1 TITLE OLEFIN POLYMER AND PROCESS FOR PREPARING THE SAME TECHNICAL FIELD 5
The present invention relates to olefin polymers and processes for preparing the same. More
particularly, the invention relates to an olefin polymer having an extremely narrow molecular weight
distribution, an olefin polymer containing two kinds of specific polymer blocks, 10 the
above-mentioned olefin polymers having a functional group at the terminal, a block copolymer, and
processes for preparing these olefin polymers. BACKGROUND ART 15 Polymers having narrow
molecular weight distribution and specific molecular weight, polymers having a functional group
introduced at the terminal and block polymers having @iffeként segments bonded to each other exhibit
various useful properties, so that they are very 20 important from not only the academic viewpoint but
also the industrial viewpGifit 1t 1s GeHErHRG Wellknidit- thaf iniiB predudioRst BelimessFaving such

specific structures, living polymerization wherein neither termination reaction nor 2 chain transfer
reaction substantially takes place during

TECHNICAL FIELD

5 The present invention relates to olefin polymers and
processes for preparing the same. More particularly, the
invention relates to an olefin polymer having an
extremely narrow‘molecular weight distribution, an olefin
pelymer containing two kinds of specific pelymer blocks,

10 the above-mentioned olefin polymers having & functional
g%gup at the terminal, a block copelymer, and processes

for preparing these olefin polymers.

BACKGROUND ART

15 Polymers having narrow molecular weight distribution
and specific molecular weight, polymers having a
functional group introduced at the terminal and block
poiymers having different segments bonded to eaéh other
exhibit various useful properties, so that they are very

20 {mportant from not only the academic viewpoint but also
the industrial viewpoint.

It is generally well known that in the production of

polymers having such specific structures, living

polymerization wherein neither termination reaction nor



the polymerization is effective. However, if the polymerization is carried out under usual conditions
using a Ziegler catalyst or a 5 metallocene catalyst that is generally used as an olefin polymerization
catalyst to produce polymers having the above specific structures, chain transfer reactions of the
glowing polymer chains frequently take place, and it is very difficult to produce olefin polymers by
living 10 polymerization. For example, it has been madeZlear by analyses of molecular weight
distribution, composition distribution, etc. that when a block copolymer is intended to be synthesized
using a known catalyst system, a mixture of homopolymer and random copolymer is produced 15

(Boor, "Ziegler-Natta Tatalystarft:-Polymerization's uhcagemc Press €0k d979).4dndes speh
circumstances, some researches of living polymerization of olefins have been reported. For example
living polymerlza‘ﬁéﬁ oP prapyaneZ20- dising bsspetificataimagium catalyst has been reported by Doi, et
al. (Macromolecules, vol. 19, p. 2896, 1986). In this process, however, an extremely low
polymerization temper&f@i’éeé’l?cﬂ? a§§ témpeturdsiz18E16 ¢40C js awecessatypand thede r

polymerization actmtg is several 25 tens g-polymer/mmol-Mh and is not commercially 3
conditions using a Ziegler catalyst or a

5 metallocene ¢atalyst that is generally used as an olefin
polymerization catalyst to produce poliymers having the
above spe;ific structures, chain trénsfer reacticns of
the glowing polyﬁer chains frequently take place, and it
is very difficult tec produce olefin polymers by living

10 polymerization. For example, it has been made clear by
agglyses cf molecular weight.distribution, composition
distribution, etc. that when a block copolymer is
intended to be synthesized using a known catalyst system,
a mixture of homopolymer énd random copolymer is produced

15 (Boor, "Ziegler-Natta Catalyst and Polymerization",
Academic Press Co., 1979).

Under such circumstances, some researches of living
rolymerization of olefins have been.reported.
For example, living polymerization of propylene

20 %sing a specific vanadium catalyst has been reported by
Doi, et al. (Macromolecules, vol. 19,.p. 2896, 1986). 1In
this process, however, an extremely low polymerization
temperature such as a temperature of -78°C to -40°C is
necessary, and the polymerization activity is several

25 tens g-polymer/mmol-M-h and is not commercially



satisfactory. Further, the polymer type which can be synthesized is restricted to polypropylene or a
propylene/ethylene copolymer having a low ethylene content (not more than 50 % by mol), and it is
difficult 5 to produce commercially useful polyethylene and ethylene copolymers by living
polymerization. Moreover, there is a problem of low stereoregularity (racemic diad: not more than 0.8)
of the resulting polypropylene, and hence this process is r°hdustria|ly insufficient. 10 Brookhart, et al.
and McConvill, et al. have reported living polymerization of higher a-olefins such as propylene and
1-hexene with specific nickel complex or titanium complex (Journal of American Chemical Society,
vol. 118, p. 11664,510965 J6urhakof-Anfdticah<Cherical 15 Sguiety, vobd 18hp.c10008; 1986). Also in
this process, low-temperature polymerization at a temperature of not higher than OC is necessary in
many cases, and tRe"teSFfing Polyhfer Hastdn- afaetic SGuEiehavitny honsteeoregularity. Moreover,
it is difficult to produce 20 polyethylene or an ethylene polymer by living polymerization using the

nickel complex or thE tRaRIGHE 6P BBgE B RIbIBEEt R1=Ravstadibemivig pbifrserization of

propylene using a metagloc%ne catal¥nst, 25 hut in this process, an extremely low temperature such as
content (not more than 50 % by mol), and it is difficult

5 to produce commercially useful polyethylene and ethylene
copolymers by living polymerization. Moreover, there is
a problem of low steredregularity (racemic diad: not more
than 0.8) of the-resulting polypropylene, and hence this
process is industrially insufficient.

10 Brookhart, et al. and McConvill, et al. have
r§Ported living polymerization of higher e-olefins such
as propylene and l-hexene with specific nickel complex or
titanium complex.(Journal of American Chemical Society,
vel. 118, p. 11664,‘1996, Journal cof American Chemical

15 Society, vol. 118, p. 10008, 1996). Also in this process,
low-temperature polymerization at a temperature of not
higher than 0°C is necessary in many cases, and the
resulting polymer has an atactic structure having no
sterecregularity. Moreover, it is difficult to produce

20 polyethylene or an ethylene polymer by living
.
polymerization using the nickel complex or the titanium
complex.

Soga, Shiono, et al. have studied living

polymerization of propylene using a metallocene catalyst,

25 but in this process, an extremely low temperature such as



4 atemperature of -78C to -60C is necessary, and the levels of polymerization activity and molecular
weight of the resulting polymer are low (Macromolecule, vol. 31, Q. 3184, 1998, Macromolecule
Rapid Communication, vol. 20, p. 5 637, 1999). As a synthesis of polyethylene by living
polymerization, that is generally said be difficult, Nakamura, et al. have reported a process of using a
niobium or tantalum complex, and Yasuda, et al. have 10 geported a process of using a samarium
complex. In these processes, however, there are defects that the activity is low, the molecular weight
of the resulting polyethylene is limited to about 100,000, and copolymerization of comonomers other

than ethylene is 15:infeasible (lauraal.of American-Ghemical-Sociefy, vol. (118, p. 10990,1993). As a

synthesis of a block polymer having different segments bonded to each other; a process, of using a

specific metallocene:catalystifapbaemeeportedi2M(laterational Batent Bublication WQ?%;/%Z%%
W094/21700). In this process, however, the activity is low, and low- temperature polymerization (-10C

to 0C) is essentialt Moreever Lit isxdeseribeddhatthe blogking-efficieney iscdeereased to less than 10
% by increasing the )
3184, 1998, Macromolecule Rapid Communication, vol. 20, p.
5 637, 1999).

As a synthesis of polyethylene by living
polymerization, that is generally said be difficult,
Nakamura, et al.'have reported a process of using a
nicbium or tantalum complex, and Yasuda, et al. have

10  reported a process of using a samarium complex. In these
pF?cesses, however, there are defects that the activity
is low, the molecular weight of the resulting
polyethylene is limited to abkout 100,000, and
copolymerization of comonomers other than ethylene is

15 infeasible (Journal of American Chemical Society, vol.
115, p. 109%0, 1993).

As a synthesis of a block polymer having different
segments bonded to each other, a process of using a
specific metallocene catalyst has been reported

20 ilnternational Patent Publication W091/12285, W094/21700).
In this process, however, the activity is low, and low-
temperature polymerization (-10°C to 0°C) is essential.
Moreover, it is described that the blocking efficiency is

decreased to less than 10 % by increasing the

25 polymerization temperature to 10°C. On this account,



25 polymerization temperature to 10C. On this account, 5 production of a block copolymer at an
industrially usually used polymerization temperature (50C to 75C) is impossible. Also in case of
low-temperature polymerization, the molecular weight distribution (Mw/Mn)5 5 that is an indication of
living polymerizability, of the block copolymer is not less than 1.35 and is not narrow, so that this
polymerization is not living polymerization sufficiently controlkgd. Therefore, most of the products
contain large amounts of non-block polymers as by 10 products, and fractionation to remove the
unnecessary polymers is essential as a post treatment. Thus, there are many industrial restrictions.

Accordingly, developmenk pf acaragess:whetein iing palymeization oflefing gap,be, gaied out at
izatl [ indus

an 15 industrially available high temperature with high ‘polymerization activity Is o r?élly very

great value. Under sughcircunstancesy e presentapplicanthase. found, as peyelolefin ; co oy .

polymerization catalysts, 20 transition metal compounds having a salicylaldimine ligand, and has also
found that when a transitiansmetdl ecompoynd havingsa:specificsiructig selected from the transition

metal compounds having a salicylaldimine ligand is used, living polymerization proceeds at an
polymerization, the molecular weight distribution {(Mw/Mn) ,
5 that is an indication of living polymerizability, of the
block copolymer is not less than 1.35 and is not narrow,
so that this polymerization is not living prolymerization
sufficiently conﬁrolledJ Therefore, most of the products
contain large amounts of non-block polymers as by-
10 products, and fractionation to remove the unnecessary
- p?}yﬁers is essential as a post treatment. Thus, there
are many industrial restrictions.
Accordingly, development of a process wherein.living
- polymerization of olefins can be carried out at an

15  industrially available high temperature with high
polymerization activity is of industrially &ery great
value.

Under such circumstances, the present applicant has
found, as novel clefin polymerization catalysts,

20 'Eransition metal compounds having a salicylaldimine
ligand, and has also found that when a transition metal
compound having a specific structure selected from the
transition metal compounds having a salicylaldimine

ligand is used, living polymerization proceeds at an

25  industrially available high temperature with activity



25 industrially available high temperature with activity 6 extremely higher than that of hitherto known
living polymerization, and production of polyolefins having high molecular weight and narrow
molecular weight distribution and polyolefins or block copolymers having functional 5 groups
guantitatively introduced at the terminals is feasible. Based on the finding, the present invention has
been accomplished. The present applicant has furthermgre found a process for efficiently producing
such polymers, and accomplished the present invention. 10 It is an object of the invention to provide
olefin polymers exhibiting various useful properties, such as a polymer having a narrow molecular

the terminal and & Hlock 12 pobeves having ATOLLAr SegEn BohHd 15 S4Eh biter & s anofher
thadnvention 1o provide processcs ior SHehly SrepaiRG SEn AR 20 BISGL OSURE OF THE
INVENTION The olefiscpolymer-acepiding e the: inventign isa. polymer.of at least one glefin. selected
from olefins of 2

and polyolefins or block cepolymers having functional

5 groups guantitatively introduced at the terminals is

feasible. Based on the finding, the present invention

has been accomplished.. The present applicant has

furthermore found & process for efficiently producing

such polymers, and accomplished the present invention.

10 It is an cbhiject of the invention to provide olefin
p?}ymers exhibiting various useful properties, such as a
polymer having a narrow molecular weight distribution and
a specific molecular weight, a polymer having a
functional group introduced at the terminal and a block

15  polymer having different segments bonded to each other.

It is another object of the invention to provide
processes for preparing these clefin polymers. It is a
further object of the invention to provide processes for
efficiently preparing such polymers,

20

DISCLOSURE OF THE INVENTION

The olefin polymer according to the invention is a
polymer of at least one olefin selected from olefins of 2
to 20 carboen atoms and has a number-average molecular

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



to 20 carbon atoms and has a number-average molecular 25 weight of not less than 500 and Mw/Mn
(Mw: weight-average 7 molecular weight, Mn: number-average molecular weight) of not more than
1.5. Such a polymer is sometimes referred to as a "monodisperse polyolefin” hereinafter. The
monodisperse polyolefin of the invention is, for 5 example, polyethylene, high-density polyethylene
(referred to as "HDPE" hereinafter), linear low-density polyethylene (referred to as "LLDPE"
hereinafter), polybutene, a copolymer of ethylene and at least one olefin selected from olefins of 4 to
20 carbon atoms, 10 dienes and cycloolefins, or a copolymer of propylene and at least one olefin

selected from olefins.of toms, di cloolefins. The maonodisperse polyolefin
é%gﬁ%@‘%%q %,nﬁh. %%jg% a%§ mo, S g&yg%é 6@06%&

of the invention is, for example, a polymer ot ethylene, which has A numbe

weight of not less than: 140,000 and MM o notmare. p:.5, qr.a Ralymer of at least one plefin
f

selected from olefins of 3 to 20 carbon atoms, which has a humber-average molecular weig not

less than 500, Mn/Mn afsnot meredban 4. and adneling point 20, of patlower than 70C. The
monodisperse polyolefin of the invention is, for example, an olefin polymer which is a polymer of

The monodisperse polyolefin of the invention is, for
5 example, polyethylene, high-density polyethylene
(referred to as "HDPE" hereinafter), linear low~-density
polyethylene (referred to as "LLDPE" hereinafter),
(polybutene, a cobolymer of ethylene and at least one
olefin selected from olefins bf 4 to 20 carbon atoms,

10 dienes and cycloolefins, or a copolymer of propylene and
aFtieast one olefin selected from olefins of 4 to 20
carbon atoms, dienes and cycloolefins.

The monodisperse polyolefin of the invention is, for
example, a polymer of ethylene, which has a number-

15 average molecular weight of not less than 110,000 and
Mw/Mn of not more thén 1.5, or a polymer of at least one
olefin selected from clefins of 3 to 20 carbon atoms,
which has a number;average molecular weight of not less
than 500, Mn/Mn of not more than 1.5 and a melting point

20 of not lower than 70°C. |
. .

The monodisperse polyolefin of the invention is, for
example, an olefin polymer which is a polymer of
propylene or butene and has a racemic diad (r), as

measured by 13C-NMR, of not less than 0.85, or a polymer



propylene or butene and has a racemic diad (r), as measured by 13C-NMR, of not less than 0.85, or a
polymer 8 which is an ethylene/propylene copolymer and has an ethylene content of not less than 60
% by mol. The olefin polymer according to the invention is, for example, an olefin polymer which is an
olefin 5 copolymer of at least two olefins selected from olefins of 2 to 20 carbon atoms, has a
number-average molecular weight of not less than 500 gnd is a tapered polymer containing a
segment wherein composition of two or more monomers continuously changes in the polymer chain.
A 10 tapered polymer having Mw/Mn of not more than 2.5 and a tapered polymer having an ethylene

content of not lesg, than 3Q % by mol are alsp available. The olefin polymer according to the invention
is, for example, an olefin cop%?yn%%\ﬁgi%ﬁ%g rpc?%%g F {5 MondmErThit Mt défived from an olefin of

nd has e folloning roperics [Wh2] MAUILE THZ V50 IVA) ancH2]-as 20 measured by
13C-NMR, satisfy the fallpwing geﬂqtllp% ll?{,l\\élg\/l %]é@é[}\él%lgl 290 1%%|INJI~%]\%/6(§%M%1M le;l}/l 2'M2])
fof example, an olefin polymer which is an olefin
5 copolymer of at least two olefins selected from olefins
of 2 to 20 carbon atoms, has a number—-average molecular
weight of not less than 500 and is a tapered polymer
containing a segﬁent wherein composition of two or more
monomers continucusly changes in the polymer chain. A
10 tapered polymer having Mw/Mn of not more than 2.5 and a
té?ered polymer having an ethylene content of not less
than 30 % by mol are also available.

The olefin polymer according to the invention is,

for example, an olefin copolymer which comprises a

15 monomer unit M1 derived from an olefin of 2 to 20 carbon
atoms and at least one monomer unit M2 that ils different
from the monomer unit M1, and has the following
properties:

[M1-M21, [M1-M1], [M2-M2}, [M1] and [M2], as

20 nmeasured by 13C-NMR, satisfy the following relations:

LN

1>{M1 M2}/ (2x[M1]x[M2])
1>[M1+M212/ (4x[M1-M1]x[Mp-M3])
wherein [M1] is a molar fraction of the monomer unit Mg,

[M2) is a molar fraction of the monomer unit Mz, [M1-M2]

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



wherein [MI] is a molar fraction of the monomer unit Mi, [M2) is a molar fraction of the monomer unit
M2, [M1M2] 25 is a molar fraction of a unit in which the monomer unit 9 Ml and the monomer unit M2
are adjacent to each other, [MI-MI] is a molar fraction of a unit in which the monomer unit Ml and the
monomer unit Ml are adjacent to each other, and [M2M2] is a molar fraction of a unit in 5 which the
monomer unit M2 and the monomer unit M2 are adjacenj to each other. The olefin polymer according
to the invention is, for example, a polymer satisfying the above relations and having Mw/Mn of not
more than 2.5, an olefin copolymer 10 wherein an isolated monomer unit Ml and a sequence of two or

more continuous fponorer lts Ml i bpth dstected in, the polymer chain by means of 1SC-NMR, or
an olefin copolymer wherein a sequence of two continuous monomer units MT anda &ﬁlence of

three or more confingyous 15 monomerunitsdvlare;hoth ggt%ct%q]g‘l?th? rpon%m%'hd{eﬂn by means of

13C-NMR. In the above polymers, the monomer unit Ml is preferably an et yJFene unit. An olefin

copolymer whereifo aseguenss ef two armotes,coRtinoys fn(%m'@n@gr%%% isPR.detpeted by means
of 13C-NMR and a sequence of two continuous methylene groups and a sequence of three or
each other, and ([Mp'M2] is a molar fraction of a unit in

5 which the monomer unit Mz and the monomer unit M2 are

adjacent to each other.
The clefin polymer according to the invention is,
for example, a polymer satisfying the above relations and

having Mw/Mn of not more than 2.5, an olefin copolymer

10 wherein an isolated monomer unit Mi and a sequence of two
0r more continuous monomer units M] are both detected in
the polymer chain by means of 13C—NMR, or an olefin

copolymer wherein a sequence of two continuous monomer

units M1 and a seqguence of three or more continuous
15  monomer units M1 are both detected in the polymer chain
by means of 13C-NMR.
In the above polymers, the monomer unit M1 is
preferably an ethylene unit. An olefin copolymer wherein
a sequence of two or more continuous methylene groups is
20 Qetected by means of 13C-NMR and a sequence of two
continuous methylene groups and a segquence of three or
more continuous methylene groups are both detected is
alsc available.
Another embodiment of the olefin polymer of the

25 invention is an olefin block copolymer comprising:



more continuous methylene groups are both detected is also available. Another embodiment of the
olefin polymer of the 25 invention is an olefin block copolymer comprising: 10 (i) a polymer block
obtained from at least one olefin selected from olefins of 2 to 20 carbon atoms, and (ii) a polymer
block that is obtained from at least one olefin selected from olefins of 2 to 20 carbon atoms 5 and is
different from the polymer block (i). The olefin block copgjymer is, for example, a polymer comprising
two or more polymer blocks, adjacent polymer blocks of which are different from each other, and
having a number-average molecular weight of not less 10 than 500 and Mw/Mn of not more than 2.5.

The olefin block copolyme is, f e, lefin palymer,which is a diblock copolymer comprising
two polymer blocks andmh;s Ie}lv(\?/{lc\)/ln of less 31%%0}?[ ?ré,l%aanx%?e?in ﬁo?%éitwﬁfc‘—ﬁ% a‘thiblock copolymer

comprising 15 thiee;palymes blacks anghas My/Mn,of less thap 1.8, or _a polymer which is a
multiblock copolymer comprising four or more polymer b cﬁ:k‘% and %gos MW I@I%%f%é)sm[ﬁan F150. The
above olefin block copolymer is, ﬁ%p}@g}pl%lqg(p]@lym%rﬁmq%{egb%%cim%%fy@leg r?loé:}é |sl%ealg%ted from

20 polyethylene, HDPE, LLDPE, a copolymer of ethylene and at
cne olefin selected from olefins of 2 to 20 carbon atoms
5 and is different from the polymer block (i).

The olefin block copolymer is, for example, a
polymer comprising two or more polymer blocks, adjacent
polymer blocks of which are different from each other,
and having a number-average molecular weight of not less

10 than 500 and Mw/Mn of not more than 2.5.

» The olefin block copolymer is, for example, an
olefin polymer which is a diblock copolymer comprising
two polymer blocks and has Mw/Mn of less than 1.35, an
olefin polymer which is a triblock copolymer comprising

15  three polymer blocks and has Mw/Mn of less than 1.80C, or
& polymer which is a multiblock copolymer comprising four
or more polymer blocks and has Mw/Mn of less than 2.00.

The above olefin block copolymer is, for example, a
polymer wherein each polymer block is selected from

20 Eolyethylene, HDPE, LLDPE, & copolymer of ethylene and at
least one olefin selected from olefins of 3 to 20 carbon
atoms, dienes and cycloolefins, atactic‘polypropylene
{referred to as "ata-polypropylene™" hereinafter),

isotactic polypropylene {referred to as "iso-

25 polypropylene"” hereinafter), syndiotactic polypropylene



least one olefin selected from olefins of 3 to 20 carbon atoms, dienes and cycloolefins, atactic
polypropylene (referred to as "ata-polypropylene™ hereinafter), isotactic polypropylene (referred to as
"iso 25 polypropylene™ hereinafter), syndiotactic polypropylene 11 (referred to as "syn-polypropylene™
hereinafter), a copolymer of propylene and at least one olefin selected from olefins of 3 to 20 carbon
atoms, dienes and cycloolefins, and the aforesaid tapereql olymer. 5 Also available is a diblock
copolymer or a triblock copolymer wherein each polymer block is selected from polyethylene, HDPE,
LLDPE, an ethylene/propylene copolymer, an ethylene/butene copolymer, an ethylene/hexene
copolymer, an ethyl ne%octgne copolymey, 10 ata-polypropylene, syn-polypropylene, a
propylene/butene capolymér éing a p%&yl%ﬁ@/h%?@ﬁé E8§(§§7ﬁ1@? THESFSlyha bfotk (i) and the
polymer block (ii) aje ea h selected from, for example, the following polymer (?I_ocks ), %b) and (c):
15 (a) a polymer blocl%)gg ined f%%?npeliﬁ)% %g,n@) %1“‘pgol§?r4riler9 gl%glgoé)f&%e@f? r‘hrbn%é “ofefinc

selected from a-olefingof 310 29,carhon atoms, And. ()3 polymef, block obfained from two or more a

olefins selected from a-olefins of 2 to 20 carbon atoms.
cycloolefins, and the aforesaid tapered polymer.

5 Also available is a diblock copolymer or a triblock
copolymer wherein each polymer block is selected from
poelyethylene, HDPE, LLDPE, an ethylene/propylene
copolymer, an etﬁylene/butene copelymer, an
ethylene/hexene copolymer, an ethylene/octene copolymer,

10, ata-polypropylene, syn-polypropylene, a propylene/butene
c?polymer and a propylene/hexene copolymer.

The polymer block (i) and the polymer block (ii) are
each seiected from, for example, the follbwing polymer
blocks {fa), {b) and (¢):

15 (a) a polymer block obtained from ethylene,

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

(c) a polymer block obtained from two or more o-—
olefins selected from o-olefins of 2 to 20 carbon atoms.

20 . The olefin block copelymer is, for example, a
polyﬁer containing at least one of the polymer block (a)
which has a number-average molecular weight of 110,000 to
10,006,000 and Mw/Mn of not more than 1.5.

A further embodiment of the olefin polymer according

25 to the invention is an olefin polymer having a functional



20 The olefin block copolymer is, for example, a polymer containing at least one of the polymer block
(&) which has a number-average molecular weight of 110,000 to 10,000,000 and Mw/Mn of not more
than 1.5. A further embodiment of the olefin polymer according 25 to the invention is an olefin polymer
having a functional 12 group at the terminal of the main chain of the aforesaid monodisperse
polyolefin, tapered polymer, olefin copolymer or olefin block copolymer. The molded product
according to the invention 5 comprises the monodispers&polyolefin, the tapered polymer, the olefin
copolymer or the olefin block copolymer. The process for preparing an olefin polymer according to
the invention comprises polymerizing an 10 olefin of 2 to 20 carbon atoms in the presence of an olefin
polymerization catalystsomprising atteamsition. metateempaund whichris sepresented bythe fejlowing
formula (1) and has properties that, in a R-agostic structure of a cationic complex wherein one of X in

the 15 formula (I) s¥eprates vithca Rpropylgfonp, Saithestrutture beingrmeasurgdrby a density
functional method, the distance between the heteroatom, which has no direct bond to the central

metal M and is neﬁfé%?ﬁd’fﬁ%rce%ﬁaf’l@fin block copolymer.

The molded product according to the invention
5 comprises the monodisperse polyolefin, the tapered
polymer, the olefin copolymer or the olefin block
copolymer.
The process.for preparing an olefin polymer
according to the invention comprises polymerizing an
10 olefin of 2 to 20 carbon atoms in the presence of an
o}gfin polymerization catalyst comprising a transition
metal compound which is represented by the fellowing
formula (I) and has properties that, in a PB-agostic
structure of a cationic complex wherein one of X in the
15  formula (I) is ﬁeplaced with a n-propyl group, said
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 tc the central
metal M, and hydrogen at the B-position is not more than
20 %.0 A and the electrostatic energy is not more than 10
kJ/mol, to prepare the monodisperse polyclefin, the
olefin copolymer, the tapered polymer or the olefin block
copolymer;

LpMXp ()



metal M, and hydrogen at the R-position is not more than 20 3.0 A and the electrostatic energy is not
more than 10 kJ/mol, to prepare the monodisperse polyolefin, the olefin copolymer, the tapered
polymer or the olefin block copolymer; LmMXn (1) 13 wherein M is a transition metal atom selected
from Group 3 to Group 11 of the periodic table, m is an integer of 1 to 5, n is a number satisfying a
valence of N, 5 L is a ligand coordinated to the central metal{¥ and is a ligand having a heteroatom
which has no direct bond to the central metal M, and X is an oxygen atom, a hydrogen atom, a
halogen atom, a hydrocarbon group, an oxygen-containing group, a 10 sulfur-containing group, a

O B R L 8 G
i d residue,

T QI . Se
phosphorus-containing group, a halogen-containing group, a héeterocyclic ¢o

silicon-containing grogp¢a g@f@%@iumcg@a{{g@g ggoypog{iact!r%-ggrlltgining 15 group, and_ When nis 2
or greater, plural groups indicated by X may be thé same or different, and plural groups indicated by
X may be bonded to form a ﬁngﬁgh@;rqqﬁ%me@g CerILpgugg is, for example, a

n is a number satisfying a valence of M,

5 L is a 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

X is an oxygén atom, a hydrogen atom, a halogen atom,
a hydrocarbon group, an oxygen~containing group, a
10 sulfur-containing group, a nitrogen-containing group, a
b?;onmcontaining group, an aluminum-containinq group, a
phosphorus-containing group, a halogen-containing group,
a heterocyclic compound residue, a silicon-containing
group, a germanium-containing group or a tin-containing
15 group, and when n is 2 or greater, plural groups
'indicated by X may be the same ar diffe?ent, and plural
groups indicated by X may be bonded to form a ring.
The transition metal compound is, for example, a

transition metal compound represented by the following

20 formula (II-~a} or (II-b);

o {(IT-a)

25



transition metal compound represented by the following 20 formula (ll-a) or (1I-b); 4 Ri Q =N . R3-\
MIX, (Il-a) R4 m 25 14 wherein Ml is a transition metal atom selected from Group 3 to Group 11 of
the periodic table, mis an integer of 1 to 5, 5 Q is a nitrogen atom or a carbon atom having a
substituent R2, A is an oxygen-atom, a sulfur atom, a selenium atom or a nitrogen atom having a
substituent R5, R1 is a hydrocarbon group having one or more 10 heteroatoms or a hydrocarbon
group having one or more heteroatom-containing groug$ R2 to R5 may be the same or different and
are each a hydrocarbon group, a halogen atom, a hydrogen atom, a hydrocarbon-substituted silyl
group, an oxygen-containing 15 group, a nitrogen-containing group, a sulfur-containing group, a

boron-containing group, an aluminum-containing
wherein Ml is a transition metal atom selected from Groﬁp
3 to Group 11 of the periodic table,

m is an integer of 1 to 5,

5 Q is a nitrogen atom or a carbon atom having a
substituent RZ,

A is an oxygen atom, a sulfur atom, a selenium atom
Or a nitrogen atom having a substituent R5,

Rl is a hydrocarbon group having one or more

10  hetercatoms or a hydrocarbon group having one or more
hgperoatom—containing groups,

RZ to RS méy be the same or different and are each a
hydrocarbon group, a halogen atom, a hydrogen atom, a
hydrocarbonmsubstituted silyl group, an oxygen-containing

16  group, a nitrogenwcontaining group, & sulfur~containing
group, a boron-containing group, an aluminum-containing
group, a phosphorus-containing group, a halogen-
containing group, a heterocyclic compound residue, a
silicon~-containing group, a germanium-containing group or

20 a tin-containing group, two or more of R2 to RO may be
bonded to form a ring, and when m is 2 or greater,'Rls,
st, R3s, R4s and R3s may be the same or different, and
one group of RZ to RO contained in one ligand and one

group of R? to RY contained in cother ligands may be

25 Dbonded,



group, a phosphorus-containing group, a halogen- containing group, a heterocyclic compound residue,
a silicon-containing group, a germanium-containing group or 20 a tin-containing group, two or more of
R2 to R5 may be bonded to form a ring, and when m is 2 or greater, RIs, R2s, R3s, R4s and R5s
may be the same or different, and one group of R2 to R5 contained in one ligand and one group of
R2 to R5 contained in other ligands may be 25 bonded, n is a number satisfying a valence of Ml,
and X has the same meaning as that of X in the aforesaid “formula (I); R1 51 UN S=T ~]JM1XnQ/Y
[I-b) 1 .10 wh erein 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,
n 1s a number satisfying a valence of ML, and
X has the same meaning as that of X in the aforesaid

formula (I};

e {II-b)

10  wherein M! 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 a phosphorus atom,
U is a carbon atom having a substituent R, a
15 nitrogen atom or a phosphorus atom,
¢ is a carbon atom having a substituent R7, a
nitrogen atom or a phosphorus atom,
S is a carbon atom having a substituent R8, a
nitrogen atom or a phosphorus atom,
20 . T is a carbon atom having a substituent RY, a
nitrogen atom or a phosphorus atom,
Rl and R® to R® are each the same atom or group as
described with respect t§ Rl and RZ to RS in the formula
(IT-a), and when m is 2 or greater, Rls, R6s, R7s, R8s

25 and RYs may be the same or different, and one group of R6



Y is a nitrogen atom or a phosphorus atom, U is a carbon atom having a substituent R6, a 15 nitrogen
atom or a phosphorus atom, Q is a carbon atom having a substituent R7, a nitrogen atom or a
phosphorus atom, S is a carbon atom having a substituent R8, a nitrogen atom or a phosphorus atom,
20 T is a carbon atom having a substituent R9, a nitrogen atom or a phosphorus atom, R1 and R6 to
R9 are each the same atom or group as described with 1€spect to Rl and R2 to R5 in the formula
(Il-a), and when m is 2 or greater, R1s, R6s, R7s, R8s 25 and R9s may be the same or different, and
one group of R6 16 to R9 contained in one ligand and one group of R6 to R9 contained in other

ligands may be bondedgn is ga.n mpee(g S%[I;'Sféﬂ'?% al\l/alg%e g%{ll, and X has the samg mearé;t/gg as that

of X in the aforesaid 5 formula (I). Similarly to t e transition meta%gm%gaﬁg réprésen the

formula (1, the tragsifion /mefa!l egmpound repioseaieda tnedoymula i a) or (ILb) preferably has

properties that the distance between the 10 heteroatom, which has no direct bond to the central metal
M and is nearest to the central mefalihandhydragen a8t 5 valence of Ml , and

A has the same meaning as that of X in the aforesaid
5 formula (I).

Similarly to the transition metal compound
represented by Fhe fermula (I), the transition metal
compound represented by the formula (Il-a) or (II-b)
preferably has properties that the distance between the

10 hetercatom, which has no direct bond to the central metal
M and 1s nearest to the central metal M, and hydrogen at
tge B-position is not more than 3.0 A and the
electrostatic energy is not more than 10 kJ/mol.

The transition metal compound represented by the

15 formula (iI—a) or (szb) is preferably a compgund wherein
R} is an éromatic hydrecarbon group, 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 thé 6—posi£ion, when the

20 position of the carbon atom bonded to nitrogen is the 1-

5osition, one or more substituents selected from a

hetercatom and a hetercatom-containing group, or has, at
at least one position of the 3~position, the 4-position

and the 5-position, at least one substituent selected

25 from a hetercatom other than & fluorine atom, a flucrine-



the a-position is not more than 3.0 A and the electrostatic energy is not more than 10 kJ/mol. The
transition metal compound represented by the 15 formula (lI-a) or (ll-b) is preferably 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 least one position of the 2-position
and the 6-position, when the 20 position of the carbon atc%n% bonded to nitrogen is the 1- position, one
or more substituents selected from a heteroatom and a heteroatom-containing group, or has, at at
least one position of the 3-position, the 4-position and the 5-position, at least one substituent selected

25 from a heteroatom other than a fluorine atom, a fluorine 17 containing group having one carbon
atom and not moré fHan? to fidorfHe" Ao Aifitfbrinecordiling Groap havidgrwo brmere: banbon

atoms, and a groughgong?}!}:ldn%a heteroatom other than a fluorine atom, and when Rl is an 5 aromatic
hydrocarbon group Gther thari-a phefyl gP6up, ant RifRafteRydrBEarbBA Yo GF 6FEN Baieydlic
‘hydrocarbon grougw@isogroInggscatg%%sz;[‘ one substituent selected from a heteroatom and a
heteroatom-containing group. In the fransition metar c&ﬁﬁoﬁwcﬁféﬁ@s&ﬁ@&%ﬂﬂﬁ@glGaformuIa (I1-a) or

(11-b), when the position of the.6arboN . +nan a fluorine atem, and when R is an

5 aromatic hydrocarbon group other than a phenyl group, an
aliphatic hydrocarbon group or an alicyclic hydrocarbon
group, this group has at least one substituent selected
from a heteroatoﬁ and a hetercatom-containing group.

