaconic -anhydride, citraconic acid

ot

2
[¢3}
(2
]
<
}_.'J
'. 2
8]
fu
$]
b
{2

Fre

Examples of unsatursted

iy
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ad methacrylic acid. O©f the above rosins, preferable 1

foir
in

at least one rosin acid selacted from the group

purified product of a matural rosin and & purified

product of a modified rosin. The rosin acid contains

piural resin acids selscted from pimaric

sandarachpimaric acid, parastric acid, isopimaric acid,
abletic acid, dehyvdroabietic acid, neocabietic acid,
dinhydrepimaric acid, dinydroabistic acid and

tetrahydrosbietic acid.

The metallic compound which reacts with the rosin

a

the resin acid. Examples of the metallic salts include

chilorides, nitrates, acetat

1

g, sulfates, carbonates,
oxides and hydroxides of the above meta
Other examples of the nucleating a:

high-melting point p

O
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B
+f
n
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ot
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carboxylic acids or aliphetic carboxvlic acids, and
=

incrganic compounds.

It
n
&)
h
ct
or
¢

high-melting point polymers include
polyvinylcycloalkanes, such as polyvinylevclohexane and
polyvinylecyclopentane, poly-3-methyl-l-pentene, poly-3-

methyl-I-butene, and polyalkenylsilanes.
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bramples of the metallic szlts of aromatic

0

arboxylic acids or aliphatic carboxylic acids include
aluﬁinum benzcate, aluminumn p-t-butvibenzostre, sodium
adipate, sodium thiophenecarboxylate and
pyrrolecarboxylic acid.

Molding method

The clefin copolvmer of the invention can be

subjected to var ious molding methods such as extrusion

olding, ection molding, blow meolding, press molding

.
L

and stamping.

fiims (unstretched) by sxtrusion molding.

€3]
ot
il
@
ri
9]

hed films can be obtained by stretching the
extruded sheets or extruded films (unstrestched) through
tentering (lengthwise-crosswise stretching, crosswise-
tengthwise stretching), simultansous biaxial orientatien
or monoaxial stretching. From the clefin copolymer of
the invention, inflation films can also be produced.
Filaments can be produced by, for example, extruding

molten cleflin copolymer through spinnersi. The

Injection molded products can be produced by
injection molding the olefin copolvmer into various
shapes by the uss of hitherto known injection mol lding

machines under the known conditions. The injection
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molded products cbtained from the olefin copolymer of the

invention are hardly electrostati 1cally charged and have

excelient rigidity, heat resistance, impact resistance,
surface gless, chemicel resistance and abrasion
resistance, so that they can be broadly used as

zutomobile interi r:trim, automobile exterior trim,
iectric appliances, containers, eto.

Blow molded products can be produced by the use of
nitherto known blow mol@ing machines undsr the known
conditions.

In the iInjection molding method, the olefin

copolymer of the invention is injected into a parison

mold at a resin temperature of 100 to 300°C to form =2

parison, then the parison is held in & mold of desired
shape, and air is blown into the parison toe £it the

parison into the mold, whereby z blow molded product can

nmaterial are press molded at the same fime to perform
integral molding {stamping molding), and the clefinr
copolymer can be used zs the base material.

Use application




10

20

25

214

The olefin copolymer of the invention can be appliasd
to various uses, and for example, 1t can be used for film
laminates, shest laminates and modifiers.

Examples of the laminates containing at least one
layer formed from the olefin ceopolivmer of the invention

include agricultural film, wrapping film, shrink fiilm

e kit 5

Hh

protective film, separating film such as blood plasma
separating fllm or water selective permeation vaporizing

Zilm, lon exchange film, battery sen

$l3

rator, and selesciive
separating film such as optical resolution film.

Thne olefin copolymer of the invention can be used as

Zxamples of the rubbers include crosslinked rubbers,

IR;

such as natural rubber (NR)}, isoprene rubber R},

“butadiene rubber (BR), stvrene/butadiene rubber (SBR),

chloroprene rubber (CH), acrylonitrile/butadiens rubber

{NBR}), butyl rubber {(IIR), ethylene/propylene rubber (EPM,

EEFDMY , chilcorosulfonatad p0¢ve nylene (CSM), acrylic

rubber {ACM, ANM, etc.), epichlorohydrin rubber {CO, ECO,
etc.}, silicons rubber (Q) and fluororubber {FKM, etc.):
[N

and thermoplastic rubbers, such as rubbers of styrene
type, clefin type, urethane typs, ester type, amide type

and vinyl chloride type

copelymer of the invention can be wusad as

a modifier for lubricating oils, such as gEs0ling engine
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}o
Lo

oll, diesel engine oill, marine engine oil, gear o
machine oil, metal working oil, motor 0il, machine oil,

spindie c©il and insulating oil. The olefin copolymer can

be used as a viscosity modifier or & freezing.point

depregsant of these lubricating oils.

r

The clefin copelymer of the invention can be used as
a modifisr for wares. Examples of the waxes include
mineral waxes, such 25 montan wax, peat wayx,
czoksrite/ceresin wax and petrolsum wax: synthetic waxs

=
=R

such &s polyethviene, Fischer-Tropsch wax, chemicallv

i

modified hydrocarbon wax and substituted amide wax:
[ :
vegetable waxes: and animal waxes.

The olefin copolymer of the invention can be used zas
a modifier for cement.
Examples of the cement include alr setting cement,

te

setitin

m
i
[6]

such as lime, gypsum and magnesia cement; w
cement, such a: Roman cement, natural cement, Portland
cement, alumine cement and high sulfuric salt slag
cement; anc special cements, such as acid proof éement,
refractery cement, water glass cement and dental cement.

N
Viscesity modifier, Moldability improver

@

The olefin polymer of the invention can be used as =
viscosity meodifier or a moldability improver for inks and
paints, such as letterpress printing ink, lithegraphic

printing ink, flexo graphic ink, gravure ink, oil paint,
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celliuleose derivative paint, synthefic resin paint, water

baking paint, powdery water paint and Japanese lacquer.

al, Ciwvil engineering material

Elw

Building mater

fr

The olefin copolymer of the invention can be use

h

cr building/civil enginesering resins and building/civil
engineering melded preoducts, such as flooring, floor tile,
o

floor sheet, sound insulating sheet, heat insulating

, decorative sheeft, baseboard,

b

panel, damping materia

asphalt modifier, gasket, s

0
o

ling materiazl, roocfing shest

The olsfin polymer of the invention can be used for

automoblle interior or exterior trim and gasocline tank.

[

Z or slectronic parts

-

lectr

electric or glectrenlc perts include elsctric insulating

material

n
D
et
423
[§]
T
I
8]

nic part tresting instruments, magnstic
recording media, binders of megnetic recording media,

seal

H
)
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Fh

electronic oven containers, films for electronic ovens
poiyvmer electrolyte base materials and conductive allov
base materials. Other exanples of the slectric cor.

electronic parts incliude electric or glectronic parts,
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such as connector, socket, resistor, relay cass switch
coll bobbin, vondenser, wvariable condenser case

ckup, optical connector, vibrator, wvaricus terminal

Yon

o

assemiblies, transformer, plug, printed wiring. board

tuner, speaker, microphons, nea&phone, small motor,
wmgnetic heead base, power module, housing, ssmiconductor,
liguid crystal d;splay parts{ FRD carriage, DD chassis,
HDD parts, motor blush holder, parabols antenna and

computer associated parts, VIR parts, TV parts, iron,

hair dryver, rice cooksr

parts, electronic oven parts,
acoustic instrument parts, auwdic machine parts such as
audio laser disc and compact disc, domestic or office

"

0]

ilegiric aprliance parts, such a 41 hi - fitment parts
= r f I

refrigerator parts, air conditioner parts, typewriter

and vibrating element for speaker.

Aogusous amulsicn

N
An agueous esmulsicn conteining the olefin copolymer
of the invention can be used zz an adhesive for
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the invention can be used
for medical goods, such as nonwoven fabric, nonwoven

fabric laminate, zlectret, medical tube, medical

Eh

container, transfusion kag, prefill syringe and syring

@

;

(D

medical materials, artificisl organs, artificial muscles,
filter films, food sanitaticon/health goods, retort bags,

and Ireshness keeping films.

Mimcellaneous goods

The olefin copelymer of the invention can be used

for staticonery, such as cesk mat, cutiting mat, ruler, pen

holder, pen ¢grip, pen cap, scissors grip, cutter grip,

magnet sheei, pen case, paper holider, binder, label seal,
taps and wnite board; dazily use miscellaneous ¢goods, such

a2z clothing, curtain, sheet, carpet, entrance hall mat,

ir conditicner

ct
3]

n

o

er,
filt@:, exnaust fan filter, taélawarer tray, cup, lunch
box, coffee maker funnel, eveglass frame, contziner
*orage case, hanger, rope and washing net; sporting
‘goods, such as shoes, goggles, skis,'xaaket! bali,'tent,
swWwimming goggles, swim £in, fishing rod, cocler boix,

.,

ledisure sheet and sporting net; toys, such as block and

cards; containers, such as kKercsine can, drum, detergent
bottle and shampoc bottle:; and display goods, such as
signboard, pyvlon and plastic chain.