In the transition metal compound represented by the

10 formula (II-a) or (II-b), when the position of the carbon
a?gm bonded to nitrogen is the l-position, R1 is
preferably a halogenwcontaining hydrocarbon group of 1 to
30 carbon atoms selected from a phenyl group having, at
ét least one position of the 2-position and the 6-

15  position, one or more substituents selected from a
halogen atom and a halogen-containing group, a phenyl
group having, at at least one position of the 3-position,
the 4-position and the 5-position, at least one
substituent selected from a fluorine-containing group

20 Qaving one carbon atom and not more than two fluorine
atoms, a fluorine-containing group having two or more
carbon atoms, a chlorine atom, a bromine atom, an iodine
atom, a chlorine~containing group, a bromine-containing

group and an iodine~containing group, an aromatic

25 hydrocarbon group other than a phenyl group having at



atom bonded to nitrogen is the I-position, Rl is preferably a halogen-containing hydrocarbon group of
1to 30 carbon atoms selected from a phenyl group having, at at least one position of the 2-position
and the 6 15 position, one or more substituents selected from a halogen atom and a
halogen-containing group, a phenyl group having, at at least one position of the 3-position, the
4-position and the 5-position, at least one substituent selected from a fluorine-containing group 20
having one carbon atom and not more than two fluorine Homs, a fluorine-containing group having two
or more carbon atoms, a chlorine atom, a bromine atom, an iodine atom, a chlorine-containing group,
a bromine-containing group and an iodine-containing group, an aromatic 25 hydrocarbon group other
than a phenyl grouhaving at 18 uleastione=substituent isetectachfrom ahalegen alamand.ay -
halogen-containing group, an aliphatic hydrocarbon group having at least one substituent selected
from a halogen atoii af¢ artatoden-comaininggroups and hngisydlic Shhyiroearion-graup having at
least one substituent selected from a halogen atom and a halogen-containing group. The transition
metal compound 836t BSarhplel &2 fransitisn metalddrmpaundsebeesente by thesfalawinge n

atom and a halogen-containing group, and an alicyclic
5  hydrocarbon group having at least one subséituent
selected from a halogen atom and a halogen-containing
group.
The transition metal compound is, for example, a

transition metal compound represented by the following

10  formula (III):

15 ... (III)
wherein M1 is a transition metal atom selected from Group
4 to Group 5 of the periodic table,

mis 1 or 2,

20 R10 is an aromatic hydrocarbon group, an aliphatic
hydrocarbon group or an alicyclic hydrocarben group, when
Rl is & phenyl group and the position of the carbon atom
bonded to nitrogen is the l-position, this phenyl group
has, at at least one position of the 2-position and the

256 b6-position, cne or more substituents selected from a



10 formula (I11): 10 Rte N ----M1Xn R12 0 R13 R15 15 14 M (lll) wherein Ml is a transition metal atom
selected from Group 4 to Group 5 of the periodic table, mis 1 or 2, 20 R10 is an aromatic
hydrocarbon group, an aliphatic hydrocarbon group or an alicyclic hydrocarbon group, when R1lis a
phenyl group and the position of the carbon atom bonded to nitrogen is the 1-position, this phenyl
group has, at at least one position of the 2-position and the 25 6-position, one or more substituents
selected from a 19 heteroatom and a heteroatom-contaiffilg group, or has, at at least one position of
the 3-position, the 4-position and the 5-position, at least one substituent selected from a heteroatom
other than a fluorine atom, a fluorine 5 containing group having one carbon atom and not more than

two fluorine atoms ‘e flgorine:=containing: gtowp<havirigyriwoan imane icasban-atoms, @ndraagroupt
containing a heteroatom other than a fluorine atom, and when R10 is an aromatic hydrocarbon group
other than a phenykgroups g one position of the 3-position, the 4-position

and the 5-position, at least one substituent selected
from a hetercatom other than a flucrine atom, a fluorine-
5 containing group having one carbon atom and not more than
two fluorine atoms, a fluorine-containing group having
two or more carbon atoms, and a group containing a
heteroatom,other-than a fluorine atom, and when R10 ig an
arcomatic hydrocarbon group other than a phenyl group, an
10 aliphatié hydrocarbon group or an alicyclic group, this
group has at least one substituent selected from a
heteroatom and a hetercatom-containing group,
Rl to Rlé'may be the same or different and are each.
a hydrogen atom, a halcgen atom, a halogen-containing
16 group, a hydrocarboen group, a hydrocarbon-substituted
silyl group, an oxygen-containing group, a nitrogen-
containing group or a sulfur-—-containing group,.
315 is a halogen atem, 2 halogen-containing group, a
hydrocarben group or a hydrocarbon-substituted silyl
20  group,
n is a number satisfying a valence of M, and
X has the same meaning as that of ¥ in the aforesaid
formula (I).
In the transition metal compound represented by the

25 formula (III), when the position of the carbon atom



10 aliphatic hydrocarbon group or an alicyclic group, this group has at least one substituent selected
from a heteroatom and a heteroatom-containing group, R11 to R14 may be the same or different and
are each a hydrogen atom, a halogen atom, a halogen-containing 15 group, a hydrocarbon group, a
hydrocarbon-substituted silyl group, an oxygen-containing group, a nitrogen- containing group or a
sulfur-containing group, R15 is a halogen atom, a halogen-containing group, a hydrocarbon group or
a hydrocarbon-substituted silyl 20 group, n is a number gtisfying a valence of M, and X has the same
meaning as that of X in the aforesaid formula (I). In the transition metal compound represented by the
25 formula (111), when the position of the carbon atom 20 bonded to nitrogen is the 1-Position, R10 is

preferably a halogeRsEatdifing Hysrecarbars group df-btes30: canhpnratomssselected ltgggq? phenyl
group having, at at least one position of the 2-position and the 6-position, one or 5 more substituents

selected from a hafolfe#cAtoRParid Ankalegin-dsnainiby graupyarphenyt grosphaving: abat least one
position of the 3-position, the 4-position and the 5-position, at least one substituent selected from a
atoms selected from a phenyl group having, at at least

one position of the 2-position and the b-position, one or
5 more substituents selected from a halogen atom and a
halogen-containing group, a phenyl group having, at at
least one position of the 3-position, the 4-position and
the 5-position, ét least one substituent selected from a
fluorine-containing group having one carbon atom and not
10 more than two fluorine atoms, a fluorine-containing group
hgying two or more carbon atoms, a chlorine atom, a
bromine atom, an iodine atom, a chlorine-containing group,
a bromine-containing group and an iodine-containing group,
| an aromatic hydrocarbon group other than a rhenyl group
16  having at least one substituent selected from a halogen
atom and a halogen-containing group, an aliphatic
hydrocarbon group having at least one substituent
selected from a halogen atom and a halogen-containing
group, and an alicyclic hydrocarbon groﬁp having at least

20 - one substituent selected from a halogen atom and a

=

halogen-containing group.
By the above process, for example, the monodisperse
polyolefin, the tapered polymer or the olefin block

copolymer can be prepared.



fluorine-containing group having one carbon atom and not 10 more than two fluorine atoms, a
fluorine-containing group having two or more carbon atoms, a chlorine atom, a bromine atom, an
iodine atom, a chlorine-containing group, a bromine-containing group and an iodine-containing group,
an aromatic hydrocarbon group other than a phenyl group 15 having at least one substituent selected
from a halogen atom and a halogen-containing group, an aliphatic hydrocarbon group having at least
- one substituent selected from a halogen atom and a halogentcontaining group, and an alicyclic
hydrocarbon group having at least 20 one substituent selected from a halogen atom and a
halogen-containing group. By the above process, for example, the monodisperse polyolefin, the
tapered polymer or the olefifBloeRkecopBlyiaer 86 be prepdred P2 Fnothérembadinrent of then
process for preparing an olefin polymer according to the invention comprises polymerizing an olefin of
2 to 20 carbon atomsr Tie ‘hrBSeniacdt aislefin pBRnistizakion tatdyst-comprisites. ties
above-mentioned transitjon metal compound to prepare a polymer and then bringing the polymer into

contact with a functidhat §FStp-Eontdiniiy Corfipdindto prepare’an SHI&fP BofyRigr havingtd functional

group at the terminal. , . , )
presence of an olefin polymerization catalyst comprising

5 the above-mentioned transition metal compound to prepare

a polymer and then bringing the polymer into contact with
a functional group-containing compound to prepare an
clefin polymer héving a functional group at the terminal.

A further embodiment of the process for preparing an

‘ 10  olefin polymer according to thé invention comprises
p?;ymerizing at least two colefins which are selected from
olefins of 2 to 20 carbon atoms and have different
polymerization reactivities, in the pﬁesence of an olefin
polyﬁerization catalyst comprising the above-menticned
15 transition metal compound to prepare a tapered polymer

containing a segment wherein composiiion of two or more
monomers continuously changes.,

A still further embodiment of the prccess for
preparing an olefin polymer according to the invention

20 igmprises conducting the following step (1), the

following step (2), and optionally, the following step
{3) of an arbitrary number of times, to prepare an olefin
block copolymer comprising plural polymer blocks;

(1) a step of polymerizing at least one olefin

25 selected from olefins of 2 to 20 carbon atoms in the



A further embodiment of the process for preparing an 10 olefin polymer according to the invention
comprises polymerizing at least two olefins which are selected from olefins of 2 to 20 carbon atoms
and have different polymerization reactivities, in the presence of an olefin polymerization catalyst
comprising the above-mentioned 15 transition metal compound to prepare a tapered polymer
containing a segment wherein composition of two or mgge¢ monomers continuously changes. A still
further embodiment of the process for preparing an olefin polymer according to the invention 20
comprises conducting the following step (1), the following step (2), and optionally, the following step

(3) of an arbitrary,pumber.of ties, fo prepare lefin blockfco olymer comprising plural polymer
blocks; (1) a stegD of polymerizing at least one (%g?%yég sefected from oléHnS 0f 2020 ¢&rbBA atoms
in the 22 presenegof ap.olefin,pelymerzation catalyst comprising the above-mentioned transition
metal compound to prepare a polymer block, (2) a step of po yrﬁeriz?r%éngﬁléggt gcr?e 5lefif 5 elected
from olefins of 2 40 2@ tarhon atomsiin the presence of the polymer block prepared in the step (1) to
prepare a polymer block which is different from the

(2) & step of polymerizing at least one olefin
5 selected from olefins of 2 to 20 carbon atoms in the
presence of the polymer block prepared in the step (1) to
prepare a polymer block which is different from the
polymer block prépared in the step (1), and
(3) a step of polymerizing at least cne clefin

10 selected from olefins of 2 to 20 carbon atoms in the
presence of the polymer block prepared in.the step {1)
aﬁa the polymer block prepared in the step (2) to prepare
a polymer block which is different from the polymer
blocks prepared in the previous stép.

15 A still further embodiment of the process for
preparing an olefin polymer according to the invention
cémprises preparing a tapered polymer or an oiefin block
copolymer by the above process and then bringing the
resulting (co)polymer into contact with a functional

20 group~centaining compound tc prepare a tapered polymer or
an olefin block copolymer having a functional group at
the terminal.

A still further embodiment of the process for
preparing an olefin polymer according to the invention

25 comprises polymerizing an olefin in the presence of a



polymer block prepared in the step (1), and (3) a step of polymerizing at least one olefin 10 selected
from olefins of 2 to 20 carbon atoms in the presence of the polymer block prepared in the step (1)

and the polymer block prepared in the step (2) to prepare a polymer block which is different from the
polymer blocks prepared in the previous step. 15 A still further embodiment of the process for
preparing an olefin polymer according to the invention comprises preparing a tapered polymer or an
olefin block copolymer by the above process and then bﬁﬁging the resulting (co)polymer into contact
with a functional 20 group-containing compound to prepare a tapered polymer or an olefin block
copolymer having a functional group at the terminal. A still further embodiment of the process for
preparing an olefirsolyfer aécdrding toithe Inventish 125 comprisés:polyiretizing an olefin in the
presence of a 23 polymerization catalyst which promotes living polymerization of an olefin and further
conducting olefin E&iﬁﬁé@i‘iéﬁ&?%ﬂh@ﬁs@%f 8 tafalyst vbthided by cleaingadiohdgprodedadin the

system between the 5 catalyst and the resulting polymer chain by means of chain transfer reaction.
polymerization by the usé of a catalyst obtained by

cleaving a bond produced in the system between the
5 catalyst and the resulting polymer chain by means of
chain transfer reaction.

The chain transfer reaction can be promoted by the
use of at least éne compound selected from, for example,
hydrogen, an organcaluminum compound, an organoboron

10  compound, an organozinc compound, an organosilicon
c?mpound, an organocadmium compound and an organolead
compound.

The olefin polymerization catalyst used in the above
process is, for example, an olefin polymerization

16 catalyst comprising the above-mentioned transition metal
compound. The polymer produced in the above process is;
for example, the monodisperse polyolefin, the olefin
copolymer, the tapered polymer or the clefin block
copolymer.

20 R In the process for preparing an olefin polymer, it
is preferable that the olefin polymer obtained before the
chain transfer reaction and/or the olefin polymer
obtained after the chain transfer reaction is the
menodisperse polyolefin, the olefin copolymer, the

25 tapered polymer or the olefin block copelymer, and it is



The chain transfer reaction can be promoted by the use of at least one compound selected from, for
example, hydrogen, an organoaluminum compound, an organoboron 10 compound, an organozinc
compound, an organosilicon compound, an organocadmium compound and an organolead
compound. The olefin polymerization catalyst used in the above process is, for example, an olefin
polymerization 15 catalyst comprising the above-mentioned transition metal compound. The polymer
produced in the above process is, for example, the mébdisperse polyolefin, the olefin copolymer,
the tapered polymer or the olefin block copolymer. 20 In the process for preparing an olefin polymer, it
is preferable that the olefin polymer obtained before the chain transfer reaction and/or the olefin
polymer obtainethafterthe Chamktiznsférreactien isithe : mopedisperseqolyolefin the plefip
copolymer, the 25 tapered polymer or the olefin block copolymer, and it is 24 more preferable that the
olefin polymer obtainethisefore: the elfigin trarmsferireactiordandh thecalefiri polyoiefrebtained after the
chain transfer reaction are each the monodisperse polyolefin, the olefin copolymer, the 5 tapered
po|ymer or the (ﬂ%—fﬁﬁﬁ{ﬁ@r@c@&ﬂ%eﬁhﬁq@haln transfer reaction are each the

monodisperse polyolefin, the olefin copelymer, the

5 tapered polymer or the olefin block copolymer. The
olefin polymer obtained before the chain transfer
reaction and the. olefin polymer obtained after the chain

transfer reaction may be the same as each other.

10 BRIEF DESCRIPTION OF THE DRAWING

. Fig. 1 is an explanatory view showing steps for

preparing an olefin polymerization catalyst which is

occasionally used in the present invention.

15 BEST MODE FOR CARRYING OQUT THE INVENTION

The olefin polymers according to the invention and
the processes for preparing the polymers are described in
detail hereinafter.

The meaning of the terﬁ "polymerization" used herein

20 {s not limited to "homopolymeriiation" but may comprehend
"copolymerization". Also, the meaning of the term
"polymer" used herein is not limited to "homopolymer" but
may comprehend "copolymer".

‘The clefin polymer (monodisperse polyolefin) in one

25 embodiment of the invention is a polymer of at least one



olefin polymer obtained before the chain transfer reaction and the, olefin polymer obtained after the
chain transfer reaction may be the same as each other. 10 BRIEF DESCRIPTION OF THE

DRAWING Fig. 1 is an explanatory view showing steps for preparing an olefin polymerization catalyst
which is occasionally used in the present invention. 15 BEST MODE FOR CARRYING OUT THE
INVENTION The olefin polymers according to the invention and the processes for preparing the
polymers are described in detail hereinafter. The meani®of the term "polymerization” used herein

20 is not limited to "homopolymerization" but may comprehend "copolymerization". Also, the meaning
of the term "polymer" used herein is not limited to "homopolymer" but may comprehend "copolymer".
The olefin polymef@hdrddisperse polyolefinpircdrd i25sembodiment of thesippentionisa;polymer of at
least one 25 olefin selected from olefins of 2 to 20 carbon atoms (sometimes referred to as "olefins"
hereinafter). This bRHIESOIREr FRayDers Polymerof bnbalefiredelbeted framtalefins of 2 1@ 20
carbon atoms or may be a random 5 copolymer or a block copolymer of two or more olefins selected

from olefins of 2 t&°26 cafbdrfatsfier Mmay be a polymer of one olefin selected

from olefins of 2 to 20 carbon atoms or may be a random
5 copolymer or a block copolymer of two or more oclefins
selected from olefins of 2 to 20 carbon aﬁoms.

Examples of the clefins of 2 to 20 carbon atoms
include: |

straight-chain or branched a-clefins of 2 to 20

10 carbon atoms, such as ethylene, propylene, I-butene, 1~
pgptene, 3-methyl~1-butene, l—héxene, 4~methyi—1wpentene,
3-methyl-l~pentene, l-octene, l-decene, l-dodecene, 1-
tetradecene, l-hexadecene, l-cctadecene and l-eicosene;
and

15 cycloolefins of 3 to 20 carbon atoms, such as
cyclopentene, cycloheptene, norbornene, S-methyl-2-
norbornene, tetracyclododecene and Z2-methyl-1,4,5, 8-
dimethano—l,Z,B,4,4a,5,8,8a~octahydronaphthalene.

Vinylcyclohexane, dienes and pdiyenes are also

20 ?mployable as the olefins of 2 to 20 carbon atoms.

As the dienes or the polyenes, cyclic or chain
compounds having 4 to 20 carbon atoms and two or more
double bonds can be mentioned. Examples of such
compounds include butadiene, isoprene, 4-methyl-1, 3~

25 pentadiens, 1,3-pentadiene, 1,4-pentadiene, 1,5-hexadiene,



Examples of. the olefins of 2 to 20 carbon atoms include: straight-chain or branched a-olefins of 2 to
20 10 carbon atoms, such as ethylene, propylene, 1-butene, 1- pentene, 3-methyl-I-butene, 1-hexene,
4-methyl-lI-pentene, 3-methyl-I-pentene, 1-octene, 1-decene, 1-dodecene, 1- tetradecene,
1-hexadecene, 1-octadecene and 1-eicosene; and 15 cycloolefins of 3 to 20 carbon atoms, such as
cyclopentene, cycloheptene, norbornene, 5-methyl-2- norbornene, tetracyclododecene and
2-methyl-1,4,5,8- dimethano-1,2,3,4,4a,5,8,8a-octahydr@®aphthalene. Vinylcyclohexane, dienes and
polyenes are also 20 employable as the olefins of 2 to 20 carbon atoms. As the dienes or the
polyenes, cyclic or chain compounds having 4 to 20 carbon atoms and two or more double bonds can
be mentioned. Examples: atslichn epmpponds: inctuderkytadiene ciseprene; 4-methyl-1,3 25
pentadiene, 1,3-pentadiene, 1,4-pentadiene, 1,5-hexadiene, 26 1,4-hexadiene, 1,3-hexadiene,
1,3-octadiene, 1,4dctadiene,, 1,5-0ctadiene] deGoctadiene; dt Adttadigne] ethylidengirorbornene,
vinyl norbornene, dicyclopentadiene, 7-methyl-1,6-octadiene, 4-ethylidene 5 8-methyl-l,7-nonadiene
and 5,9-dimethyl-@418-dedatrienecrbornene, vinyl norbornene,

dicyclopentadiene, 7-methyl-1l,6-octadiene, 4-ethylidene-
5 8-methyl-1,7-ncnadiene and 5, 9-dimethyl-1,4,8-decatriene.

Aromatic compounds are also employable as the
olefins, and examples thereof include mono or
polyalkylstyreneé, such as styrene, o-methylstyrene, m-
methylstyrene, p-methylstyrene, o,p~dimethylstyrene, o-

10  ethylstyrene, m-ethylstyrene and p-ethylstyrene, 3-—
p%gnylpropyiene, 4-phenylpropylene and o-methylstyrene.
- The above clefins can be used singlj or in
combination of two or more kinds.
As the olefins, monomers having atoms other than
15 carbon and hydrogen are also employable in the invention.

Examples of such monomers include:

e, B~unsaturated carboxylic acids, such as acrylic
acid,‘methacrylic acid, fumaric acid, maleic anhydride,
itaconic acid and itaconic anhydride, cycloolefin

20 carboxylic acids or anhydrides thereof, such as
.
bicyclo(2,2,1)-5~heptene~2, 3-dicarboxylic acid, and
metallic salts theréof, such as sodium salts, potassium

salts, lithium salts, zinc salts, magnesium salts and

calcium salts thereof;



Aromatic compounds are also employable as the olefins, and examples thereof include mono or
polyalkylstyrenes, such as styrene, o-methylstyrene, m- methylstyrene, p-methylstyrene,
o,p-dimethylstyrene, o 10 ethylstyrene, m-ethylstyrene and p-ethylstyrene, 3- phenylpropylene,
4-phenylpropylene and a-methylstyrene. The above olefins can be used singly or in combination of
two or more kinds. As the olefins, monomers having atoms other than 15 carbon and hydrogen are
also employable in the invention. Examples of such monaofders include: a,R-unsaturated carboxylic
acids, such as acrylic acid, methacrylic acid, fumaric acid, maleic anhydride, itaconic acid and
itaconic anhydride, cycloolefin 20 carboxylic acids or anhydrides thereof, such as bicycle (2, 2, 1)
-5-heptene-2, 3-dicarboxylic dcidnamrd umetalic saitsitheredf, sueh as sediugy salts, g)%@%@jﬂ;@ salts,
lithium salts, zinc salts, magnesium salts and calcium salts thereof; 27 a,(3-unsaturated carboxylic

esters, such as methyFacrylate, ettiylntrylatey hapropylracrytateysoprapyl ackylates prhutylacrylate,

isobutyl acrylate, tert-butyl acrylate, 2-ethylhexyl acrylate, methyl methacrylate, 5 ethyl methacrylate,

nﬁnopyhneﬂmcnmﬁgﬁgéﬁﬁﬁy|n—bUtyl acrylate, isobutyl acrylate, tert-butyl
acrylate, 2Z-ethylhexyl acrylate, methyl methacrylate,

5 ethyl methacrylate, n-propyl methacrylate, isopropyl
methacrylate, n-butyl methacrylate and isobutyl
methacrylate;

vinyl esteré, such as vinyl acetate, vinyl
propionate, vinyl caproate, vinyl caprate, vinyl lauvrate,
10 vinyl stearate and vinyl trifluoroacetate;
- unsaturated glycidyls, such as glycidyl acrylate,
glycidyl methacrylate and monoglycidyl itaccnate;
halogenated olefins, such as vinyl fluoride, wvinyl
chloride, vinylidene chloride, vinyl bromide and.vinyl
15  iodide;
unsaturated cyano compounds, such as acrylonitrile
_and methacrylonitrile;
unsaturated amides, such as acrylamide,
methacrylamide and N,N-dimethylacrylamide;
20 . unsaturated ketones, such as vinyl methyl ketone and
vinyl ethyl ketone;
unsaturated ethers, such as methyl vinyl ether and
ethyl vinyl‘ether;

functional group~containing styrene derivatives,

25 such as methoxystyrene, ethoxystyrene, vinyl benzoate,



methacrylate, n-butyl methacrylate and isobutyl methacrylate; vinyl esters, such as vinyl acetate, vinyl
propionate, vinyl caproate, vinyl caprate, vinyl laurate, 10 vinyl stearate and vinyl trifluoroacetate;
unsaturated glycidyls, such as glycidyl acrylate, glycidyl methacrylate and monoglycidyl itaconate;
halogenated olefins, such as vinyl fluoride, vinyl chloride, vinylidene chloride, vinyl bromide and vinyl
15 iodide; unsaturated cyano compounds, such as acrylonitrile and methacrylonitrile; unsaturated
amides, such as acrylamide, methacrylamide and N,N-diddethylacrylamide; 20 unsaturated ketones,
such as vinyl methyl ketone and vinyl ethyl ketone; unsaturated ethers, such as methyl vinyl ether and
ethyl vinyl ether; functional group-containing styrene derivatives, 25 such as methoxystyrene,

ethoxystyrene, vinytbenzdaténg8 methylvinyt benzoate péinybenzyt aeetats, hydrmxystyengrene
o-chlorostyrene, p-chlorostyrene and divinylbenzene; and vinyl group-containing heterocyclic
compounds, such asNwWinyipytotidore, N-vinylcarbezole and vinydpytitine:ylbenzene; and

vinyl group-containing heterocyclic compounds, such
as N-vinylpyrrolidone, N-vinylcarbozole and vinylpyridine.
5 At least one olefin selected from the olefins
employable in the invention is an olefin consisting of
only carbon and hydrogen. There is no specific
limitation on thé quantity ratio of the olefin consisting
of only carbon and hydrogen to the whole olefins, but for
10 example, the ratic is not less than 5 % by mol and not
more than 100 % by mol based on the whole olefins. By
thé expression "at least one olefin" is meant that at
least one kind of an clefin consiéting of only carbon and
hydrogen is contained in the whole olefin polymer of the
16 invention, and in case of, for example, an olefin polymer
composad.of plural polymer blocks, the olefin consisting
of only carbon and hydrogen may be contained in any one
of the polymer blocks.
The monodisperse polyolefin desirably has a number-
20 iverage molecular weight of not less than 500, preferably
500 to 10,000,000, more preferably 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, number-average

25 molecular weight and Mw/Mn (Mw: weight-average mclecular



5 At least one olefin selected from the olefins employable in the invention is an olefin consisting of
only carbon and hydrogen. There is no specific limitation on the quantity ratio of the olefin consisting
of only carbon and hydrogen to the whole olefins, but for 10 example, the ratio is not less than 5 % by
mol and not more than 100 % by mol based on the whole olefins. By the expression "at least one
olefin" is meant that at least one kind of an olefin consisting of only carbon and hydrogen is contained
in the whole olefin polymer of the 15 invention, and in cag8 of, for example, an olefin polymer
composed of plural polymer blocks, the olefin consisting of only carbon and hydrogen may be
contained in any one of the polymer blocks. The monodisperse polyolefin desirably has a number- 20

average moleculatwweight of mot:less ian-500; preferably 1200,10,10,000,000, mare. preferably 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, humber-avetagei 25 roelecular weight anddiw/Mr (Mo weight-average melecular
29 weight, Mn: number-average molecular weight) are measured in an orthodichlorobenzene solvent
at 140C by meand6fCGPE: (getsperasaation chinomatographyphihe poliimercol ymer
molecular weight obtained is converted to a molecular
5 weight in terms of polystyrene by a universal method.
When the resulting polymer is monodisperée polyethylene
or a monodisperse ethylene/propylene copolymer, the
molecular weight‘is calculated in terms of polyethylene,
and when the resulting polymer is another poclymer
10 (tapered polymer, olefin block copolymer), the molecular
welght is calculated in terms of polypropylene. The
parameters used are as follows.
Polystyrene standard sample: K=0.000137, a=0.686
Polyethylene: K=0.000326, a=0.77
15 Pelypropylene:_Km0.0GOl, o=0.8
The melting point of the resulting polymer is
measured in a stream of nitrogen under the heating rate
conditions of 10°C/min using a differential scanning
calorimeter {(DSC).
20 The 13C-NMR measurement and analysis can be carried
out in accordance with a method hitherto known.
Literatures on tﬁe 13C-NMR measurement and analysis are
given below.
1) L.P. Lindeman, J.Q. Adams, Anal. Chem., 43, 1245

25 (1971)



molecular weight obtained is converted to a molecular 5 weight in terms of polystyrene by a universal
method. When the resulting polymer is monodisperse polyethylene or a monodisperse
ethylene/propylene copolymer, the molecular weight is calculated in terms of polyethylene, and when
the resulting polymer is another polymer 10 (tapered polymer, olefin block copolymer), the molecular
weight is calculated in terms of polypropylene. The parameters used are as follows. Polystyrene
standard sample: K=0.000137, (x=0.686 Polyethylene: K34D.000326, a=0.77 15 Polypropylene:
K=0.0001, a=0.8 The melting point of the resulting polymer is measured in a stream of nitrogen under
the heating rate conditions of 10C/min using a differential scanning calorimeter (DSC). 20 The

13C-NMR measurement and analysis«cag.he eariedsautdn accardanggmdth;a method hitherto known.
Literatures on the 13C-NMR measurement and analysis are given below. 1) L.P. Lindeman, J.Q.

Adams, Anal. ChenmtaA246c253 £E971) 307 22 F./A Bavey, M.C. Sacchi, A. Zambelli,
Macromolecules, 7, 752 (1974)
3) J.C. Randall, Macromolecules, 11, 33 (1978)
4) A. Zambellii, P. Locatelli, G. Bajo,
5 Macromolecules, 12, 154 (1979)
5) Y. Doi, Macromolecules, 12, 248 (1979)
6) N. Kashiwa, A. Mizuno, S$. Minami, Polym. Bull.,
12, 105 (1984} |
7) P. Ammendecla, L. Oliva, G. Gianotti, A. Zambelli,
10 Macromclecules, 18, 1407 (1985)
. 8) T. Tsutsui, A. Mizuno, N. Kashiwa, ?olymer,-30,
428 (1989)
9) T. Tsutsui, N. Ishimaru, A. Mizuno, A. Toyota, N.
Kashiwa, Polymer, 30, 1350 (1989)
15 Preferred examples of the monodisperse polyolefins
according to the invention include polyethylene, HDPE,
LLDPE, polypropylene, polybutene, a homopolymer of 1-
pentene, l-hexene, l-octene, l-decene or the like, a
copolymer of ethylene and propylene, a copolymer of
20 ethylene and an olefin of 4 to 20 carbon atoms, and a
copolymer of propylene and an olefin of 4 to 20 carbon
atoms. 1In these examples, polyethylene is an ethylene
polymer having a comonomer centent of less than 0.01 % by

mol, HDPE is an ethylene copolymer containing as a

25 comonomer component an olefin of 3 to 8 carbon atoms,



3) J.C. Randall, Macromolecules, 11, 33 (1978) 4) A. Zambelli, P. Locatelli, G. Bajo, 5
Macromolecules, 12, 154 (1979) 5) Y. Doi, Macromolecules, 12, 248 (1979) 6) N. Kashiwa, A. Mizuno,
S. Minami, Polym. Bull., 12, 105 (1984) 7) P. Ammendola, L. Oliva, G. Gianotti, A. Zambelli, 10
Macromolecules, 18, 1407 (1985) 8) T. Tsutsui, A. Mizuno, N. Kashiwa, Polymer, 30, 428 (1989) 9) T.
Tsutsui, N. Ishimaru, A. Mizuno, A. Toyota, N. Kashiwa, Polymer, 30, 1350 (1989) 15 Preferred
examples of the monodisperse polyolefins according to$fie invention include polyethylene, HDPE,
LLDPE, polypropylene, polybutene, a homopolymer of 1- pentene, 1-hexene, 1-octene, 1-decene or
the like, a copolymer of ethylene and propylene, a copolymer of 20 ethylene and an olefin of 4 to 20
carbon atoms, anidz topelyier of propytene, and-an okefia af 4 to-20:carhen atamsy Insthese
examples, polyethylene is an ethylene polymer having a comonomer content of less than 0.01 % by
mol, HDPE is an ethylepie copdiyniérasontaifiihgtasce 2B ecdbmondmies sompoasntiar ole}lnngj B8

carbon atoms, 31 preferably propylene, 1-butene or 1-hexene, in an amount
and LLDPE is an ethylene copolymer containing as a

comenomer component an olefin of 3 to 8 carbon atoms,

5 ©preferably propylene, l-butene or l-hexene, in an amount

(]

of not less than 3 % by mol and less than 10 % by mol.
Examples of the clefins of 4 to 20 carbon atoms include
a-clefins, such as i—butene, l-pentene, i-hexene, 1-
octene and l-~decene; dienes, such as butadiene, isoprene,
10  1,4-pentadiene, 1,5—hexadieqe and 1,7-octadiene; aromatic
-v%pyL compounds, such as styrene; and cycloolefin
compounds, such as tetracyclododecene, norbornene and
‘methyl norbornene. When the comonomer is an olefin of 3
to 8 carbon atoms, the comonomer content is not less than
15 10 % by mol, and in other cases, the comonomsr content is
not less than 0.01 % by mol.
Of the above examples, the copolymers may contain
one comoncomer or may contain two or more comonomers.
Of the above polyolefins, preferable are
20 Qolyethylene, HDPE, LLDPE, polypropylene, polybutene, an
ethylene/propylene copolymer, an ethylene/butene.
copolymer and an ethylene/hexene copolymer, and

particularly preferable are HDPE, LLDPE, polypropylene,

polybutene, an ethylene/propylene copolymer, an



of not less than 0.01 % by mol and less than 3 % by mol, and LLDPE is an ethylene copolymer
containing as a comonomer component an olefin of 3 to 8 carbon atoms, 5 preferably propylene,
1-butene or 1-hexene, in an amount of not less than 3 % by mol and less than 10 % by mol.
Examples of the olefins of 4 to 20 carbon atoms include a-olefins, such as 1-butene, 1-pentene,
1-hexene, 1- octene and 1-decene; dienes, such as butadiene, isoprene, 10 1,4-pentadiene,
1,5-hexadiene and 1,7-octadiene; aromatic vinyl compoundg, such as styrene; and cycloolefin
compounds, such as tetracyclododecene, norbornene and methyl norbornene. When the comonomer
is an olefin of 3 to 8 carbon atoms, the comonomer content is not less than 15 10 % by mol, and in
other cases, the comenames centent isnaotless thar 0.04r% byrmek. ©f the.abave examples, the

copolymers may contain one comonomer or may contain two or more comonomers. Of the above
polyolefins, preferablecare Rorpatyethylene, HDPE, LLDPE, polypropylene, polybutene, an
ethylene/propylene copolymer, an ethylene/butene, copolymer and an ethylene/hexene copolymer,
and particularly preferable afecHDPE; €L BPE; golypropylénd, ipolybltdre; anmethylehefpropylene
copolymer, an 32 ethylene/butene copolymer and an ethylene/hexene
preferably a pelymer of ethylene which has a number-
5 average molecular weight of not less than 110,000,
preferably 110,000 to 10,000,000, more preferably 150,000
to 5,000,000, and Mw/Mn of not more than 1.5, preferably
nct more than 1.3, or a polymer of at least one olefin
selected from olefins of 3 to 20 carbon atoms which has a
10 number-average molecular weight of not less than 500,
p¥¢ferably 500 to 10,000,000, more preferably 1,000 to
5,000,000, Mw/Mn of not more than 1.5; preferably not
more than 1.3, and a melting point of not lower than 70°C.
In case of a.polymer of propylene or i-butene, this
15 polymer preférably has a number-average molecular weight
of not less than 500, preferably 500 to 10,000,000, more
preferably 1,000 to 5,000,000, Mw/Mn of not more than 1.5,
preferably not more than 1.3, and a racenic diad (r}, as
measured by 1+3C-NMR, of not less than 0.85, preferably
20 ﬁot less than 0.90.
In case of an ethylene/propylene copolymer, the
ethylene content is preferably not less than 60 % by mol,
more preferably not less than 70 % by mol.

The monodisperse polyolefin of the invention may be

25 bonded to other structural parts within limits not



copolymer. The monodisperse polyolefin of the invention is preferably a polymer of ethylene which
has a number- 5 average molecular weight of not less than 110,000, preferably 110,000 to
10,000,000, more preferably 150,000 to 5,000,000, and Mw/Mn of not more than 1.5, preferably not
more than 1.3, or a polymer of at least one olefin selected from olefins of 3 to 20 carbon atoms which
has a 10 number-average molecular weight of not less than 500, preferably 500 to 10,000,000, more
preferably 1,000 to 5,000,000, Mw/Mn of not more than 13.§, preferably not more than 1.3, and a
melting point of not lower than 70C. In case of a polymer of propylene or 1-butene, this 15 polymer
preferably has a number-average molecular weight of not less than 500, preferably 500 to 10,000,000,

more preferably 199616 50062000 M/Nin 9F heEindre thanes L prefetably:not fitore thanhdrand a
racemic diad (r), as_measured by 13C-NMR, of not less than 0.85, preferably 20 not less than 0.90. In
case of an ethylen&/prdp{fend &Bbiyier, The’ &tRyleng Eahfentiadoréferably woriess than 60 % by

mol, more preferably not%%su_s thin go % b 1moI. The monodisperse polyolefin of the invention may be
25 bonded to other structural pans withir imig'fét 5cerding to the invention is,

for example, a copolymer of at least two olefins selected
5 from olefins of 2 to 20 carbon atoms, which has a number—
average molecular weight of not less than 500, preferably
500 to 106,000,000, more preferably 1,000 to 5,000,000,
and which is a sb~called tapered polymer containing a
segment wherein composition of two or mere monomers
10  continuously changes.
» The "tapered polymer" used herein is a polymer in
which the comonomer composition gradually changes fxém
one end to the other end of the polymer chain; This
polymer can be synthesizéd by polymerizing two or more
15 monomers (e.g., ethylene and propylene) in a perfect
living polymerization system wherein the chain transfer
reaction does not substantially take place. When tﬁe
living properties of the polymerization system is
insufficient, obtainable is not a perfect tapered polymer
20 ?ut a mixture of copolymers having different compositions.
The living properties of the polymerization system is
judged by a molecular weight distribution {(Mw/Mn) of the
resulting polymer. When the living properties of the

polymerization system is high and a perfect tapered

25 polymer is produced, the value of Mw/Mn is preferably not



detrimental to the objects of the invention. The polymer of the invention may be a graft modified
polymer. The olefin polymer according to the invention is, for example, a copolymer of at least two
olefins selected 5 from olefins of 2 to 20 carbon atoms, which has a number average molecular weight
of not less than 500, preferably. 500 to 10,000,0010, more preferably 1,000 to 5,000,000, and which is
a so-called tapered polymer containing a segment wherein composition of two or more monomers 10
continuously changes. The "tapered polymer" used herdift is a polymer in which the comonomer
composition gradually changes from one end to the other end of the polymer chain. This polymer can
be synthesized by polymerizing two or more 15 monomers (e.g., ethylene and propylene) in a perfect
living polymerizationrsystérawtieréin the chaptsansfel reaction dessaotisuhstangally:take place.
When the living properties of the polymerization system is insufficient, obtainable is not a perfect
tapered polymer 20 b6t & niiktere b gopohgmersrkavihg differént compositions. The living properties of
the polymerization system is judged by a molecular weight distribution (Mw/Mn) of the resulting
polymer. When the living Propettiedefthepalyiietization systemds highrand arpenfecttapeced 25

polymer is produced, the value of Mw/Mn is preferably not
selected from olefins of 2 to 20 carbon atoms.

5 Specifically, they are preferably selected from ethylene,
propylene, l-butene, l-pentene, l-hexene, I-heptene and
l~octene, and they are more preferably selected from
ethylene, propyléne and l-butene. One of the monomers is
still more preferably ethylene, and the ethylene content

10  is particularly preferably not less than 30 % by mol.

» Examples of the tapered polymers include an
ethylene/propylene tapered polymer, an ethylene/butene
tapered polymer, an ethylene/hexene tapered polymer, a
propylene/butene tapered polymer and a propylene/hexene

15 tapered polymer.

The tapered polymer of the invention may be bonded
to other structural parts within limits not detrimental
to the objects of the invention, with the proviso that it
has the above structure. The polymer of the invention

20 %ay be a graft modified polymer.
The olefin polymer according to the invention is,
. for example, the following polymer.

An olefin polymer which is a polymer consisting of

two or more kinds of monomer units, i.e., a monomer unit

256 M1 derived from an olefin of 2 to 20 carbon atoms and at



34 more than 2.5, more preferably not more than 1.8, still more preferably not more than 1.5. In the
above polymer, the two or more monomers are selected from olefins of 2 to 20 carbon atoms. 5
Specifically, they are preferably selected from ethylene, propylene, 1-butene, 1-pentene, 1-hexene,
1-heptene and 1-octene, and they are more preferably selected from ethylene, propylene and
1-butene. One of the monomers is still more preferably ethylene, and the ethylene content 10 is
particularly preferably not less than 30 %.by mol. Exampfes of the tapered polymers include an
ethylene/propylene tapered polymer, an ethylene/butene tapered polymer, an ethylene/hexene
tapered polymer, a propylene/butene tapered polymer and a propylene/hexene 15 tapered polymer.
The tapered polydret of theniaventionusmay beibondedt torather stauctigeat pars wvithin kmits not
detrimental to the objects of the invention, with the proviso that it has the above structure. The
polymer of the in#HiOREZ0 may bed grafmmodified ipolymser: The Hiefincpalymep aceoerding:te the
invention is, for example, the following polymer. An olefin polymer which is a polymer consisting of
two or more kinds of mohdiifahits, (78, Hinonofhkr udt) » [M1] and [M2], as

measured by 13C-NMR, satisfy the following relations:
5] 1>[M1-M21/ (2% [M1]1x[M2]) {A)

I>[M1-M2]2/ (4% [M1-M1]x[M2-Mo]) (B)
wherein [M1] is a molar fraction of the monomer unit M1,
[M2] is a molar fraction of the monomer unit Mp, [M1-M2]
is a molar fraction of a unit in which the monomer unit

10 M1 and the monomer unit My are adjacent to each other,
I¥1'M1] is a molar fraction of a unit in which the
monomer unit M7 and the monomer unit M] are adjacent to
eéch other, and [M2-M2] is a molar fraction of a unit in
which the monomer unit Mz and the monomer unit Mo are

15 adjacent to each other, with the proviso that
[M1]+[M2}=1.0 and [(M1-M2]l+[M;-M1]+[Mz-Mp]l=1.0.

When the monomer unit M1 and the monomer unit Mz are
contained in the polymer chain at statistically random,
the probability of occurrence of [M1-M2] becomes

20 '%f{Ml}x[Mg]. The reason of multiplication by 2 is that
[M1-M2] is strictly a molar fraction of units of the
total of the M1-M2 units and the M2-M] units. The
relation (A} indicates that the units wherein the monomer

unit M1 and the monomer unit M» are adjacent are

25 contained in amounts smaller than those in the case where

+*



25 Ml derived from an olefin of 2 to 20 carbon atoms and at 35 least one monomer unit M2 that is
different from the monomer unit MI, and which has the following properties: [MI'M2], [MI-MI), [M2-M2],
[MI) and [M2], as measured by 13C-NMR, satisfy the following relations: 5 I>[MI'M2]/(2x[MI]x[M2]) (A)
i>[M1'M2]2/(4x[MI'MI]x[M2'M2]) (B) wherein [MI] is a molar fraction of the monomer unit MI, [M2] is a
molar fraction of the monomer unit M2, [MIM2] is a molar fraction of a unit in which the monomer unit
10 M1 and the monomer unit M2 are adjacent to each otB8r, [MI-M1] is a molar fraction of a unit in
which the monomer unit M1 and the monomer unit Ml are adjacent to each other, and [M2.-M21 is a
molar fraction of a unit in which the monomer unit M2 and the monomer unit M2 are 15 adjacent to
each other, with therprovisedhat {MH+[M2]=4.0 anch IMIM2 LEINIMIFM2MR1=1.0: Whesthe
monomer unit Ml and the monomer unit M2 are contained in the polymer chain at statistically random,
the probability of octaireace o [MISM2 1 belbdmies QO DgRMIxM2]t The reasoresf moltipkcation by 2 is
that [M1M2] is strictly a molar fraction of units of the total of the M1-M2 units and the M2-MI units.
The relation (A) irtfichtés Bt the tinitd whetdin @5d ffmbnief the monomer units Mp

coexist in one polymer chain, and this phenomenon is
5 cobserved in a tapered polymer or a block polymer.

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

10 still more preferably not more than 1.6, particuiarly
pzaft?ferably not more than 1.l5, mest preferably not more
than 1.3.

When a tapered polymer or a block polymer satisfying
the relation (A) is intended to be synthesized by the

16 prior technique; there is a possibility that a polymer
appare.ntly satisfying the relation (A) can be synthesized
by changing the feed ratioc between the monomer unit Mj
and the monomer unit Mp with time during the

polymerization. In this case, however, the

20 polymerization reactivities of the monomer unit Mj and
LN

the monomer unit Mz are different from each other, and
consequently the reactivities of the feed monomers change
with time. As a result, a small value of Mw/Mn is not

obtained, differently from the present inventicn.



unit Ml and the monomer unit M2 are adjacent are 25 contained in amounts smaller than those in the
case where 36 they are contained at statistically random. This means that a portion of high content of
the monomer units Ml and a portion of high content of the monomer units M2 coexist in one polymer
chain, and this phenomenon is 5 observed in a tapered polymer or a block polymer. 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 2.5, preferably not more than 2.03rore preferably not more than 1.8, 10 still
more preferably not more than 1.6, particularly preferably not more than 1.5, most preferably not more
than 1.3. When a tapered polymer or a block polymer satisfying the relation (A) is intended to be
synthesized by the 15 pftr teblniguéctheresisd, possibility thatia pelymer apparently,satisfying the
relation (A) can be synthesized by changing the feed ratio between the monomer unit Ml and the
monomer unit M2t HifRUrihgthe Ppelymeridation. th this case; haweaver.dhe 20malyrperization

reactivities of thellg(%r}toom%r ucnit Ml and 1 the monomer unit M2 are different from each other, and
etween the monomer unit M1 and the monomer unit Mo

needs to be kept constant during the polymerization in
5_ order to prevent change of the reactivities of the feed
monemers with time, so that the probability of occcurrence
of [M1-Mp] becomes eqgual to 2X[Mi]XfMZ], and it becomes
impossible to sa£isfy the relation (A).
In the present invention, it is possible to
10  precisely controcl the polymer structure even when the
réactivities-of the feed monomers change with time. The
relation (A) is preferably the following relation (R-2},
more preferably the following.relation (A-3).
0.952[M1-M2]/(ZX{Mljgisz) (A-2)
15 0.902[M1-M2]/ (2x[M1]1x[M2]) (A-3}
The relation (B) is a relation to verify the
contents described with respect to the relation (A) with

much higher accuracy.

As described above, [M1-Mz] is strictly a molar
20 {raction of units of the total of the M1-M2 units and the
M2-M1 units, so that the probability of occurrence of the
M1-Mp unit wherein the monomer unit M1 is followed by the
monomer unit M2 and the probability of occurrence of the

M2-M1 unit wherein the monomer unit M2z is followed by the

25 monomer unit M7 both become [(M1-M2]/2. When the terminal



consequently the reactivities of the feed monomers change with time. As a result, a small value of
Mw/Mn is not obtained, differently from the present invention. 37 On the other hand, when a polymer
of small Mw/Mn is intended to be prepared by the prior technique, the feed ratio between the
monomer unit M1 and the monomer unit M2 needs to be kept constant during the polymerization in 5
order to prevent change of the reactivities of the feed monomers with time, so that the probability of
occurrence of [M1M2] becomes equal to 2x[MI]x[M2], ad@it becomes impossible to satisfy the
relation (A). In the present invention, it is possible to 10 precisely control the polymer structure even
when the reactivities of the feed monomers change with time. The relation (A) is preferably the
following relation (A£2); hmore>preferabisthetollowingrrelation {A-3%.10.952[MIENM2} (2xMEX[M21) (A-2)
15 0.90?[MIM2]/(2x[M1]x[M2]) (A-3) The relation (B) is a relation to verify the contents described with
respect to the relation ¢Apwith 'vlick highermesaracynAs déscribied-atsoves [iMiri21us Stridlly a molar

20 fraction of unlts of the total of the M1-M2 units and the .
is inserted to produce a M1-M71 unit or a Mi-My unit and

besides when the peolymerization proceeds at statistically
5 random, the ratio between occurrences of those units
agrees with the ratic between [M1] and [Mz2]. That is,
the molar fractions satisfy the following relation (B-0-
1). |
([M1-M23/2) /M1 -M1l=[M2]/[M3}] (B-0-1)
10 On the other hand, when the terminal of the polymer

is the monomer unit M2 and after this monomer unit the

monomer unit M1 or the monomer unit M> is inserted to

produce a My-M1 unit or a Mz-Mz unit and besides when the

polymerization proceeds at statistically random, the
16 ratio between occurrences of those units agrees with the
ratio between [Mi1] and [M2}. That is, the molar
fractions satisfy the following relation (B-0-2).
([M1-M21/2)/Mp-Mp1=[M1]/[M2] (B~0-2)
That 1s, when the polymerization proceeds at
20 %Fatistically random, the following relation (B-0)
wherein both sides of the relations {(B-0~1) and (B-0-2)
are multiplied 1s given.
1= (M1 -M2] 2/ (4x M1 M1]x [M2-M2]) (B-0)
The aforesaid relation (B) indicates that the units

25 wherein the monomer unit M{ and the monomer unit My are



M2-MI units, so that the probability of occurrence of the MI-M2 unit wherein the monomer unit M1 is
followed by the monomer unit M2 and the probability of occurrence of the M2-MI unit wherein the
monomer unit M2 is followed by the 25 monomer unit M1 both become [MI-M21/2. When the terminal
38 of the polymer is the monomer unit Ml and after this monomer unit the monomer unit Ml or the
monomer unit M2 is inserted to produce a M1-Ml unit or a MI-M2 unit and besides when the
polymerization proceeds at statistically 5 random, the ratfh between occurrences of those units agrees
with the ratio between [MI] and [M2]. That is, the molar.fractions satisfy the following relation (B- 0-1) .
(IMI'M2]/2)/[[MI'MI]=[M2]/[MI] (B-0-1) 10 On the other hand, when the terminal of the polymer is the
monomer unit M2 dnd @ftet this-monome: Linitdhe rmenomer. unitN D dhe mopomer it M2 is
inserted to produce a M2-Ml unit or a M2-M2 unit and besides when the polymerization proceeds at
statistically randdm Sth@eiBratib betwéére gceurrencesdi drabeaunitstagrees withithe ratig etween

[M1] and [M2]. That is, the molar fractions satisfy the following relation (B-0-2).
([Ml‘MZ]/Z)/[MZ'WHM‘.‘L?ﬁ%?] (BI6-2) “Tifatis,akledr thietpolyrhierizatiohrproveeds:ak rtion

of the same kind of comonomers at the terminal of the
5 polymer is higher than the probability of insertion of
different kinds of comonomers at the terminal of the
polymer and that a tapered polymer or a block polymer can
be synthesized with precisely controlling the structure.
The structure of the olefin copolymer of the
10  invention is precisely controlled, so that the Mw/Mn of
t?g copolymef is usually not mere than 2.5, preferably
not more than 2.0, more preferably not more than 1.8,
sti;l more preferably not more than 1.6, particularly
preferably not more than 1.5, most preferably not more
15 than 1.4. The relation {B] is preferably the fdllowing
relation (B-2), more preferably the following relation
(B-3), still more preferably the following relation (B-4),
much more preferably the following relation (B-5),
particularly preferably the following relation (B-6),

20 most preferably the following relation (B=7).

LY

0.95>[M1M212/ (4% [M1-M1]1x[M2-M2]) (B-2)
0.90>[M1-M212/ (4x [M1-M1]x[M2-M2]) (B~3)
0.85>[M1-M212/ (4x[M1-M1]x[M2-M2]) (B-4)
0.80>{M1-M2]2/ (4x(M1-M1]1x[M2-M2]) (B-5)

25 0.75>[M1-M212/ (4% M1 M1]x(Mp-M2]) (B~6)



20 statistically random, the following relation (B-0) wherein both sides of the relations (B-0-1) and
(B-0-2) are multiplied is given. 1=[M1'M2]2/(4x[M1'M1]x[M2'M2]) (B-0) The aforesaid relation (B)
indicates that the units 25 wherein the monomer unit Ml and the monomer unit M2 are 39 adjacent are
contained in amounts smaller than those in the case where they are produced at statistically random.
This means that the probability of continuous insertion of the same kind of comonomers at the
terminal of the 5 polymer is higher than the probability of ins&®tion of different kinds of comonomers at
the terminal of the polymer and that' a tapered polymer or a block polymer can be synthesized with
precisely controlling the structure. The structure of the olefin copolymer of the 10 invention is precisely

controlled, so that the Mw/Mn.afo themgopelyrier isusyally ngt-mase tham 2.5, preferghly ;not more than
2.0, more preferably not more than 1.8, still more preferably not more than 1.6, particularly preferably

not more than 1.5, most prefesablydot sore A5 than.d14,Khe relafion (B) is.preferably the f%oj{%i’ég
relation (B-2), more preferably the following relation (B-3), still more preferably the following relation
(B-4), much more prefesatsiy thes foflowing-ielationi(B:3kn (B), such as the tapered
polymer of the invention, cannot be produced by the prior
5 technique is the same as the reason why a polymer
satisfying the relation (B) cannot by produced.
It is detected by 13C-NMR that in the tapered

polymer out of the olefin copolymers satisfying the

relations (A) and (B) and having Mw/Mn of not more than

10 2.5, an isolated monomer unit M1 and a seguence of two or
more continuous monomer units Mj are both present_in the
polymer chain. Such a tapered polymer structure was not
analyzed by 13C-NMR in the prior art, and it has been
made clear for the first time by the technique of the

15 present invention which is capable of promoting extremely
precise polymerization.

On the other hand, in‘the block poilymer the isclated
meonomer unit Mi is not detected but only a sequence of

two or more continuous monomer units M] is detected.

20 . In the tapered polymer structure made clear by the

present invention for the first time, it is preferable

that a sequence of two continuous monomer units M7 and a

sequence of three or more continuous monomer units M7 are

detected. That is, it is preferable that three units of

256 an isclated monomer unit Mj, a unit composed of two



particularly preferably the following relation (B-6), 20 most preferably the following relation (B-7).
0.95>[M1'M2]2/(4x[M1'M1]x[M2'M2]) (B-2) 0.90>[MI'M2]2/(4x[MI-MI]xIM2'M2]) (B-3)
0.85>[M1-M2]2/(4x[M1'MI]x[M2'M2)) (B-4) 0.80>[MIM2]2/(4x[MI'MIIX[M2'M2]) (B-5) 25
0.75>[M1M212/(4x[MI'MIIX[M2'M2]) (B-6) 40 0.70>[M1'M2]2/(4x[MI'MIIx(M2-M2]) (B-7) The reason
why a polymer having a small Mw/Mn value and satisfying the relation (B), such as the tapered
polymer of the invention, cannot be produced by the pridf 5 technique is the same as the reason why
a polymer satisfying the relation (A) cannot by produced. It is detected by 13C-NMR that in the tapered
polymer out of the olefin copolymers satisfying the relations (A) and (B) and having Mw/Mn of not

more than 10 2.5¢an isolatedsmonoerogeunit: M 8pdig; seguense @f wo o are.continugys monomer
units Ml are both present in the polymer chain. Such a tapered polymer structure was not analyzed

by 13C-NMR in the priorartrambithas eehsnageatearder thedirat time b thetechpique.of the 15
present invention which is capable of promoting extremely precise polymerization. On the other hand,

in the block polyraerithetisolated
The monomer unit M7 and the monomer unit Mz are
5  derived from the monomers previously given as examples of
the olefins of 2 to 20 carbon atoms.

The monomer unit Mj is preferably derived from
ethylene, propyiéne, l~butene, l-pentene, I-hexene, 1~
heptene or l—octeﬁe, and is more preferably derived from

10  ethylene. The monomer unit Mz is preferably deriﬁed from
p;ppylene, l-butene, l-pentene, l-hexene, 1—heptene or 1~
octene, and is more preferably derived from propylene or
l-butene. |

When the monomer unit Mi is an ethylene unit, it is

15 preferable that three units of an isolated monomer unit
Ml, a unit composed of two continuous monomer units M1
and a unit composed of three or more monomer units M1 are
detected by 13C-NMR at the same time. It is also
preferable that an isolated monomer unit My and a unit

20 iomposed of two or more continuous monomer units M2 are
detected at the same time. That is, it is preferable
that a sequence of twe or more continuous methylene
groups is detected by 13C-NMR and sequences of one, two,
three, four, five and six or more methylene groups are

25 211 detected. It is more preferable that the molar



monomer unit Ml is not detected but only a sequence of two or more continuous monomer units Ml is
detected. 20 In the tapered polymer structure made clear by the present invention for the first time, it
is preferable that a sequence of two continuous monomer units Ml and a sequence of three or more
continuous monomer units.Ml are detected. That is, it is preferable that three units of 25 an isolated
monomer unit MI, a unit composed of two 41 continuous monomer units Ml and a unit composed of
three or more monomer units' M1 are detected by 13C-MI4R at the same time. The monomer unit Ml
and the monomer unit M2 are 5 derived from the monomers previously given as examples of the
olefins of 2 to 20 carbon atoms. The monomer, unit Ml is preferably derived from ethylene, propylene,
1-butene, 1-pentefie a1-hexene i heptens=onkoctenes andis:mote preferabhederivegfrom k@
ethylene. The monomer unit M2 is preferably derived from propylene, 1-butene, 1-pentene, 1-hexene,
1-heptene or 1- octenie,sand is:morerpreferably denved fronp propytengsare ddatdenes When the
monomer unit Ml is an ethylene unit, it is 15 preferable that three units of an isolated monomer unit
Nil, a unit composed of ewe tontirdoisSnonomer units Ml

The 13C-NMR measurement and analysis can- be carried
5 out in accordance with a method hitherto known, as
previously described.

The olefin copoiymer caﬁ be favorably used for
various molding ﬁateriais for films, sheets and blow
ﬁolded products, various additives such as

10 compatibilizing agent and modifier, coating materials and
a?pesives. The use application will be described later.

The process for preparing the clefin copolymer of
the invention will be described later.

The olefin copolymer of the invention may have a

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

20 a graft modified polymer.

.

As the functional group, an aromatic hydrocarbon
group, a halogen atom, an oxygen-containing group, a
nitrogen-containing group, a sulfur-containing group, a

phosphorus-containing group, a metal atom-containing

25 group or the like is preferable.



and a unit composed of three or more monomer units Ml are detected by 13C-NMR at the same time.
It is also preferable that an isolated monomer unit M2 and a unit 20 composed of two or more
continuous monomer units M2 are detected at the same time. That is, it is preferable that a sequence
of two or more continuous methylene groups is detected by 13C-NMR and sequences of one, two,
three, four, five and six or more methylene groups are 25 all detected. It is more preferable that the
molar 42 fractions of the sequences of one, two, three, fét#, five and six or more methylene groups
are detected as different values. The 13C-NMR measurement and analysis can be carried 5 out in
accordance with a method hitherto known, as previously described. The olefin copolymer can be

favorably used for variousmicigihg materialsforfimss sheets anealaws piolded,products, yarious
additives such as 10 compatibilizing agent and modifier, coating materials and adhesives. The use

application will be #éstribéd latePhThe prodessifer, piepating fhealefin copalymes of the invention will

be described later. The olefin copolymer of the invention may have a 15 functional group at the

terminal of the main chaineTR@ries of the halogen atoms include fluorine,
chlorine, bromine and iodine.

5 The oxygen-containing group is, for example, a group
containing 1 to 5 oxygen atoms, but the later-described
heterocyclic compound residue is not included in this
group. A group &ontaining a nitrogen atom, a sulfur atom,

a phosphorus atom or a halogen atom, said atom being

10  directly bonded to the oxygen atem, is not included
e%?her. Examples of the oxygen-centaining groups include
hydroxyl group; alkoxy groups, such as methoxy, ethoxy,
propoxy and butoxy; aryloxy groups, such as phenoxy,
methylphenoxy, dimethylphehoxy and naphthoxy; arylalkoxy

15 groups, such as phenylmethoxy and phénylethoxy; acetoxy
group; carbonyl group; carboxyl group; estér grou?; and
acetyl group. When the OXygen-containing group contains
carbon atom, the number of carbon atoms is in the range
of usually 1 to 30, preferably 1 to 20.

20 The nitrogen-containing group is, for example, a
.
group containing 1 to 5 nitrogen atoms, but the later-
described heterocyclic compound residue is not included
in this group. Examples of the nitrogen-containing

groups include amino group; alkylaminc groups, such as

25 methylamino, dimethylamino, ethylamino, propylamino,



olefin copolymer of the invention may be bonded to other structural parts within limits not detrimental
to the objects of the invention, with the proviso that it has the above structure. The polymer of the
invention may be 20 a graft modified polymer. As the functional group, an aromatic hydrocarbon
group, a halogen atom, an oxygen-containing group, a nitrogen-containing group, a sulfur-containing
group, a phosphorus-containing group, a metal atom-containing 25 group or the like is preferable. 43
Examples of the aromatic hydrocarbon groups include pHehyl, naphthyl, tolyl, biphenylyl and anthryl.
Examples of the halogen atoms include fluorine, chlorine, bromine and iodine. 5 The
oxygen-containing group is, for example, a group containing 1 to 5 oxygen atoms, but the
later-described heterogyelicicompeund-residiecis ot inciudedsin dhis rgroup: AQroup cgataining a
nitrogen atom, a sulfur atom, a phosphorus atom or a halogen atom, said atom being 10 directly

bonded to the oxygerrhtons, ismet includieth eitherl Fxamples efrtheoxygen-goataining groups include
hydroxyl group; alkoxy groups, such as methoxy, ethoxy, propoxy and butoxy; aryloxy groups, such

as phenoxy, methylphenéRy, difeftiptiendsd andhaphthoxy; apylalkoxy example, a group

containing 1 teo & sulfur atoms, but the later~described

9  heterocyclic compound residue is not included in this
group. Examples of the sulfur-containing groups include
sulfonato groups, such as methylsulfonato,
trifluromethanesﬁlfonato, phenylsulfonato,
benzylsulfonato, p-toluenesulfonato,

10  trimethylbenzenesulfonato, triisobutylbenzenesuifonato,
pTghlorobenzenesulfonato and pentafluorobenzenesulfonato;
sulfinato groups, such as methylsulfinato,
phenylsulfinato, beﬁzylsulfinato, p—toluenesulfinato,
trimethylbenzenesulfinato and pentaflurobenzenesulfinato;

16 alkylthio groups; and arylthio groups. When the sulfur-
containing group contains cérﬁon atom, the number of
carbon atoms is in the range of usually 1 to 30,
preferably 1 to 20.

The phosphorus-containing group is, for example, a
20 '%roup'containing 1 to 5 phosphorus atoms, and examples
thereof include trialkylphosphine groups, such as
trimethylphosphine, tributylphosphine and
tricyclohexylphosphine; triarylphosphine groups, such as
triphenylphosphine and tritolylphosphine; phosphite

25 groups (phosphido groups), such as methylphosphite,



15 groups, such as phenylmethoxy and phenylethoxy; acetoxy group; carbonyl group; carboxyl group;
ester group; and acetyl group. When the oxygen-containing group contains carbon atom, the number
of carbon atoms is in the range of usually 1 to 30, preferably 1 to 20. 20 The nitrogen-containing
group is, for example, a group containing 1 to 5 nitrogen atoms, but the later- described heterocyclic
compound residue is not included in this group. Examples of the nitrogen-containing groups include
amino group; alkylamino groups, such as 25 methylam#, dimethylamirio, ethylamino, propylamino,
44 butylamino and cyclohexylamino; and arylamino groups, such as phenylamino, tolylamino and
naphthylamino. The sulfur-containing group is, for example, a group containing 1 to 5 sulfur atoms,

but the later-desettibed. Bhretprocyeliceompaundg [esidisgHis ot jncluded indhis group Examples of the
sulfur-containing groups include sulfonato groups., such as methylsulfonato,

trifluromethanesalfonate, phenhyisulfepato, ibenzylsdlfgmatepp-toluenesulfonato, 10
trimethylbenzenesulfonato, triisobutylbenzenesulfonato, p-chlorobenzenesulfonato and

pentafluorobenzenesulfonatdiesufinatd Yrogps: tsuth Bscmethylsulfinato, fphenyisulfiriato, a

benzylsulfinato, p-toluenesulfinato,
group containing an atom of silicon, aluminum, boron,

5 zinc or magnesium, or a metal atom such as lithium, and
examples thereof include a silicon-containing group, an
aluminum~containing group, a boron-containing group, a
zinc-containing éroup, a magnesium—containing group and a
lithium atom.

10. , The silicon-containing gréup is, for example, a
group containing 1 to 5 silicon atoms. Examples of the
silicon-containing groups include hydrocarbon-substituted
silyl groups, such as phenylsilyl, diphenylsilyl,
trimethylsilyl, triethylsilyl, tripropylsilyl,

15  tricyclohexylsilyl, triphenylsilyl, tritolylsilyl,
.trinaphthylsilyl and methyldiphenylsilyl; alkyl-
substituted silyl ether groups, such as trimethylsilyl
ether; silicon-substituted alkyl groups, such as
trimethylsilylmethyl; silicon~substitutéd aryl groups,

20 ?uCh as trimethysilylphenyl; and hydrocarbon-substituteq
siloxy groups, such as trimethylsiloxy. Of the
hydrocarbon-substituted silyl groups, trialkylsilyl
groups, such as trimethylsilyl, tripropylsilyl and

tricyclohexylsilyl, are preferable.



trimethylbenzenesulfinato and pentaflurobenzenesulfinato; 15 alkylthio groups; and arylthio groups.
When the sulfur- containing group contains carbon atom, the number of carbon atoms is in the range
of usually 1 to 30, preferably 1 to 20. The phosphorus-containing group is, for example, a 20 group
containing 1 to 5 phosphorus atoms, and examples thereof include trialkylphosphine groups, such as
trimethylphosphine, tributylphosphine and tricyclohexylphosphine; triarylphosphine groups, such as
tripeenylphosphine and triaolyiphosphine; phosphite 2% groups (phosphido groups), such as
methylphosphite, 45 ethylphosphite and phenyiphosphite; phosphonic acid group; and phosphinic
acid group. The metal atom-containing group is, for example, a group containing an atom of silicon,

aluminum, boron, 5 zing gE MARESKIAK-OF dmetal atemsugh as ithium, and .examples thereof
include a silicon-containing group, an aluminum-containing group, a boron-containing group, a

zinc-containing greupga Magnesumreontating geauprandia [k atorn,1Q.J Qﬁ‘?sllggogfontaining
group is, for example, a group containing 1 to 5 silicon atoms. Examples of the silicon-containing
groups include hydfocathydh-sustitgiedaining group is -AIR2 group (R is
hydrogen, an alkyl group, an aryl group which may have a
5 substituent, a halogen atom or the like). |
The boron-containing group is, for example, a group
containing 1 te 5 boron atoms. An example of the boron-
containing grouplis -BR2 group (R is hydrogen, an alkyl
group, an aryl group which may have a substituent, a
10 halogen atom or the like).

.. The zinc-containing group is, for example, a group
containing 1 to 3 zinc atoms. An example of the zinc-
containing group is ~-ZnR group (R is hydrogen, an alkyl
group, an aryl group which may have a substituent, &

16  halogen atom or the like).

The magnesium~containing group is a group containing
1 to 3 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, a

20 Qalogen atom or the like}.

Examples pf the olefin polymers having a functional
group at the terminal of the main chain include polymers
having a halogen atom, a phenyl group, a hydroxyl group,

an alkeoxy group, a carbonyl group, a carboxyl group, an

25 ester group, an acetyl group, an alkylamino group, a



silyl groups, such as phenylsilyl, diphenylsilyl, trimethylsilyl, triethylsilyl, tripropylsilyl, 15
tricyclohexylsilyl, triphenylsilyl, tritolylsilyl, trinaphthylsilyl and methyldiphenylsilyl; alkyl- substituted
silyl ether groups, such as trimethylsilyl ether; silicon-substituted alkyl groups, such as
trimethylsilylmethyl; silicon-substituted aryl groups, 20 such as trimethysilylphenyl; and
hydrocarbon-substituted siloxy groups, such as trimethylsiloxy. Of the hydrocarbon-substituted silyl
groups, trialkylsilyl groups, such as trimethylsilyl, tripropydsilyl and tricyclohexylsilyl, are preferable. 46
The aluminum-containing group is, for example, a group containing 1 to’'5 aluminum atoms. An
example of the aluminum-containing group is -A1R2 group (R is hydrogen, an alkyl group, an aryl

group which-may hewe: % sbstityents a:halogen alom ek he Jke). Jhe bargrgontaining group i, fo

example, a group containing 1 to 5 boron atoms. An example of the boron- containing group is -BR2

group (R is hydrogen aan: alkyh graunsancanlgroun whigh may-havea substitent,a 10;hajogen atom
or the like). The zinc-containing group is, for example, a group containing 1 to 3 zinc atoms. An
example of the zingroup, lithium or the like at the terminals of
polyethylene, HDPE, LLDPE, polypropylene, polybutene, a
5  homopolymer of l-pentene, l-hexene, l-octene, l-decene or
the like, a copolymer of ethylene and propylene, a
copolymer of ethylene and an colefin of 4 to 20 carbon
atoms (e.qg., a~oiefins, such as l-butene, l-pentene, 1~
hexene, l-octene and l-decene; dienes, such as butadiene,
10 isoprene, 1,4-pentadiene, 1,5-hexadiene and 1,7-
o?ﬁadiene; aromatic vinyl compounds, such as styrene;
éycloolefin compounds, such as tetracyclododecene,
norbornene and methyl norbornene), a copolymer of
propylene and the above~mentioned olefin of 4 to 20
15 carbon atoms, and the aforesaid tapered polymer.
Of these, particularly preferable are polymers
having a chlorine atom, a bromine atom, an iodine atom, a
hydroxyl group or an alkylzinc group at the terminals of
polyethylene, HDPE, LLDPE, polypropylene, polybutene, an
20 ithyl@ne/propylene copolymer, an ethylene/butene
copqumer and an ethylene/hexene copolymer.
The olefin polymer having a functional group at the

terminal of the main chain can be favorably used for

various additives such as compatibilizing agent and



containing group is -ZnR group (R is hydrogen, an alkyl group, an aryl group which may have a
substituent, a 15 halogen atom or the like). The magnesium-containing group is a group containing 1
to 3 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, a 20 halogen atom or the like).
Examples of the olefin polymers having a functional group at the terminal of the main chain include
polymers having a halogen atom, a phenyl group, a hydrox@group, an alkoxy group, a carbonyl
group, a carboxyl group, an 25 ester group, an acetyl group, an alkylamino group, a 47 trialkylsilyl
group, a trimethylsiloxy group, a dialkylaluminum group, a dialkylboron group, an alkylzinc group,

lithium or the like at thedermisals of -palyethyleneHDPE; LLDPE, polypropylenerpalyhutene, a 5

homopolymer of 1-pentene, 1-hexene, 1-octene, 1-decene or the like, a copolymer of ethylene and
propylene, a copolymep bf ethylene antl amelefio Dffdde 20:carber atems e qa-olafios, such as

1-butene,. 1-pentene, 1- hexene, 1-octene and 1-decene; dienes, such as butadiene, 10 isoprene,
1,4-pentadiene, 1,5-hexadiéh@apdda;7@mtawenepmpmaﬁjmginyheomm@lmds,gsclmlg}raéxsmgk}@;ng
a functional group at the terminal of the main chain Will
5 ©be described later.
The clefin polymer in another embodiment of the
invention is an olefin block copolymer comprising:
(1) a polymér block chtained from at least one
clefin selected from olefins of 2 to 20 carbon atdms, and
10 (ii) a polymer block that is obtained from at least
ong olefin selected from olefins of 2 to 20 carbon atoms.
and ié different from the polymer block (i).
The polymer blocks different from each other are
those different in at least one of primary structures of
15 polymers, such as monomer type, comonomer type, coﬁonomer
composition, comonomer content, comonomer configuration
and stereoregularity.
The polymer blocks (i) and (ii) may be each a
polymer of one olefin selected from olefins of 2 to 20
20 Earbon atoms or may be a random copolymer of two or more
clefins selected from olefins of 2 to 20 carbon atoms.
The olefin block copolymer may further have single
or plural polymer blocks (iii) in addition to the polymer

block (i) and the polymer block (ii). 1In this case, the

25 block copolymer takes a form of (1)-(ii)~(iii)n, wherein



cycloolefin compounds, such as tetracyclododecene, norbornene and methyl norbornene), a
copolymer of propylene and the above-mentioned olefin of 4 to 20 15 carbon atoms, and the aforesaid
tapered polymer. Of these, particularly preferable are polymers having a chlorine atom, a bromine
atom, an iodine atom, a hydroxyl group or an alkylzinc group at the terminals of polyethylene, HDPE,
LLDPE, polypropylene, polybutene, an 20 ethylene/propylene copolymer, an ethylene/butene
copolymer and an ethylene/hexene copolymer. The olefif#iBolymer having a functional group at the
terminal of the main chain can be favorably used for various additives such as compatibilizing agent
and 48 modifier, coating materials and adhesives. The use application of the polymer will be

described later. The precess for preparingsthe ofefingeolymephaving -3 fupctional group at the terminal
of the main chain will 5 be described later. The olefin polymer in another embodiment of the invention

is an olefin block copelymetizbmprising: J(j) a:palymnie: blatkobtaineg fropmatleastene olgfia selected
from olefins of 2 to 20 carbon atoms, and 10 (ii) a polymer block that is obtained from at least one
olefin selected frorf-bleffsesi2 tor20icarboh atémsr .