Filler modifier
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The olefin copoliymer of the invention can b

[

Tevorably used as an additive for preparing a

th

[

ilier

dispersibility improver or a dispersibility-improved
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gent

“functicenal group, sc that Inherently incompzatible

Tha ols

Hh

in copolymer of the invention havin
functional group, at the terminal can be used ag a

compatibilizing agent. When the olefin copolymer o

componants can be compatibilized with each other by

use of ths copolymer.
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delivery system, etc.
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O

n polvmer according to the invention

v
[

ot

The ©

exhibits variocus useful properties.

L

Beeording to the process for preparing an olefd

polvmer of the invenition, an clefin polymer having a

ot
o
i

nvention can be used

hemical bulibs, drug
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welght and a narrow molecular weight
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ared polymer or various block
copelymers precisely controllied in the structure can be
obtained at high polymerization temperatures with high
polyvmerization activities.

EXAMPLE
The pressnt invention is further described with
£

reference to the following examples, but it should be

construed that the invention is in no way limited to

The structures of the compounds cobtaine

£,
=
=
s
g
m

syntheszis examples wsre determined by means of IH-NMR and

Fh-mass spactrometry

S¥-1028).
Synthesis Example
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-
)
£
1‘,!
=
(o]
=

H

thorougnly purged with nitrogen,

100 ml of toluene, 10.34 g {(56.5 mmel) of
pentaflucrcaniline, 6.68 g (75.4 %, 28.2 mmol) of 3-t~
butyisalicylaldehyde and & smaell amcount of acetic acid as

1
%
ht
In
1}
por

Lyvet were placed, and they were heated and refluxed

with stirring for 7 hours. BAfter the sclution was
aillowed te stand for cooling, & small amcunt of o-
toluenesulionic acid was added zs a2 catalyst, and thay
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temperature,

vaouum concenitrated.
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silicea

vellow

soluticon, 2.
1.%4 N, 3.15

gel co

solids repraesented by
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zllowed to stand
then filtered to remove the catalyst and

The residus was purified by a

lumn to obtain B8.47 g (vield: 88.%.

:’;f

/

eil
o

and the

05 ml of n~butyllithium (n-hexane solution,
meol) was dropwise added over z period of 5
then the mizture was slowly heated to room

stirring foxr 3 hours at room

the reaction sclution was slowly added te an

00 ml of titaniuvm tetrachlorid

fote

il

mmol) having been

coolaed

The mixture was slowivy
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5 mi. The solids precipitated were collected and washed
with hexane. The resulting solids were wvacuum dried to

obtain (.3B1 ¢ (yield: 32 %) of & brown compound

——
Foot
—

4

I a 200 ml reactor thoroughly purged with nitrogen

100 ml of reluene, 3.82 g (2¢.0 mmol) of 2,4,6-

toluenssulfonic acid as & catalyst ware placed, and they

wers heated and refluxed with stirring for 4 nours. The

.
reaction sclution was allowed to stand for cooling to

i1

i
ot

room temperature, then erec to remove the catalyst

and vacuum concentrated. ‘The ra

93]
I—J.
83
o
1$]
g,
&
5]
o
£
4
Jot
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31

g
L

stlica gel column to obtain 3.7% ¢ fvield: 85 %) of a

vellow ¢il represented by the following formula (b)
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lt?

1Bu
In & 50 ml reactor thoroughly purged with nitroge

-23 g (4.00 mmol) of the compound (b) obtained above and

fs

30 ml of anhydrous diethy]l ether were placed, and the
. - = I,
solution was cocled to -78°C and stirrasd. 7o the

solution, 2.62 mi of n-butvllithium (n-hexanes solution,

{

ih
(Wl

1.60 N, 4.20 mmol) was dropwise added over a period o

minutes, and then the mixtures was slowly nheated to room

tempsrature. After stirring for 2 hours at room

temperature, the reaction solution was slowly added to an
ether slurry of 4.00 ml of titanium tetrachlorids
(heptane solution, 0.5 ¥, 1.30 mnol) having been cooled

te -78°C. After the addition, the mixture was slowly

slurry was filtered, and the filfrate was vacuum
%
concentrated. Then, 5 ml of ether and 30 ml of hexane

compound represented by the following formula {2). The
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Fh-mass spectrometry of the compound

Zvnthesisz Exzample 3

In a 100 ml reactor thoroughly purged with nitrogan,
3C mi oif ethanol, 5.16 g {(40.0 mmol) of Z,b-

butylsailcylaldehyde and a small amount of acetic acid as

183

a catalyst wers placed, and they were heated ang refluxed
with stirring. With further adding a small amount of
acetic acid, the mixture was refluxed with stirring for

150 hours. The reaction solution was zllowed fo stand

for cocling to room temparature and then vacuum

concentrated. The residue was purified by a silica gel
column to obtain 4.76 ¢ (yield: B2.2 %) of yellow solids
w

represented by the following formula (o).
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= fBu
In & 30 ml resactor thoroughly purged with nitrogen,

was

solutlon, 2.30 ml of n-butyllithium

[

1.6 N, 4.00

minutes, and

+

anhydrous diethyl ether were placed,

cf the compound {(c) obtained above and
and the
cooled to ~-78°C and stirred. To the

(n-hexanes soluti

=
O

™

r

dropwise added cover &

F

5

o

perio

o}

then the miyxturs was slowly heated to room

.

After

temperatures stirring for 3 houxrs at room
tempaerature, the reaction sclution was slowly added to an
ether slurry of 4.00 ml of_titanium tetrachloride
{heprane solutien, 0.5 M, 2.00 mmol) having been cooled
te ~78°C. After the addition, the mixture i

heated to room temperaturs.

was filtered,

was slowly
Tne resuliting

and the solids cbtained ware

with =z amount of methylene chloride. The filtrate
A
and the washing liguid were wvacuum concentrated, and the

a small

were vacuum drisd to
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brown compound represented by the following formulas (3),

The

p-iteluenesulfonic acid
placed, and they were heated and refluxed with
for 5 hours The reactiomn soluticon was zllowed

to room temparature, then filtered

W

the catalyst aﬁd vacuunm concentrated. Ths
purified by a silica gel column to obtain 3.45
98 %) of & yellow oil represented by the folio
formula (4)

Sa

o]
)

n

FD-mass spectrometry of the compound (37 resulited in
694 [M+)
/Jl/\ \ -
[ F \)\: \
f ¥ £
Nevoo, |
¢ " LeTiCh
o)
[
. ¥
M
e 2
Synitheszis Example 4
In a 200 ml reactor theroughly purged with nitrogen,
100 ml of toluene, 2.89% ¢ (26.0 mmol) of o-fiuoroanilins,
¥

(wislid:

g
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In a 30 mi reactor thoroughly purged with nitrogen
1.01 g (4.00 mmol) of the compound {(d) obtained above and
3¢ mi of anhydrous diethyl ether were placed, and the

solution was cocled to -78°C and stirred.  To-the

uwr
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temperature. After stirring for 2 hours at room

{heptane sclutian, 0.5 M, 2.00 mmol) having been cosled
-
to —-78°C. After the addition, the mixture was slowly
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concentrated. Then, % ml of ether and 30 ml of haxane
were addsd, and the solids precipitated were collected
and wazhed with hexane. The resulting =sclids were wvacuum

dried to obtain 0.530 ¢ (vield: 40 %) of & reddish brown

Ch
o
=
s}
Q
fa
=
tal
i
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¥
i
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"
y
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[0

by the following formula (4. The
FD-mass spsctrometry of the compound [(4) resulted in &58
5

{

M+
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noa 200 ml reactor thoro nlB purged with nitrogen,
100 ml of feluens, 3.1% g (8.0 mmocl) of 1H,1H=
perflucrooctyliamine, 1.43 g (8.0 mmol) of 3-t-

butylsalicylaldehyde and a small amount of p-

et
-

toluenesulionic acid as & catalyst were placed, and they

were heated and refluwed with stirring for 14 hours. The

and vacuum concentrated, to obtain 4.04 g {yield: S50 %)
t

of yellow soiids represented by the following formuls (2).
CH{CF2)eCFs
1
N

&
0

In & 30 ml rezctor thoroughly purged with nitrogen,
.12 ¢ {2.00 mmolt of the compound {(2) obtained above and
30 ml of anhydrous diethyl ether were placed, and the
W

solution was cocled to -78°C and stirred. To the

—

solution, 1.31 ml of n-butyllithium (n-hexane solution,

1.60 N, 2.10 mmol} was dropwise added over a period of §

minutes, and then the mixture was slowly hesated te room

re. After stirrin

mpera
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Cemperature, the reaction sclution was slowlv added

ether slurry of Z2.00 ml of titarium tetrachloride

{heptanas sclution, 0.3 M, 1.00 mmol) having been cool

to -78°C. After the addition, the mixture was slowly

£

heated To room temperature. The resulting dark re

+

slurry was filtered, and the filtrate was vacuunm

concentrated. Thnen, 3 ml of ether and 20 ml of hexane

jat)
]

and washed with hexane. The resulting selids weres vacuum

compound represented by the following formula (5!
o
Fll-mass specirometry of the compound (3) resulted 3

—-,
(%3]

Svnthasis Example 6

In a 200 mil reactor thorcughly purged with nitrog

0C ml of tolusne, 4.66 g (20.0 mmol) of 4-

p-toluenesulionic acid as a catalyst were placed, a
they were heated and refluxed with stirring for 53

Th

~tried tTo obtain U.183 g (vielid: 15 %) of a reddizh brown

it
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3¢ that 2.33 ¢ [10.0 mmol) of 2

[

o~tetrafliucro—4-

Lo

’ 4

=

further added, and the mixture

7

_tzifluoromethyianiline wa
was heated and refluxed with stirring for 7 hours. The
reaction solution was allowed to stand for coeling to

room tempersturs, then filtered to remove the catalyst

and vacuum concentrated. The residue was purified by a

t

ica

1

&

ke

Iﬁl

si column to obtzin 2.353 g {vield: 64 %) of light

g

ellow solids represented by the following formula (f).

—
T}
.

wasned twice with 10 ml of hexane. Then, 30 ml of

diethyl ether was added to give & susgpension. With
stirring the suspension &t room temperature, 20 ml of a
diethyl sther soliution containing the compound (f)
obbtalned above was dropwise added cver a pariod of 20

minutes, followed by further stirring for 2 hours. The

golution was cosled to ~78°C, and thersto was dropwise
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dropwise addition was com pleted, the reaction sclution

waz slowly heate
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and the filtrate was vacuum concentrated. Then, sther

wae added, and the solids precipitaresd were collected and
vacuum dried to obtain 0.76 g {yield: 45 %) of & redaish

brown powder represented by the following formula (6).

The Fh-mass spectrometrv of thes compound (6} resuited in
02 (M)
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(ether solution, 3M,

-

ml of anhyvdrous terrahydrofuran were

g
(a3}
[
O
fo
o
3
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placed. Then, a solution of 11.2 g {46.2 mmol) of Z~-{l-
adamantyl! ~4-methylphenol in 50 mi of ahhyﬁrous
tetrahvdrofuran was dromw*sa added over a.periwd of 20
minutes with ice cooling. After the dropwise addition

was compiefed, the reaction sclution was stirred at room
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temperature., To the sciution, 300 ml of tolusne was

added, and the mixture was heated with stirring to

o

distill off the tetrahydrofuran and the diethyl ethe

After coclin

el

to room temperature, 3.80 g {127 mmol)
paraformaldehyds and 7.1 g (70.Z mmol) ¢f triethyliam
were added, and the mixture was heated w

BO to 80 “C for 20 minuzes. The resu

cooled to room temperature, and thereto was added 20

The resulting crystals were vacuum dried To cbtain 1
{vield: 84 %; of z vellow compound rspressented by Th

following formuls {g) {wherein Adm denotes an adaman

groupi .

In & 100 ml reactor thoroughnly purged with nd

5 ¢g {15.0 mmol) of

ine

L

Tyl
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Chours. After the reaction soclution was allowed to
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conpound {g) obtalinsed above and a small amount of o

tolusnesulfionic acid 25 a cata

for cooling, the sclvent was distilled off under reduced

pregssure. Then, 50 ml of methancl was added, and the
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In a 50 ml reactor thorougnly purgsd with nitzogen,
1.3% g (3.00 mmol) of the compound (g') obtalnsd above

and 20 ml of anhvdrous diethvl ether were placed, and the
solution was cocled to -78B°C and st

rred. To the

solution, 1.8% ml of n-butvllithiuvm {n-hexane solution

O

=
[ )
Un)
P
5]
o
o

mnel) was dropwise added over z pariocd of

minutes, and the mixture was stirrsd for 2 hours and then

added to 20 ml ¢f 2 tetrahydrcofuran sciution of 2.00 ml
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of titanium tetftrachloride {(heptane scolution, CG.5 M, 1.50
mmol} having been cooled to ~78°C. After the dropwise
addition was completed, the mixture was siowly heated to

room temperature and stirred for 1Z

o

empergture. Then, the sclvent was

F

reducad pressure. To

methyliene chloride wag added.

and filtersd, and the filtrate was vacuum ccncentrated.
The scolids precipitated were reprecipitated with hexane,
end the resulting solids were vacuum dried to obtain
0.334 ¢ {yield: Z3 %} of 2 brown compound represented by
the following fermula (7). The Fh-mass spectrometry of
the compound (7)) resulted in 28¢ (M) .
E
|
F ' F
/ ST
; R A

hours

distilled off

AT room

under

40 ml of

wazs stirrsd

(7]

In a 200 ml reactor thoroughly purged with nitrogen,
100 ml of toluene, 4.19% g {26.0 mmol) of o
triflucoromethnylaniline, 2.32 g (22.0 mmol) of 3-t-

butylsalicylaldehyde and a amount

of p-
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tosuenesuilfonic acid as a catalyst were place and tney

i

were heated and refluxed with stirring for % hours. The

reaction solution was allowed to stand for coocling to

and vacuum concentrated. The residue was purified by a

53
I

ilica gel column to obtain 3.20 g (yvield: 77 %} of a

vellow oxil represented by the following formula (hl.

In a 20 ml rsactor thoroughly purged with nitrogen,
1.25 ¢ 14.00 mmol) of the compound {(h) obtainsd azbove and

30 mi of anhydrous diethyl sther were placed, and the

1.60 W, 4.20 mmol) was dropwise added over & psricd of 5

minutes, and then the mixturs was siowly hsated fte room
temperature. After stirring for Z hours at room

temperature, the rezaction soluticn was slowly added o an

{heptane solution, 0.5 M, 2.00 mmol) having been cooled
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heated te room temperaturs. The resulting dark red
iltered, znd the filtrate was vacuun

concentrated. Then, 5 ml of ether and 30 ml of hexane

2

were added, and the solids precipitated were collected

and weashed with hexane. The resulting scolids wers vacuum

dried to cbhtain 0.80 g {(vield: 53 %} of a reddish brown

compound represented by the following formule (8). The

. ) - o

Flh~mass Spechrometry of the compound (8) resulted in 758
E Yy f

(M43 .
{87
Syvrnthesis Bxample 8

in & 100 ml reactor thoroughly purged with nitrogsen,
S5 ml of ethanol and 3.44 ¢ {(15.C mmol) of 3,5~
ditrifluoromethylaniline were placed, and they were

st

l.}
3

red. To the soluticon, .79 g {(10.0 mmol} of 3-t-
putylsalicylaldehyde was added, followed by stirring for

19 hours at room femperature. Then, .00 g of meolecular

ek +

sieves 45 were added, and the mixture wag hsated and

=sfluxed with stirring for 5 hours. The sollids werse

ks

removed by filtration, and the soluition was concentrated.
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The resulting solids were purified by
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In 2 30 wml reactor thoroughly purgsd with nitrogen,
G.77% g (2.00 mmol) of the compounc (1) obtalned above

and 20 ml of anhydrous diethyl ether wers placed, and the

410 sclution, 1.43 m} of n-butylliithium (n-hexane soclutilon,

minutes, followed by stirring for 3 hours Thersalitar
the mixture was stirred for § hours with slowliy hsaling

temperaturs. The resulting derk red slurry was filtered,
and the solution was concentrated te 10 ml. Ths crystals

20 obtained by filtration wers washed with hexans and vacuum

dried to obtain §.26% g (vield: 30.1 %) of & reddish

o
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The Fl-mass spectrometry cf the compound (8) resulited

.
w0

butvlsalicylaldehvde and & small amount of p-

rolusnaesnuifonic acid were added, and the mixture was

iltration, and the solution
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1.1¢ g (£.00 mmol) of the compound (3} ocbtained above and

solutlon was cooled to -78°C and stirred. To the
soliution, Z.63 ml of ﬁ~butyllithium (n—hexane sclutnion,

1.80 K, 4.20 mmol) was dropwlise added over s pesriod of §

tetrachloride (heptane scliution, 0.% M, 2.00 mmel! having

[

=
g

heen cooled to -T7R°C. After the addition, the mixtu

4 n

e

fet

was siowly heated to room temperaturs. The resu

18]

e . ok FAgn N i . ~ T oy S .-
dark red slurry was filtered, and tThe sclution was

1

weshed with hexane and vacuum dried to obtain 0.858 ¢
(yield: 69 %) of & reddish brown compound represented by

the following fcrmula (10). The Fl-mass spectrometry of

the compound {10 rssulted in 594 (M+).
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methyllit

dropwise

removad a

Lo obtain

100 ml reactor fhoroughly‘puxged with nitrogen,
.27 mmol} of hafnocene dichloride and 40 ml of
diethyl sther were plated, and the solution was
0°C and stirred. To the solution, 9.8 ml of
hium (ether solution, 1.14 N, 10.% mmcl) was
added over & period of 45 minutes, followed by

for ? hours. Then, the mizture was slowly
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ted, and to the concentrate was added 10 ml of

{

give a suspension. Then, insolubles were

gain, and the solution wasg vacuum concentrated

L.78 (guantitative yield)
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represanted by the following formula (11)

\
(
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lass autoclave thoroughly purged with
nitrogen, 250 ml of toluene was placed, and a mixed gas
c¢f ethylene (50 1/hr) and propylene {150 1L/hry was fed to
saturate the liguid phase and the gas phase. Thersafter,
1.25 mmol {in terms of sluminum atom) of
methylaluminoxane and then §.005 mmol of the titanium

¢

compound (1) were added tTo

After the polyvmerization was conducted at 50°C for 5

sobutancl was adds
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The resuliing polymer sclution was introducsed into