The polymer block (iii} may be a polymer of one
5 olefin selected from olefins of 2 to 20 carbon atoms or
may be a random copolymer of two or more clefins selected
from olefins of 2 to 20 carbon atoms.
In the olefin block copolymer, the polymer block {i)
and the polymer block (ii) are each preferably a polymer
10 block selected from the following polymer blocks (a}, (b)
aq@ {c}:
(a) a polymer block cbtained from ethylene,
(b) a polymer block obtained from one a-olefin
selected fiom a-olefins of 3 to 20 carbon atoms, and
15 (c} a polymer block obtained from two or more o-
olefins selected from a-olefins of 2 to 20 carbon atoms.
The polymer block (b) is preferably a block of a
homopolymer of propylene, l-butene, l-hexene or l-octene.
The polymer block (¢} is preferably a block of an
20 ?thyiene/propyl@ne copolymer, an ethyleﬁe/lwbutene
copolymer, an ethylene/l-hexene copolymer or an
ethylene/l-occtene copolymer.
In the present invention, at least one polymer block
(a) obtained from ethylene is contained, and the polymer

25 block (a) desirably has a number-average molecular weight



and is different from the polymer block (i). The polymer blocks different from each other are those
different in at least one of primary structures of 15 polymers, such as monomer type, comonomer
type, comonomer composition, comonomer content, comonomer configuration and stereoregularity.
The polymer blocks (i) and (ii) may be each a polymer of one olefin selected from olefins of 2 to 20 20
carbon atoms or may be a random copolymer of two or more olefins selected from olefins of 2 to 20
carbon atoms. The olefin block copolymer may further Rfve single or plural polymer blocks (iii) in
addition to the polymer block (i) and the polymer block (ii). In this case, the 25 block copolymer takes
a form of (i)-(ii)-(iii)n, wherein 49 n is an integer of 1 or more, preferably 1 to 8, more preferably 1 to 3,
and the adjacent gélyrek bloeks aré adifférkht from eachedtherThe galygménblock (iii) may be a
polymer of one 5 olefin selected from olefins of 2 to 20 carbon atoms or may be a random copolymer
of two or more oléfihs &efectéd frain biefinsforat2o/carbbn @fdms.dn thé Blefiitiloclkacapolymer, the
polymer block (i) and the polymer block (iiz are each preferably a polymer 10 block selected from the
foWangpomeFﬁﬁQﬂ%(ﬁi(B?t mere than 1.5, preferably not more than 1.3.

The above-mentioned olefin polymer is, for example,

5 a polymer wherein an arbitrary number of polymer blocks
obtained from.at least one olefin selected from olefins

of 2 to 20 carbon atoms are bonded, the number-average
molecular weightl(Mn) of the whole polymers is not less
than 500, preferably 500 to 10,000,000, more preferably

10 1,000 to 5,000,000, adjacent polymer blocks are different
f;qm each other, the number-average molecular weight-of
each polymer block is not less than 100, preferably 100
to 9,999,900, more preferably 500 to 4,999,500, and Mw/Mn
of each polymer block is not more than 2.5.

15 In the present invention, the number of polymer
blocks is an integer of 2 or more, usually 2 to 10,
preferably 2 to 6, particularly preferably 2 to 4.

In case of a diblock pelymer in which the number of
polymer blocks is 2, Mw/Mn is preferably less than 1.35,

20 more preferably less than 1.30.

In case of a triblock polymer in which the number of

polymer blocks is 3, Mw/Mn is preferably less than 1.80,

more preferably less than 1.50.



and (c): (a) a polymer block obtained from ethylene, (b) a polymer block obtained from one a-olefin
selected from a-olefins of 3 to 20 carbon atoms, and 15 (c) a polymer block obtained from two or more
a olefins selected from a-olefins of 2 to 20 carbon atoms. The polymer block (b) is preferably a block
of a homopolymer of propylene, 1-butene, I-hexene or 1-octene. The polymer block (c) is preferably a
block of an 20 ethylene/propylene copolymer, an ethylene/l-butene copolymer, an ethylene/1-hexene
copolymer or an ethylene/l1-octene copolymer. In the préé‘.ent invention, at least one polymer block

(a) obtained from ethylene is contained, and the polymer 25 block (a) desirably has a number-average
molecular weight 50 of not less than 110,000, preferably 110,000 to 10,000,000, more preferably
150,000 to 5,000,000, antl* M/ 6ffnct moretthan sk, preferably not mare than-£.8. Theber
above-mentioned olefin polymer is, for example, 5 a polymer wherein an arbitrary number of polymer
blocks obtained fiom BPIedSEENE oRfifiSelettéd froneletins Fof Ao 20scarbor ators are banded, the

number-average molecular weight (Mn) of the whole polymers is not less than 500, preferably 500 to
10,000,000, more pr&férably Vs more preferably leéss than 1.80.

In the above olefin block copolymers, each polymer
5 ©block is preferably selected from polyethylene, HDPE,
LLDPE, a copolymer of ethylene and an olefin selected
from olefins of 3 to 20 carbon atoms {including dienes
and cycloolefinsf, ata-polypropylene, iso-polypropylene,
syn-polypropylene, a copolymer of propyiene and a monomer
10  selected from olefins of 4 to 20 carbon atoms (inciuding

dignes and cycloolefins), and the aforesaid tapered

polvyvmer.
Particularly preferable is a diblcck polymer or a
triblock polymer in which each polymer block is selected
15 from polyethylene, HDPE, LLDPE, an ethylene/propylene
copolymer, an ethylene/butene copolymer, an
ethylene/hexene copolymer, an ethylene/octene copolymer,
étaupolypropyiene, syn-polypropylene, a propylene/butene
copolymer, a propylene/hexene copolymer, and the
20 ﬁforesaid tapered polymer.
Examples of the block polymers are given below. In
the following examples, polyethylene-HDPE means an olefin
block copolymer wherein a polyethylene block and a HDPE

block are bonded, and if the polymer block is a copolymer

25 o©f two or more monomers, such as an ethylene/propylene



10 1,000 to 5,000,000, adjacent polymer blocks are different from each other, the number-average
molecular weight of each polymer block is not less than 100, preferably 100 to 9,999,900, more
preferably 500 to 4,999,500, and Mw/Mn of each polymer block is not more than 2.5. 15 In the present
invention, the number of polymer blocks is an integer of 2 or more, usually 2 to 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 preferably less than 1.35, 20 more preferably les34han 1.30. In case of a triblock polymer in
which the number of polymer blocks is 3, Mw/Mn is preferably less than 1.80, more preferably less
than 1.50. 51 In case of a multiblock polymer in which the number of polymer blocks is 4 or more,
Mw/Mn is preferably 632 thdhex 00, imdre preterablyciesd ianrE 80 ok the abowe olefin bidck:

copolymers, each polymer 5 block is preferably selected from polyethylene, HDPE, LLDPE, a
copolymer of ethylene™He ah GRAA sBistied From ofsts %t 316 20Téarbon atoms (including dienes

and cycloolefins), ata-polyprapylene, iso-polypropylene, syn-polypropylene, a copolymer of propylene
and a monomer 10 s%?e%gdt%r? nieé}gfm?gf% 6’2 %ﬁmzﬁﬁﬁ"sl(ﬁ%%édng

polyethylene-ethylene/propylene copolymer,

5 polyethylene-ethylene/butene copolymer,
polyethylene~ethylene/hexene copolymer,
polyethylene-ethylene/octene copolymer,
polyethylenematanolypropyiene,
polyethylene-syn-polypropylene,

10  polyethylene-propylene/butene copolymer,
p?}yethylene—propylene/hexene copolymer,

HPPE-LLDPE, HDPE-ethylene/propylene copolymer,
~HDPE-ethylene/butene copolymer,
HDPE~ethylene/hexene copolymer,

15 HDPE-ethylene/octene copolymer, HDPEwata—éolypropylene,
HDPE-syn-polypropylene, HDPE-propylene/butene copolymer,
HDPE~-propylene/hexene copolymer,
LLDPE-ethylene/propylene copolymer,
LiDPE-ethylene/butene copolymer,

20 ELDPEHethylene/hexene copolymer,

LLPPE-ethylene/cctene copolymer, LLBPE-ata-polypropylene,
LLDPE~syn-polypropylene, LLDPE-propylene/butene copelymer,
LLDPE-propylene/hexene copolymer,

ethylene/propylene copolymer-ethylene/butene copolymer,

25 ethylene/propylene copolymer-ethylene/hexene copolymer,



dienes and cycloolefins), and the aforesaid tapered polymer. Particularly preferable is a diblock
polymer or a triblock polymer in which each polymer block is selected 15 from polyethylene, HDPE,
LLDPE, an ethylene/propylene copolymer, an ethylene/butene copolymer, an ethylene/hexene
copolymer, an ethylene/octene copolymer, ata-polypropylene, syn-polypropylene, a propylene/butene
copolymer, a propylene/hexene copolymer, and the 20 aforesaid tapered polymer. Examples of the
block polymers are given below. In the following exam&é’%, polyethylene-HDPE means an olefin
block copolymer wherein a polyethylene block and a HDPE block are bonded, and if the polymer
block is a copolymer 25 of two or more monomers, such as an ethylene/propylene 52 copolymer, its
monomer configuf&tiohmag Hetratera: fanéom copolyneerioy tetapérectpolymetpol ymer,
polyethylene-HDPE, palyethylene-LLDPE, polyethylene-ethylene/propylene copolymer, 5
polyethylene-ethﬁ&tf ;%ﬁfé%é%%m? poRRthyIaRe-eiiyieeiexenscopaheaper,

polyethylene-ethylene/octene copolymer, polyethylene-ata-polypropylene,
polyethylene-syn?p%oplﬂypi?%lfp:ﬁ']Zﬁéﬁcf‘g’py ene copolymer-syn-polypropylene,

ethylene/propylene copolymer—propylene/butené’copolymer,

5 ethylene/propylene copolymer-propylene/hexene copolymer,
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ethylene/butene
ethylene/butens

ethylene/butene

ethylene/butene

ethyleﬁefbut@ne
ethylene/butene
ethylene/hexene
ethylene/hexene
ethylene/hexene
ethylene/hexene
ethylene/hexene
ethylene/octene
ethylene/octene
ethylene/octene

ethylene/octene
LY

copolymer-ethylene/hexene copolymer,

«copolymer~ethylene/octene copolymer,

éopolymer—ata—polyﬁropylene,
copolymer-syn-polypropylene,
copolymer-propylene/butene copolymer,
copolymer-propylene/hexene copolymer,
copolymer~ethylene/octene copolymer,
copolymer-ata-polypropylene,
copolymer-syn-polypropylene,
copolymer-propylene/butene copolymer,
copolymer-propylene/hexene copolymer,
copolymer-ata~polypropylene,
copolymer-syn-polypropylene,
copolymer-propylene/butene copolymer,

copolymer-propylene/hexene copolymer,

ata—polypropylene"syn—polypropylene,

ata-polypropylene-propylene/butene copolymer,

ata-polypropylene-propylene/hexene copelymer,

syn-polypropylene-propylene/butene copolymer,

syn-polypropylene-propylene/hexene copolymer,



10 polyethylene-propylene/butene copolymer, polyethylene-propylene/hexene copolymer,
HDPE-LLDPE, HDPE-ethylene/propylene copolymer, HDPE-ethylene/butene copolymer,
HDPE-ethylene/hexene copolymer, 15 HDPE-ethylene/octene copolymer, HDPE-ata-polypropylene,
HDPE-syn-polypropylene, HDPE-propylene/butene copolymer, HDPE-propylene/hexene copolymer,
LLDPE-ethylene/propylene copolymer, LLDPE-ethylene/butene copolymer, 20
LLDPE-ethylene/hexene copolymer, LLDPE-ethylene/octeb4 copolymer, LLDPE-ata-polypropylene,
LLDPE-syn-polypropylene, LLDPE-propylene/but ene copolymer, LLDPE-propylene/hexene
copolymer, ethylene/propylene copolymer-ethylene/butene copolymer, 25 ethylene/propylene

copolymer-ethylenethexeihe topelymer £53: eibyd@@%@%@Wg@g@y[@n@%@[}%gwolymen
ethylene/propylene copolymer-ata-polypropylene, ethylene/propylene copolymer-syn-polypropylene,
ethylene/propylene copolymer-propylene/butene copolymer, 5 ethylene/propylene
copolymer-propylene/hexene copolymer, ethylene/butene copolymer-ethylene/hexene copolymer,

ethylene/butenecopBlyhigticitiylene/odizhe-copblyaéry lethylene/butene copolymer-ata-polypropylene,

polyethylene~LLDPE-polyethylene,

5 polyethylene-ethylene/propylene copolymer-polyethylene,
polyethylene-ethylene/butene copolymer~polyethylene,
polyethylene-ethylene/hexene copolymer-polyethylene,
polyethylene—eth?lene/octene copolymer—-polyethylene,
polyethylene—atampolypropylene—polyethylene,

10 polyethylene~synwpolypropylene—polyethylene,
p?;yethylene—propylene/butene copolymer-polyethylene,
polyethylene~propylene/hexene copolymer—polyeﬁhylene,
HDPE-polyethylene-HDPE, HD?E—LLDPE—HDPE,
HDPE-ethylene/propylene copolymer~HDPE,

16 HDPE-ethylene/butene copolymer-HDPE,
HDPE-ethylene/hexene copolymer-HDPE,
HDPE-ethylene/octene copolymer-HDPE,
HDPE-ata-polypropylene—-HDPE, HDPE~syn~polypropylene~HDPE,
HDPE-propylene/butene copolymer-HDPE,

20 %DPE—propylene/hexene copolymer-HDPE,
LLDPE-polyethylene-LLDPE, LLDPE-HDPE-LLDPE,
LLDPE-ethylene/propylene copolymer-LLDPE,
LLDPE-ethylene/butene copolymer-LLDPE,
LLDPE~ethylene/hexene copolymer-LLDPE,

25 LLDPE-~ethylene/octene copolymer-~LLDPE,



ethylene/butene copolymer-syn-polypropylene, 10 ethylene/butene copolymer-propylene/butene
copolymer, ethylene/butene copolymer-propylene/hexene copolymer, ethylene/hexene
copolymer-ethylene/octene copolymer, ethylene/hexene copolymer-ata-polypropylene,
ethylene/hexene copolymer-syn-polypropylene, 15 ethylene/hexene copolymer-propylene/butene
copolymer, ethylene/hexene copolymer-propylene/hexene copolymer, ethylene/octene
copolymer-ata-polypropylene, ethylene/octene copolyn¥er-syn-polypropylene, ethylene/octene
copolymer-propylene/butene copolymer, 20 ethylene/octene copolymer-propylene/hexene copolymer,
ata-polypropylene-syn-polypropylene, ata-polypropylene-propylene/butene copolymer,
ata—polypropylené—I opyléné/hagendEsalrhsr ~Syr2pslypropylene-propylene/butene copolymer, 25
syn-polypropylene-propylene/hexene copolymer, 54 proplylene/butene copolymer-propylene/hexene
copolymer, poly "éi“ﬁBPEQHdWé’tﬁﬂég@P%D%Wene-LLDPE-ponetherne, 5
polyethylene-eth [propylene copolymer-polyethylene, polyethylene-ethylene/butene
copoIymer-polyeél]?/ﬁesné;—,pﬁcﬁgé’t%ﬁéﬁéé‘fﬁﬁ@ﬁe/ﬁ@?&%ﬂ@ﬁd%@ﬁ@olyethylene,

p0|yethy|ene'ethXE?Bgéogé%no%gq%OA%rp%Egglxgthglc%oei ymer-LLDPE,

5 ethylene/propylene copolymer-polyethylene-
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ethylene/propylene
ethylene/propylene
copolymer, |
ethylene/prépyiene
copolymer,
e?bylene/propylene
ethylene/propylene
ethylene/propylene
ethylene/propylene
ethylene/propylene
ethylene/propylene
ethylene/propylene
ethylene/propylene
ethylene/propylene
?thlene/propylene
ethylene/propylene
ethylene/propylene
ethylene/propylene

ethylene/propylene

copolymer,

copolymer-HDPE-ethylene/propylene

copolymer-LLDPE~ethylene/propylene

copolymer-ethylene/butene copol ymer-
copolymer,

copolymer-ethylene/hexene copolymer-
copolymer,

copolymer-ethylene/octene copolymer—
copolymer,
copolymer-ata-polypropylene—
copolymer,
copolymer-syn-polypropylene-
copolymer,

copolymer~propylene/butene copolymer-—
copolymer,

copolymer-propylene/hexene copolymer-

copolymer,

ethylene/butene copolymer-polyethylene-ethylene/butene



polyethylene-ata-polypropylene-polyethylene, 10 polyethylene-syn-polypropylene-polyethylene,
polyethylene-propylene/butene copolymer-polyethylene, polyethylene-propylene/hexene
copolymer-polyethylene, HDPE-polyethylene-HDPE, HDPE-LLDPE-HDPE,
HDPE-ethylene/propylene copolymer-HDPE, 15 HDPE-ethylene/butene copolymer-HDPE,
HDPE-ethylene/hexene copolymer-HDPE, HDPE-ethylene/octene copolymer-HDPE,
HDPE-ata-polypropylene-HDPE, HDPE-syn-polypropylen@$DPE, HDPE-propylene/butene
copolymer-HDPE, 20 HDPE-propylene/hexene copolymer-HDPE, LLDPE-polyethylene-LLDPE,
LLDPE-HDPE-LLDPE, LLDPE-ethylene/propylene copolymer-LLDPE, LLDPE-ethylene/butene
copolymer-LLDPE, 1®:PRE%tHylene/hexene copolymer-LLDPE, 25 LLDPE-ethylene/octene
copolymer-LLDPE, 55 LLDPE-ata-polypropylene-LLDPE, LLDPE-syn-polypropylene-LLDPE,

LLDPE-propylene/bt

ethylene/propylene copolymer-
copolymer-HDPE-eﬁﬁ?@fé
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Fhropyiehere

ethylena/butene
ethylene/butene
ethylene/butene
ethylene/butene
ethylene/butene
ethylene/butene
ethylene/butene
e?bylene/butene
ethylene/butene
ethyliene/butene
ethylene/butene
ethylene/butene
ethylene/butene
ethylene/butene
ethylene/hexene
copolymer,

éﬁhylene/hexene
ethylene/hexene
ethylene/hexene
ethylene/hexene
ethylene/hexene

ethylene/hexene

ViHERLEDPEPPLDPEpdpYeneliexéne edpalymer-LeMRE yoe 1,

olyethylene- ethylene/propylene copolymer, ethylene/propylene

copolymer-LLDPE-ethylene/butene copolymer,
copolymer-ethylene/propylene copolymer-
copolymer,

copolymer-ethylene/hexene copolymer-
copolymer,

éopolymer—ethylene/octene copolymer—
copelymer,

copolymer-ata-polypropylene-

copolymer,

copolymer-syn-polypropylene—

cepolymer,

copolymer-propylene/butene copolymer—
copolymer,

copolymer-propylene/hexene copolymer-
copolymer,

copolymer-polyethylene-ethylene/hexene

copolymer-HDPE-ethylene/hexene copolymer,
copolymer~LLDPE-ethylene/hexene copolymer,
copolymer-ethylene/propylene copolymer-
copolymer,

copolymer-ethylene/butens copclymer-

copolymer,



copolymer, ethylene/propylene copolymer-LLDPE-ethylene/propylene 10 copolymer,
ethylene/propylene copolymer-ethylene/butene copolymer- ethylene/propylene copolymer,
ethylene/propylene copolymer-ethylene/hexene copolymer- ethylene/propylene copolymer, 15
ethylene/propylene copolymer-ethylene/octene copolymer- ethylene/propylene copolymer,
ethylene/propylene copolymer-ata-polypropylene- ethylene/propylene copolymer, ethylene/propylene
copolymer-syn-polypropylene 20 ethylene/propylene copefmer, ethylene/propylene
copolymer-propylene/butene copolymer- ethylene/propylene copolymer, ethylene/propylene
copolymer-propylene/hexene copolymer- ethylene/propylene copolymer, 25 ethylene/butene
copolymer-polyethfylenelethgléhetrenene-56 cdopodymert ethylene/butene e copolymer-
copolymer-HDPE-ethylene/butene copolymer, ethylene/butene copolymer-LLDPE-ethylene/butene

copolymer, ethylehelbiténe ébsaigmer-etidenarsmopylene copolymer 5 ethylene/butene copolymer,

ethylene/butene copolymer ethylene/hexene copolymer-
thylene/hexene copelymer-ata- polypropylene-
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ethylene/hexene
ethylene/hexene
ethylene/hexene
ethylene/hexene
ethylene/hexene
ethylene/hexene
ethyiene/hexene
ethylene/octene
coéolymer,

ethylene/octene
ethylene/octene
ethylene/octene
ethylene/octene
ethylene/occtene
ethylene/octene
ethylene/octene
%thylene/octene

ethylene/octene

- ethylene/octene

ethylene/octene
ethylene/octene

ethylene/octene

copolymer,
copolymer-syn-polypropylene-

copoliymer,

copolymer-propylene/butene copelymer-

copolymer,
copolymer-propylene/hexene copolymer-
copolymer,

copolymer-polyethylene-ethylene/octene

copolymeerDPE—ethylene/octene copolymer,
copolymer-LLDPE-ethylene/octene copolymer,
copolymer-ethylene/propylene copolymer—
copolymer,

copolymer-ethylene/butene copolymer-
copolymer,

copolymer-ethylene/hexene copolymer-
copolymer,

copolymer-ata-polypropylene-

copolymer,

copolymer-syn-polypropylene~

copolymer,

copolymer-propylene/butene copolymer-—



ethylene/butene copolymer, ethylene/butene copolymer-ethylene/octene copolymer- ethylene/butene
copolymer, 10 ethylene/butene copolymer-ata-polypropylene- ethylene/butene copolymer,
ethylene/butene copolymer-syn-polypropylene- ethylene/butene copolymer, ethylene/butene
copolymer-propylene/butene copolymer- 15 ethylene/butene copolymer, ethylene/butene
copolymer-propylene/hexene copolymer- ethylene/butene copolymer, ethylene/hexene
copolymer-polyethylene-ethylene/hexene copolymer, Zé%thylene/hexene
copolymer-HDPE-ethylene/hexene copolymer, ethylene/hexene copolymer-LLDPE-ethylene/hexene
copolymer, ethylene/hexene copolymer-ethylene/propylene copolymer- ethylene/hexene copolymer,

ethylene/hexene Eéﬁﬁfﬁrﬁéﬁéfh?@fé%méﬁ@ Eppelymer- 25 ethylene/hexene copolymer, 57
ethylene/hexene copolymer-ethylene/octene copolymer- ethylene/hexene copolymer, ethylene/hexene
copolymer-ata-pofyprépyisiie-sthyieRe/ fRReA&BBEOI FaP S sthyidmetexeneopo L ymer -

CopmymeFSW%p%¥%§8gﬂg Bctene copolymer,
atawpolypropylene—polyethylene—atampolypropylene,

5 ata—polypropylene—HDPE—atawpolypropyien@,
ata—polypropylenewLLDPE—ata—poiypropylene,
ata-polypropylene~ethylene/propylene copolymer-ata-
polypropylene, |
ata-polypropylene~ethylene/butene copolymer—-ata-

10 polypropyiene,

'a?gwpclypropylene~ethylene/hexene copolymer-ata-~
polypropylene,
ata-polypropylene-ethylene/cctene copolymer—-ata-
polypropylene,

15 éta~polypropylene—syn~polypropylenewata—polypropylene,
ata-polypropylene-propylene/butene copolymer-ata-
pblyprOpylene,
ata-polypropylene-propylene/hexene copolymer-ata-
polypropylene,

20 iyn—polypropylene~polyethylene-synmpolypropylene,
syn—poiypropylene—HDPE—syn—polypropylene,
syn—polypropylene—LLDPE*synwpolypropylene,
syn-polypropylene-ethylene/propylene copelymer-syn—
polypropyieﬁe,

25 syn-polypropylene~ethylene/butene copolymer-syn-



ethylene/hexene copolymer, ethylene/hexene copolymer-propylene/butene copolymer-
ethylene/hexene copolymer, ethylene/hexene copolymer-propylene/hexene copolymer- 10
ethylene/hexene copolymer, ethylene/octene copolymer-polyethylene-ethylene/octene copolymer,
ethylene/octene copolymer-HDPE-ethylene/octene copolymer, ethylene/octene
copolymer-LLDPE-ethylene/octene copolymer, 15 ethylene/octene copolymer-ethylene/propylene
copolymer- ethylene/octene copolymer, ethylene/octen&opolymer-ethylene/butene copolymer-

ethylene/octene copolymer, ethylene/octene copolymer-ethylene/hexene copolymer- 20
ethylene/octene copolymer, ethylene/octene copolymer-ata-polypropylene- ethylene/octene
copolymer, ethyleaefpstene,capolymer-syn-polypropylene- ethylene/octene copolymer, 25
ethylene/octene copolymer-propylene/butene copolymer 58 ethylene/octene copolymer,
ethylene/octene £ppolymeypropylérebexane, cepalymerk ethyleng/esiene copolymer,
ata-polypropylene-polyethylene-ata-polypropylene,

polypropylene,

syn-polypropylene

~ethylene/octene copolymer-syn-

5 polypropylene,
syn—polypropylene~ata~p01ypropylene—syn—polypropyiene,
syn~poliypropylene-propylene/butene copolymer-syn—
polypropylene, | |
syn~polypropylene-propylene/hexene copolymer-syn-

10  polypropylene,
p;ppylene/butene copolymer-polyethylene-propylene/butene
copolymer,
propylene/butene copolymer~HDPE-propylene/butene
copolymer, |

15 ?rOpylene/butene copolymer—LLDPE—propylene)butene
copolymer,
propylene/butene copolymer-ethylene/propylene copolymer-
propylene/butene copolymer,
propylene/butene copolymer—ethylene/butene copolymer-

20 Qropylene/butene copolymer,

- propylene/butene copolymer-ethylene/hexene copoclymer—

propylene/butene copolymer,
propylene/butene copolymer-ethylene/octene copolymer—
propylene/butene copolymer,

25 propylene/butene copolymer-ata-polypropylene-



5 ata-polypropylene-HDPE-ata-polypropylene, ata-polypropylene-LLDPE-ata-polypropylene,
ata-polypropylene-ethylene/propylene copolymer-ata- polypropylene,
ata-polypropylene-ethylene/butene copolymer-ata- 10 polypropylene,
ata-polypropylene-ethylene/hexene copolymer-ata- polypropylene, ata-polypropylene-ethylene/octene

copolymer-ata- polypropylene, 15 ata-polypropylene-syn-p%%/
ata-polypropylene-propylene/butene copolymer-ata- polypr

ropylene-ata-polypropylene,
lene,

at.a-polypropylene-propylene/hexene copolymer-ata- polypropylene, 20
syn-polypropylene-polyethylene-syn-polypropylene, syn-polypropylene-HDPE-syn-polypropylene,
syn-polypropylene-L LDPEsy:pepropyiene; osynkpalypropylene-ethylene/propylene copolymer-syn-
polypropylene, 25 syn-polypropylene-ethylene/butene copolymer-syn 59 polypropylene,
syn-polypropylene-etbylehelheRene 8dalymeRByR-Ypsiyporepylene L ypropylene-
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propylene/butene
propylene/butene
propylene/butene
propylene/hexene
copolymer,

propylene/hexene
copolymer?

propylena/hexens
cqyolymer,

propylene/hexene
propylene/hexene
propylene/hexene
pxopyzene/hexéne
propylene/hexene
propyliene/hexene
propylene/hexene
propylene/hexene
propylene/hexene

R

propyiene/hexene
propylene/hexene
propylene/hexene
propylene/hexene

propylene/hexene

copolymer,
copolymer-propylene/hexene copolymer-
copolymer,

copolymer-polyethylene-propylene/hexene

copolymer-HDPE-propylene/hexene

copolymer-LLDPE~propylene/hexene

copolymer-ethylene/propylene copolymer-
copolymer,

copolymer-ethylene/butene copolymer-
copolymer,

copelymer-ethylene/hexene copolymer-
copelymer,

copolymer-ethylene/cctene copolymer-
copolymer,
copolymer-ata-polypropylene~
copolymer,
copolymer-syn—-polypropylene-
copelymer,

copolymer-propylene/butene copolymer-

copolymer,



syn-polypropylene-ethylene/octene copolymer-syn- 5 polypropylene,
syn-polypropylene-ata-polypropylene-syn-polypropylene, syn-polypropylene-propylene/butene
copolymer-syn- polypropylene, syn-polypropylene-propylene/hexene copolymer-syn- 10
polypropylene, propylene/butene copolymer-polyethylene-propylene/butene copolymer,
propylene/butene copolymer-HDPE-propylene/butene copolymer, 15 propylene/butene
copolymer-LLDPE-propylene/butene copolymer, propyledié/butene copolymer-ethylene/propylene
copolymer- propylene/butene copolymer, propylene/butene copolymer-ethylene/butene copolymer- 20
propylene/butene copolymer, propylene/butene copolymer-ethylene/hexene copolymer-

propylene/butene gopofymer; propylems/Butene opolymer-ethylene/octene copolymer-
propylene/butene copolymer, 25 propylene/butene copolymer-ata-polypropylene 60 propylene/butene

copolymer, propylerellygtehg topelyhigrsynipolhpropylenepyliene copelymer,
polyethylene-HDPE-ethylene/butene copolymer,
polyethylene~HDPE-ethylene/hexene copolymer,

5 polyethylene-HDPE-ethylene/octene copolymer,
polyethylene-HDPE-ata-~polypropylene,
polyethyiene—HDPEwsyn—polypropyiene,
polyethyienewHDPﬁmpropylene/butene copolymer,
polyethylene~HDPEm§ropylene/hexene copolymer,

10 polyethylene—LLDPEmHDP;,
pg%yethylene~LLDPE—ethylene/propylene copolymer,
polyethylene-LLDPE-ethylene/butene cepolymer,
polyethylene~LLDPE~ethylene/hexene copolymer,
polyethylene-LLDPE-ethylene/octene copolymer,

16 polyethylene-LLDPE-ata-polypropylene,
polyethylene-LLDPE-syn-polypropylene,
polyethylene-LLDPE-propylene/butene copolymer,
polyethylene-LLDPE~propylene/hexene copolymer,
polyethylene-ethylene/propylene copolymer-HDPE,

20 Qplyethylene—ethylene/propylene copolymer-LLDPE,
polyethylene-ethylene/propylene copoclymer-ethylene/butene
copolymer,
polyethylene~ethylene/propylene copolymer-ethylene/hexene
copolymer,

25 polyethylene~ethylene/propylene copolymer-ethylene/octene



propylene/butene copolymer, propylene/butene copolymer-propylene/hexene copolymer- s
propylene/butene copolymer, propylene/hexene copolymer-polyethylene-propylene/hexene

copolymer, propylene/hexene copolymer-HDPE-propylene/hexene copolymer, 10 propylene/hexene

copolymer-LLDPE-propylene/hexene copolymer, propylene/hexene copolymer-ethylene/propylene
copolymer- propylene/hexene copolymer, propylene/hexene copolymer-ethylene/butene copolymer-
15 propylene/hexene copolymer, propylene/hexene copofi#ner-ethylene/hexene copolymer-
propylene/hexene copolymer, propylene/hexene copolymer-ethylene/octene copolymer-

propylene/hexene copolymer, 20 propylene/hexene copolymer-ata-polypropylene- propylene/hexene

copolymer, propyletethexenercopolymer-syn-polypropylene- propylene/hexene copolymer,
propylene/hexene copolymer-propylene/butene copolymer- 25 propylene/hexene copolymer, 61
polyethylene-HDPEALPEY lene-ethylene/propylene copolymer—ata-

10

16

20

25

polypropylene,

polyethylene-ethylene/propylene copolymer—~syn-

polypropylene,

polyethylene-ethylene/propylene copolymer=

propylene/butene copolymer,

polyethylene-ethylene/propylene copolymer-

propylene/hexene copolymer,
polyethylene-ethylene/butene
pg}yethylene—ethylene/butene
polyethylene-ethylene/butene
copolyher,
poiyethylene—ethylene/buteéne
copolyner,
polyethylene~ethylene/butene
copolymer,
polyethylene~ethylene/butene
polyethylene~ethylene/butene
Eolyethylene—ethylene/butene
copelymer,
polyethylene-ethylene/butene
copolymer,
polyethylene—ethyiene/hexene

polyethylene-ethylene/hexene

copolymer-HDPE,

copolymer-~LLDPE,

copolymer-ethylene/propylene

copolymer-ethylene/hexene

copolymer~ethylene/octene

copolymer-ata-polypropylene,

copolymer~syn-polypropylene,

copolymer-propylene/butene

copolymer-propylene/hexene

copolymer—~HDPE,

copolymer-LLDPE,



polyethylene-HDPE-ethylene/propylene copolymer, polyethylene-HDPE-ethylene/butene copolymer,
polyethylene-HDPE-ethylene/hexene copolymer, 5 polyethylene-HDPE-ethylene/octene copolymer,

polyethylene-HDPE-ata-polypropylene, polyethylene-HDPE-syn-polypropylene,

polyethylene-HDPE-propylene/butene copolymer, polyethylene-HDPE-propylene/hexene copolymer,

10 polyethylene-LLDPE-HDPE, polyethylene-LLDPE-ethylene/propylene copolymer,

polyethylene-LLDPE-ethylene/butene copolymer, poly@ ylene-LLDPE-ethylene/hexene copolymer,

polyethylene-LLDPE-ethylene/octene copolymer, 15 polyethylene-LLDPE-ata-polypropylene,
polyethylene-LLDPE-syn-polypropylene, polyethylene-LLDPE-propylene/butene copolymer,
polyethylene-LLBPEYSrbpylehtmieXehe E6p6lyhers polyetidariaethylenelpropyléne cpy lene
copolymer-HDPE, 20 polyethylene-ethylene/propylene copolymer-LLDPE,
polyethylene-ethyi&e/prGhylene copolymer-ethylene/butene copolymer,
polyethylene-ethylene/propylene copolymer-ethylene/hexene copolymer, 25

enéToropy e

polyethylene-et

15

20

25

eneTpTopyiehe copoiy

copolymer,
polyethylene~ethylene/hexene
copolynmer,
polyethylene-ethylene/hexene
polyethylene—eth&lene/hexene
polyethylene»ethylene/hexené
copolymer,
po%yethyleneﬂethylene/hexene
copolymer,
pelyethylene-ethylene/octene

polyethylene-ethylene/octene

polyethylene—ethylene/octene

copolymer,

polyethylene-ethylene/octene

~ copolymer,

polyethylene-ethylene/octene
ceopolymer,

églyethylene—ethylene/octene
polyethylene-ethylene/octene
polyethylene-ethylene/octene

copolymer,

poclyethylene~ethylene/octens

PIEREBclePieBMer ~ethylene/butene

copolymer-ethylene/octene
copolymer-ata-polypropylene,
copolymer-syn-polypropylene,
copolymer-propylene/butene
copolymer-propylene/hexene
copolymeerDPE,
copolymer-LLDPE,
copolymer-ethylene/propylene
copolymer-ethylene/butene
copolymer-ethylene/hexene
copolymer-ata~polypropylene,
copolymer-syn-polypropylene,

copolymer-propytiene/butene

copolymer-propylene/hexene



copolymer, polyethylene-ethylene/propylene copolymer-ata- polypropylene,
polyethylene-ethylene/propylene copolymer-syn= 5 polypropylene, polyethylene-ethylene/propylene
copolymer- propylene/butene. copolymer, polyethylene-ethylene/propylene copolymer-
propylene/hexene copolymer, 10 polyethylene-ethylene/butene copolymer-HDPE,
polyethylene-ethylene/butene copolymer-LLDPE, polyethylene-ethylene/butene
copolymer-ethylene/propylene copolymer, polyethylene-&thylene/butene copolymer-ethylene/hexene
15 copolymer, polyethylene-ethylene/butene copolymer-ethylene/octene copolymer,
polyethylene-ethylene/butene copolymer-ata-polypropylene, polyethylene-ethylene/butene
copolymer-syn-polyprepylene;- 20 polyethylene-ethylene/butene copolymer-propylene/butene
copolymer, polyethylene-ethylene/butene copolymer-propylene/hexene copolymer,

polyethylene-ethylenel/hexenel eopolwoerHBRE, 2% polvethyieng:ethylene/hexene
copolymer-LLDPE,
polyethylene~ata-polypropylene~LLDPE,
polyethylene-ata—-polypropylene-ethylene/propylene
5 copolymer,
polyethylene-ata-polypropylene~ethylene/butene copolymer,
polyethylene-ata-polypropylene-ethylene/hexene copolymer,
polyethylene-ata-polypropylene~ethylene/octene copolymer,
po1yethylenewata—pOlypropylenewsyn—polypropylene,

10 polyethylene-ata-polypropylene-propylene/butene copolymer,
polyethylene-ata-polypropylene-propylene/hexene copolymer,
polyethylene-syn-polypropylene-HDPE,
polyethylene—syn—polypropylene*LLDPE,
polyethylene~syn-polypropylene-ethylene/propylene

186  copolymer, |
polyethylene-syn-polypropylene-ethylene/butene copolymer,
polyethylene-éyn—polypropylene—ethylene/hexene éopolymer,
polyethylene-syn-polypropylene-ethylene/octene copolymer,
polyethylene-syn-polypropylene-ata-polypropylene,