1.5 liters of methanol containing a small amount of

nvdrochlioric acid to precipltate z polymer. The polymer

3

recipltated was washed with methancl and then vacuum

e

dried at 130°C for 10 hours. Thus, $.7%4 ¢ of an

o
4

ethylene/propylens copolymsr was obitained. The

i

polymerization activity was 1.921 kg/bhr based on I mmol of

oo
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i
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Polymerization was conducted in the same manner as
in Exemple 1, except that the polymerizatlon time was
ch&nged o 10 minutes. Thus
ethylene/propylens copolymer was obtainsd. The

clymerization activity was 1.58 kg/hr based on 1 mmol of

o)

titanlum. The propylens content as measured by IR was

15.C % by mol, the molecular weight (Mn) as measured by

GPC was 233,000, and the molecular welght distribution

E
S
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F
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[&1)
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.16,

Polymerization was conductad in the same mannesr as

in Example 1, except that the polymsrizetion time was

ethylene/propylene copolymer was obtained. The

polymerization activity was 1.34 kg/hr based on * mmo

bt
O
|

titanium. The propylane content zs measured by IR was

-

5.4 by meol, the molsculzr welght {(Mn) as measured by

P
e

)
L)

T was 345,000, and the molecular weight distribution

Mw/Mn? was 1.28.

nitrogen, 250 ml of foluene was placed, and ethylens was
fed to saturat i
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‘was vacuum dried at 20°C for 10 hours to abtain .149

243

Theregafter, 1.25 mmol {(in fterms of aluminum atom) of

of polysthylene {(PE). The polymerizaticon activity was

5.8 kg based on 1 mmol of titanium. The number-averags

A

molecular weight (Mn! and the weslight-avevage moleculiar
welght (Mw} of the resulting polvéthylene were 181,000

and 219,000, rsspectively, and Mw/Mn was 1.15

Polvmerization was conducted in the same manner as

v L

described above, =xcept that the cataivyviic amount, ths

activity, molscular weight of the resulting polymer and
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In & 500 ml glazs =autoclave thoroughly purged with
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fed tec saturate the liguild phase and the gas phase

.

Thereafter, Z.50 mmol (in terms of aluminum ztom) of

After the reaction was conductad at 23

the reaction product was Ilntroduced into methancl

g small amount of ﬂV““@CRJ ric id to

34

O

recipitate the whole polyme:

T
w
]

aT I on

. Ifollowed by £iit

over a glass filter. The resuliing polymer wWas vacuum

dried at B0°C for 10 hours to obtain 0.4 mg of
polyprepylene (PP}, The number-average molecular weight

manner as in Example 23, except that the polymerization

it

o1
,_.l
b
&

7e&s prolonged to 3 hours. The number-average

=

clecular weight (Mn, in terms of PP} and the weighnt-
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average molecular

resulting PY

Mw/Mn was

Polypropylens

walght

were 20,500

1,08,

(PP)

of 180 mg wags obtainsd in the
same manner a&s in Example 23, except that the
polymerization time was prolonged to I nours. The

number-average molecular weight (Mn; and the weight-
average molecular weight {(Mw) c¢f the resulting PP wers
28,500 ana 31,600, respectively, and Mw/Mn was 1.11
Measurement oI the meliting poiﬁt of the polymer by DSC
resulted in 139°C.
Exampole 26

polypropylens (FP) of 376 mg was obtained in the
same manner as in Dxample 23, except tnat the titanium

Compohnd (5 was u

Tne number-—
and the wel
PP} oI the

and the polymerization time was prolon

n
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2o Lo o hours
average molecular weight (Mn, in terms of PP)
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In a 1 liter stainles

at)
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purged with nitrogen, 380 ml of

o3

-

propylens was

=
=

at 25°C to

\ o4

and the gas phase. nereafter, 2.5 mmol

3]

aiuminum atom! of methyvialuminoxane and .01 mmol of

Ty
¢t
o
B

[ -

titenium compound {1) were added, and polvmerization was
conducted for 3 hours at a propylene pressure of 5

. 5
kg/cme—G.

To the resulting polymer suspension, 1.5 liters of
methanol containing & small amount of hydrochloric acid

were added Toe precipltate a polvmer.

& giass Lilter to

remove the =solvent, then

~3

Examole 28

Polvmerizatlion was conducted in the same manher as
described above, except that the poiymerization time was

cnanged to 5 hours.

Examople 28
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nitrogen, 250 ml of toiuens was pl
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of ethylene and butens (ethyiens: 4
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1/hry was blown into the autoclave for 20 minutes

h

Thereafrer, 1.25% mmol (in fterms of aluminum atom) of
methylaluminexans and then 0.001 mmol ci the titanium

compound (1) were added tc initiat
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il action was conducted at

a3

e2r the
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with blowing thes mixed

)

Zs into tThe sutcclave, a gmal

amount of methanecl was added to terminate the

molymerizaetion. After the polymerization was completed,
the reaction product was introduced into methanol

gcontaining a small amount of hydrochloric acid disscolvad
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dried at 130°C for 10 hours t¢ obtain 0.05%6 g of an

athylene/butene copolvmer. The polymerization activity

was (0L87 kg based on 1 mmol of titanium. The number-

average molecular weight {(Mn} ¢f the polvmer was 4%,10
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the molecular weight distribution (Mw/Mn} was 1.14

L, and
the butene content was 5.4 % by mo
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Polymerization was conducted in the same manner as

in Example 28, except that the fesed rates of athylens

iz

I

d
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putene, the polymerization time and the polymerization

wn in Table 2. The

8]

temperature were changed asg sh

-~

solymerization activity, molecular weignt of th

1o

polymer and molecular weight distribution are

resulting
set forth in Tabie Z.
Table 2
! _ [ Ethyiene/ : g - 1
g AT s g . . ) utens
CExo 1 . | Tuwme | buiene Yield t Avity Min Mw (Mw/hin Baten‘
L COmpound Do 1 : COTtert
3 - ¢ deed raie
amount ot . ikermmol - 4 — ) .
. N 20050 () (g e R (214 mol %
(mmol} o ) L . ’ (._./ Tie h} 3 \} (. } ; 4 0}

29 11} 8.061

h

L 4o/e0 | 0055 6.67 491 F 561 | L4 | 8.4
30 |t 0001 | 0 | 4660 | 0.087 | 052 '

782 | 13 o

in

31018801 | 5 7056 | 0258 L 336 | ¥ | 189 OLIT 3.

¥

30 016001 L 10 | 7080 | 6456 | 274 | 224 1 279 | 124 I
33§ 1| 0001 5 so/50 | o088 | 106 | 731 | 828 | 113 89
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Example

In & 500 ml glass autoclave thoroughly purged with

!

nitrogen, 200 mil of dry toluene was place

1o
iy
ji)
13
s
g.
8
ol
t
G}
)
i

3.

was passed through the autoclave for 40 nminutes at a rate

r

of 100 i/hry. Then, the

It

Do

maintained at 25°C, and 5.00 mmol (irn terms of aluminuam)

L

of methylaluminexane was added. Subsegquently, 0.05 mmol
of the titanium compound (1) was added, and & mized gas
of ethylene and i-butene [ethylene: 20 1/hr, l-butene: 80

1/hr) was passed through, followed by stirring for 60

minutes. Then, 20 mi of ilscbutyl alcohol was adcéed Lo
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terminate the resaction. Subseguently, 10 ml of a 1N
hydrochloric acid aguecus sclution was auaded, followsd by
stirring for 30 minutes in a stream of nitrogen. The

polymer solution was poured into 1.5 liters of methanol

To precipitate & polymer, followed by stirring for ons
night by a magnetic stirrer. The polvmer was filteresd
over a glass filter and dried at 80°C for 10 hours under

copolymer. As & result of GPC analysis, the number-

average molescular weight was 2%, 000, and Mw/Mn was 1.15

In a 300 ml glass sutcolave thoroughly oDurged with

a3
ji1]
rf
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D

was passed through the autoclave for 40 minute
of 100 1/hr. Then, the polymerization temparaturs was

o~

= & S -y . 7 PRSIV . e e -
20, and 3.00 mmol (in terms of aluminum)

)

w@intained 214

H

of methylialuminoxans was zdded. Subseguently, 0.05% mmol

or a celtalyst was added, and z mixed gas of ethylens and

Then, 20 ml of iscbutyl alcohol was added to terminate

the reaction. Subsequently, 10 ml of & 1N hydrochloric



aczid agueocus sclution was added, fellowed by stirring for

30 minutes in a stream of nitrogen. The polvmer solution

was poured into 1.5 liters of methanol te precipitate a

41

polymer, followed by stirring for one night by a magnetic
stirrer. The pelymer was [iltered over a glass fii
and dried zv 80°C for 10 nours under reduced pressure to
obtain 5.1% g of an ethylene/i~butens copolvmsr. As a

result of GPC analvsis, the number-averags molecular

weight was 73,000, and Mw/Mn was 1.16 (in terms of
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polyethylen T of IR analveis, thes l-butens

content was 14.5 % by mol.
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of 100 1/hr. Then, the polyvmerization temperatures was

maintained at 25°C, and 5.00 mmol (in terms of aluminum]

of 2 catalyst was added, and & mixed gas of ethylene and

l-butens: 40 1/hr; was

Q#
1

oy
b
1
M
o
13
m
i
5

L
!..J
[
]
1]
(83}
(e}
-
Ny
3
I

Then, 20 ml of iscbutyl alcohel was added to tsrminate

the resaction. Subseguently, 10 ml of a 1IN hydrochloric
acid agueous solution was added, followed by stirring o