20 Rolyethylene-syn-polypropylene~propylene/butene copolymer,
polyethylene-syn-polypropylene-propylene/hexene copolymer,
polyethylene~-propylene/butene copolymer-HDPE,
polyethylene-propylene/butene copolymer-LLDPE,

polyethylene~-propylene/butene copolymer—

25 ethylene/propylene copolymer,



63 polyethylene-ethylene/hexene copolymer-ethylene/propylene copolymer,
polyethylene-ethylene/hexene copolymer-ethylene/butene copolymer, 5
polyethylene-ethylene/hexene copolymer-ethylene/octene copolymer, polyethylene-ethylene/hexene
copolymer-ata-polypropylene, ‘ polyethylene-ethylene/hexene copolymer-syn-polypropylene,
polyethylene-ethylene/hexene copolymer-propylene/bué( e 10 copolymer,
polyethylene-ethylene/hexene copolymer-propylene/hexene copolymer, polyethylene-ethylene/octene
copolymer-HDPE, polyethylene-ethylene/octene copolymer-LLDPE, 15 polyethylene-ethylene/octene
copolymer-ethylene/propylene copolymer, polyethylene-ethylene/octene copolymer-ethylene/butene
copolymer, polyé)[ﬁ%%ﬁEi‘fﬁﬁ@ﬁélﬁé%?lélc%rb%lﬂ}?h’é’@élﬁy@ﬁé’fh&@ﬁé “ZBopdiyméputene
polyethylene-ethé/leneéoctene copolymer-ata-polypropylene, polyethylene-ethylene/octene
copolymer-syn-po?fp? B/ﬁgr’fé, polyethylene-ethylene/octene copolymer-propylene/butene copolymer,
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polyethylene-propylene/butene
éopolymer,
pplyethylene—propylene/butene
copclymer,
polyethylene-propylene/butene
polyethylene—proéylene/butene
polyethylene-propylene/butene
copolymer,
polyethylene-propylene/hexene
polyethylene-propylene/hexene
polyethylene~propylene/hexene
ethylene/propylene copolymer,
polyethylene-propylene/hexene
copolymer,
polyethylene-propylene/hexene
copolymer,
polyethylene-propylene/hexene
Eopolymer,
polyethylene-propylene/hexene
polyethylene-propylene/hexene
polyethylene-propylene/hexene
copolymer,

HDPE-polyethylene~LLDPE,

copolymer—ethylene/hexene

copolymer-ethylene/octene

copolymer—-ata-polypropylene,

copolymer-syn~polypropylene,

copolymer-propylene/hexens

copolymer-HDPE,

copoclymer-LLDPE,

copolymer—

copolymer—-ethylene/butene

copolymer-ethylene/hexene

copolymer-ethylene/octene

copolymer—-ata-polypropylene,

copolymer-syn-polypropylene,

copelymer-propylene/butene



25 polyethylene-ethylene/octene copolymer-propylene/hexene 64 copolymer,
polyethylene-ata-polypropylene-HDPE, polyethylene-ata-polypropylene-LLDPE,
polyethylene-ata-polypropylene-ethylene/propylene 5 copolymer,
polyethylene-ata-polypropylene-ethylene/butene copolymer,
polyethylene-ata-polypropylene-ethylene/hexene copolymer, .
polyethylene-ata-polypropylene-ethylene/octene copoly™er,
polyethylene-ata-polypropylene-syn-polypropylene, 10
polyethylene-ata-polypropylene-propylene/butene copolymer,
polyethylene-ata-pélypropylenetpropylenefiexenecopolymey, polyetmypenessyn-polypropylene-HDPE,
polyethylene-syn-polypropylene-LLDPE, polyethylene-syn-polypropylene-ethylene/propylene 15
copolymer, polyethfiRReyhYSoITbp RN IShyIERE/DutEHe Copelyeyme T,

polyethylene-syn-polypropylene-ethylene/hexene copolymer,
polyethylene-syn-%@%%&ﬁ&éﬁ%@%i‘?é?%?@&@h’é%BSO/IK)%‘?PQ copolymer,

Ioutene copolyme DBV RAMET LRSI S Aoy R SRR tRbymar,

polyethylenesoroqybeéﬁ[%lgw% gﬁ99L%/r@eelﬂgegbeg)ggg\ggfefgﬁ%rppylene/butene copolymer-LLDPE,
HDPE-polyethylene-syn-polypropylene,
HDPE-polyethylene-propylene/butene copolymer,
HDPE—polyethylené—propylene/hexene copolymer,
HDPE-LLDPE~ethylene/propylene copolymer,

i0 HDPE-LLDPE-ethylene/butene copolymer,
HDPE-LLDPE-ethylene/hexene copolymer,
HDPE-LLDPE-ethylene/octene copolymer,
HDPEMLLDPEwatahﬁolypropylene,
EDPE-LLDPE-syn-poliypropylene,

15 .HDPE-LLDPE—propylene/butene copclymer,
HDPE-LLDPE-propylene/hexene copolymer,
HDPE—ethylene/propylene copolymer-LLDPE,
HDPE-ethylene/propylene copolymer-ethylene/butene
copolymer,

20 %DPE—ethylene/propylene copolymer-ethylene/hexene
copolymer,

HDPE-~ethylene/propylene copolymer-ethylene/octene
copolymer,
HDPE-ethylene/propylene copolymer-ata-polypropylene,

25 HDPE-~ethylene/propylene copolymer-syn-polypropylene,



polyethylene-propylene/butene copolymer 25 ethylene/propylene copolymer, 65
polyethylene-propylene/butene copolymer-ethylene/butene copolymer, polyethylene-propylene/butene
copolymer-ethylene/hexene copolymer, - 5 polyethylene-propylene/butene copolymer-ethylene/octene
copolymer, polyethylene-propylene/butene copolymer-ata-polypropylene,
polyethylene-propylene/butane copolymer-syn-polypropylene, polyethylene-propylene/butene
copolymer-propylene/hexene 10 copolymer, polyethylegg-propylene/hexene copolymer-HDPE,
polyethylene-propylene/hexene copolymer-LLDPE, polyethylene-propylene/hexene copolymer
ethylene/propylene copolymer, 15 polyethylene-propylene/hexene copolymer-ethylene/butene
copolymer, polyethylene-propylene/hexens copalymesethyl %’B@Eﬁﬂ‘h £OROlMEL,
polyethylene-propylene/hexene copolymer-ethylene/octene 20 copolymer,
polyethylene-propydene/haexane copolymer-ata-polypropylene, polyethylene-propylene/hexene
copolymer-syn-polypropylene,
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25

HDPE~ethylene/propylene copolymer-propylene/hexene

copClymer,

HDPE-ethylene/butene
HDPE-ethylene/butene
copolymer,

HDPE—ethylene/buﬁene
HDPE-ethylene/butene
HDPE~ethylene/butene
HDPE-ethylene/butene
HDPE-ethvylene/butene
HDPE~ethylene/butene
HDPE~ethylene/hexene
HDPE-~ethylene/hexene
copelymer,

HDPE-ethylene/hexene
HDPE-ethylene/hexene
HDPE-ethylene/hexene
%DPE—ethylene/hexene
HDPE~-ethylene/hexene
HDPE-ethylene/hexene
HDPE-ethylene/octene
HDPE-ethylene/octene

copoclymer,

copolymer-LLDPE,

copolymer—ethylene/propylene

copolymer—-ethylene/hexene copolymer,
copolymer—ethylene/octene copolymer,
copolymer—ata~polypropylene,
copolymer-syn-polypropylene,
copolymer-propylene/butene copolymer,
copolymer~propylene/hexene copolymer,
copolymer-LLDPE,

copolymer-ethylene/propylene

copolymer-ethylene/butene copolymer,
copclymer-ethylene/octene copolymer,
copolymer-ata-polypropylene,
copolymer~syn-polypropylene,
copolymer-propylene/butene copolymer,
copolymer-propylene/hexene copolymer,

copolymer-LLDPE,

copolymer-ethylene/propylene



polyethylene-propylene/hexene copolymer-propylene/butene copolymer, 25
HDPE-polyethylene-LLDPE, 66 HDPE-polyethylene-ethylene/propylene copolymer,
HDPE-polyethylene-ethylene/butene copolymer, HDPE-polyethylene-ethylene/hexene copolymer,
HDPE-polyethylene-ethylene/octene copolymer, 5 HDPE-polyethylene-ata-polypropylene,
HDPE-polyethylene-syn-polypropylene, HDPE-polyethylene-propylene/butene copolymer,
HDPE-polyethylene-propylene/hexene copolymer, HDPE-Ef’_%DPE-etherne/properne copolymer, 10
HDPE-LLDPE-ethylene/butene copolymer, HD'E-LLDPE-ethylene/hexene copolymer,
HDPE-LLDPE-ethylene/octene copolymer, HDPE-LLDPE-ata-polypropylene,
HDPE-LLDPE-syn-pbiypropyleré £ 15/MDPEUS DREDFopyiéns/bhtehercopolymer; copolymer,
HDPE-LLDPE-propylene/hexene copolymer, HDPE-ethylene/propylene copolymer-LLDPE,
HDPE-ethylene/profylenie Gopétyitet-cttyisiibGtene  Eaisolyhen Posp PRty nefropylene ,

copolymer-ethylene ne. copolymer,
poly y ﬁg?%tet%Jie%e?octene copolymer-ata-polypropylene,

HDPE-ethylene/occtene copolymer-syn-polypropylene,

5 HDPE-ethylene/octene copolymer-propylene/butene copolymer,
HDOPE-ethylene/octene copolymer-propylene/hexene copolymer,
HDPE~ata-polypropylene-LLDPE,
HDPEuata—polyproéylene~ethylene/propylene COpolymer,
HDPEmata—polypropylene—ethylene/butene‘copolymer,

10 HDPE-ata-polypropylene-ethylene/hexene copolymer,
HDPE-ata-polypropylene-ethylene/octene copolymer,
HDPE-ata-polypropylene-syn-polypropylene,
HDPEwata~polypropylene~propylene/butene copolymer,
HDPE~ata-polypropylene-propylene/hexene copolymer,

15 HDPE-syn-polypropylene-LLDPE,
HDPE-syn-polypropylene-ethylene/propylene copolymer,
HDPE-syn-polypropylene-ethylene/butene copoiymer;
HDPE-syn-polypropylene-ethylene/hexene copolymer,
HDPE-syn-polypropylene-ethylene/octene copolymer,

20 %DPEHsyn—polypropylene—ata~polypropyl@ne,
HDPE-syn-polypropylene-~propylene/butene copolymer,
HDPE~-syn-polypropylene-propylene/hexene copolymer,
HDPE-propylene/butene copolymer-LLDPE,
HDPE-propylene/butene copolymer-ethylene/propylene

25 copolymer,



HDPE-ethylene/propylene copolymer-ethylene/octene copolymer, HDPE-ethylene/propylene
copolymer-ata-polypropylene, 25 HDPE-ethylene/propylene copolymer-syn-polypropylene, 67
HDPE-ethylerie/procylene coPolymer-propylene/butene copolymer, HDPE-ethylene/propylene
copolymer-propylene/hexene copolymer, - 5 HDPE-ethylene/butene copolymer-LLDPE,
HDPE-ethylene/butene copolymer-ethylene/propylene copolymer, HDPE-ethylene/butene
copolymer-ethylene/hexene copolymer, HDPE-ethylend?Butene copolymer-ethylene/octene
copolymer, 10 HDPE-ethylene/butene copolymer-ata-polypropylene, HD'E-ethylene/butene
copolymer-syn-polypropylene, HDPE-ethylene/butene copolymer-propylene/butene copolymer,

HDPE-ethylene/btiteng copolymerpropylenehexens topelymer, bk DRE=ethylenehexene 1 yre r,
copolymer-LLDPE, 15 HDPE-ethylene/hexene copolymer-ethylene/propylene copolymer,

HDPE-ethylene/hEkétie Edpotyrmerethyienalisuteny copolymer t HDREettyteneMexengol yre r |
copolymer-ethylene/octene copolymer, HDPE-ethylene/hexene copolymer-ata-polypropylene, 20

HDPE-ethylene/hEkerte EGpoNmensyrpbfpropyiane]l ymer-ethylene/octene copolymer,
HDPE-propylene/butene copolymer~ata-polypropylene,

5 HDPE-propylene/butene copelymer-syn-polypropylene,
HDPE-propylene/butene copolymer-propylene/hexene
copolymer,

HDPE-propylene/hexene copolymer~LLDPE,
HDPE-propylene/hexene copolymer-ethylene/propylene

10 copolymer,

Hp?E—propylene/hexene copolymer-ethylene/butene copolymer,
HDPE~propylene/hexene copolymer-ethylene/hexene copolymer,
HDPE-propylene/hexene copolymer-ethylene/octene copolymer,
HDPE-propylene/hexene copolymer-ata~polypropylene,

15 HDPE-propylene/hexene capdlymer—synmpolypropylene,
HDPE-propylene/hexene copolymer-propylene/butene
copolymer,

LLDPE-polyethylene~ethylene/propylene copolymer,
LLDPE-polyethylene-ethylene/butene copolymer,

20 %LDPE—polyethylene~ethylene/bexene copolymer,
LLDPE-polyethylene-ethylene/octene copolymer,
LLDPE-polyethylene-ata-polypropylene,
LLDPE~polyethylene-syn-polypropylene,
LLDPE~pclyethylene-propylene/butene copolymer,

25 LLDPE-polyethylene-propylene/hexene copolymer,



HDPE-ethylene/hexene copolymer-propylene/butene copolymer, HDPE-ethylene/hexene
copolymer-propylene/hexene copolymer, HDPE-ethylene/octene copolymer-LLDPE,
HDPE-ethylene/octene copolymer-ethylene/propylene 25 copolymer, 68 HDPE-ethylene/octene
copolymer-ethylene/butene copolymer, HDPE-ethylene/octene copolymer-ethylene/hexene
copolymer, HDPE-ethylene/octene copolymer-ata-polypropylene, HDPE-ethylene/octene
copolymer-syn-polypropylene, 5 HDPE-ethylene/octene & olymer-propylene/butene copolymer,
HDPE-ethylene/octene copolymer-propylene/hexene copolymer, HDPE-ata-polypropylene-LLDPE,
HDPE-ata-polypropylene-ethylene/propylene copolymer, HDPE-ata-polypropylene-ethylene/butene
copolymer, 10 HD%%&?&WGW@H&%HM@@M@@@CWW@L
HD?E-ata-polypropylene-ethylene/octene copolymer, HDPE-ata-polypropylene-syn-polypropylene,
HDPE-ata—polypro%élgﬁgfﬁgﬁ)ﬁéﬁéf%@eﬁ%ec/dﬂé%‘?@f, I4DPEYAtEpolypropylene-propylene/hexene

copolymer, 15 HDPE-syn-polypropylene-LLDPE, HDPE-syn-polypropylene-ethylene/propylene
copolymer, HDP -gy%é]o%%é%y%ﬂ&;ﬁ?%@foﬁ?&% EGPHUlymBE L -

oy polyPropyiSe-2YEeIRELS EPRAVIIL, HRT SyEpopropylene-ethylenefoctene

5 LLDPE-HDPE-ata-polypropylene,
LLDPE~HDPE-syn-polypropylene,
LLDPE-HDPE-propylene/butene copolymer,
LLDPE—HDPE-propyi@ne/hexene copolymer,
LLDPE~ethylene/propylene copolymer—-ethylene/butene

' 10 copolymer,
LPDPE—ethylene/propylene copolymer-ethylene/hexene
copelymer,
LLDPE-ethylene/propylene copolymer—-ethylene/octens
copolymer,

15 LLDPE~ethylene/propylene copolymer-ata-polypropylene,
LLDPE-ethylene/propylene copolymer-syn-polypropylene,
LLDPE—ethyiene/pﬁopylene copolymer-propylene/butene
copolymer,

LLDPEwethylené/propylene copolymer-propylene/hexene

20 fopolymer,

LLDPE-ethylene/butene copolymer-ethylene/propylene
copolymer,

LLDPE-ethylene/butene copolymer-ethylene/hexene copolymer,
- LLDPE-ethylene/butene copolymer~ethylens/octene copolymer,

25 LLDPE-ethvylene/butene copolymer-ata-polypropylene,



20 HDPE-syn-polypropylene-ata-polypropylene, HDPE-syn-polypropylene-propylene/butene
copolymer, HDPE-syn-polypropylene-propylene/hexene copolymer, HDPE-propylene/butene
copolymer-LLDPE, HDPE-propylene/butene copolymer-ethylene/propylene 25 copolymer, 69
HDPE-propylene/butene copolymer-ethylene/butene copolymer, HDPE-propylene/butene
copolymer-ethylene/hexene copolymer, HDPE-propylene/butene copolymer-ethylene/octene
copolymer, HDPE-propylene/butene copolymer-ata-pol p1ropylene, 5 HDPE-propylene/butene
copolymer-syn-polypropylene, HDPE-propylene/butene copolymer-propylene/hexene copolymer,
HDPE-propylene/hexene copolymer-LLDPE, HDPE-propylene/hexene copolymer-ethylene/propylene
10 copolymer, HOPEptoylehelieenercspolyrrercethylensbatenecdpatymery Lene,

HDPE-propylene/hexene copoIﬁmer-ethylene/hexene copolymer, HDPE-propylene/hexene

copolymer-ethylef&/detens dop

R/fert HiSPE-srepyléemexeieeodclymebataepalypropylene, 15

HDPE-properne/ngeqe copolymer-syn-polypropylene, HDPE-propylene/hexene
copolymer-propylengﬁ)ufénﬁ%r topolymer, LLDPE-polyethylene-ethylene/propylene copolymer,
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LLDPE-ethylene/butene
copolymer,
LLDPE~ethylene/hexene
copolymer,
LLDPE—ethylene/héxene

LLDPE-ethylene/hexene

LLDPE-ethylene/hexene

L%pPEﬁethylene/hexene
LLDPE~ethylene/hexene
copolymer,

LLDPE-ethylene/hexene
copolymer,

LLDPE~ethylene/octene
copolymer,

LLDPE-ethylene/octene
LLDPE-ethylene/octene
%FDPEMethylene/0ctene
LLDPE~ethylene/octene
LLDPE-ethylene/octene
copolymer,

LLDPE-ethylene/cctene

copolymer,

copolymer-propylene hexense
copolymer-ethylene/propylene

copolymer—~ethylene/butene copolymer,
copolymer~ethylene/octene copolymer,
copolymer-ata-polypropylene,
copolymer—syn*polypropylene,

copolymer-propylene butene
copolymer~propylene hexene
copolymer-ethylene/propylene
copolymer-ethylene/butene copolymer,
copolymer-ethylene/hexene copolymer,
copolymer-ata-polypropylene,
copolymer-syn-polypropylene,

copolymer-propylene butene

copolymer-propylene hexens



LLDPE-polyethylene-ethylene/butene copolymer, 20 LLDPE-polyethylene-ethylene/hexene
copolymer, LLDPE-polyethylene-ethylene/octene copolymer, LLDPE-polyethylene-ata-polypropylene,
LLDPE-polyethylene-syn-polypropylene, LLDPE-polyethylene-propylene/butene copolymer, 25
LLDPE-polyethylene-propylene/hexene copolymer, 70 LLDPE-HDPE-ethylene/propylene copolymer,
LLDPE-HDPE-ethylene/butene copolymer, LLDPE-HDPE-ethylene/hexene copolymer,
LLDPE-HDPE-ethylene/octene copolymer, 5 LLDPE-HDPE-ata-polypropylene,
LLDPE-HDPE-syn-polypropylene, LLDPE-HDPE-propylene/butene copolymer,
LLDPE-HDPE-propylene/hexene copolymer, LLDPE-ethylene/propylene copolymer-ethylene/butene
10 copolymer, LL[E%@-%@TM@%&]%@%WW@(t&M%@ A& leopolyiner lymer,
LLDPE-ethylene/propylene copolymer-ethylene/octene copolymer, 15 LLDPE-ethylene/propylene

copolymer-ata-poly3ropyien&? 1L DRSS 0BT iehe CopORMIEH Sy nSHEI draBs ene,

L DRty e e O R YN IRS 1 enc /hexene copolymer,

LLDPE-ata-~polypropylene~ethylene/octene copolymer,
5 LLDPE-ata-polypropylene-syn-polypropylene,

LLDPE~-ata-polypropylene~propylene butene copolymer,

LLDPE-ata-pelypropylene-propylene hexene copolymer,

LLDPE~syn—polyprépylenemethylene/propylene copolymer,

LLDPE-syn—-polypropylene-ethylene/butene copolymer,
10 LLDPE-syn-polypropylene-ethylene/hexene copolymer,

L%pPEmsyn—polyproﬁylene-ethylene/octene copolymer,

LLDPE-syn-polypropylene-ata-polypropylene,

LLDPE-syn-peclypropylene~propylene butene copolymer,

LLDPE—Syn~polypropylene~propylene nexene copolymer,
15 LLbPEwprOpylene/butene copolymer-ethylene/propylene

copolymer,

LLDPEwpropylene/butene copolymer-ethylene/butene

copolymer,

LLDPE-propylene/butene copolymer-~ethylene/hexene
.20  copolymer,

N

LLDPE-propylene/butene copclymer-ethylene/octene

copolymer,

LLDPE-propylene/butene copolymer-ata-~polypropylene,

LLDPE-propylene/butene copolymer-syn-polypropylene,

25 LLDPE-propylene/butene copclymer-propylene hexene



copolymer, LLDPE-ethylene/propylene copolymer-propylene/hexene 20 copolymer,
LLDPE-ethylene/butene copolymer-ethylene/propylene copolymer, LLDPE-ethylene/butene
copolymer-ethylene/hexene copolymer, LLDPE-ethylene/butene copolymer-ethylene/octene
copolymer, 25 LLDPE-ethylene/butene copolymer-ata-polypropylene, 71 LLDPE-ethylene/butene
copolymer-syn-polypropylene, LLDPE-ethylene/butene copolymer-propylene butene copolymer,
LLDPE-ethylene/butene copolymer-propylene hexene 5#&dpolymer, LLDPE-ethylene/hexene
copolymer-ethylene/propylene copolymer, LLDPE-ethylene/hexene copolymer-ethylene /but ene
copolymer, LLDPE-ethylene/hexene copolymer-ethylene/octene copolymer, 10
LLDPE-ethylene/hexené gopalymer-ata-polypropylene, LLDPE-ethylene/hexene
copolymer-syn-polypropylene, LLDPE-ethylene/hexene copolymer-propylene butene copolymer,
LLDPE-ethylene/hekéhé copolymespropyderte: kexanes 15rcopokyhier L kB P Erethyleartoctene
copolymer-ethylene/propylene

copolymer,

LLDPE-propylene/hexene copolymer—ethylene/butene

5 copolymer,

LLDPE~propylene/hexene copolymer—ethylene/hexens

copolymer,

LLDPE-propylene/hexene copolymer-ethylene/octene

copolymer,

10  LLDPE-propylene/hexene copolymer-ata-polypropylene,
LLDPE-propylene/hexene copolymer-syn-polypropylene,
LLDPE-propylene/hexene copolymer-propylene butene
copolymer,
ethylene/butene copo1ymer-po1yethyienemethylene/hexene

15  copolymer,
ethylene/butene copolymer-polyethylene~ethylene/octene
copolymer,
ethylene/butene copolymer-polyethylene~ata-polypropylene,
ethylene/butene copolymer-polyethylene~syn-polypropylene,

20 ethylene/butene copolymer-polyethylene-propylene/butene
LY
copolymer,
ethylene/butense copolymerwpoly@thylene—propylene/héxene
copolymer,

ethylene/butene copolymer-HDPE-ethylene/hexene copolymer,

25 ethylene/butene copolymer-HDPE-ethylene/octene copolymer,



copolymer, LLDPE-ethylene/octerie copolymer-ethylene/butene copolymer, LLDPE-ethylene/octene
copolymer-ethylene/hexene copolymer, 20 LLDPE-ethylene/octene copolymer-ata-polypropylene,
LLDPE-ethylene/octene copolymer-syn-polypropylene, LLDPE-ethylene/octene copolymer-propylene
butene copolymer, LLDPE-ethylene/octene copolymer-propylene hexene 25 copolymer, 72
LLDPE-ata-polypropylene-ethylene/propylene copolymer, LLDPE-ata-polypropylene-ethylene/butene
copolymer, LLDPE-ata—polypropylene-ethylene/hexene?:‘&)polymer,
LLDPE-ata-polypropylene-ethylene/octene copolymer, 5 LLDPE-ata-polypropylene-syn-polypropylene,
LLDPE-ata-polypropylene-propylene butene copolymer, LLDPE-ata-polypropylene-propylene hexene

copolymer, LLDPELSyh-polgpiopyiene-ethylehglpropylBRE eapalymet ypropylene,
LLDPE-syn-polypropylene-ethylene/butene copolymer, 10 LLDPE-syn-polypropylene-ethylene/hexene

copolymer, LLDPE:SyhLEsIgpropyiite-sthylehelutierid Edpolymer ol ypropylene,
LLDPE-syn-polypropylene-ata-polypropylene, LLDPE-syn-polypropylene-propylene butene
copolymer, LLDP‘Eﬁ%%‘l%ﬁ)\b’&%ﬁ%-ﬁﬁﬁﬂéﬁ@%ﬁﬁ@%ﬁﬁé"l?ﬁﬁé%,%lﬁl@@PEfmogﬂenéfbmmne

COpdymethwe@%gg%g%gﬁkutene copolymer~HDPE~-propylene/hexene copolymer,
5 ethylene/butene copolymer-LLDPE-ethylene/hexene copolymer,
ethylene/butene copolymer-LLDPE~ethylene/octene copolymer,
ethylene/butene copolymer-LLDPEfata—polypropylene,
ethyleﬁe/butene copolymer-LLDPE~syn-polypropylene,
ethylene/butene copolymer-LLDPE-propylene/butene
10 copolymer,
ethylene/butene copolymer-LLDPE-propylene/hexene
copolymer,
ethylene/butene copclymer-ethylene/propylene copolymer-
ethylene/hexene copolymer, |
15  ethylene/butene copolymerwethyiene/propylene copolymer-
ethylene/octene copolymer, |
ethylene/butene copolymer-ethylene/propylene copolymer-—
ata-poliypropylene,
ethylene/butene copolymer-ethylene/propylene copolymer-
20 syn-polypropylene,
ethylene/butene copolymer-ethylene/propylene copolymer-
propylene/butene copolymer,
ethylene/butene copolymer-ethylene/propylene copolymer-
propylene/hexene copolymer,

25 ethylene/butene copolymer-ethylene/hexene copolymer-



copolymer, LLDPE-propylene/butene copolymer-ethylene/butene copolymer,
LLDPE-propylene/butene copolymer-ethylene/hexene 20 copolymer, LLDPE-propylene/butene
copolymer-ethylene/octene copolymer, LLDPE-propylene/butene copolymer-ata-polypropylene,
LLDPE-propylene/butene copolymer-syn-polypropylene, 25 LLDPE-propylene/butene
copolymer-propylene hexene 73 copolymer, LLDPE-pz ylene/hexene copolymer-ethylene/propylene

copolymer, LLDPE-propylene/hexene copolymer-ethyl

e/butene 5 copolymer,

LLDPE-propylene/hexene copolymer-ethylene/hexene copolymer, LLDPE-propylene/hexene
copolymer-ethylene/octene copolymer, 10 LLDPE-propylene/hexene copolymer-ata-polypropylene,

LLDPE-propyleféMéx&Reé

copolymer-propylene butene copolymer, ethylene/butene copol
poly P pgthylene butgng copolgmer—ethylegé/

10

15

20

25

poelypropylene,
ethylene/butene

polypropylene,

~ethylene/butene

hBr-sypoNBfopylene, LLDPE-propylene/hexene

¥]mer-polyethylene-ethylene/hexene
exene copolymer-ata-

copolymer-ethylene/hexene copolymer-syn-

copolymer-ethylene/hexene copolymer-

propylene/butene. copolymer,

ethylene/butene

copolymer-ethylene/hexene copolymer-—

propylene/hexene copolymer,

ethylene/butene

ethylene/hexene

ethylene/butene
polypropylene,
ethylene/butene
polypropylene,

ethylene/butene

copolymer~ethylene/octene copolymer—
copolymer,
copolymer-ethylene/octene copelymer-ata-—

copolymer—ethylene/octene copolymer-syn-

copolymer-ethylene/octene copolymer-

propylene/butene copolymer,

ethylene/butene

copolymer-ethylene/octene copolymer-

propylene/hexene copolymer,

gﬁhylene/butene
ethylene/hexene
ethylene/butene
ethylene/octene
ethylene/butene

polypropylene,

copolymer-ata-polypropylene~
copolymer,
copolymer—-ata-polypropylene-
copolymer, ;

copolymer-ata-polypropylene-syn-



15 copolymer, ethylene/butene copolymer-polyethylene-ethylene/octene copolymer, ethylene/butene
copolymer-polyethylene-ata-polypropylene, ethylene/butene
copolymer-polyethylene-syn-polypropylene, 20 ethylene/butene
copolymer-polyethylene-propylene/butene copolymer, ethylene/butene
copolymer-polyethylene-propylene/hexene copolymer, ethylene/butene
copolymer-HDPE-ethylene/hexene copolymer, 25 ethylene/Butene copolymer-HDPE-ethylene/octene

copolymer, 74 ethylene/butene copolymer-HDPE-ata-polypropylene, ethylene/butene
copolymer-HDPE-syn-polypropylene, ethylene/butene copolymer-HDPE-propylene/butene copolymer,

ethylene/butene copélyelHBPExpropylenethexene copalymen, 15 ethylenedutene
copolymer-LLDPE-ethylene/hexene copolymer, ethylene/butene copolymer-LLDPE-ethylene/octene

copolymer, ethyleneBiitetié eppdlynietide DRE-alaspelypropylene, ethylene/butene

copolymer-LLDPE-syn-polypropylene, ethylene/butene copolymer-LLDPE-propylene/butene 10
copolymer, ethylene%ﬁ%)éhéeﬁﬁdy&%@ﬂELEPE%rﬂB?PénéH%XEﬁé YEgpoimen ethylene/butene

copolymer-ethylene/propylene copolymer-
poly y Bré%&lene hggene copolymer,

5 ethylene/butene copolymer-syn-polypropylene~

ethylene/hexene copolymer,
ethylene/butene copolymer-syn-polypropylene-
ethylene/octene copolymer,
ethylene/butene copolymer-syn-polypropylene-ata-

10 polypropylene,
eghylene/buéene COpblymer—synupolypropylene*
propylene/butene copolymer,
ethylene/butene copolymer-syn—-polypropylene-
_propylene/hexene copolymer,

15 ethylene/butehe copolymer-propylene/butene copolymer-
ethylene/hexene copolymer,
ethylene/butene copolymer-propylene/butene copolymer-
ethylene/octene copolymer,
ethylene/butene copolymer-propylene/butene copolymer-ata-—

20 eolypropylene, |
ethylene/butene copolymer-propylene/butene copolymer-syn-
polypropylene,
ethyiene/butene copolymer-propylene/butene copolymer-
propylene/hexene copolymer,

25 ethylene/butene copolymer-propylene/hexene copolymer-



ethylene/hexene copolymer, 15 ethylene/butene copolymer-ethylene/propylene copolymer-
ethylene/octene copolymer, ethylene/butene copolymer-ethylene/propylene copolymer-
ate-polypropylene, ethylene/butene copolymer-ethylene/propylene copolymer- 20 syn-polypropylene,
ethylene/butene copolymer-ethylene/propylene copolymer- propylene/butene copolymer,
ethylene/butene copolymer-ethylene/propylene copolymer- propylene/hexene copolymer, 25
ethylene/butene copolymer-ethylene/hexene copolymer 74 ethylene/octene copolymer,
ethylene/butene copolymer-ethylene/hexene copolymer-ata- polypropylene, ethylene/butene
copolymer-ethylene/hexene copolymer-syn- 5 polypropylene, ethylene/butene
copolymer-ethyleneftiexére edpelymes- prapylepefiitene.copolymer, ethylene/butene
copolymer-ethylene/hexene copolymer- propylene/hexene copolymer, 10 ethylene/butene
copolymer-ethyleneldelee cofiolimer etiwlerathexermercgpolymer, lethdere/buteneyme r -

copolymer-ethylene/octene copolymer-ata-
ethylene/octene copolymer,

10

15

20

25

ethylene/butene

polypropylene,

copolymer-propylene/hexene copolymer~ata-—

ethylene/butene copolymer-propylene/hexene copolymer—-syn-

polypropylene,

ethylene/butene

copolymer-propylene/hexene copolymer-

propylene/butene copolymer,

ethylene/hexene
copolymer,

ethylene/bexené
ethylene/hexene
ethylene/hexene
copolymer,

ethylene/hexene
copolymer,

ethylene/hexene
§thylene/hexene
ethylene/hexene
ethylene/hexene
ethylene/hexene
ethylene/hexene

ethylene/hexene

copolymer-polyethylene-ethylene/octene

copolymer-polyethylene-ata-polypropylene,
copolymer—polyethylene“syn—polypropylene;

copelymer-polyethylene~propylene/butene
copolymer-polyethylene~-propylene/hexene

copolymer-HDPE-ethylene/octene copolymer,
copolymer-HDPE~ata-polypropylene,
copolymer-HDPE-syn~polypropylene,
copolymer-HDPE~propylene/butene copolymer,
copelymer-HDPE-propylene/hexene copolymer,
copelymer-LLDPE-ethylene/octene copolymer,

copolymer-LLDPE~ata-polypropylene,



polypropylene, ethylene/butene copolymer-ethylene/octene copolymer-syn- 15 polypropylene,
ethylene/butene copolymer-ethylene/octene copolymer- propylene/butene copolymer, ethylene/butene
copolymei-ethylene/octene copolymer- propylene/hexene copolymer, 20 ethylene/butene
copolymer-ata-polypropylene- ethylene/hexene copolymer, ethylene/butene
copolymer-ata-polypropylene- ethylene/octene copolymer, ethylene/butene
copolymer-ata-polypropylene-syn- 25 polypropylene, 76 ethylene/butene
copolymer-ata-polypropylene- propylene/butene copolymer, ethylene/butene

copolymer-ata-polypropylene; propylene/hexene copalymer, 5 ethylene/butene
copolymer-syn-po%/%%%%ﬁgneé/-}%tﬁy@ﬁe%@%ﬁé’rﬁ%%@ :gé“tWFéﬁB}fb]tﬁt’é}r’Té’leen@r

copoymer-aym PO By eng A S S ASRE. SHmenatEAa 6RO HHE25m-polypropylene-
copolymer,
ethylene/hexene copolymer~LLDPE~propylene/hexene
5 copolymer,

ethylene/hexene copolymer-ethylene/propylene copolymer-
ethylene/octene copolymer,
ethylene/hexene copolymer—ethylene/propylene copolymer—
ata—polypropylene,

10  ethylene/hexene copelymer-ethylene/propylene copolymer—
syn-polypropylene,
ethylene/hexene copolymer-ethylene/propylene copolymer—
propylene/butene copolymer,
ethylene/hexene copeclymer-ethylene/propylene copolymer-

156 propylene/hexene copolymer,
ethylene/hexene copolymer-ethylene/butene copolymer-
ethylene/octene copolymer,
ethylene/hexene copolymer-ethylene/butene copoclymer-ata-
polypropylene,

20 ethylene/hexene copolymer-ethylene/butene copolymer-syn-
polypropylene,
ethylene/hexene copolymer—ethylene/butené copolymer-
propylene/butene copolymer,

ethylene/hexene copolymer-ethylene/butene copolymer-

25 propylene/hexene copolymer,



propylene/butene copolymer, ethylene/butene copolymer-syn-polypropylene- propylene/hexene
copolymer, 15 ethylene/butene copolymer-propylene/butene copolymer- ethylene/hexene copolymer,
ethylene/butene copolymer-propylene/butene copolymer- ethylene/octene copolymer, ethylene/butene
copolymer-propylene/butene copolymer-ata- 20 polypropylene, ethylene/butene
copolymer-propylene/butene copolymer-syn- polypropylene, ethylene/butene
copolymer-propylene/butene copolymer- propylene’hexene €8polymer, 25 ethylene/butene
copolymer-propylene/hexene copolymer 77 ethylene/hexene copolymer, ethylene/butene
copolymer-propylene/hexene copolymer- ethylene/octene copolymer, ethylene/butene
copolymer-propyleneftiéxeheeopblyrmeratach polypeopylare, bthylenefbuienecopol ymer-at a-
copolymer-propylene/hexene copolymer-syn- polypropylene, ethylene/butene
copolymer-propylene‘i"r‘?&%ﬁ%é%}éé@%- propylene/butene copolymer, 10

ethylene/hexene copolymer-ethylene/octene copolymer-syn-
polypropylene,
5 ethylene/hexene copolymer-ethylene/octene copolymer—

propylene/butene copolymer,
ethylene/hexene copolymer-ethylene/octene copolymer-
propylene/bexene‘copoiymer,
ethylene/hexene copolymer-ata-polypropylene-—