L]
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30 minutes in a stream of nitrogen. The polymer solution
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into 1.5 liters of methanol to precipitate =
polymer, followed by stirring for ons night bv & magne:
stirrer. The polymer was filtered over a glass filter

and dried at B0°C for 10 hours under rsduced prassure ©o

chtain 2.28 ¢ of an ethylens/l-butsns

1

ocpolvmer. As a
result of GPC analysils, the number-average melecular

weight was 38,800, and Mw/Mn was 1.18 {(in terms of

polyetnylene). As a result of IR analysis, the l-butene
content was 11.32 % by mol

Examnle 37

—

in terms of aluminum atom) of methvialumincxane and than

the titanium compound {1} were added to

2 ; =¥ PREEE o - - b N, £ N . 5 P = e
inte the autoclave, & small amcunt of methanol was added

to terminate the polvmerization. After the
polymerizaticon was compleied, the reaction luct was
introduced into methanol co$tain4 of
hydrochloric acid dissclved therein to precipitate a
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colvmer, followed by filtration over a glass filter. The
polymer'was vacuuwn dried at 130°C for 10 hcﬁrs to obtain
0.304 g of an ethylene/hexene copolymer. The
polymerization activity was 1.4€ kg based on 1 mmoi of
fitaniwn. The number-average molecular weight (Mn) of

polymer was 95,600, Mw/Mn was 1.1

~

, and the

En ethvlene/hexene copolymer of 0.241 g was cobtained
in the same manner as in Zxample 37, except that the
amount of the titanium compound (1) was changsd to D.002

mmol, the amount of toluene was changed to 225 ml, and

the amount of l-hexene was changed o 25 ml The
polvmerization activity was 2.8% kg based on 1 mmol of

ritanium. The number-avarage molscular welght (Mn) of
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500 ml glass autoclave thorcughly purgsd witn

nitrogen, 250 ml of teoluenes was placed, and ethvlene was

temporarily. Then, only the gas phase was purged with

nitrogen. Thereafter, 2.5 mmcl {in terms of aluminum
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atom) of methylialuminoxane and then (.01 mmel of the
titanium compound (1) were added Lo initiats

polymerization. After the reaction was conducted a

t 25°C
for 5 minutes, a small amount of methanol was added to
arminate the poelymerization. Then, hydrechloric acid
and & large amount ¢f methanol was zadded To precipilitate 2
polvmer. The polymer was filtersd. washed with methanc
ancjvacuum dried to cbtain C.800 g of polyettheﬁe {PE} .

The number-azverage molecular wsight (M, Iin terms of PP

of the resulting polyethvienes was 113,000, and Mw/Mn was

In Example 39, after the rsaction was conducted at

il = . e o by -~ - e, T =
25°C for 5 minutes To completely consume sthylene, a
propyiene gas (30 1l/hr) was blown into the system Lo
perform reaction for 20 minutes Then, feeding of

to terminate the reactlion, and the reaction product was

introduced into 1 liter of metnanol containing a small

amount of hvdrochloric acid teo precipitate 2 pelyner
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polymer. The number-averagse molecular weight {Mn, in

terms of PP) of the resulting polymer was 136,000, Mw/Mn
was 1.15

.15, and the propylene content was 14.& % by mol.

In comparison with the pelyethylene prepolymer

a3

prepared in Example 39, this polymer was increased in thse
molecular weight with keeping a narrew melecular welght

distribution, and preopylens was ilncorporated into the

polymer. From this, it can be ssen that a polysthylene-
polypropylene diblock copolymer was quaﬂ ltatively

produced,
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1/hr) and & propylene gags (75 1L/hr) were blown into the

system to perform rsaction for 3 minutes. Then, feecing
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by furthex
reaction for 3 minutes. Then, & small amount of methanol

was added to terminsts the reaction, and the reaction

with methanol and vacuum dried at 130°C. for 10 hours
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(Mw/Mn) weas 1.186, and the propylsne content wes 6.4 %

mol

In compariscn with the polyethylens prepolymer
preparad in Zxampie 39, this polymer was increased in the
molecular welght with keeping 2 narrow molscular welght

0

distribution, and propyvi

ne was incorporated intc ths

calculated from the molecular
content in thes whols polymer, was l4.56 % by mol

iy, propyvlene (30

- ~

L/hr) was blown intoc the system for 20 minutes to periorm

reaction. Then, feeding of propylens was siopped,

fcliowed by further reaction for 280 minutes. Then

smalil amount of methancl was asdded Lo terminate L[he
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acid to preciplt
was filtered, washsd with met
130°C for 10 nours to obtain

distribution (Mw/Mn: waszs 1.15
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in comparison with fthe p
gthylene/propylene

] s ] 47 ;
in Example 41, this
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polymer. From this,

3

ethylene/propylens copolymen-

ively

in this example was
Gxampie 42

—
I

be

g

oduct was

tate a polymer.

hanol and

introduced into

containing a small amount of

The polymer

vacuum dried at
1.814 g of 2 polvmer. The
ht (Mn, in terms of PFY of
, 000, the molecular weight

olyethylene-

sean that &

polypropylene

nroguced. The

Dropylene

content

es, an ethvlens gas (25
1/hry were kRlown into the
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U of methanol was asdded

introduced inte 1 liter of methanol containing = small

amount o hydrochleoric acid, followed by stirring, to

copolymer~LLDPE bilock pelymer. The numbsr-average

molecular weight (Mn, in terms of PPy of the resulting
polymer was 272,000, Mw/Mn was 1.13, and the propylene

content was ¢.6 % by mol

clyethyvlene-sthviens/propylense copclymer~LLDPE triblock

copolymer was guantitatively produced. Ths propyvlene

content in the third block component (LLDPE portion), as
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calculate

L
tr

-4

83

from the molecular welght and the propylene

content in the whole polymer, was 7.3 % by mol.

Polymerization was conducted in the same manner as
in Example 3%, except that the catalytic amount was
changed to 0.02 mmol. Thus, 0.800 ¢ of pelvethylene ({(PE]

was obtained. The number—average molecular weight (Mn,

In this example, after the resciion of ethylene was

_ - b e =y - o T . s = &
conducted at 28°C for 5 minutes, an ethvlene gas (20

Fijrered, .washed with methanol and wvacuum crisd at 130°C
for 10 hours to obtain 1.416 g of a polysthylene-

[t
%)
:

l.__l

wylene/butens copolvmer plock pelymer. The number-

v

verage molecular weight (Mn, in terms of PP] of the

resulting polymer was 120,600, the mclecular weight
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distribution (Mw/Mn) was . 1.13, and the butene content

L.
I3

the whole polymer was 1.9 % by mol.

in comparison with the polyethylens prepolymer

e

prepared in Example 39, this polymer was increased in the

-

moclecular weight with keeping & narrow molscular waight
distribution, and butens was incorporated into the
polymer. From this, it can be seen that & polyethylense-
ethylené/LLDEB diblock copolymer was quantitatively
produced. The butens content in the second block

component (LLDPE portion), as calculated from the

mclecular welight and the butens content in the whole

"

5.6 % by mol.

ar
4]

polymern,

In Bxample 39, after the reaction of sthylens was

conducted at 25°C for § minutes, an ethylens gas (20

./} and 2 butene gas (80 1l/hr) were blown into th

b

system To perform reaction for 3 minutes.. Then

of the mixed gas was stopped, followsd bv further

2]

reaction for 3 minutes. Subseguently, an ethylene ga

(100 1/hr) wae blown into ths. system to perform reaction

for I minute. Then, a small amount of methanol was added
to terminate the reaction, and the reaction product was
introduced into 1 liter of methanol containing a small

A e

amount of hydrochloric acid, followed by stirring, to
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precipitete a polymer. The polymer was
with methancl and vacuum dried at 130°C f

obtain 1,821 ¢ of &
T e . Jew - PR b .

The number-average molecular
of the resulting polymsr was

ght distribution

we i ght (Mw/Mr was 1.14, and

content in the whole polymer was 2.0 % by
In comparison with

copolymer prepolymer prepared in Exampls

waes increased In the molieculiar welght wit

weight distribution, and

o

content in the polymer was changed. From

polymer, was Z.© % by mol.
Example 46
In a2 500 ml glass autoclave thorough

nitrogsn, 256G -mi of toluene was placsd, a

the

This, 1t can

seen that a polyethylene-LLDPE-HDPE triblock copolymer
was quantitatively produced. The butene content in the
third block component {(HDPED portion), as calculated from
the molscular weignt and the butene content in the whole

ly purged with

nd propylens wa
fed at £5°C to saturats the liguid phase and the gas
phzse., Thereafter, 2.5 mmol {(in terms of aluminum atom)
of methyvialuminoxane and then .01 mmol of the titanium
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a small amount of methancl was added to terminats tThs
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YmMerizat
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Then, the rs
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meathancl containin
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a small amount of hydrochloric aci

1
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h

ollowed by stirring, to preciplitate a polymer. The

polvmer was filtsered, washed with methancl and vacuum

in terms of PP} of the resulting polvmer was 17,200, and

Mw/Mrn was 1.2

Example 47

conducted for 180 minutes, an ethyiesns gas (20 l/hy! w
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reacticon was conducted at 25°C for 180 minutes,

reaction. Then, the reaction product was introduced into

* s i N - EN & e ] . o
1 iiter ol methanol contalinling & small amount o

hydrochloric acid, foclliowed by stirring, Lo precipltate
poivmer. The polymer was filtered, washed with methancl

and vacuum dried to obtain (.481 ¢ of = polypropylens-
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meclecular weight with keeping a narrow molecular weight
Adisrribution, and ethylene was incorperated into the
polymer. From this, 1t can be ssen that a polypropylene-
ethylene/propyvlens diblock copolymer was guantitatively

produced. The sthylene content in.the second block

|
component (ethylene/propylens copolymer porti
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welight and the propyl
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content in the whole polvmer, was 18.4 % by mol.
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aluminum atom) of methvlaluminoxane and then 0.0Z mmol of

the titanium compound (1) wers added to initiats

At -~ —— —
)i After wne
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and a small amount of hydrochlozn

the mixture coll

polymer was washed with methanol

L2Cct & P

.5 liters of methancl,
ic sold was added. Then,
clymer. The

and tThen vacuum dried at

BO®C for 10 hours. The vield of the pelymer after drying
was 2.53 g 2s a result ©of GPC measuremsent, the number-—

51
e

Mw/Mn was 1

0f the whole amount of the

the polvmer was dissclved In
orthodichlerchenzense/deuterc
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The distribution of n of continucus n methylenes is

m=1}: 37.87 % by mol

n=2i: 14.5% % by mol

{n=3] $.9¢ % by mol
In=4%1: 6,94 & bv mol
In=51: 7.4%L % by mol
nz6l: Z3.23 % by mol '

Methvienss of n=3, n=5 and n2é mean that an is

O

monomer unit ML is detected, two COnTinuous mODOmMEIr un
1 : T . s . f .
Mi are detected, and three or more Cconiinuous MONCMar

units M4 are detected, respechively.

i

{

In & 500 ml glass autoclave thoroughly purged with

lated

nitrogen, 250 ml of dry toluene was placed, and propylens

was pass=ad through the autoclave

Hy

or 20 minutes at a rat

oF 100 1/hr. Then, the polymerization temperature was

<

g

C, and 5.00 mmol {in terms of aluminum’

(2]

maintained at 2
¢f methyialuminoxane was added. Subseguently, .05 mmol

of thne titanium compound (1) was added, and & mixsed gas

ethylene and propylene (eth
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minutes and 20 seconds. Then, 20 ml of isobutyl alcohol

was added to terminate the reaction. Subseguently, 10 ml
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a 1IN hydrochloric acld aguescus sclution was added,

follawsd by stirring for 30 minutes in a stream of

L

nitrogen. The polymer solution was poured into 1.3
‘liters of methanel teo precipitate a2 polymer, followad by

stirring for one night by a magnetic stirrer. The
polymer was filtered ovexr a glass filter and driead

B0°C for 10 hnours under reduced pressure To obtain 1.19 g

LJ

cf an sthvlene/propviene copolymer. As a result of GPC

analysis, Mn was 25,100, and Mw/Mn was 1.07. As a result
of IR analysis, the propylene content was 24.4 % by mol

Oxample 50
In a 500 mi glass autoclave thoroughly purged with

nitrogen, 250 ml of dry tcluens was placed, and propyliens

LR

™

AN

was passad through the autoeclave

r for 20 minutes at a rats
of 100 1l/hr. Then, the polymerizZation temperatu was

maintained at 25°C, and 5.00 mmol {in terms of aluminum’
of methylaluminoxane was added. Subseguentliy, (.03 mmel

¢f the titanium cempound {1) was added, and a mixed gas

of sthyliene and propylens (ethylene: 25 1/hr, prepylene
65 L/hr) was passed through, followed by stirring for 3

1/hr, propviene: 40 1/hr) was passed through, followsd by
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of an A-B diblock copelymer. As a result of GPC analysis,

the number—-averangs molecular weight was 4C, 600, and Mw/Mn
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In a 500 mi glass autoclave thoroughly punged with
nitrogen, 250 ml of dry toeluens was placed, and propylene

was passed throuch the autoclave for 20 minutes at & rate
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6 1/nr. Then, the polymerization temperature was

maintained at 25°C, and 5.00 mmol {in terms of aluminum)

of methylaluminoxane was added. Subseguently, 0.05 mmol
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compouna {1} was added, and a mixsd gas
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of ethylene and

g

ropylane (sthylene: 35 1/hr, propylene:
65 1/hr) was passed througn, followed by stirring for 3
minutes and 20 seconds. Then, 2 mixsd gas oi sthylene

and propylens having different composition (ethylene: 60
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L/hr, propylene: 40 1/hr) was passed through, followed
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gas was passed through at a rate of 100 1/hr, followed

ing for 1 minute and 50 ssconds. Than, an ethivlaene

stirring for 1 minute and 10 seconds, Theresafter, 20 ml

of iscbutyl alcchel was added to terminats the
Subsequently, 10 ml of & 1N hydrochloric acid agusous
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dded, followed by stirring for 30 minute
in a stream of nitrogen. The polvmaer solution

into 1.5 liiters of methanol to precipitate z polymer

followed by stirring for one night DY & magnetic stirr
The polymer was filterad over a glass filfter and dried

oy a e 5 3 e
BDTC for 10 hours under readuced prezsures to obtain 3.7
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of an A-B-C triblock copolvimer. As z result of GBEC

analysis, the number-asverags molecular weioht was 28,0
and Mw/Mn was 1.11. As & result of IR anslvsis, the
propylene content was 19.5 % by mol

Thersafter, 1.25% mmol (in terms of zluminum atomy of

H

methylaluminoxans and then 0.0002 mmol of the titanium

compound (2 were added to initiate polymerization
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an ethylene gas atmosphere at ordinary pressure, -2 smeil
amount of methanol was added o t
polymerization. After the polymerization was completed,

to the reaction product were added a small amount of

The pclymer was vacuum dried at 80°C for 10 hours ©o

obtain U.213 ¢ of polyethyliene (PE). T
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(1

rivity was 3.20 kg based on 1 mmol of titanlum. The

nUmbher-averags mol

&

cular weight {Mn) and the wesight-

average molscular welght (Mw; of the resulting P wers
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00 and

3,z L8900, respectively, and Mw/Mn was 1.08.

in & 500 ml glass avtoclave theroughly purgsd wWith
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titregen, 2530 ml of toluene wWas wlaced, and ethylens (100
1/nr) and hydrogen (3 1/hr} were blown into the autoclave
for 10 minutes with stirring. Thereafter, 1.25 mmol {in

rarms of aluminum atom) of methyialuminoxane and then

G.0002 mmol of the titanium compound (Z] were added to

hydrogen into the autoclave, a small amount of methancl

solymerization was completed, T¢ the reacticn product
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were added z small amcunt of hyvdrochloric acid and =

followed by filtration. The polymer was vacuum dried at

40°C for 10

oy

ours toe obtaein 0.185 ¢ of polysthylene (PE;.
The polymerizaticon activity was 2.83 kg based on 1 mmol

of titanium. The number—-average mclecular welght (Mn)
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sight-averags molecular wesight {(Mw) of the

resulting PE were 58,500 and 6%,700, respectlvely, and

Polvmerization was conducted in thes same manner as

except Lthat the catalytic amount, the Ifeed

in Example

rate of hyvdrogen and the pelymerization tims wers changed

ag snown in Table 3. The polvmerization activity,
molecular weight of the resulting polymer awmd molecular

weight distribution are set forih in Table 2. With

increase of the amount of nydrogen, the molecular welght

of the resuliing polvmer was hardly increased. From this,
it can be seen that hydrogen funciicned as a chaln

cransfer agent. Even when the polymerization tims
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erization activity was not lowered.

From this, it can pe seen that polyvmerization was further
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In a 500 ml glass autoclave thoroughly purged with

nitrogen, 250 ml of toluene was placed, and sthylene was

=
{
i

fed to saturate the liguid phase and the gas phase.

Therezfter, 1.25 mmel {in terms of aluminum atom]

N

methylaluminozane, 0.08 mmol of diethylzinc and ther

0.002 mmol of the titanium compound (Z2) ware added to

initiate polvmerization. After the resaction was
conducted at 50°C for 2 minutes in an ethylene gas
atmosphere at ordinary pressure, a small amount of

methanol was added to terminate the polymerization.
After the polymerization was completed, to the reaction

product were added a small amount ©I hydrochloric acid

and & large amouni of methanol tTo precipitate the wWho

!

it
P
129

ization activity was

kg based on 1 mmol The number-average

molecular weight (Mn) and the weight-average molecular

Jerd

weight (Mw) of the resulting PE weres 51,500 and 74, 300,

respectively, and Mw/Mn was 1

Examples 60 - &2
Polymerization was conducted 1in the same manner &as

Example 59, except that the amount of disthylzince and
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the polymerization time wers changed as shown in Table 4
The pelymerization activity, molecular weight of the
resuliting polymer ancd molecular weighﬁ distribution ars
set forth in Table 4.