10 ethylene/octéne copolymer,
erylene/hexene éopelymerhata—polypropylenewsyn~
polypropylene,
ethylene/hexene copolymer-ata-polypropylene-
propylene/butene copolymer,

16 ethylene/hexene copolymerféta“polypropylene~
propylene/hexene copolymer,
ethylene/hexene copolymer-syn-polypropylene-
ethylene/octene copolymer,
ethylene/hexene copolymer-syn~polypropylene-ata~

20 Qolypropylene,
ethyléne/hexene copolymer-syn-polypropylene-
propylene/butene copolymer,
ethylene/hexene copolymer-syn-polypropylene~
propylene/hexene copolymer,

25 ethylene/hexene copolymer-polypropylene/butene copolymer-



ethylene/hexene copolymer-polyethylene-ethylene/octene copolymer, ethylene/hexene
copolymer-polyethylene-ata-polypropylene, ethylene/hexene
copolymer-polyethylene-syn-polypropylene, 15 ethylene/hexene
copolymer-polyethylene-propylene/butene copolymer, ethylene/hexene
copolymer-polyethylene-propylene/hexene copolymer, ethylene/hexene
copolymer-HDPE-ethylene/octene copolymer, 20 ethy%e/hexene
copolymer-HDPE-ata-polypropylene, ethylene/hexene copolymer-HDPE-syn-polypropylene,
ethylene/hexene copolymer-HDPE-propylene/butene copolymer, ethylene/hexene
copolymer-HDPE{prapyerne/hexenecopatymemneathylene/hexene copolymer-LLDPE-ethylene/octene
copolymer, 25 ethylene/hexene copolymer-LLDPE-ata-polypropylene, 78 ethylene/hexene
copolymer-LLDPE-BYA-pof/HisHtsrfe, cethylbnaexene Xppolyerie DRE-prepylereiiutens -

copolymer, ethylene/hexene copolymer-LLDPE-propylene/hexene 5 copolymer, ethylene/hexene
copolymer-ethylEhélprIpYIBHEEopoRitfer- ethylene/octene copolymer, ethylene/hexene

copolymer-ethylene/propylene copolymer- ata-polypropylene,
poly yef%?&é?é}kex né/copolygegPpJ?;propylene/butene copolymer-

5 syn-pclypropylene,

ethylene/hexene copolymer-polypropylene/butene copolymer-
propylene/hexene.copolymer,
ethylene/hexene cépolymermpolypropylene/hexene copolymer-—
ethylene/octene copolymer,

10  ethylene/hexene copolymer-polypropylene/hexene copolymer-
apa~polypropylene, |
ethylene/hexene copolymer-polypropylene/hexene copolymer-
syn-polypropylene, |
ethylene/hexene copolymermpolyprOpylene/hexene copolymer-

16 propylene/butene copolymer,
ethylene/octene copolymer-polyethylene-ata-polypropylene,
ethylene/octene copolymer—polyethylehe~syn—polypropylene,
ethylene/octene copolymer-polyethylene-propylene/butene
copolymer, |

20 thylene/octene copolymermpqlyethylene~propylene/hexene
copcelymer, .
ethylene/octene copolymermHDPE—ata~polypnopyiene,
ethylene/occtene copolymer-HDPE-syn-polypropylene,
ethylene/octene copolymer-HDPE-propylene/butene copolymer,

25 ethylene/octene copolymer-HDPE-propylene/hexene copolymer,



10 ethylene/hexene copolymer-ethylene/propylene copolymer- syD-polypropylene, ethylene/hexene
copolymer-ethylene/propylene copolymer- propylene/butene copolymer, ethylene/hexene
copolymer-ethylene/propylene copolymer- 15 propylene/hexene copolymer, ethylene/hexene
copolymer-ethylene/butene copolymer- ethylene/octene copolymer, ethylene/hexene
copolymer-ethylene/butene copolymer-ata- polypropylene, 20 ethylene/hexene
copolymer-ethylene/butene copolymer-syn- polypropyle8d, ethylene/hexene
copolymer-ethylene/butene copolymer- propylene/butene copolymer, ethylene/hexene
copolymer-ethylene/butene copolymer- 25 propylene/hexene copolymer, 79 ethylene/hexene

copolymer-ethylere/bgtenecopolymes-atappdlypropylenepethylenefexepeopy lene,
copolymer-ethylene/octene copolymer-syn- polypropylene, 5 ethylene/hexene
copolymer-ethylefé/orterecopolyaer- prapylenethutbhé eBpelymepcdthpleneibxese
copolymer-ethylene/octene copolymer- propylene/hexene copolymer,
ethylene/octene copolymer~LLDPE-propylene/butene
copolymer,
&5 ethylene/octene copolymer-LLDPE~propylene/hexene
copoclymer,
ethylene/octene copolymer-ethylene/propylene copolymer-
ata—polypropylené,
ethylene/octene copolymer-ethylene/propylene copolymer-
10  syn-polypropylene,
eﬁhylene/octene copoelymer—~ethylene/propylene copolymer-
propylene/butene copolymer,
ethylene/octene copolymer-ethylene/propylene copolymer—
propylene/hexene copolymer,
15 ethylene/octene copolymer-ethylene/butene copolymer-ata-~
polypropylene,
~ethylene/octene copolymer-ethylene/butene copolymer-syn-
polypropylens,
ethylene/octene copolymer-ethylene/butene copolymer-
20 Qropylene/butene copolymer,
ethylene/octene copolymer-ethylene/butene copolymer-
propylene/hexene copolymer,
ethylene/occtene copolymer-ethylene/hexene copolymer-ata-

polypropylene,

25 ethylene/octene copolymer-ethylene/hexene copolymer-syn—



ethylene/hexene copolymer-ata-polypropylene- 10 ethylene/octene copolymer, ethylene/hexene
copolymer-ata-polypropylene-syn- polypropylene, ethylene/hexene copolymer-ata-polypropylene-
propylene/butene copolymer, 15 ethylene/hexene copolymer-ata-polypropylene- propylene/hexene
copolymer, ethylene/hexene copolymer-syn-polypropylene- ethylene/octene copolymer,
ethylene/hexene copolymer-syn-polypropylene-ata- 20 polypropylene, ethylene/hexene
copolymer-syn-polypropylene- propylene/butene copolymeig gthylene/hexene
copolymer-syn-polypropylene- propylene/hexene copolymer, 25 ethylene/hexene
copolymer-polypropylene/butene copolymer 80 ethylene/octene copolymer, ethylene/hexene

copolymer-polypropy. f@gg@,ggggymer- ata-polypropylene, ethylene/hexene
copolymer-polypropylene/butené copolymer- 5 syn-polypropylene, ethylene/hexene

copolymer-polypropylene/auteae sepelymerpropylenshexene SOROWMEL e copolyme -

propylene/butene copolymer,

ethylene/octene copolymer-ethylene/hexene copolymer—
5 propylene/hexene cépolymer,

ethylene/octene copolymer-ata-polypropylene-syn-

rolypropylene,

ethylene/octene éopolymer—ata—polypropyiene—

propylene/butene copolymer,

10 ethylene/octene copolymer-ata-polypropylene-
propylene/hexene copolymer,
ethylene/octene copolymer-syn-polypropylene-ata-
polypropylene,
ethylene/octene copolymer-syn-polypropylene-

16 propylene/butene copolymer,
ethylene/octene copolymer-syn-polypropylene-
propylene/hexene copolymer,
ethylene/octene copolymer-propylene/butene copolymermata—
polypropylene,

ZQ %thylene/octene copolymer-propylene/butene copolymer-syn-
polypropylene, |
ethylene/octene copolymer-propylene/butene copolymer—
propylene/hexene copolymer,
ethylene/octene copolymer-propylene/hexene copolymer-ata-

25 polypropylene,



ethylene/hexene copolymer-polypropylene/hexene copolymer- ethylene/octene copolymer, 10
ethylene/hexene copolymer-polypropylene/hexene copolymer- ata-polypropylene, ethylene/hexene
copolymer-polypropylene/hexene copolymer- syn-polypropylene, ethylene/hexene
copolymer-polypropylene/hexene copolymer- 15 propylene/butene copolymer, ethylene/octene
copolymer-polyethylene-ata-polypropylene, ethylene/octene
copolymer-polyethylene-syn-polypropylene, ethylene/détene
copolymer-polyethylene-propylene/butene copolymer, 20 ethylene/octene
copolymer-polyethylene-propylene/hexene copolymer, ethylene/octene
copolymer-HDPE-atapelypropytene: ethylenefocienereqpplymerHBREsyn-palypiopylene, , -
ethylene/octene copolymer-HDPE-propylene/butene copolymer, 25 ethylene/octene

copolymer-HDP Eptofiyiarie/iexene copolymer, 81 ethylene/octene
copolymer-LLDPE-ata-polypropylene, ethylene/octene copolymer-LLDPE-syn-polypropylene,

ethylene/octene 8opoly e EDPEpropyisherbitens reopolyener/ Basthylenelopteheme r -

copolymer-LLDPE-propillene/hexene copolymer,
propylene/butene copolymer,

5
ata—polypropylene—polyethylene—synwpolypropylene,
ata-polypropylene-polyethylene-propylene/butene copolymer,
ata~polypropylenémpolyethylene—propylene/hexene copolymer,
ata-polypropylene-HDPE-syn~polyprepylene,

10  ata-polypropylene~HDPE-propylene/butene copolymer,
atg-polypropylene-HDPE-propylene/hexene copolymer,
ata-polypropylene-ethylene/octene copolymer—-syn-
polypropylene,
ata—polypropyleneéethylene/octene copolymer-

15 propylene/butene copolymer,
ata-polypropylene-ethylene/octene copolymer-
propylene/hexene copolymer,
ata-polypropylene~ethylene/propylene copolymer-syn-
polypropylene,

20 Qtaupolypropylene—ethylene/propylene copolymer-
propylene/butene copolymer,
ata-polypropylene-ethylene/propylene copolymer-
propylene/hexene copolymer,
ata-polypropylene-ethylene/butene copolymer-syn-

25 polypropylene,



ethylene/octene copolymer-ethylene/propylene copolymer- ata-polypropylene, ethylene/octene
copolymer-ethylene/propylene copolymer- 10 syn-polypropylene, ethylene/octene
copolymer-ethylene/propylene copolymer- propylene/butene copolymer, ethylene/octene
copolymer-ethylene/propylene copolymer- propylene/hexene copolymer, 15 ethylene/octene
copolymer-ethylene/butene copolymer-ata- polypropylene, ethylene/octene
copolymer-ethylene/butene copolymer-syn- polypropylen&dethylene/octene
‘copolymer-ethylene/butene copolymer- 20 propylene/butene copolymer, ethylene/octene
copolymer-ethylene/butene copolymer- propylene/hexene copolymer, ethylene/octene

copolymer-ethylene/hexenel ¢epalymeEata- polyprepyens, 25-ethylepeliogtene

copolymer-ethylene/hexene copolymer-syn 82 polypropylene, ethylene/octene
copolymer-ethyleng/hexerie=ceptlyrer<propylenethutene copolymer, ethylene/octene

copolymer-ethylene/hexene copolymer- 5 propylene/hexene copolymer,
ata-polypropylene-ethylene/butene copolymer-
propylene/hexene copolymer,

5 ata-polypropylene-ethylene/hexene copolymer-syn-
polypropylene,.
ata-polypropylene-ethylene/hexene copolymer-—
propylene/buten@.copolymer,
ata-polypropylene-ethylene/hexene copolymer-

10 propylene/hexene copolymer,
ata-polypropylene-ethylene/octene copolymer~syn-
polypropylene,
ata-polypropylene-ethylene/octene copolymer-
propylene/butene copolymer,

15 ata-polyprqpylenemethylene/octene copolymer—-
propylene/hexene copolymer,
ata-polypropylene-syn-polypropylene-propylene/butene
copolymer, '
ata-polypropylene~syn-polypropylene-propylene/hexene

20 copolymer,
ata-polypropylene-propylene/butene copolymer-syn-
polypropylene,
ata-polypropylene-propylene/butene copolymer-
propylene/hexene copolymer,

25 ata-polypropylene-propylene/hexene copolymer-syn-



ethylene/octene copolymer-ata-polypropylene-syn- polypropylene, ethylene/octene
copolymer-ata-polypropylene- propylene/butene copolymer, 10 ethylene/octene
copolymer-ata-polypropylene- propylene/hexene copolymer, ethylene/octene
copolymer-syn-polypropylene-ata- polypropylene, ethylene/octene copolymer-syn-polypropylene- 15
propylene/butene copolymer, ethylene/octene copolymer-syn-polypropylene- propylene/hexene
copolymer, ethylene/octene copolyme\r-propylene/bute@r’é copolymer-ata- polypropylene, 20
ethylene/octene copolymer-propylene/butene copolymer-syn- polypropylene, ethylene/octene
copolymer-propylene/butene copolymer- propylene/hexene copolymer, ethylene/octene
copolymer-propyleaethexere copolymer-ata- 25 polypropylene, 83 ethylene/octene
copolymer-propylene/hexene copolymer-syn- polypropylene, ethylene/octene
copolymer-propyleaeihexgne eppdlgmeropropyleneh{iterrecepatymed, yme r -

propylene/butene copolymer,
syn-polypropylene-polyethylene-propylene/butehe copolymer,
5 syn-polypropylene-polyethylene-propylene/hexene copolymer,
syn-polypropylene~HDPE-propylene/butene copolymer,
syn~polypropylenemHDPE—propylene/hexene copolymer,
syn—polypropylené—LLDPE—propylene/butene copolymer,
syn-polypropylene-LLDPE-propylene/hexene copolymer,

10 syn-polypropylene-ethylene/propylene copolymer-
propylene/butene copolymer, |
syn-polypropylene-ethylene/propylene copolymer-—
propylene/hexene copolymer,
syn-polypropylene-ethylene/butene copolymer-

15 propylene/buteﬁe copolymer,
syn-polypropylene-ethylene/butene copolymer-
propylene/hexene copolymer,
syn-polypropylene-ethylene/hexene copolymer-
propylene/butene copolymer,

20 iyn—polypropylenewethylene/hexene copolymer—
propylene/hexene copolymer,
syn-polypropylene-ethylene/cctene copolymer-—
propylene/butene copolymer,
syn-polypropylene-ethylene/octene copolymer-—

25 propylene/hexene copolymer,



5 ata-polypropylene-polyethylene-syn-polypropylene,
ata-polypropylene-polyethylene-propylene/butene copolymer, ata-polypropylene
-polyethylene-propylene/hexene copolymer, ata-polypropylene-HDPE-syn-polypropylene, 10
ata-polypropylene-HDPE-propylene/butene copolymer, ata-polypropylene-HDPE-propylene/hexene
copolymer, ata-polypropylene-ethylene/octene copolymer-syn- polypropylene,
ata-polypropylene-ethylene/octene copolymer- 15 propyl&6e/butene copolymer,
ata-polypropylene-ethylene/octene copolymer- propylene/hexene copolymer,
ata-polypropylene-ethylene/propylene copolymer-syn- polypropylene, 20

ata-polypropylene-gthylene/piopylene-copolymer propylens/butene copalymele /hut ene

ata-polypropylene-ethylene/propylene copolymer- propylene/hexene copolymer,
ata-polypropylene-etinidanedbutene copolymer-syn- 25 polypropylene, 84
ata-polypropylene-ethylene/butene copolymer- propylene/butene copolymer,
ata-polypropylene-etmytenrd/putenp copolymera-polypropylene~propylene /hexene

copolymer,

5 syn-polypropylene-propylene/butene copolymer-
propylene/hexene copolymer,
syn-polypropylene-propylene/hexene copolymer-
propylene/butene copolymer,
propylene/butene copolymer»polyethylene—propylene/hexene

10  copolymer,
preopylene/butene copolymer-HDPE-propylene/hexene
copolymer, |
propylene/butene copolymer-LLDPE-propylene/hexene
copolymer,
15 propylene/butene copolymer-ethylene/propylene copolymer-
propylene/hexene copoclymer,
propylene/butene copolymer-ethylene/butene copolymer-—
propylene/hexene copolymer,
propylene/butene copolymer-ethylene/hexene copolymer- .
20 propylene/hexene copolymer,
'propylene/butene copelymer-ethylene/octene copolymer-
propylene/hexene copolymer,
propylene/butene copolymer-ata-polypropylene-
propylene/hexene copolymer, and

25 propylene/butene copolymer-syn-polypropylene-



propylene/hexene copolymer, 5 ata-polypropylene-ethylene/hexene copolymer-syn- polypropylene,
ata-polypropylene-ethylene/hexene copolymer- propylene/butene copolymer,
ata-polypropylene-ethylene/hexene copolymer 10 propylene/hexene copolymer,
ata-polypropylene-ethylene/octene copolymer-syn- polypropylene, ata-polypropylene-ethylene/octene
copolymer- propylene/butene copolymer, 15 ata-polypropylene-ethylene/octene copolymer-
propylene/hexene copolymer, ata-polypropylene-syn-pd@ypropylene-propylene/butene copolymer,
ata-polypropylene-syn-polypropylene-propylene/hexene 20 copolymer,
ata-polypropylene-propylene/butene copolymer-syn- polypropylene,
ata-polypropylenespropyleneturiene: eepalyper-prepylene/hexene copolymer, 25

ata-polypropylene-propylene/hexene copolymer-syn 85 polypropylene,
ata-polypropylene-propylenettfiexenelcbpolymerpolymers, particularly preferable
are
polyethylene-polypropylene,

5 polyethylene-ethylene/propylene copolymer,
polyethylene-ethylene/propylene copolymer-polypropylene,
pblyethylene—ethylene/propylene copolymer-1LLDPE,
polyethylenemethilene/butene copolymer,
polyéthylenewethylene/butene copolymer-LLDPE, .

10  polypropylene-ethylene/propylene copolymer, and
pglyefhylene—LLDPE—HDPE, polyethylene-LLDPE.

The olefin block copolymer of the invention may be
bonded to other structural parts within lIimits not
detrimental to the objects of the invention, with the

16 proviso that it has the above structure. The polymexr of
the invention may be a graft modified polymer.

The olefin copolymer can be favorably used for
various molding materials for films, sheets and blow
molded products, various additives such as

20 compatibilizing agent and modifier, coating materials and
adhesives. The use application will be described later.

The process for preparing the olefin block copolymer
of the inventicn will be described later.

The clefin block cbpolymer of the invention may have

25 a functional group at the terminal of the main chain.



propylene/butene copolymer, syn-polypropylene-polyethylene-propylene/butene copolymer, 5
syn-polypropylene-polyethylene-propylene/hexene copolymer,
syn-polypropylene-HDPE-propylene/butene copolymer, syn-polypropylene-HDPE-propylene/hexene
copolymer, syn-polypropylene-LLDPE-propylene/butene copolymer,
syn-polypropylene-LLDPE-propylene/hexene copolymer, 10 syn-polypropylene-ethylene/propylene
copolymer- propylene/butene copolymer, syn-polypropf€ne-ethylene/propylene copolymer-
propylene/hexene copolymer, syn-polypropylene-ethylene/butene copolymer 15 propylene/butene
copolymer, syn-polypropylene-ethylene/butene copolymer- propylene/hexene copolymer,
syn-polypropyleng-ethyléne/heserieneogolyrer-cprepyleneibutenercopehmer; 20 ame groups
syn-polypropylene-ethylene/hexene copolymer- propylene/hexene copolymer,
syn-polypropylené-etiyléné/ogtehe chpolymidregropylene/butene copolymer,
syn-polypropylene-ethylene/octene copolymer 25 propylene/hexene copolymer, 86
syri-polypropylene-ata-polforepfiéna pidpyréne/bitehgmer having a functional group

at the terminal of the main chain can be favorably used
5 for various additives such as compatibilizing agerit and
modifier, coating materials and adhesives. The use
application will. be described later.
The processlfor preparing the olefin block copolymer
having a functional group at the terminal of the main
10  chain will be described later.
’ Next, the process for preparing an oclefin polymer
according to the invention is described.
The process for preparing an olefin polymer
according to the invention uses an olefin polymerization
15 ' catalyst comprising the below-described transition metal
compound (A}, preferably an olefin polymerization
catalyst comprising:
(A} the below-described transition metal compound,
and
20 (B} at least one compound selected from:
(B~1) an organometallic compound,
(B-2) an organocaluminum oxy-compound, and
{B-3) a compeound which reacts with the

transition metal compound (A} to form an ion pair.



copolymer, syn-polypropylene-ata-polypropylene-propylene/hexene copolymer, 5
syn-polypropylene-propylene/butene copolymer- propylene/hexene copolymer,
syn-polypropylene-propylene/hexene copolymer- propylene/butene copolymer, propylene/butene
copolymer-polyethylene-propylene/hexene 10 copolymer, propylene/butene
copolymer-HDPE-propylene/hexene copolymer, propylene/butene
copolymer-LLDPE-propylene/hexene copolymer, 15 prd&$y/lene/butene copolymer ethylene/propylene
copolymer- propylene/hexene copolymer, propylene/butene copolymer-ethylene/butene copolymer-
propylene/hexene copolymer, propylene/butene copolymer-ethylene/hexene copolymer- 20
Rropylene/hexene copolymes cpropylenethutene:-eepolymer-ethylene/octene sopalymer-
propylene/hexene copolymer, propylene/butene copolymer-ata-polypropylene- propylene/hexene
copolymer, and 25 propyderie/butene copolymertsynspalypropyiese Sivention are

described.

{A} Transitlion metal compound

5 The transition metal compound {A) for use in the
invention is a compound which is represented by the
following formulsa (I)‘and has properties that, in a -
agostic structure of a catioﬁic complex wherein X in the
formula (I) is replaced with a n-propyl group, said

10  structure being measured by a density functional method,
the distance (r value) between the heteroatom {Z), which
has.no direct bond to the central metal M and is nearest
to the central metal M, and hydrogen at the P-position is
not more than 3.0 A and the electrostatic energy is not

15 more than 10 kJ/mol.

The "density functional method" means calculation
using a program ADF2000.01 (developed by SCM Co.
(Netherlands), obtained by making a license contract with
SCM Co. and then downloading the program from fhe home

20 page (html://www.scm.com) of SCM Co.) and using BLYP
method. As the basis function, a Slater type orbital
function is used. As for the structure, a function of
Triple zeta type is used for the central metal, and a
function of Double zeta type is used for other atoms,

25 however, in the electrostatic energy evaluation, a



propylene/hexene copolymer. Of these block copolymers, particularly preferable are
polyethylene-polypropylene, 5 polyethylene-ethylene/propylene copolymer,
polyethylene-ethylene/propylene copolymer-polypropylene, polyethylene-ethylene/propylene
copolymer-LLDPE; - polyethylene-ethylene/butene copolymer, polyethylene-ethylene/butene
copolymer-LLDPE, 10 polypropylene-ethylene/propylene copolymer, and polyethylene-LLDPE-HDPE,
polyethylene-LLDPE. The olefin block copolymer of the i®ention may be bonded to other structural
parts within limits not detrimental to the objects of the invention, with the 15 proviso that it has the
above structure. The polymer of the invention may be a graft modified polymer. The olefin copolymer

can be favorably used fori-orariopismotding matesials fok filg: sheetsiandsblow; mojded praducts,
various additives such as 20 compatibilizing agent and modifier, coating materials and adhesives. The

use application wilfbe describedslatere I hecprocess:for prepasing the-olefin; block.copelyner of the
invention will be described later. The olefin block copolymer of the invention may have 25 a functional
group at the termined of thelmrairf chraihhe single-point calculation of the optimum
structure obtained by structural calculation. In
5 calculations other than the structural calculaﬁion,
corrections of Pauli's relativistic potentials are made.
The "electrostatic energy" means an electrostatic energy
between hydrogen at the P-position and the nearest
_hetero&tom. More specifically, the electrostatic energy
10  is an interatomic electrostatic interaction based on the
é%ectronic state obtained by aésigning electrons obtained
by the complex calculation to those two atoms. The
electron referred tb herein is each electron population
of s, p, d orbitals of the two atoms obtained by the
16  complex calculation (single-point calculation in the B-
agostic optimum structure obtained after the structural
calculation).
LmlMXp (1)
In the formula {(I), M is a transition metal atom
20 Qelected from Group 3 to Group 11 of the periodic table,
preferably a transiticn metal atom selected from Group 4
to Group 5, more preferably a transition metal atem of
Group 4, specifically titanium, zirconium or hafnium,
particularly preferably titanium.

25 m is an integer of 1 to 6.



88 Examples of the functional groups include the same groups as previously described. The olefin
block copolymer having a functional group at the terminal of the main chain can be favorably used 5
for various additives such as compatibilizing agent and modifier, coating materials and adhesives. The
use application will. be described later. The process for preparing the olefin block copolymer having a
functional group at the terminal of the main 10 chain will be described later. Next, the process for
preparing an olefin polymer according to the invention isdescribed. The process for preparing an
olefin polymer according to the invention uses an olefin polymerization 15 catalyst comprising the
below-described transition metal compound (A), preferably an olefin polymerization catalyst
comprising: (A) the belowrdescribed transitionspetal sampeund, and 204B) at lpastene compaund

selected from: (B-1) an organometallic compound, (B-2)-an organoaluminum oxy-compound, and

(B-3) a compound ivhicinreactsawith the: transitiparmetal compaund (Ante form aem:ien paite
hetercatom (Z) which has no direct bond to the central
metal M.

5 Examples of ligand skeletons include
cyclopentadienyl skeleteon, acetylacetonato skeleton,
phenoxy skeleton, amido skeleton, imido skeleton and
ligand skeleton thch forns ﬁhe later-described
transition metal compound represented by the formula (II-

' 10 &), (II-b} or {(III).

' The ligand skeleton represented by the formula (II-
a) includes ligand skeleton of the formula (II-a) wherein
Rl is a hydrocarbon group and any one of R3 and R4 has
the later-described heteroatom or heterocatom~containing

15 group, namely, ligand skeleton wherein at least one of RI,
R3 and R4.has the later-described heterocatom or
heterocatom-containing group.

The ligand skeleton represented by the formula (II-

b) includes ligand skeleton of the formula (II-b) wherein
20 %1 is a hydrocarbon group and any one of R®, R7, RB and

R? has the later-described heteroatom or heteroatom-

containing group, namely, ligand skeleton wherein at

least one of Rl, R6, R7, R8 and RY has the later-

described heteroatom or heterocatom-containing group.



89 First, the components for forming the olefin polymerization catalyst used in the invention are
described. (A) Transition metal compound 5 The transition metal compound (A) for use in the
invention is a compound which is represented by the following formula (1) and has properties that, in a
agostic structure of a cationic complex wherein X in the formula (1) is replaced with a n-propyl group,
said 10 structure being measured by a density functional method, tie distance (r value) between the
heteroatom (Z), which has no direct bond to the central jggtal M and is nearest to the central metal M,
and hydrogen at the a-position is not more than 3.0 A and the electrostatic energy is not 15 more
than 10 kJ/mol. The "density functional method" means calculation using a program ADF2000.01

(developed by SCM Co. (Netherlands), obtained by making a license contract with SCM Co._and then
it Sgbeé?%bg htlﬁ‘ﬁ??ﬁv‘%vsv‘?/%géﬁw‘?c&ﬁ) é%c%é% ghd 'Jsig BLYP

downloading the program from the home

method. As the basis dyngiion. a Slaten tpe.qrbital, fynetion is ysed, As.for e structure, a fungtion of
Triple zeta type is used for the central metal, and a function of DoS%lIle zetg typz IS useééfbr other
atoms, is a hydrocarbon group and any one of R11, RrlZ2, r13 gpl4
and R19 has the later-described hetercatom or heterocatom-—
5 containing group, nameiy, ligand skeleton wherein at
least one of Rll, Rlz, R13, R14 and RS has the later-
described hetercatom or hetercatom-containing group.
The heteroafom is a nonmetal atom other than a
carbon atom and a hydrogen atom, and examples thereof
10  include atoms of halogen, nitrogen, oxygen, phosphorus,
sulfur and selenium.
n is a number satisfying a valence of M.
X is an oxygen atom, a hydrogen atom, a halogen atom,
a hydrocarbon group, an oxygen-containing group, a
15  sulfur-containing group, a nitrogen-containing group, a
boron-containing group, an aluminum-containing group, a
phosphorus-containing group, a halogen-containing group,
a heterocyclic compound residue, a silicon-containing
group, a germanium-containing group or a tin-containing
20 group. Plural groups indicated by X may be bonded to
form a ﬁing.
When n is 2 or greater, plural groups indicated by X
may be the same or different.

Examples of the halogen atoms include fluorine,

25 chlorine, bromine and iodine.



25 however, in the electrostatic energy evaluation, a 90 function of Double Zeta type added with a
polarization function is used for other atoms. The basis function is used also for the single-point
calculation of the optimum structure obtained by structural calculation.” In 5 calculations other than the
structural calculation, corrections of Pauli's relativistic potentials are made. The "electrostatic energy"
means an electrostatic energy between hydrogen at the R-position and the nearest heteroatom. More
specifically, the electrostatic energy 10 is an interatomic®lectrostatic interaction based on the
electronic state obtained by assigning electrons obtained by the complex calculation to those two
atoms. The electron referred to herein is each electron population of s, p, d orbitals of the two atoms

obtained by the 15 complex=gaicutationt(sirigle-ppint calcultationdir theok- agostic pptimum;, structure
obtained after the structural calculation). LmMXn (I) In the formula (I), M is a transition metal atom 20

selected from Grotip 38<Grotpdl éfthepetipdic tabley prefenablyyd fransition metakatom selected
from Group 4 to Group 5, more preferably a transition metal atom of Group 4, specifically titanium,
zkconMn1orhaﬂﬂ8ﬁﬁyl’ nonyl, dodecyl and eicosyl; cycloalkyl groups of 3

to 30 carbon atoms, such as cycleopentyl, cyclohexyl,

5 norbornyl and adamantly; alkenyl groups, such as vinyl,
propenyl and cyclohexenyl; arylalkyl groups, such as |
benzyl, phenylethyl and phenylpropyl; and aryl groups,
such as ghenyl, ﬁolyi, dimethylphenyl, trimethylphenyl,
ethylphenyl, propylphenyl, biphenyl, naphthyl,

10 methylnaphthyl, anthryl and phenanthryl. In the
hydrocarbon groups, halogenated hydrocarbons, such as
groups wherein at least one hydrogen is replaced with a
halogen in hydrocarbon groups of 1 to 20 carbon atoms,
are also included.

15 The oxygen-containing group is, for example, a group
containing 1 to 5 oxygen atoms, but the later-described
heterocyclic compound residue is not included in this
group. A group containing a nitrogen atom, a sulfur atom,
a phosphorus atom, a halogen atom or a silicon atom, said

20 atom being directly bonded to the oxygen atom, is not
included either. Examples of the oxygen-—containing
groups include hydroxyl group; alkoxy groups, such as
methoxy, ethoxy, propoexy and butoxy; aryloxy groups, such
as phenoxy, methylphenoxy, dimethylphenoxy and naphthoxy;

25 arylalkoxy groups, such as phenylmethoxy and



particularly preferably titanium. 25 m is an integer of 1 to 6. 91 L is a ligand coordinated to the central
metal M and is an organic or inorganic ligand having at least one heteroatom (Z) which has no direct
bond to the central metal M. 5 Examples of ligand skeletons include cyclopentadienyl skeleton,
acetylacetonato skeleton; phenoxy skeleton, amido skeleton, imido skeleton and ligand skeleton
which forms the later-described transition metal compound represented by the formula (lI- 10 a), (II-b)
or (11). The ligand skeleton represented by the formula @4 a) includes ligand skeleton of the formula
(Il-a) wherein Rl is a hydrocarbon group and any one of R3 and R4 has the later-described
heteroatom or heteroatom-containing 15 group, namely, ligand skeleton wherein at least one of RI, R3
and R4 has the latdrestriiéd hetereatenvery heteroatona-cantaining groupy Fhedigandrskeleton
represented by the formula (lI- b) includes ligand skeleton of the formula (II-b) wherein 20 Rlis a
hydrocarbon group#hdoaiérie 6PRE62R7; RS antbR@ hasritie fater-describad dieterpatom or

heteroatom- contalnlng group, namely, ligand skeleton wherein at
number of carbon atoms is in the range of usually 1 to 30,

preferably 1 teo 20.

5 The sulfur-containing group is, for example, a group
containing 1 to 5 sulfur atoms, but the later~described
heterocyclic compound residue is not included in this
group. Examples Qf the sulfur-containing groups include
sulfonato groups, such as methylsulfonato,

10  trifluromethanesulfonato, phenylsulfonato,
bepzylsulfonato, p-toluenesulfonato,
trimethylbenzenesulfqnato, triisobutylbenzenesulfonato,
p-chlorobenzenesulfonato and pentafluorobenzenesul fonato;
sulfinato groups, such as methylsulfinato,

16 phenylsulfinato, benzylsulfinato, p-toluenesulfinato,
trimethylbenzenesulfinato and pentaflurobenzenesulfinato;
alkylthio groups; and arylthio groups. When the sulfur-
containing group contains carbon atom, the number of
carbon atoms is in the range of usually 1 to 30,

20 Qreferably 1 to 20.

The nitrogen-containing group is a grcup centaining
L to 5 nitrogen atoms, but the later-described
heterocyclic compound residue is not inciuded in this
group. kxamples of the nitrogen-containing groups

25 include amino group; alkylamino groups, such as



least one of RIl, R6, R7, R8 and R9 has the later- described heteroatom or heteroatom-containing
group. 92 The ligand skeleton represented by the formula (111) includes ligand skeleton of the formula
(1) wherein R10 is a hydrocarbon group and any one of R11 R12, R13, R14 and R15 has the
later-described heteroatom or heteroatom 5 containing group, namely, ligand skeleton wherein at
least one of R11, R12 RI3 R14 and R15 has the later- described heteroatom or heteroatom-containing
group. The heteroatom is a nonmetal atom other than a @&rbon atom and a hydrogen atom, and
examples thereof 10 include atoms of halogen, nitrogen, oxygen, phosphorus, sulfur and selenium. n
is a number satisfying a valence of M. X is an oxygen atom, a hydrogen atom, a halogen atom, a

hycrocarbon Group 8660/ GRnonlainiag Ai9uR 5 SUleRaNAIBInG 10U pitoger;containing
-CO

group, a boron-containing group, an aluminum-containing group, a phosphoru aining group, a
halogen-containing:groupi luhetersacyielic compound resigue; @i siliconseentaining, Group, &

germanium-containing group or a tin-containing 20 group. Plural groups indicated by X may be bonded
to form aring. Whehnjis22rqrigreater, pluralgsqupsindicateddlyefylamine, diphenylamino,
ditolylamino, dinaphthylamino and methylphenylamino.
5 The boron-containing group is, for example, a group
containing 1 to 5 boron atoms, but the later—described
- heterocyclic compound residue is not included in this
group. An example of the boron-containing group is BRg
{R is hydrogen, an alkyl group, an aryl group which may
10 have a substituent, a halogen atom or the like) .

.+ The aluminum-containing group is, for example, a
group containing 1 to 5 aluminum atoms. An example of
the aluminum-containing group is ALR4 (R is hydrogen, an
alkyl group, an aryl group which may have a substituent,

15 2 halogen atom or the like).