With increase of the amount of the zinc compound,
the molecular weight of the resulting polyvmer was
decreased, and even when the polvmerization time was
prolongad, the molecular weight of the resulting Dol;ﬁe:
was hardly increased. From this, it can be geen that the
zince compound functioned as a chain transfer agent. Lven
when the polymerization time was prolonged, the
polymerization activity wasg not lowsred From this, it

; Lthe chain

Transfe

r

polvmerization was further promcted by
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In a 500 ml glass autoclave thorsoughly purged with

nitrogen, 250 ml of toluene was placed, and ethylene was
fed to saturats the liguld phase and the gas phase.

hereafter, 1.25 mmol {in terms of aluminum atom) of
methyvlaluminoxane and fthern 0.0072 mmel of the titanium
compound {3} were added to initiate polymerization.

Efrter the reactrion was conducted at 506

in an ethylen

i

iy

gas atmosphere at ordinary pressure, 3

small amount of methanol was added to [erminate the

hydrochloric acid and a large amount of methanol tTo

precipitate &2 polymer The polymer
with methancl and vacuum dried at 80°C for 10 hours to
obtain 0.247 ¢ of polvethyiene (PE!. The polyvmerization

number-averagse molecular welght (Mn) and the wsight-

avsrage molecular welght (Mw) of ths resulting PE were
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Polymerization was conducted in the same manner as

in Example §3, except? that the amount ol itanium
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polymerization time was changed
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0.1561 g of polyethvlene (PE} was cbtained. The
polymerization activity was (.64 kg based on 1 mmol of
titanium. The numbsr-average mclecular welght (Mn) and
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the weight-average molecular weight (Mw] of the resulting
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methylaluminoxane and then 0.0005 mmecl of zirconocens

dichloride were added to initiate polymerizstion., After

the reasction was conducted at 25°C for .5 minute in an
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ethylene gas atmesphers at ordinary pressure, 2 small
amount of methanol was addsed to terminate the

polymerization. After the polymerizatio
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of zirconium. The number-average mo

$mt

ecular

of the resulting PE was 114,000, and Mw/Mn was 5.9
Comparative Example

olymerization was conducted in the same
in Comparative BExample 1, sxcept that the polvmsrization
Time wag changed to I minute Thus, 0.433 g of

polyethviene
activity was 52.0 kg based on 1 mmol

molecular waight (Mol of the

Y
AL

was 136,0 and Mw/Mn was 2.2

Comparative Ex

H
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3
T
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£z,

Polymerization

wWas the same manner as
in Comparative Sxamplie 1, except that 0.00025 mmeol of th
titanium compound [(9) was used instead of the zirconium
compound and the polymerization time was changed to 1

minute

=

Thus, 0.253 ¢ of polyethviene [(PL)] was cobtained
The polvmerization activity was £0.7 Xg based on 1 mmol
of titanium. The numbesr—-average molecular welght Mn)
and the weight-average nolecular weight {(Mw; of the
resulting PZ were 184,000 d 370,000, respectively, anc
Mw/Mn W 2.01
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Peolymerization was conducted in the same mann
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ir Comparative Example 1, esxcept that C.0005 mmel of the
d

titanium compound (10} was used instead of the zirconium

compound and the polvmerization time was changed to ]

minute. Thus, 0.267 g of polyethylens (PE) was cobtained.

The polymerizaticon activity was 32.0 kg based on 1 mmol

and the gas phase. Thereafter, 0.0125 mmel of

dimethylaniliniumtetrakis (pentafliuvorcphenyl)borate and
fhen 0.0125 mmel of the hafnium compound {(11) were addsd

o initiate polymerization. After the rsaction was
conducted at 0°C for 1 minute in an sthylene atmosphere

at ordinary pressure, a smell amount of mesthancl was
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hours to obtain 0.2%0 g of polyvethylene (PE). The
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Polymerization was conducted in the same manner as
in Comparative Example S, except that the amount of the
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each changed to (.00 mmol and ths polymerization
-temperature was changed fo 50°C.  Thus, 0.148

polyethylene (PE] was obtained. The number-average
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CLAIMS

1. An oiefin polymer which is a polymer cf at least
one olefin selected from olefins of 2 to 20 carbon atems
and has a number-average molecular weight of not less than
110,000 and Mw/Mn (Mw: welght—-average molecular weight, Mn:
number—average molecular weight) of not mere than 1.3;

wherein the pelymer of at least one olefin selected
from olefins of 2 to 20 carbon atoms is
(i} a polysthylene which is an ethylene copolymer having a
comonomer content of less than 0.01 % by mol, (ii) a high-
density polyethylene which ie an ethylene random copolymer
containing as & COMONOMEr component an clefin of 3 to B
carbon atems in an amount of not less than 0.01 & by mol
and less than 3 % by mol, (iid) a iinear low-density
polyethylene which is an ethylene random copolyner
containing as & comonomer component a0 plefin of 3 to 8
carben atoms in an amount of not less than 3 % by mol and
tess than 10 & by mol, (iv) a copolymer of ethylene and
propylene having an ethylene content of not less than
84.6 % by mcl or (v & random copolymer of ethylene and st
jeast one olefin selected from olefins of 4 to 20 carbon

atoms.

5 The olefin polymer of claim 1, which has &
Ffunctional group at the terminal of the main chalin.

3. A molded product comprising the cleiin polymer of
any one of &laims 1 to 2. '

4. 2 process for preparing an olefin polymer as
defined in any of claims 1 to 2, said process comprising
polymerizing an olefin of 2 to 20 carbon atoms in the
presence of an clefin polymerization catalyst comprising &
rransition metal compound which is represented by any of
+he following formulae (I}, (TI-a}, (II-b) and (III},
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wherein the compound of formula (I) has the property that,
in & p-agostic structure of a cationic complex wherein one
of ¥ in the formula (I) is replaced with a n=-propyl group,
gnid structure being measured by a density functional
method, the distance between the hetercatom, which has no
direct bond to the central metal M and is nearest to the
central metal M, and hydrogen at the B~pogition is not more
than 3.0 A and the electrostatic energy is not more than 10
kJ/mol;

LonM¥n (I
wherein ¥ is a transitiom metal atom selected Ifrom Group 3
to Group 11 of the periodic table,

m is an integer of 1 to 5,

s is z number satiefying a valence of M,

1 is & ligand coordinated to the central metal M and
is a ligand having a hetercatom which has no direct bond to
the central metal M, and :

¥ is &n oxygen atom, & hydrogen atom, & halogen atom,
a hydrosarbon group, &n oxygen~-containing group, & gulfur-
conteining group, & nitrogen~containing group, a boron-

" contalning groun, &n aluminum-containing group, a
phosphorug-containing group, a halogen~-containing group, &
heterocyclic campound residue, & silicon~containing group,
2 germanium-containing group or a tin-containing group, and
when n is 2 or greater, plural groups indicated by X may be
the game or different, and plural groups indicated by X may
be bonded to form a ring; :

wherein the compound of formula(II-a) oI (TI-b) has the
property that, in & B-agestic structure of 2 ¢ationic
complex wherein one of X in the formula {(TI-a) or (II-b) is
replaced with a n-propyl group, said structure being
‘measured by & density functional method, the distance
petween the heteroatom, which has no direct bond to the
central metal M and is nearest to the central metal M, and
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nydrogen at the P~position is not more than 3.0 A and the
electroetatic energy is not more than 10 kJ/mol;

m eov (II=-g)

wherein M} is a transition metal atom selected from Group 3
to @roup 11 of the pericdic table,

n is &n integer of 1 to 5,

¢ is & nitrogen atom Or & carbon atom having a
gubstituent RZ,.

A is an oxygen atom, a sulliur atom, & selenium atom
or 2 nitrogen atom having & substituent R,

gl ig a hydrosarbon group having one or mere
haterpatoms or a hydrocarbon group having one or more
nhetercatom=-containing groups, '

B2 to RS may be the same or different and are sach a
hydrogen atom, a halogen atom, 2 hydrocarbon group, 2
_hydrocarpbon-substituted silyl group, an oxygen-contalining
group, & nitrogen—-containing group, 2 sulfur-containing
group, & boron-containing group, an aluminum-contalning
group,- & phosphorug-containing group, 2 halogen-contalning
group, & heterocyeclic compound residus, & silicon-
zontaining group, & germanium-containing group or a tin-
containing group, two or more of R? to R may be bonded to
form & ring, and when m is 2 or greater, rls, R%s, R3s, Ris
and RS9s may be the same or different, and one group of RZ
£o R contained in one ligand and one group of RZ2 to RS
contained in other ligands may be bonded,

n i5 & number eatisfving a valence of M, and

¥ is an oxygen atom, & hydrogen atom, 2 halogen atom,
& hydrocarbon group, an oxygen-containing group, a sulliur-
containing group, & nitrogen-containing group, a boron-
containing group, an aluminum-containing group, &



286

phosphorug-containing grsup, 2 halogen-containing group, 2

heterocyclic compound residue, a zilicon-containing group,

a germanium-containing group or a rin-gontaining group, and

when n is 2 or greater, plural groups indicated by X may be

the same or different, and plural groups indicated by ¥ may
be bonded to form a ring;

e o (II-D)
wherein Ml is a transition metal atom selected from Group 3
to Group 11 of the periodic table,

m is an integer of 1 to 5,

Y is & nitrogen atom or z phosphorus atom,

U ig & carbon atem having a subscituent RG, a
nitrogen atom or & phosphorus atom,

O is a carben atom having a substituent R/, &
‘nitrogen afom or & phosphorus atom,

s is & carbon atom having a substituent RE, 2
nitrogen atom or 2 phogphorus atom,