The phosphorus-containing group is, for example, a
group containing 1 to 5 phosphorus atoms, but the later-
described heterovcyclic compound residue is not included
in this group. Examples of the phosphorus—-containing

20 qroups include trialkylphosphine groups, such as
trimethyiphosphine, tributylphosphine and
tricyclohexylphosphine; triarylphosphine groups, such as
tripheylphosphine and tritolylphosphine; phosphite groups

(phosphido groups), such as methylphosphite,



may be the same or different. Examples of the halogen atoms include fluorine, 25 chlorine, bromine
and iodine. 93 Examples of the hydrocarbon groups include alkyl groups, such as methyl, ethyl,
propyl, butyl, hexyl, octyl, nonyl, dodecyl and eicosyl; cycloalkyl groups of 3 to 30 carbon atoms, such
as cyclopentyl, cyclbhexyl, 5 norbornyl and adamantly; alkenyl groups, such as vinyl, propenyl and
cyclohexenyl; arylalkyl groups, such as benzyl, phenylethyl and phenylpropyl; and aryl groups, such
as phenyl, tolyl, dimethylphenyl, trimethylphenyl, ethylplgshyl, propylphenyl, biphenyl, naphthyl, 10
methylnaphthyl, anthryl and phenanthryl. In the hydrocarbon groups, halogenated hydrocarbons, such
as groups wherein at least one hydrogen is replaced with a halogen in hydrocarbon groups of 1 to 20

carbon atoms, are alspinelyded.ik5-The @xygen:coniaining, graup is,for example, 8 grqup containing

1 to 5 oxygen atoms, but the later-described heterocyclic compound residue is not included in this

group. A group cogtainipg aanitiogenatem.-a sulfu atomy ;a;phosphorus atom, a halogen atom or a
silicon atom, said 20 atom being directly bonded to the oxygen atom, is not included either. Examples
of the oxygen-containingExamples of the halogen-containing groups include

fluorine-containing groups, such as PFg and BFg4;
5 chlorine-containing groups, such as Cl0g and SbClg; and
iodine-containing groups, such as I04.

Examplies of. the héterocyclic compound residues
include xesidues‘of nitrogen-containing groups such as
pyrrole; pyridine, pyrimidine, quinoline and triazine:

10 residues of oxygen-containing groups such as furan and
pyran; ;esidues of sulfur-containing groups such as
thiophene; and groups wherein these heterocyclic compound
residues are further substituted with substituents such
as alkyl groups of 1 to 30 carbon atoms, preferably 1 to

15 20 carbon atoms, or alkoxy groups.

The silicon-containing group is, for example, a
group containing 1 to 5 silicon atoms. Examples of the
silipon—contéining groups include hydrocarbon-substituted
silyl groups, such as phenylsilyl, diphenylsilyl,

20 Erimethylsilyl, triethylsilyl, tripropylsilyl,
tricyclohexylsilyl, triphenylsilyl, methyldiphenylsilyl,
tritolylsilyl and trinaphthylsilyl; hydrocarbon-
substituted silyl ether groups, such as trimethylsilyl
ether; silicon-substituted alkyl groups, such as

25 trimethylsilylmethyl; and silicon-substituted aryl groups,



groups include hydroxyl group; alkoxy groups, such as methoxy, ethoxy, propoxy and butoxy; aryloxy
groups, such as phenoxy, methylphenoxy, dimethylphenoxy and naphthoxy; 25 arylalkoxy groups,
such as phenylmethoxy and 94 phenylethoxy; acetoxy group; and carbonyl group. When the
oxygen-containing group contains carbon atom, the number of carbon atoms is in the range of usually
1 to 30, preferably 1 to 20. 5 The sulfur-containing group is, for example, a group containing 1 to 5
sulfur atoms, but the later-described heterocyclic comgddind residue is not included in this group.
Examples of the sulfur-containing groups include sulfonato groups, such as methylsulfonato, 10
trifluromethanesulfonato, phenylsulfonato, benzylsulfonato, p-toluenesulfonato,
trimethylbenzenesulfonate, trisabttylpenzenesuifenaiq,. p-ehlerobenzergsulfenato and
pentafluorobenzenesulfonato; sulfinato groups, such as methylsulfinato, 15 phenylsulfinato,
benzylsulfinato, gtdlbenesutinale o imethyltbenzenesutfinato andpentaflarobenzenesudfinato;
alkylthio groups; and arylthio groups. When the sulfur- containing group contains carbon atom, the
number of carbSR&tORTS i8 inife fangerof UsgallaD 8230, 20:prefdrablyll o230,

preferably 1 to 20.

5 Examples_of the germanium-containing groups include
groups wherein silicon is replaced with germanium in the
above-mentioned silicon-containing groups.

Examples of‘the tin-containing groups include groups
wherein silicon is replaced with tin in the above-
10 mentioned silicon~containing groups.
As the transition metal compound (A) for use in the
invention, a compound represented by the following

formula {II-a) or (II-b) is available.

15

... (II-a)

20 wherein N---M! generally means that they are coordinated
to each other, but in the present invention they are not
always coordinated.

In the formula (II-a), Ml is a transition metal atom
selected from Group 3 to Group 11 of the periodic table,

25 preferably a transition metal atom of Group 4 to Group 5,



The nitrogen-containing group is a group containing 1 to 5 nitrogen atoms, but the later-described
heterocyclic compound residue is not included in this group. Examples of the nitrogen-containing
groups 25 include amino group; alkylamino groups, such as 95 methylamino, dimethylamino,
diethylamino, dipropylamino and dibutylamino, dicyclohexylamino; and arylamino or alkylarylamino
groups, such as phenylamino, diphenylamino, ditolylamino, dinaphthylamino and methylphenylamino.
5 The boron-containing group is, for example, a group cogtining 1 to 5 boron atoms, but the
later-described heterocyclic compound residue is not included in this group. An example of the
boron-containing group is BR4 (R is hydrogen, an alkyl group, an aryl group which may 10 have a

substituent, a halogepcatorn;ordhe ke); The alyminim-containing group.is, for example, a group
containing 1 to 5 aluminum atoms. An example of the aluminum-containing group is ATR4 (Ris

hydrogen, an - alkylgreupi @h,arykgronpwhieh mayhave,a substiiuent, 15.4.halpgen atom or the like).
The phosphorus-containing group is, for example, a group containing 1 to 5 phosphorus atoms, but

the later- describedtheteretyclisrcompeundsresidusris mebinsludeds nthis-group; Examples.of the
phosphorus-containing
zirconium or hafnium, still more preferably titanium.
5 Q is a nitrogen atom or a carbon atom having a
substituent R? (-C(RZ)=).
A is an oxygen atom, a sulfur atom, a selenium atom
or a nitrogen atém having a substituent R {—N(RS)H).
R1 is a hydrocarbon group having at least one
10 hetercatom or a hydrocarbon group having at least one
heterocatom-containing group. Examples of the hetercatoms
include atoms.of halogen, nitrogen, oxygen, phosphorus,
sulfur and selenium. The heterovatom-containing group is
a group containing a nonmetal atom other than a carbon
15 atom and a hydrogen atom, and examples thereof include an
oxygen-containing group, a nitrogen-containing group, a
sulfur-containing group, a phosphorus—coﬁtaining group, a
halogen atom-containing group and a heterocyclic compound
residue. Examples of the oxygen-containing groups, the
20 Qitrogen—containing groups, the sulfur-containing groups,
the phosphorus-containing groups and the heterocyclic
compound residues include the same groups as previously
described with respect to X in the formula {I}). Examples

of the halogen-containing groups include groups wherein

25 at least one hydrogen is replaced with halogen in the



20 groups include trialkylphosphine groups, such as trimethylphosphine, tributylphosphine and
tricyclohexylphosphine; triarylphosphine groups, such as tripheylphosphine and tritolylphosphine;
phosphite groups (phosphido groups), such as methylphosphite, 96 ethylphosphite and
phenylphosphite; phosphonic acid group; and phosphinic acid group. Examples of the
halogen-containing groups include fluorine-containing groups, such as PF6 and BF4; 5
chlorine-containing groups, such as C104 and SbC16;%%d iodine-containing groups, such as 104.
Examples of, the heterocyclic compound residues include residues of nitrogen-containing groups such
as pyrrole; pyridine, pyrimidine, quinoline and triazine; 10 residues of oxygen-containing groups such
as furan and pyramjresiduesaf sutfureontainibggrous suchhas: thiephene; @ndaroups Wherein
these heterocyclic compound residues are further substituted with substituents such as alkyl groups

of 1 to 30 carbort atofis, preferably tawds 20:carbon atdmg lomalkaxysgroaps.. Thensitiegn-gontaining
group is, for example, a group containing 1 to 5 silicon atoms. Examples of the silicon-containing

groups include Hdrocarbér:stbstitutedt silyl ghsups! suekeas phenysilyl, diphemdsilyl, and

eicosyl), cycloalkyl groups of 3 to 30 carborn atoms (e.qg.,
5 cyclopentyl, cyclohexyl, norbornyl and adaﬁantly),

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

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

phenylpropyl] and aryl groups (e.g., phenyl, tolyl,

dimethylphenyl, trimethylphenyl, ethylphenyl,

10 propylphenyl, biphenylyl, naphthyl, methylnaphthyl,

~anthryl and phenanthryl). Specific examples of such
groups include trifluoromethyl, perfluorcethyl,
pentafluorophenyl, perfluorohexyl, trichloromethyl,
perchloroethyl, pentachlorophenyl and perchlorohexyl.

156 Rl is preferably a halogen atom-containing
hydrocarbon group of 1 to 30 carbon atoms, particularly
preferably a fluorineQCOHtaining hydrocarbon group of 1
to 30 carbon atoms.

Specifically, Rl is trifluromethyl, perfluoroethyl,

20 Qerfluoropropyl, perfiuorobutyl, perflucropentyl,
pérfluorohexyl, perfluoroheptyl, perfluorcoctyl,
perfluorodecyl, 1H,lH~perflucoropropyl, 1H,1H-
perfluorobutyl, 1H, 1H-perfluoropentyl, 1H,1H-
perfluorohexyl, 1H,1H-perfluorocheptyl, 1H,1H-

25 perfluorooctyl, 1H,1H-perfluorodecyl, perfluorocyclohexyl,



20 trimethylsilyl, triethylsilyl, tripropylsilyl, tricyclohexylsilyl, triphenylsilyl, methyldiphenylsilyl,
tritolylsilyl and trinaphthylsilyl; hydrocarbon- substituted silyl ether groups, such as trimethylsilyl ether;
silicon-substituted alkyl groups, such as 25 trimethylsilylmethyl; and silicon-substituted aryl groups, 97
such as trimethylsilylphenyl. When the silicon- containing group contains carbon atom, the number of
carbon atoms is in the range of usually 1 to 30, preferably 1 to 20. 5 Examples of the
germanium-containing groups include groups wherein $ifébn is replaced with germanium in the
above-mentioned silicon-containing groups. Examples of the tin-containing groups include groups
wherein silicon is replaced with tin in the above 10 mentioned silicon-containing groups. As the

transition metal corpolihdo(yfertuselinithe cinwention, & compotind representedby-the following |

formula (II-a) or (II-b) is available. 15 R, | Q-N. R3-, M4 R4 m ...(Il a)
triflucromethylfluorocyclohexyl, monofluorophenyl,
‘difluorophenyl, trifluorophenyl, tetrafluorophenyl,
pentafluorophenyl, (trifluoromethyl)pentafluorophanyl,

5 (trifluoromethyl) fluocrophenyl, triflucromethylphenyl,
bis(trifluoromethyl)phenyl, tris{trifluoromethyl)phenyl,
tetrakis (trifiuvoromethyl)phenyl,
pentakis{trifluofomethyl)phenyl, perflucroethylphenyl,
bis (perfluorcethyl)phenyl, perfluoropropylphenyl,

10 perfluorcobutylphenyl, perfluoropentylpﬁenyl,
pg;fluorohexylphenyl, bis (perfluorchexyl)phenyl,
perfluoronaphthyl, perfluorophenanthryl, perflucroanthryl,
(trifluoromethyl)tetrafluorophenyl or the like.

RZ to RO may be the same or different and are each a

16 hydrogen atom; a halogen atom, a hydrocarbon group, &
hydrocarbon~substituted silyl group, an oxygen-containing
group, a nitrogen-centaining group, a éulfur—containing
group, a boron-containing group, an alurinum-containing
group, a phosphorus-containing group, a halogen-

20 Eontaining group, a heterocyclic compound residue, a
silicon-containing group, a germanium-containing group or
a tin-containing group. Two or more of RZ to RO may be
bonded to form a ring.

Examples of the boren-containing groups, the

25 aluminum-containing groups, the phosphorus-containing



20 wherein N---M1 generally means that they are coordinated to each other, but in the present
invention they are not always coordinated. In the formula (ll-a), M1 is a transition metal atom selected
from Group 3 to Group 11 of the periodic table, 25 preferably a transition metal atom of Group 4 to
Group 5, 98 specifically titanium, zirconium, hafnium, vanadium, niobium, tantalum or the like, more

preferably a transition metal atom of Group 4, specificaltystitanium, zirconium or hafnium, still more
preferably titanium. 5 Q is a nitrogen atom or a carbon atom having a substituent R2 (-C(R2)=). Ais
an oxygen atom, a sulfur atom, a selenium atom or a nitrogen atom having a substituent R5 (-N(R5)-).

Rl is a hydrocarbgt greup h@wegﬁ&mééﬂﬂ%&%%%%éom o8 hydr§ arben group having at least
one heteroatom-containing group. Examples of the heteroatbns ndlu glﬁto}ﬁ%tSFﬁ’élé’ﬁéﬁ,%itrogen,
g group _ o . -
oxygen, phosphorusipsulfut anekselenium. The heteroatam-sontainigg groupis a group containing a
nonmetal atom other than a carbon 15 atom and a hydrogen atom, and examples ther&dfinclude an
oxygen-containingegroap lamnitrogenscontaiging asoue, & 4lfukcontaining group, a rouns
hosphorus-containing group, a halogen atom-containing group and a heterocyclic C%"gpow‘}a
phosp aining group 5
indicated by RZ to RS include the same groups. as
5 previously described with respect to X in the formula (I}
Examples of the halogenmcontaining groups indicated
by RZ to RS inc%ude the same groups as previously
described with réspect to R! in the formula {II-a).
Examples of the hydrocarbon groups indicated by RZ

10 to RS include those of 1 to 30 carbon atoms.

Specifically, there can be mentioned straight-chain or
branched alkyl groups of 1 to 30 carbon atoms, preferably
1 to 20 carbon atoms, such as methyl, ethyl, n~propyl
isopropyl, n-~butyl, isobutyl, sec-butyl, tert-butyl,

15 neopentyl and n-hexyl; straight-chain or bﬁanched alkenyl
groups of 2 to 30 carbon atoms, preferébly 2 to 20 carbon
atoms, such as vinyl, allyl and isopropenyl; straight-
chain or branched alkynyl groups of 2 to 30 carbon atoms,
preferably 2 to 20 carbon atom, such as ethynyl and

20 propargyl; cyclic saturated hydrocarbon groups of 3 to 30
LY
carbon atoms, preferably 3 to 20 carbon atoms, such as
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and
adamantyl; cyclic unsaturated hydrocarbon groups of 5 to

30 carbon atoms, such as cyclopentadienyl, indenyl and

25 fluorenyl; aryl groups of 6 to 30 carbon atoms,



residue. Examples of the oxygen-containing groups, the 20 nitrogen-containing groups, the
sulfur-containing groups, the phosphorus-containing groups and the heterocyclic compound residues
include the same groups as previously described with respect to X in the formula (I) . Examples of the
halogen-containing groups include groups wherein 25 at least one hydrogen is replaced with halogen
in the 99 hydrocarbon groups of 1 to 30 carbon atoms, preferably 1 to 20 carbon atoms, such as alkyl
groups (e.g., methyl, ethyl, propyl., butyl, hexyl, octyl, noﬁﬂ?dodecyl and eicosyl), cycloalkyl groups
of 3 to 30 carbon atoms (e.g., 5 cyclopentyl, cyclohexyl, norbornyl and adamantly), alkenyl groups
(e.g., vinyl, propenyl ar%%c clohexenyl), arylalkyl groups.(e.g., benzyl, phenylethyl and phenylpropyl)
and aryl groups (e.d."p eer%/ﬁbtg)K/I,EidiFr‘fétﬁépﬁé‘ﬁ SftinFéthyiphemyl céthylphehyin $Q propydphenyl,

biphenylyl, naphthyl, methylnaphthyl,  anthryl and phenanthryl). Specific examples of such groups
include trifluorometﬁf[ ,Eﬁﬁtéﬁﬁj%’rotgt@lhe htdfuorbpREty perideronasylatichlordmethy,

perchloroethyl, pentachlorophenyl and perchlorohexyl. 15 Rl is preferably a halogen atom-containing
hydrocarbon group of 1 to%%'ca%/k?ogn gtgrg'r@?psaﬁgc% arly préte bl a ALBHRE-cortaiing Bydroéarbon

group of 1 iso-propylphenyl, t-butylphenyl, dimethylphenyl and di-t-
5 butylphenyl.

The above-mentioned hydrocarbon groups may be
substituted withkother hydrocarbon groups, and examples
of such groups include alkyl groups substituted with aryl
groups such as benzyl and cumyl.

10 Examples'of thg hydrocarbon-substituted silyl groups
indicated by RZ to RY include those of 1 to 30 carbon
atoms. Speéifically, there can be mentioned methylsilyl,
dimethylsilyl, trimethylsilyl, ethylsilyl, diethylsilyl,
triethylsilyl, diphenylmethylsilyl, triphenylsilyl,

15 dimethylphenylsilyl, dimethyl—tmbutylsilyl and
dimethyl(p@ntafluorophemyl)silyl. Of these, preferable
are methylsilyl, dimethylsilyl, trimethylsilyl,
ethylsilyl, diethylsilyl, triethylsilvi,
dimethylphenylsilyl and triphenylsilyl. Particularly

20 preferable are trimethylsilyl, triethylsiiyl,
gfiphenylsilyl and dimethylphenylsilyl.

Examples of the exygen-containing groups indicated
by RZ to R% include the Same groups as previously

described with respect to X in the formula (I).



to 30 carbon atoms. Specifically, R1 is trifluromethyl, perfluoroethyl, 20 perfluoropropyl, perfluorobutyl,
perfluoropentyl, perfluorohexyl, perfluoroheptyl, perfluorooctyl, perfluorodecyl, 1H,1H-perfluoropropyl,
1H,1H- perfluorobutyl, 1H,1H-perfluoropentyl, 1H,1H- perfluorohexyl, 1H,1H-perfluoroheptyl, 1H,1H 25
perfluorooctyl, 1H,IH-perfluorodecyl, perfluorocyclohexyl, 100 trifluoromethyicyclohexyl,
bis(trifluoromethyl)cyclohexyl, trifluoromethylfluorocyclopgxyl, monofluorophenyl, difluorophenyl,
trifluorophenyl, tetrafluorophenyl, pentafluorophenyl, (trifluoromethyl)pentafluorophenyl, 5
(trifluoromethyl)fluorophenyl, trifluoromethylphenyl, bis(trifluoromethyl)phenyl,

tris(trifluoromethyl)phengk stegrakis(trffuargmethyphenyl. pentakis(trifluoromethyl)phenyl,
perfluoroethylphenyl, bis(perfluoroethyl)phenyl, perflioropropy %ﬁennwgl@ﬁé)rlﬁ%roﬂﬂﬂﬁ%rﬁiﬁ

perfluoropentylpﬁtanyRZpercﬂuBrEOeiaxylp@@@yltQ@(gegﬁgorggg@ﬂ)@hggyb I:pec_em;ﬂL(J)oroT<slphthyI,
perfluorophenanthryl, perfluoroanthryl, (trifluoromethyl)tetrafluorophenyl or the like’R2 to R5 may be

the same or diffefercantlare eachia dsysrageratom;-a hajegen aam..a hydrocarbon group, a
hydrocarbon-substituted silyl group, an oxygen-containing

Examples of the sulfur-containing groups_indicated

5 by RZ to RS include the same groups as previously
described with respect to X in the formula (I).

RZ to R5 ar? each preferably a hydrogen atom, a
halogen atom, a hydrocarbon group, a hydrocarbon-
substituted silyl dgroup, én oXygen~containing group, a

10 nitrogen-containing group, . a sﬁlfurhcontaining group or a
ha%ogen—containing grcup, more preferabiy a hydrogen atom,
a'halogen atom, a hydrocarbon group, a hydrocarbon-
substituted silyl group or a halogen—containing group.

Examples of the halogen atoms and the halogen-

15 containing groups indiqated by R2 to RY include the same
atoms and groups as previously described with respect to
Rl in the formula (II-a).

n is a number satisfying a valence of ML,
specifically an integer of 2 to 4, preferably 2.

20 X is an oxygen atom, a hydrogen atom, a halogen atom,
a\hydrocarbon group, an oxygen-containing group, a
sulfur-containing group, a nitrogen—containing group, a
boren-containing dgroup, an aluminum—containing group, a
phosphorus—containing group, a halogen-containing group,

25 a heterocyclic compound residue, a silicon-containing



group, a nitrogen-containing group, a sulfur-containing group, a boron-containing group, an
aluminum-containing group, a phosphorus-containing group, a halogen 20 containing group, a
heterocyclic compound residue, a silicon-containing group, a germanium-containing group or a
tin-containing group. Two or more of R2 to R5 may be bonded to form a ring. Examples of the
boron-containing groups, the 25 aluminum-containing groups, the phosphorus-containing 101 groups,
the halogen-containing groups, the heterocyclic compoumesidues, the silicon-containing groups, the
germanium-containing groups and the tin-containing groups indicated by R2 to R5 include the same
groups-as 5 previously described with respect to X in the formula (I). Examples of the
halogen-containingqgr%ﬁﬁs indic&tet by R2 t6RE inellidecthe sanre groups asrpreviouslyndeseribed
with respect to R1 inrthie formI!:JIa II-a). Examples of the hydrocarbon groups indicated by R2 10 to R5
include those of 1 0 30 Earbofi ‘atoms: SSPecificilly, thefd earbé rAentionedistraightechain:or
branched alkyl groups, of gé%%o carbon atoms, preferably |to 20 carbon atoms, such as methyl, ethyl,

P

n-propyl, isopropyl, n-butyl isobutyl, sec-BUT t&r-0ulyt i5 Hedperiyismeimndxyli straight-chain or

branched alkenyl respect to X in the formula (I).

5 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 te form a ring.

10

-+ (I1-b)

wherein N--~M1 generally means that they are coordinated
15 to each other, but in the present invention they are not
alwéys coordinated.

In the formula (II-b}, MLl is a TLransition metal atom
selected from Group 3 to Group 11 of the periodic table,
preferably a transition metal atom of Group 4 to Group 5,

20 specifically titanium, zirconium, hafnium, vanadium,
ﬁiobium, tantalum or the like, more preferably a
transition metal atom of GCroup 4, specifically titanium,
zirconium or hafnium, still more preferably titanium.

m is an integer of 1 to 5, preferably 2 to 4, more

25 preferably 2.



groups of 2 to 30 carbon atoms, preferably 2 to 20 carbon atoms, such as vinyl, allyl and isopropenyl;
straight- chain or branched alkynyl groups of 2 to 30 carbon atoms, preferably 2 to 20 carbon atom,
such as ethynyl and 20 propargyl; cyclic saturated hydrocarbon groups of 3 to 30 4 carbon atoms,
preferably 3 to 20 carbon atoms, such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and
adamantyl; cyclic unsaturated hydrocarbon groups of 5 toy 6 carbon atoms, such as cyclopentadienyl,
indenyl and 25 fluorenyl; aryl groups of 6 to 30 carbon atoms, 102 preferably 6 to 20 carbon atoms,
such as phenyl, benzyl, naphthyl, biphenylyl, terphenylyl, phenanthryl and anthryl; and

alkyl-substituted aryl groups, such as.t iso-propylphenyl, t-hutylphenyl, dimethylphenyl and di-t- 5
butylphenyl. The above-mentioned 3%(}%%% r%%nag(%gélpsor]ﬁaﬁ b%%%ﬁ@gﬁd’t‘éa Vit Bther hydrocarbon

groups, and examples of;sych groups;inglude alkyl.gr y s substituted with aryl groups such as
benzyl and cumyl. 10 Examples of the hydrocarbon-su s%t%tgd s%i%é?oh%‘ée%%ic tedP6§ R2 10 Rs

include those of 1 tg wiwa@@@tgtg@mSQgcigc?ﬂy@g}%g £an be,mentioned methylsilyl, dimethylsilyl,
trimethylsilyl, ethylsilyl, diethylsilyl, )
Q 1s a carbon atom having a substituent R7 (~C(R7)=)

’
5 a nitrogen atom or a phosphorus atom.
S is a carbon atom having a substituent RS (~C(R8)=),
a nitrogen atom‘or a phosphorus atom.
T is a carbon atom having a substituent RY (=C(RI) =),
a nitrogen atom or a phosghorus atom.
10 Rl is a hydrocarbon group having one or more

hetercatoms or a hydrocarbon group having one or more

e

hetercatom-containing groups, and has the same meaning as
that of Rl in the formula (II-a).
R® to RY may be the same or different and are each a
156 hydrogen atom, a halogen atom, a hydrecarbon group, a
hydrocarbon-substituted silyl group, an oxygen-containing
group, a nitrogen-containing group, a sulfur-containing
group, a boron-containing group, an aluminum-containing
group, a phosphorus-containing group, a halogen-
20 containing group, a heterocyclic compound residue, a
5ilicon~containing group, a germanium-containing 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

25 respect to RZ to RY in the formula (IT-a}. Examples of



triethylsilyl, diphenylmethylsilyl, triphenylsilyl, 15 dimethylphenylsilyl, dimethyl-t-butylsilyl and
dimethyl(pentafluorophenyl)silyl. Of these, preferable are methylsilyl, dimethylsilyl, trimethylsilyl,
ethylsilyl, diethylsilyl, triethylsilyl, dimethylphenylsilyl and triphenylsilyl. Particularly 20 preferable are
trimethylsilyl, triethylsilyl, triphenylsilyl and dimethylphenylsilyl. Examples of the oxygen-containing
groups indicated by R2 to R5 include the same groups as previously described with respect to X in
the formula (I). 103 Examples of the nitrogen-containing giél¥ps indicated by p2 to R5 include the
same groups as previously described with respect to X in the formula (I). Examples of the
sulfur-containing groups indicated 5 by R2 to R5 include the same groups as previously described

with respect to X in thé' forfitita (i) R2 16 RErareeachpreferabiy.a hydrogesaton & halogep atom, a
hydrocarbon group, a hydrocarbon- substituted silyl group, an oxygen-containing group, a 10
nitrogen-containing grotPa%SulfiieoftainiHg greul-era iajogemogntaining:groupy mese preferably a
hydrogen atom, a h%lgg%g Jiq}loirp},c;a hydrocarbon group, a_hydroca(bo.n- substituted silyl group or a
halogen-containing GroLp. ¢ group, the boron containing groups, the
aluminum~containing groups, the phOSphOIUS”COHtaining
5 groups, the halogen~containing groups, the heterccyclic
compound residues, the silicon-containing groups, the
germanium—containing groups and the tin-~containing groups
include the same groups as previously described with
respect to X in the formula (I).
10 R6 to_R9 are each preferably a hydrogen atom, a
haiogen atom, a hydrocarbon group, a hydrocarbon-
substituted silyl group, an oxygen~containing group, a
nitregen-containing group, a sulfur-~containing group or a
halogen-containing group, more preferably a hydrogeﬁ atoﬁ,
16  a halogen atom, a hydrocarbon group, a hydrocarbon-
substituted silyl group or a halogen-containing group.
Twe or more of R® to RS may be bonded to form a ring,
and when m is 2 or greater, Rls, R6s, R7s, R8s and Rr9s
may be the same or different, and one group of R® to RO

5

20  contained in one ligand and one group of R® to RY
ébntained in other ligands may be bonded.
n is a number satisfying a valence of ML.
X 1s an oxygen atom, a hydrogen atom, a halogen atom,

a hydrocarbon group, an ecxygen-containing group, a

25 sulfur-containing group, a nitrogen-containing group, a



Examples of the halogen atoms and the halogen 15 containing groups indicated by R2 to R5 include
the same atoms and groups as previously described with respect to R1 in the formula (ll-a). nis a
number satisfying a valence of M1, specifically an integer of 2 to 4, preferably 2. 20 X is an oxygen
atom, a hydrogen atom, a halogen atom, a hydrocarbon group, an oxygen-containing group, a

sulfur-containing group, a nitrogen-containing group, a pgkon-containing group, an
aluminum-containing group, a phosphorus-containing group, a halogen-containing group, 25 a
heterocyclic compound residue, a silicon-containing 104 group, a germanium-containing group or a

tin-containing graup, Examples.of such atoms and groups include the same atoms and groups as
previously described with respeact to Xin thé formuia (I‘?ES‘WHE%% [s°3 bR Fekitér, pllvalgroaps
indicated by X may.beihe same.qr re n Iural gro s.indicated by X may be bonded to form
aring. Ri 110 U" gMTX'E'EQ’? (II-b) rggfgel SRS OLPUES 1OGERCD ainihg group,

a heterocycllc compound residue, a silicon—containing
g?oup, a germanium-containing group or a tin-containing
5 group. Examples of such atoms and groups include the
same atoms and groups as previously described with
rrespect to X in ﬁhe formula (I).
When n is 2 ‘or greater, plural groups indicated by X
may be the same or different, and plural groups indicated
10 by X may be bonded to form a ring.

Similarly to the transition metal compound

[
'

represented by the formula (I}, the transition metal
compound (A) represented by the formula (IT-a) or {II-b)
'preferably has properties that the distance between the
15 heteroatom, which has no direct bond éo the central metal
¥ and is nearest to the central metal M, and hydrogen at
the P-position is not more than 3.0 A and the
electrostatic energy is not more than 10 kJ/mol.
Of the tranéition metal compounds represented by the
20 formulia (II-a) or {II-b}, a transition metal compound
répresented by the following formula {II-a') or (II-b')
and having the following structure as RI is preferable as
the transition metal compound (A} for use in the

invention.

25




wherein N---MI generally means that they are coordinated 15 to each other, but in the present

invention they are not always coordinated. In the formula (l-b), M1 is a transition metal atom selected
from Group 3 to Group 11 of the periodic table, preferably a transition metal atom of Group 4 to Group

5, 20 specifically titanium, zirconium, hafnium, vanadium, niobium, tantalum or the like, more

preferably a transition metal atom of Group 4, specificall

preferably titanium. m is an integer of 1 to 5, preferably 2t %1 more 25 preferably 2. 105 Aisa
nitrogen atom or a phosphorus atom. U is a carbon atom having a substituent R6 (-C(R6)=), a
nitrogen atom or a phosphorus atom. Q is a carbon atom having a substituent R7 (-C(R7)=), 5 a
nitrogen atom or a phosphorus atom. S is a carbon atom having a substituent R8 (-C(RS)=), a
nitrogen atom or a phosphorus atom. T is a carbon atom having a substituent R9 (-C(R9)=), a

nitrogen atom or a phosphorus atom

or a hydrocarbon group having one or more heteroatom-containing groups, and has the same

meaning as

10

15

20

25

wherein N-~-M1 generally means that they are coordinated
to each other, but in the present invention they are not
always coordinated.

In the formpla (IT-a'), ML is a transitidn metal
atom selected from Group 3 to Group 11 of the periodic
table, preferably a transition metal atom of Group 4 to
Group 5, specifically titanium, zirconium, hafnium,
v??adium, niobium, tantalum or the like, more preferably
a transition metal atom of Group 4, specifically titanium,
zirconium or hafnium, still more preferably titanium.

Q is a nitrogen atom or a carbon atom having a
substituent RZ (-C(RZ)=).

A is an oxygen atcm, a sulfur atom, a selenium atom
©r a nitrogen atom having a'substituent RO (—C(RS)w).

Rl is a phenyl group having at least one substituent
selected from a hetercatom and a heteroatom—containing
%;oups, an aromatic hydrocarbon group other than a phenyl
group, an aliphatic hydrocarbon group or an alicyclic
hydrocarbon group. When R1 is a phenyl group and the
position of the carbon atom bonded to a nitrogen atom is

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

least one position of the Z2-position and the b-position,

itanium, zirconium or hafnium, still more

. 10 R1 is a hydrocarbon group having-@ne or more heteroatoms



that of R1 in the formula (lI-a). R6 to R9 may be the same or different and are each a 15 hydrogen
atom, a halogen atom, a hydrocarbon group, a hydrocarbon-substituted silyl group, an
oxygen-containing group, a nitrogen-containing group, a sulfur-containing group, a boron-containing
group, an aluminum-containing group, a phosphorus-containing group, a halogen 20 containing
group, a heterocyclic compound residue, a silicon-contaiping group, a germanium-containing 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 25 respect to RZ to R5 in the formula

(I-a). Examples of 106 .the axygen-containing groups, the nitrogen-containing groups, the
sulfur-containing gr%%p%,etﬁaqcnitgggeens-u%ﬁ?a}fgiHS@}o&ﬁJtﬁé?E%f%nf-é&ﬁ%aﬁﬁiﬁg?@%{@@j:m and a

aluminum-containing,group glrg_phos horus-containing 5 groups, the halogen-containing groups, the
heterocyclic compound res% ues, toengﬁégn%ggnt%ﬁl?ﬁ gro%lbs, ther g@ﬁn§ 'ﬁnﬁé@rﬂﬁmﬁ@@oups

the formula (0. 10 RE 5 RS are cach pretsiably e hyoga A15H, & halSuh aiT a hydrocarbon.
group, a hydrocarb@fbstituent selected from & heteroaton other than a
5 fluorine atom, a fluorine-containing group containing one

carbon atom and not more than two fluorine atoms, a
fluorine-containing group containing twé Or more carbon
“atoms and a heteroatom-containing group having a
heteroatom other than a fluorine atom. When RL is an

10 aromatic hydrocarbon group other than a phenyl group, an
aliphatic hydrdcarbon group or an alicyclic hydrocarbon
gféup, this group has one or more substituents selected‘
from hetercatoms and heteroatem-containing groups.

Examples of the hetercatoms and the heteroatom-

156 containing groups indicated by R} include the same atoms
and groups as previously described with respect to RI iﬁ
the formula (II-a).

In the transition metal compound represented by the

formula (Il-a'), when the position of the carbon atom

20 bonded to a nitrogen atom is the l1-position, Rl is
ﬁfeferably a fluorine-containing hydrocarbon group of 1
to 30 carbon atoms which is selected from a phenyl group
having, at at least cne position of the 2-position and

the 6-position, at least one substituent selected from a

25 flgorine atom and a fluorine atom-containing group, a



substituted silyl group, an oxygen-containing group, a nitrogen-containing group, a sulfur-containing
group or a halogen-containing group, more preferably a hydrogen atom, 15 a halogen atom, a
hydrocarbon group, a hydrocarbon- substituted silyl group or a halogen-containing group. Two or
more of R6 to R9 may be bonded to form a ring, and when m is 2 or greater, Rls, R6s, R7s, R8s and
R9s may be the same or different, and one group of R64qR9 20 contained in one ligand and one
group of R6 to R9 contained in other ligands may be bonded. n is a number satisfying a valence of Ml.
X is an oxygen atom, a hydrogen atom, a halogen atom, a hydrocarbon group, an oxygen-containing

group, a 25 sulfur-eqQntaining.groun, r;itro en-containing.group, a 107 boron-containing group, an
aluminum-containi%g gro%p?% p#gsp !c])vrﬁ!sj?%bnta;%mi%éegr%uﬁ?%%%éﬁ%&éﬁ-c&ﬁ‘t%in?ﬁ&ﬁﬁ)‘u L

heterocyclic compaquné rgsfigugg&él'@ppéggntgipin%egrsotupd ager at%\}jcum:-ggg@i%iqﬁ%ggu ora

tin-containing 5 group. Examples of such atoms and groups include the” Sarme a éjroups as

previously described-wih zregpget10-%% in-theformula (1), When 915537%8595 er, >§%%Ingrg ps
indicated by X may be the same or different, and plural groups indicated 10 by X may be boénded to
form a ring. and not more than two fluorine atoms and a fluorine-

5 containing group containing two or more carbon atoms, an
aromatic hydrocarbon group other than a phenyl group
haviﬁg at least one substituent selected from a fluorine
atom and a fluorine-containing group, an aliphatic
hydrocarbon group having at leasf one substituent

10 selected from a fluorine atom and a fluorine~containing
group, and an alicyclic hydrocarbon group having at least
oge substituent sglected from a fluorine atom and a
tluorine-containing group. Such a transition metal
compound is preferable from tﬁe viewpoints of activity

15  and molecular weight of the resulting polymer.