T is a carbon atem having a substituent R%, a
nitrogen atom or & phosphorus atom,

Bl is a hydrocarbon group having at least one
netercatom or a hydrocarbon group having at least one
hetersacom-containing group,

RS to RY may be the same or different and are each a
hydrogen atoem, a halogen atom, 2 hydrocarbon group, &
hydrocarbon-substituted silyl group, an ocxygen-containing
group, & nitrogen~containing group, & sulfur-containing
group, a boren-containing group, an aluminum-containing
group, 2 phosphorus-containing group, & halogen~containing
‘group, a heterocyclic compound residue, a silicon-

containing group, a germanium-~containing group or & cin-
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containing group, two or more of RE to RS may be bonded to
form a ring, and when m is 2 or greater, rls, r6s, R7s, RBs
and R%s may be the same or different, and one group of R
+o R® contained in one ligand and one group of RS to R®
contained in other ligands may be bonded,

n ie & number satisfying a valence of Mi, and

¥ i= an oxygen atom, a hydrogen atom, & halogen atom,
a hydrocarbon group, an cxygen—-containing group; a sulfur-
containing group, a nitrogen—containing group, & boron-
containing group, an aluminum-containing group, 2
phogphorus-containing group, & halogen-containing group, &
neterocyciic compound residue, 2 gilicon-gontaining group,
a germanium-containing group or & tin-containing group, and
when n is 2 or greater, plural groups indiceted by X may be

+he same or different, and plural groups indicated by X m&y
be bonded to form & rings

and whersin the compound of formula (IIT) 4= defined as
follows:

11
R ot
R‘m : SN
R?& ] P
R‘M

S e
wharein M1 is a transition metal atom selected from Group 4
to Group 5 of the periodic table,

mis 1 or 2,

R10 is am aromatic hydrocarbon group, an aliphatic
hydrocarbon group or &b glicyclic hydrocarbon group, when
ri0 is & phenyl group and the position of the carbon atom
ponded To nitrogen is the l-position, «nie phenyl group has,
st a2t least one pesition of the Z-position and the &~
position, one Or more supstituents selected from &
natarsatom and 2 hetercatom-coentainiag groupn, ©F has, at at
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ieast one position of the 3-position, the 4-position and
+he 5-position, at least one gubstituent selected from a
hetercatom other than a fluorine atom, & fluorine-
containing group having one carbon atom and not more than
rwo fluorine atoms, a flucrine-containing group having twe
or more carbon atoms, and a group contalning a hetercatom
other than a flucrine atom, and when R10 is an aromatic
hydrocarbon group other than a phenyl group, an ‘aliphatic
hydrocarbon group or an alieyelic group, this group has at
lezst one substituent selected from 2 heteroatom and &
heteroaton-containing group,

21l to R4 may be the same or different and are each
a hydrogen atom, a halogen atom, & halogen—containing group,
g hydrocarbon group, & hydrocarbon-substituted silyl group,
an oxygen-containing group, & nitrogen-containing group or
a sulfur-containing group,

g15 is 2 halogen atem, a halogen-containing group, @
hydrocarben group or a hydrocarbon-gubstituted silyl group,
' n is 2 number satisfying a valence cof M, and

¥ is an oxygen atom, & hydrogen atom, & halogen atom,
& hydrocarbon group, an oxygen-containing group, a sulfur-
centaining group, & nitrogen—containing group, a boron-
‘containing group, an aluminum-containing group, 2 -
phesphorus-containing group, 2 halogen—containing group,. &
heterocyciic compound residue, a silicon~contalining group,
a germanium~containing group oI a tin-containing group, and
when n is 2 or greater, piural groups indicated by X may be
~he same or different, and plural groups indicated by X may
we bonded to form a ring. :

5. The process for preparing an olefin polymer- &s
claimed in claim 4, comprising polymerizing an clefin of 2
to 20 carbon atoms in the presence of an clefin
polymerization catalyst comprising a transition metal
compound which is represented DY the aferesaid formula (II-
a) or (II-b) wherein RL ig an aromatic hydrocarbon group,
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an aliphatic hydrocarbon group or an alicyclic hydrocarbon
group, selected from a phenyl group having, at at least one
position of the 2-position and the g-position, when the
position of the carbon gtom bonded to nitrogen is the 1-
position, one or more substituents selected from & halogen
atom and & halogen-containing group, or & phenyl group
having, a2t at least cne position of the 3-position, the 4-
position and the 5-position, at least cne substituent
selacted from 2 fluorine-containing group having one carbon
stom and not more than two flucrine atoms, 2 flucrine~
containing group having two or more carbon atome, &
shlorine atom, & promine atom, an lodine atom, & chlorine-
containing group, & bromine-containing group and an icdine-
containing group, an arcmatiec hydrocarbon group cther than
2 phenyl group having at lesast one substituent selected
from 2 halogen atom and 2 halogen—containing group, an
aliphatic hydrocarbon group having at least one substituent
selected from a halogen atom and a halogen-contalning group,
or an alicyclic hydreocarbon group having at least one
substituent selected from a halogen atom and & halogen=-
containing group.

§. The process for preparing an clefin polymer &g
claimed in clazim 4, comprising polymerizing an olefin of 2
to 20 carbon atome in the presence of an olelin
polymerization catalyst comprising 2 transition metal
compound which is represented by the aferesaid fozmuls (II-
a) or {II-b) wherein, when the position of the carbon atom
ponded to mitrogen is the l-position, R is a halogen-
containing nydrocarbon group of 1 to 30 carbon atoms
gelected from a phenyl group having, &t at least cne
position of the 2-position znd the &-position, one or more
subetituents selected from a halogen atom and a halogen-
containing group, o

2 phenyl group having, at at least one pesition af
the 3-position, the 4-pesition and the S-position, at lsast
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one substituent selected from a fluorine-containing group
having one carbon atom and not more than two fluerine atoms,
a2 fluorine-containing group having two or mere carbeon atoms,
8 cnlorine atom, a bromine ztom, an icdine atom, a
chlorine-containing group, a bromine-containing group and
an iodine-containing group,

an aromatic hydrocarbon group other than a phenyl group
naving at least one substituent selected Irom a halogen
atom and & halogen-containing group,

an aliphstic hydrocarbon group having at least one
substituent selected from a halogen atom and a halogen-
containing group,

and an alicyclic hydrocarbon group having at least one
substituent selected from a halogan atem and a halogen.

_ 7. The process for preparing an clefin polymer as
claimed in clzim 4, wherein the transition metal compound
is a compound of the aforesaid formula (III) wherein, when
‘the position of the carbon atom bonded to nitrogen is the
l-position, R0 iz & halogen—contasining hydrocarbon group
of 1 to 30 carbon atoms selected from 2 phenyl group having,
2t at least one position of the Z-position and the 6~
position, one or more substituents selected from a halogen
ator and a halogen-contsining group, a phenyl group having,
at at least one position of the 3-position, the 4-position
and the 5-position, at lsast one substituent selected from
a filuocrine—containing group having ones carbon atom and not
more than two flucrine atoms, & fluorine-containing group
naving twe or more carbon atoms, a chlorine atom, & bromine
atom, an iodine atom, a chlorine~contzining group, &
bromine-containing group -and an lodine-containing group, an
aromatic hydrocarbon group other than a phenyl group having
at least one substituent selected from & halogen atom and a .
halogen—-containing group, an aliphatic hydrocarbon group
having at least one substituent selected from a halogen
atom and a2 halogen~containing group, and an alicyclic
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hydrocarbon group having at least one substituent selectad
from a halogen atom and & halogen-containing group.

B, A process for preparing an olefin polymer as
claimed in any of claims 4 to 7, which is a progess for
preparing an olefin polymer as defined in claim 3, saild
process comprising polymerizing an slefin of 2 to 20 carben
stoms in the presence of an clefin polymerization catalyst
comprising the transition metal compound of any one of
claims 4 to 7 to prepare the polymer as claimed in any one
of slaims 1 te 2 and then bringing the polymer into contact
with 2 functional group—containing compound to prepare an
clefin polymer having a functicopal group at the terminal.

¢. A procsss for preparing an plefin pelymer as
claimed in any of claims 4 to 8, comprising polymerizing an
olefin in the presence of & polymerization catalyst
comprising the transition metal compound of any one of
clzims 4 to 7 to prepare the polymer as claimed in any one
of claims 1 to 2 and further conducting olefin
polymerizaticn by the use of a catalyst obtained by
. cleaving & bond produced in the system between the catalyst

and the resulting polymer chain by means of chnain rransfer
reaction.

10, The process for preparing an glefin polymer as
clzimed in claim 9, wherein the chain transfer reaction is
promoted by the use of at least one compound selected from
hydrogen, &n organcaliuminum compound, an crgancboron
compound, an organczinc compound, an erganosilicon compound,
an organocadmium compound and an crganclead compound.
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ABSTRACT
OLEFIN POLYMER AND  PROCESS FCR  PREPARING THE  SAME
An olefin polymer which is a copolymer of ethylene and at
least one olefin i1s disclosed. The olefin 18 selected from
olefing of 3 to 8 carbon atoms, and has a commoner content of
not less than 10% by mol., and has a number-average molecular

weight of 1,000~ 5,000,000 and Mw/Mn ¢of not more than 1.5.

(FIG. 1)