Specifically, Rl is trifluoromethyl, perfluoroéthyl,
perfluoropropyl, perfluorobutyl, perfluoropentyl,
perfluorchexyl, perfluoroheptyl, perfluorooctyl,
perfluocrodecyl, 1H,1H-perfluoropropyl, 1H,1H-

20 perfluorobutyl, 1H, 1H-perfluoropentyl, 1H, 1H-
éérfluorohexyl, 1H, 1H-perfluoroheptyl, 1H, 1H-
perfluorcoctyl, 1H,lH-perfluorodecyl, perfluorocyclohexyl,
trifluoromethylcyclohexyl, bis(trifluoromethyl)cyclohexyl,

triflucromethylfluorocyclohexyl, monofluorophenyl,

25 difluorophenyl, trifluorophenyl, tetrafluorophenyl,



Similarly to the transition metal compound represented by the formula (I), the transition metal
compound (A) represented by the formula (I1-a) or (lI-b) preferably has properties that the distance
between the 15 heteroatom, which has no direct bond to the central metal M and is nearest to the
central metal M, and hydrogen at the j-position is not more than 3.0 A and the electrostatic energy is
not more than 10 kJ/mol. Of the transition metal compoqufj represented by the 20 formula (ll-a) or
(1I-b), a transition metal compound represented by the following formula (lI-a") or (lI-b") and having the
following structure as RI is preferable as the transition metal compound (A) for use in the invention.
25 Rl | R3- MIXn &L\léﬁ R4 108 wherein N---MI generally means that they are coordinated 5 to
each other, but in the présent Mventoh they dlfetrct: Bfvayacobrdinaedt mfthedormilartia)), Ml is a

transition metal ;
(trlfluoromethyl)fluorophenyl, trifluoromethylphenyl,

bit(trifluoromethyl)phenyl, tris(trifluoromethyl)phenyl,
tetrakis(trifluoromethyl)phenyl,

5 pentakis(trifluoromethyl)phenyl, perfluoroethylphenyl,
bis(perfluoroethyl)phenyl, perflucropropylphenyl,
perfluorobutylphgnyl, perfluéropentylphenyl,
perflucrchexylphenyl, bis(perfluorohexyl)phenyl,
perfluoronaphthyl, perfluoiophenanthryl, perfluoroanthryl,

10 (trifluoromethyl}tetrafluorophenyl or the like.

‘ RY is preferably a fluorine-containing aliphatic
hydrocarbon group of 3 to 30 carbon atoms, and examples
thereof include 1H, 1H-perfluoropropyl, 1H, 1H-
perfluocrobutyl, 1H, 1H-perfluoropentyl, 1H,1H-

15 perfluorchexyl, 1H,1H-perfluoroheptyl, 1H,1H-
perfluorococtyl and 1H, 1H-perflucrodecyl. Alsc preferable
are aromatic hydrocarbon gréups of 6 to 30 carbon atoms
substituted with fluorine and/or fluorine-containing
hydrocarbon, such as monofluorophenyl, difluorophenyl,

20 trifluorcphenyl, tetraflucrophenyl, pentafluorophenyl,
Ftrifluoromethyl)pentafluorophenyl,
{trifluoromethyl)fluorophenyl, triflueromethylphenyl,
bis{triflucromethyl)phenyl, tris(trifluoromethyl)phenyl,

tetrakis(trifluoromethyl)phenyl,

25 pentakis(trifluoromethyl)phenyl, perflucroethylphenvyl,



atom selected from Group 3 to Group 11 of the periodic table, preferably a transition metal atom of
Group 4 to 10 Group 5, specifically titanium, zirconium, hafnium, vanadium, niobium, tantalum or the
like, more preferably a transition metal atom of Group 4, specifically titanium, zirconium or hafnium,
still more preferably titanium. Q is a nitrogen atom or a carbon atom having a 15 substituent R2
(-C(R2)=). Ais an oxygen atom, a sulfur atom, a seleniugygtom or a nitrogen atom having a
substituent R5 (-C(R5)-). Rl is a phenyl group having at least one substituent selected from a
heteroatom and a heteroatom-containing 20 groups, an aromatic hydrocarbon group other than a

phenyl group, an aljphatic.bydr Q D,group or an alicyclic hydrocarbon group. When Rl is a phenyl
group and the positior? of the c%%g:)ngat}gﬁ?%gﬁﬁen&) fo’ aéﬁrrofgqeﬁoaﬁf)’ﬁﬁgpﬂﬁ Phggsition, the phenyl

group desirably hagse@tfqtl%ﬁflggéttqﬂ%Hgg(ijggqh%égkef%@&%%%n I?letgg 6-polsition, 109 at least one
a t

substituent selected from a heteroatom an eroatom-containing grgﬂlﬁ dr has, at the 3-position,

the 4-position andglae Spesition. atleastona substtusnt selected,from 4 heteroaiom other than a 5
fluorine atom, a fluorine-containing group containing one carbon atom-and noef more than two fluorine
atoms, a perfluorcnaphthyl, perfluorophenanthryl, perflucroanthryl

5 and (trifluoromethyl}tetrafluorophenyl.

Of the above examples, particularly preferable as R1
are monofluoropﬁenyl, diflucrophenyl, trifluorophenyl,
tetrafluorophenyl, pentafluorcphenyl,
(trifluoromethyl)pentafluorophenyl and 1H,1H¥

10 perfluorcoctyl.

. RZ to RO may be the same or different and are each a
hydrogen atom, a halogen atom, a hydrocarbon group, a
hydrocarbon-substituted silyl group, an Oxygen-containing
group, a nit;ogen—containing group, a sulfur-containing

15 group, a boron-containing group, an aluminum-containing
group, a phosphords—containing group, & halogen-
containing group, a heterocyclic compound residue, a
silicon-containing group, a germanium-containing group or
a tin-containing group. Two or more of R2 to RO may be

20 bonded to form a ring.
) Examples of the boron-containing groups, the
aluminum-containing groups, the phosphorus-containing
groups, the halogen-containing groups, the heterocyclic

compound residues, the silicon-containing groups, the

25 germanium-containing groups and the tin—containihg groups



fluorine-containing group containing two or more carbon atoms and a heteroatom-containing group
having a heteroatom other than a fluorine atom. When R1 is an 10 aromatic hydrocarbon group other
than a phenyl group, an aliphatic hydrocarbon group or an alicyclic hydrocarbon group, this group

has one or more substituents selected from heteroatoms and heteroatom-containing groups.
Examples of the heteroatoms and the heteroatom 15 com@ning groups indicated by R1 include the
same atoms and groups as previously described with respect to R1 in the formula (lI-a). In the
transition metal compound represented by the formula (lI-a"), when the position of the carbon atom 20

bonded to a nitrogjgﬂn atom is the 1-p02$ition, RS'L is preferably a fluorine-containing hydrocarbon group
of 1 to 30 carbon StomS WHich Riséiéctéd fom a'phengiegrotis Heving, @t atfeast ene position of the
2-position and the 6épo.sitio at least one substituent selected from a 25 fluorine atom and a fluorine
atom-containing ggﬁguﬁflaoff‘rgyph Ry Cgrotip haliny af theeRpésifien, %hé a-gositiohc amd the (1) .
5-position, at least one SHQ%%[UEQtSseI%Ct(ﬁg f[?ém a fluorine-containing group having one carbon atom
and not more than two fluorine atoms and A iﬁ@%eéb"rﬁéiﬂﬁ'@@bﬁﬁ cERtaitHg tWe o friord carbon

atoms, an by RZ to RS include the same groups as previously
5 described with respect to RY in the formula {II-a).
Examples of the hydrocarbon groups indicated by RZ
to R include those of 1 to 30 carbon atoms.
Specifically, there can be mentioned straight-chain or
branched alkyl groups of 1 to 20 carbon atoms, preferably

10 1 to 20 carbon_atoms, such as methyl, ethyl, n-propyl,
i??propyl, n-putyl, isobutyl; sec-butyl, tert-butyl,
neopentyl and n-hexyl; straight-chain or branched alkenyl
groups of 2 to 30 carbon atoms, preferably 2 to 20 carbon
atoms, such as vinyl, allyl and isopropenyl; straight-

16 chain or branched alkynyl groups of 2 to 30 carbon atoms,
preferably 2 to 20 carbon atom, such as ethynyl and
propargyl; cyclic saturated hydrocarbon groups of 3 to 30
carbon atoms, preferably 3 to 20 carbon atoms, such as
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and

20  adamantyi; cyclic unsaturated hydrocarbon groups of 5 to
N
30 carbon atoms, such as cyclopentadienyl, indenyl and
fluorenyl; aryl groups of 6 to 30 carbon atoms,
preferably 6 to 20 carbon atoms, such as phenyl, benzyl,
naphthyl, biphenylyl, terphenylyl, phenanthryl and

25 anthryl; and alkyl-substituted aryl groups, such as tolyl,



aromatic hydrocarbon group other than a phenyl group having at least one substituent selected from a
fluorine atom and a fluorine-containing group, an aliphatic hydrocarbon group having at least one
substituent 10 selected from a fluorine atom and a fluorine-containing group, and an alicyclic
hydrocarbon group having at least one substituent selected from a fluorine atom and a
fluorine-containing group. Such a transition metal compoqggris preferable from the viewpoints of
activity 15 and molecular weight of the resulting polymer. Specifically, Rl is trifluoromethyl,
perfluoroethyl, perfluoropropyl, perfluorobutyl, perfluoropentyl, perfluorohexyl, perfluoroheptyl,

perfluorooctyl, perflugrodecyl, IH,IH-perfluoropropyl, 1H,IH 20 perfluorobutyl, 1H,IH-perfluoropentyl,
1H,IH- perfluorohexyl?il—cli,?ﬁ-%gr u%%ﬁ/e*dtyl,%1Hﬁéyé€hﬁf6‘f&0ctﬁ}i‘ﬁHWE)@FH%BE?@de%?F? di-t~

perfluorocyclohexyl,bggkygﬁg{gg%]yl'cyclohexyl, bis(trifluoromethyl)cyclohexyl,
trifluoromethylfluorocyclohéxyl, monofluorophenyl, 25 difluorophenyl, trifluorophenyl, tetrafluorophenyl,

ifuoromethylphenl, bituoremeiyeheayt telt T oEmErney s e Be
tetrakis(trifluorometbyl}phemylited with other hydrocarbon groups, and examples
5 of such groups include alkyl groups substituted with aryl
groups such as benzyl and cumyl.

Examples of.the hydrocarbon-substituted silyl groups
indicated by R? to R® include those of 1 to 30 carbon
atoms. Specifically, there can be mentioned methylsilyl,

10 dimethylsilyl, trimethylsilyl, ethylsilyl, diethylsilyl,
tr%ethylsilyl, diphenylmethylsilyl, triphenylsilyl,
dimethylpheﬁylsilyi, dimethyl-t-butylsilyl and
dimethyl(pentafluorophenyl)silyl. Of these, preferable
are methylsilyl, dimethylsilyl, trimethylsilyl,

15  ethylsilyl, diethylsilyl, triethylsilyl, |
dimethylphenylsilyl and triphenylsilyl. Particularly
preferable are trimethylsilyl, triethylsilyl,
triphenylsilyl and dimethylphenylsilyl.

Examples of the oxygen~containing groups indicated

20 by R? to R include the same groups as previously
&escribed with respect to X in the formula (I).

Examples of the nitrogen-containing groups indicated

by R to RS include the same groups as previously

described with respect to X in the formula (I).



5 pentakis(trifluoromethyl)phenyl, perfluoroethylphenyl, bis(perfluoroethyl)phenyl,
perfluoropropylphenyl, perfluorobutylphenyl, perfluoropentylphenyl, perfluorohtxylphenyl,
bis(perfluorohexyl)phenyl, perfluoronaphthyl, perfluorophenanthryl, perfluoroanthryl, 10
(trifluoromethyl)tetrafluorophenyl or the like. R1 is preferably a fluorine-containing aliphatic
hydrocarbon group of 3 to 30 carbon atoms, and examplgs thereof include 1H,1H-perfluoropropyl,
1H,1H- perfluorobutyl, 1H,1H-perfluoropentyl, 1H,IH 15 perfluorohexyl, 1H,1H-perfluoroheptyl, 1H,1H-
perfluorooctyl and 1H,1H-perfluorodexyl. Also preferable are aromatic hydrocarbon groups of 6 to 30

carbon atoms substituted '{ Jfluorine and/or fluorine-containing . hydrocarbon, such as
monofluorophenyl, difluoro%tgﬁ?l? 28%%%6 uuf%/f‘teﬁgﬂlf@rbﬁﬁé}r?yl9§€rﬁ§ff’udrﬁﬁﬁc§rﬂﬂ,@d

. S
uorophen

(trifluoromethyl)pentafliorophenyl, . (trifluoromethyhflugrophenyl, trifluoromethylphenyl,
bis(trifluoromethyl)phenyl, trizf'?r}fl%%goirh%? y%ﬁ%ensy)ﬁ,m?et Jﬁ?s‘féﬁlu%ﬁorﬁ&tﬁ% , 25
pentakis(trifluoromaylmy@,p@ﬁfl%gg@gl,phggylx1}% l{f @eg%)uxorgg toI %?enyl,

perfluoropropylphenyl, perfluorobutylphenyl, perfluoropentylphenyl, perfluorohexylphenyl,
bkxpeﬁhuﬂoheXprheﬂykamples of the halogen atoms and the halogen-

5 containing groups indicated by R4 to RO include the same
groups as previously'described with respect to Rl in the
foermula (I1-a).

R<Z to RS are each preferably a hydrogen atom, a
halogen atom, a hydrocarbon group, a hydrocarbon—

10  substituted silyl group, an oxygen-containing group, a
nitrogen-containing group, a sulfur-containing group or a
halogen-containing group, more preferably a hydrogen atom,
a halogen atom, a hydrocarbon group, & hydrocarbon-
substituted silyl group or a halogen-containing group.

15 n is a number satisfying a valence of M1,
specifically an integer of 2 to 4, preferably 2.

X is an oxygen atom, a hydrogen atom, a halogen atom,
a hydrocarbon group, an oxXygen-containing group, a
sulfur-containing group, a nitrogen-containing group, a

20 boron-containing group, an aluminum-containing group, a
ghosphorus—containing group, a halogen-containing group,
a heterocyclic compound residue, é silicon-containing

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

group. Examples of such atoms and groups include the



perfluoronaphthyl, perfluorophenanthryl, perfluoroanthryl 5 and (trifluoromethyl)tetrafluorophenyl. Of
the above examples, particularly preferable as Rl are monofluorophenyl, difluorophenyl,
trifluorophenyl, tetrafluorophenyl, pentafluorophenyl, (trifluoromethyl)pentafluorophenyl and 1H,IH 10
perfluorooctyl. R2 to R5 may be the same or different and are each a hydrogen atom, a halogen atom,
a hydrocarbon group, a hydrocarbon-substituted silyl grpgg, an oxygen-containing group, a
nitrogen-containing group, a sulfur-containing 15 group, a boron-containing group, an
aluminum-containing group, a phosphorus-containing group, a halogen- containing group, a
heterocyclic compaung residue ilic ining rmanium-cantaini roup or a
tin-containing group. %ﬁ%ﬁ%rﬁaggRg%ggR%%rég bpegf%%qb %%5 t6 form- aqﬁné f&?ﬁples of the
boron-containing gf@g@gdhet@lumm{n@g)gtagglp&gjgugsi the phosphorus-containing groups, the
halogen-containing groups, the heterocyclic compound reS|dues the silicon-containing groups, the 25
germanium-containing groups and ke gnﬁpn@@@ggoumégﬂn%lgg@ngl%g%g@é%clgde Epe
same groups as previously described with respect to X in the form

may be the same or different, and plural groups indicated

5 by X may be bonded to form a ring.

. {II-b"}

10

wherein Ne---M1l generally means that they are coordinated
'tn each other, but in the present invention they are not
always coordinated.
In the formula (IImb‘}; Ml is a transition metal
16  atom selected from Group 3 to Group 11 of the periodic
table, preferably a transition metal éﬁom of Group 4 to
Group 5, é?@cificaliy titanium, zirconium, hafnium,
vanadium, niobium, tantalum or the like, more preferably
& transition metal atom of Group 4, specifically titanium,
20 zirconium or hafnium, stiil more preferably titanium.
) m is an integer of 1 to 5, preferably 2 to 4, more
preferably 2.
A is a nitrogen atom or a phosphorus atom.

U is a carbon atom having a substituent R® (MC(R6):),

25 a nitrogen atom or a phosphorus atom.



Examples of the halogen-containing groups indicated by R2 to R5 include the same groups as
previously 5 described with respect to R1 in the formula (ll-a). Examples of the hydrocarbon groups
indicated by R2 to R5 include those of 1 to 30 carbon atoms. Specifically, there can be mentioned
straight-chain or branched alkyl groups of 1 to 30 carbon atoms, preferably 10 1 to 20 carbon atoms,
such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobjiyi, sec-butyl, tert-butyl, neopentyl and
n-hexyl; straight-chain or branched alkenyl groups of 2 to 30 carbon atoms, preferably 2 to 20 carbon
atoms, such as vinyl, allyl and isopropenyl; straight 15 chain or branched alkynyl groups of 2 to 30
carbon atoms, prefer%%!y.% to 20 carbon atom, such as ethynyl and propargyl; cyclic saturated
hydrocarbon groups of*3 to 30 c%ﬁik%r? Btom<préferaby 340 20°aridn amnsk duch &< Relictopropyl,
cyclobutyl, cyclopentyl, cyclohexyl and 20 adamantyl: cyclic unsaturated hydrocarbon groups of 5 to
30 carbon atomslgfl s?}c tgég%am%}gﬁtrgd%ﬁyﬁ ind&ny Aid Yftiofériff -aryl groups of 6 to 30 carbon

phenarihryl and 25 iyt and Syt UbeiAe S ldune, SUEH Gk tAOT S 14 4 byl
t-butylphenyl, diraethyphegyhantdizt- - 2 phosphorus atom.
5 T is a carbon atém having a substituent R® (~C(RI) =),
a nitrogen atom or a phosphorus atom.

Rl is 3 hydrocarbon group having one or more
heterocatoms or a'hydrocarbon group having one or more
heteroatom-containing groups, and has the same meaning as

10  that of R! in the formula (II-a').
Ny R® to RY may be the same or different and are each a
hydrogen atom, a halogen atom, a hydrocarbon group, a
hydrocarbonﬁsubstituted silyi group, an oxygen-containing
group, a nitrogen-containing group, a sulfur-containing
16  group, a boron-containing group, an aiuminum~containing
group, a phosphorus~containing group, a halogen-
containing group, a heterocyclic compouﬁd residue, a
silicon-contalning group, a germanium-containing group or
a tinmcopgaining group. Examples of the hydrocarbon
20 %roups and the hydrocarbon-substituted silyl groups
include the same groups as previously described with
respect to R? to R® in the formula (II-a). Examples of
the oxygen-containing groups, the nitrogen-containing

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

25 containing group, the boron-containing groups, the



butylphenyl. The above-mentioned hydrocarbon groups may be substituted with other hydrocarbon
groups, and examples 5 of such groups include alkyl groups substituted with aryl groups such as
benzyl and cumyl. Examples of the hydrocarbon-substituted silyl groups indicated by R2 to R5 include
those of 1 to 30 carbon atoms. Specifically, there can be mentioned methylsilyl, 10 dimethylsilyl,
trimethylsilyl, ethylsilyl, diethylsilyl, triethylsilyl, diphenylmgghylsilyl, triphenylsilyl, dimethylphenylsilyl,
dimethyl-t-butylsilyl and dimethyl(pentafluorophenyl)silyl. Of these, preferable are methylsilyl,
dimethylsilyl, trimethylsilyl, 15 ethylsilyl, diethylsilyl triethylsilyl, dimethylphenylsilyl and triphenylsilyl.

Particularly prefe@p{ﬁng%ﬂn@@@g{lm, th Fgé% trlph nGyIS| Ian%dlrr%%thg}é}lgggg)gg%g&\?xan;ples
iously

of the oxygen-containing groups |nd|cated 0 t6 R5inc e sa

described with respestitosX in-the fQH“ﬂB@e@*Eéﬁmﬂ‘?ﬁ%%thS piipgen-containi nﬁ %roﬁﬁs ndicated by
R2 to R5 include the same groups as previously described wit éct to X ih the f8 fﬂ%\l(ﬁ 115
Exwﬂpr(ﬁthesuﬁmp@mﬂdmﬂﬁbg@W@§)mﬂ%geglllcon—contalnlng groups, the
germanium-containing groups and the tin-containing groups
5 include Ehe same groups as previously described with
respect to X in the formula (I).
R® to RY are each preferably a hydrogen atom, a
halogen étom, a hydrocarbon group, & hydrocarbon-
substituted silyl group, an Ccxygen-containing group, a

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

halogen~containing group, more preferably a hydrogen atom,

) &

& hydrocarbon group, a hydrocarbon-substituted silyl
group, a halogen atom or a halogen—containing group.
Twe or more of R® to RY may be bonded to form a ring,
15 and when m isr2 or greater, Rls, R6s, R7s, R8s and R9s
may be the same or different, and one group of R to RO
contained in one ligand and one group of R® to RO
contained in other ligands may be bonded.
n is a number satisfying a valence of MI.
20 X 1s an oxygen atom, a hydrogen atom, a halogen atom,
.
a hydrocarbon group, an OxXygen-containing group, a
sulfur~containing group, a nitrogen-containing group, a
boron-centaining group, an aluminum~containing group, a

phosphorus-containing group, a halogen-containing group,

25 a heterocyclic compound residue, a silicon-containing



by R2 to R5 include the same groups as previously described with respect to X in the formula (1).
Examples of the halogen atoms and the halogen 5 containing groups indicated by R2 to R5 include the
same groups as previously described with respect to Rl in the formula (lI-a). R2 to R5 are each
preferably a hydrogen atom, a halogen atom, a hydrocarbon group, a hydrocarbon 10 substituted silyl
group, an oxygen-containing group, a nitrogen-containijgegroup, a sulfur-containing group or a
halogen-containing group, more preferably a hydrogen atom, a halogen atom, a hydrocarbon group, a
hydrocarbon substituted silyl group or a halogen-containing group. 15 nis a number satisfying a

valence of M1, sgﬁqf' lly an '@tgrggﬁ%%gg 4hpreferabl 2. X is an oxygen,atom, a hydrogen atom, a
halogen atom, a hYercJ)CEgérbondgrOUp, an oxngenfg&rﬁéfﬁﬁ;gggrr%ﬂB, a rsu??u?—%%nt%ci)ﬁ}ﬁg group? a

nitrogen-containing,giaup, a20.RereD-LoNAIBINGOrauRLAN WGV GonAINng Qroup. 2

phosphorus-containing group, a halogen-containing group, terocyclic compound résidue, a
silicon-containing sgrauP -2 GeEMARIKIM; caNtaINIAG JFauP,Ar A tin-containing ,arqup Examples of such

atoms and groups include the 116 same atoms and groups as previously described with
respect to X in the formula (T).

5 When n is 2 or greater, plural groups indicated hy X
may be the same or different, and plural groups indicated
by X may be bondgd to form a ring.

As the transition metal compound (A} for use in the
'invention, there can be also mentioned a transition metal
10 compound represented by the following formula (III) and
having properties that, in a B~agostic structure of a
cétionic complex wherein one of ¥X in the formula (ITI) is
replaced with a n-propyl group, said structure being
_ measured by a density functional method, the distance
15 between the heteroatom, which has no direct bond to the
central metal M and is nearest to the central mefal M,

and hydrogen at the P-position is not more than 3.0 A and

the electrostatic energy is not more than 10 kJ/mol.

2{} F;m
. R VPO W
R /N
R12 O
13 15
R R e (TIT)




respect 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 5 by X may be bonded to form a ring. Ri { UN. MIXn Q/ A
(S==T m 10 wherein N---M1 generally means that they are coordinated to each other, but in the
present invention they are not always coordinated. In the formula (lI-b"), M1 is a transition metal 15
atom selected from Group 3 to Group 11 of the periodic! 2dble, preferably a transition metal atom of
Group 4 to Group 5, specifically titanium, zirconium, hafnium, vanadium, niobium, tantalum or the
like, more preferably a transition metal atom of Group 4, specifically titanium, 20 zirconium or hafnium,

still more preferahly, itapium.yn is gn infeger.af. % to 5. preferably.2 Lg%ﬂé mare. pr%‘gr%%fg isa
nitrogen atom or a phosphorus atom. U is a carbon atom having a su Stitudht RB (-6 =),
' to each other, but in the present invention they are not
always coocrdinated.
In the formula {III), Ml is a transition.metal atom
5 selected from Group 4 to Greup 5 of the periodic table,
specifically titanium, zirconium, hafnium, vanadium,
niobium, tantalum or the like, preferably a transiticon
metal atom of Grdup 4, specifically titanium, zirconium
or hafnium, more preferably titanium.

10 m is 1 or 2, preferably 2.

R10 is a hydrocarbon group having at least one

et

hetercatom or a'hydrocarbon group having at least bne
hetercatom~-containing group. Examples of the heterocatoms
include atoms of halogen, nitrogen, oxygen, phosphbrus,

| 15  sulfur and.selénium. The'heteroatommcontaining group is
a group containing a nonmetal atom other than a carbon
atom and a hydrogen atom, and examples thereof include an
oxygen—containigg group, a nitrogen—containing group, a
sulfur-containing group, =a phosphorus—~containing group, a

20 halogen atom-containing group and a heterocyclic compound

. _
residue. Examples of the oxygen—-containing groups, the
nitrogen-containing groups, the sulfur-containing groups,
the phosphorus-containing groups and the heterocyclic

compound residues include the same groups as previously

25 described with respect to X in the formula {I}). Examples



25 a nitrogen atom or a phosphorus atom. 117 Q is a carbon atom having a substituent R7 (-C(R7)=),
a nitrogen atom or a phosphorus atom. S is a carbon atom having a substituent R8 (-C(R8)=), a
nitrogen atom or a phosphorus atom. 5 T is a carbon atom having a substituent R9 (-C(R9)=), a
nitrogen atom or a phosphorus atom. Rl is a hydrocarbon group having one or more heteroatoms or a
hydrocarbon group having one or more heteroatom-conliai'qing groups, and has the same meaning as
10 that of RI in the formula (ll-a"). R6 to R9 may be the same or different and are each a hydrogen
atom, a halogen atom, a hydrocarbon group, a hydrocarbon-substituted silyl group, an
oxygen-containingo%roggéa ngﬁogen-containing group, a sulfur-containing 15 group, a

boron-containing gfoup; an altaminUm-contaifing :grouBra PREsphtruELenEHTHE Grots: BeHalogen-

containing group, a heteracyclic compound residue, a_ silicon-containing group, a
aheteracyclig compou i

L OLE Aimpiesdrithe Ry dREERGH 20 groups and

germanium-contalnlng_group C_)I’ a tln-goﬁgﬁl?ﬁlg érgoufme% ) ‘ :
e b i R e
mUogenconuﬂmngo 20 carbon atoms, such as alkyl groups (e.g., methyl,
5 ethyl, propyl, butyl, hexyl, octyl, nonyl, dodecyl and
eicosyl}), cycloalkyl greups of 3 to 30 carbon atoms (e.g.,
cyclopentyl, cyc}ohexyl, norbornyl and adamantly),
alkenyl groups (e.g., vinyl, propenyl and cyclohexenyl),
arylalkyl groups (e.g., benzyl, phenflethyl and
10  phenylpropyl) and aryl groups (e.g., phenyl, tolyl,
dimethylphenyl, trimethylphenyl, ethylphenyl,
péépylphenyl, biphenylyl, naphthyl, methylnaphthyl,
anthryl and phenanthryl). Specific examples of such
groups include trifluoromethyl,-perfluorbethyl,
15 pentafluorophenyl, perfluorchexyl, trichlofomethyl,
perchloroethyl, pentachlorophenyl and perchlorchexyl.
R1O ig preferably a halogen atoﬁ—containing
hydrocarbon group of 1 to 30 carbon atoms, particularly
preferably a fluorine—ébntaining hydrocarbon group of 1
20 to 30 carbon atoms.
) Specifically, R0 is trifluromethyl, perfluoroethyl,
perfiuoropropyl, perfluorobutyl, perfluoropentyl,
perfluorohexyl, perflucroheptyl, perfluorcoctyl,

perflucrodecyl, 1H,lH-perfluoropropyl, 1H,1H-

25 perfluorobutyl, 1H,1H-perfluoropentyl, 1H,1H-



groups, the sulfur-containing groups, the nitrogen 25 containing group, the boron-containing groups,
the 118 aluminum-containing groups, the phosphorus-containing groups, the halogen-containing
groups, the heterocyclic compound residues, the silicon-containing groups, the
germanium-containing groups and the tin-containing groups 5 include the same groups as previously
described with respect to X in the formula (). R6 to RQfé%each preferably a hydrogen atom, a
halogen atom, a hydrocarbon group, a hydrocarbon- su uted silyl group, an oxygen-containing
group, a 10 nitrogen-containing group, a sulfur-containing group or a halogen-containing group, more
preferably a hydrogen atom, a hydrocarbon group, a hydrocarbon-substituted silyl group, a halogen
atom or a haloger cortaiing grotp: Tmﬁbrl%éféeéffliG%R@ﬁﬁéybe boheéd to form a ring, 15 and
when mis 2 or greate%llﬁls R6s, R7s, R8s and R9s may be the same or different, and one group of

R6 to R9 containgd in ongﬁagr%é d oné groUP6FR6 16 ROtHhtdinedintdthep igandsimay bel ,

bonded. n is a numper satisfyi valence of MI. 20 X is an oxygen atom, a hydrogen atom, a halogen
atom, a hydrocarbon gro}j%gx aﬁgg?(q Ele(r:]yc%n AR %gro -3 (Sdifr i dontaimb groupyg Lohexyl,

mUOQQ*Cm“am"Ek9$ﬁﬁo§omethylfluorocyc1ohexyl, monoflucrophenyl,

5 difluorcphenyi, triflucrophenyl, tetrafluorophenyl,
pentafluorcphenyl, (trifluoromethyl}pentafluorOphenyl,
{trifluoromethyl)fluorophenyl, trifluoromethylphenyl,
bis(trifluoromethyl)phenyl, tris(trifluoromethyl}phenyl,

tetrakis(trifluoromethyl)phenyl,

10 pent;kis(trifluoromethyl)phenyl, peffluoroethyiphenyl,
bi?(perfluoroethyl)phenyl, perfluoropropylphenyl,
perflucrobutylphenyl, perflucropentyliphenyl,
perfluo;ohexylphenyl, bis(perfluorohexyl)phenyl,
perfluoronaphthyl, perfluorophenanthryl, perfiuoroanthryl,

15 (trifluoromethyl)tetrafluorophenyl or fhe like.

R11 to R4 may be the samelor'different and are each

a hydrogen atom, a halogen atom, a halogen-containing
group, a hydrocarbon group, a hydrocarbon-substitutred
silyl grdup, an oxygen-containing group, a nitrogen-

20 containing group or a sulfur-containing group. Examples
N
of such atoms and groups include the same atoms and
groups as previocusly described with respect to R4 to RD
in the formula (II-a).

R15 15 a halogen atom, a halogen-containing group, a

25 hydrocarbon group or a hydrocarbon-substituted silyl



boron-containing group, an aluminum-containing group., a phosphorus-containing group, a
halogen-containing group, 25 a heterocyclic compound residue, a silicon-containing 119 group, a
germanium-containing group or a tin-containing group. Examples of such atoms and groups include
the same atoms and groups as previously described with respect to X in the formula (I). 5 When n is
2 or greater, plural groups indicated by X may be the e or different, and plural groups indicated
by X may be bonded to form a ring. As the transition metal compound (A) for use in the invention,
there can be also mentioned a transition metal 10 compound represented by the following formula (I11)
and having properties that, | %3-agostic structure of a cationic complex wherein one of X in the
formula (111) is re%lfgc%‘witﬁ]}é SArEpy1 Grou: SRidStrikiurR BN tHeEsUeE by @edenisity functional
method, the distaénc%g 15 1igetween the heteroatom, which has no direct bond to the central metal M

and is nearest to tﬁe%entrgf&r%eﬁarfﬁ{/l,ggﬁéqﬁf/dt%%eﬁraﬂﬁéj ¥ pdsifici frict #roréithan 3.0 A and the
electrostatic eneyqyjisnot mate than 10 kd/mol. 20 110 RI1 N - MMiXn R12 0
Examples of the hydrocarbon groups indicated by R15
5 include those of 1 to 30 carbon atoms. Preferred

examples thereof include straight-chain or branched alkyl

groups of 1 to EQlcarbon atoms, preferably 1 to 20 cérbon

atoms, such as méthyl, ethyli, n-propyl, isopropyl, n-

butyl, iscbutyl, sec-butyl, tert-butyl, n-pentvyl,

. 10 neopentyl and n-hexyl; hydrocarbon groups héving
alicyclic skeleton and having 3 to 30 carbon atoms,
preferably 3 to 20 carbon atoms, such as cyclopropyl,
cyclobutyl,”cyclopentyl, cyglohexyl, norbornyl and
adamaptyl; aryl groups of 6 to 30 carbon atoms,

15 preferably 6 to 20 carbon atoms, such as phenyl, benzyl,
naphthyl, biphenylyl, triphenylyl, fluorenyl, anthryl and
phenanthryl; and groups wherein these groups are further
substituted with an alkyl group of 1 to 30 carbon atoms,
preferally 1 to 20 carbon atoms, or an aryl group of 6 to

20 30 carbon atoms, preferably 6 teo 20 carbon atoms. Of
ghese, tert-butyl is more preferable.

Examples of the hydrocarbon-substituted silyl groups

indicated by R1% include the same groups as previously

described with respect to RZ to RO in the formula (II-a).



R13 4 R15 (lll) R14 m 120 wherein N---M1 generally means that they are coordinated to each other,
but in the present invention they are not always coordinated. In the formula (llI), M1 is a transition
metal atom 5 selected from Group 4 to Group 5 of the periodic table, specifically titanium, zirconium,
hafnium, vanadium, niobium, tantalum or the like, preferably a transition metal atom of Group 4,
specifically titanium, zirconium or hafnium, more preferably titanium. 10 mis 1 or 2, preferably 2. R1 is
a hydrocarbon group having at least one heteroatom or a ocarbon group having at least one
heteroatom-containing group. Examples of the heteroatoms include atoms of halogen, nitrogen,
oxygen, phosphorus, 15 sulfur and selenium. The heteroatom-containing group is a group containing
a nonmetal atom other than &¢arBdf sateim ahcka lhytfogentatom, and examples theteafinclude an
oxygen-containing group, a nitrogen-containing group, a sulfur-cqntaining group, a
phosphorus-containifg §rotip" a2 KaIGyET atorsiéartaffing trdup-and:a hetarotyelic compoimdms
residue. Examples ofatgg OX\r/%en-containing groups, the ‘ ‘

groups as previousiy described with respect to R in

the formula (II-a).
5 R10 and r11 to RIS may be the same or different, and
two or more of them may be bonded to form a ring.
nis a numbgr satisfying a valence of Ml,
specifically an integer of 2 to 4, preferably 2.
X lis an oxygen atom, a hydrogen atom, a halogen atom,
10 a hydrocarbon group, an oxygen-containing group, a
su%fur—containing group, a nitrogen—containing group, a
boron~containing grbup, an- aluminum-containing group, a
phosphotus—containing group, a halogen-containing group,
a heterocyclic compound residue, a silicon-containing
15  group, a germanium-containing group or a tin-containing
group. Examples of such atoms and groups include the
same atoms and groups as previously described with
respect to X in the formula (I).
When n is 2 or greater, plural groups %ndicated by X
20 may be the same or different, and plural groups indicated
gy X may be bonded to form a ring.
As the transition metal compound (A}, there can be
also mentioned a transition metal compound represented by

the following formula (III'} and having the following

25 structure as Ri0,



nitrogen-containing groups, the sulfur-containing groups, the phosphorus-containing groups and the
heterocyclic compound residues include the same groups as previously 25 described with respect to
X in the formula (l) . Examples 121 of the halogen-containing groups include groups wherein at least
one hydrogen is replaced with halogen in hydrocarbon groups of 1 to 30 carbon atoms, preferably 1
to 20 carbon atoms, such as alkyl groups (e.g., methyl,{3gthyl, propyl, butyl, hexyl, octyl, nonyl,
dodecyl and eicosyl), cycloalkyl groups of 3 to 30 carbon atoms (e.g., cyclopentyl, cyclohexyl,
norbornyl and adamantly), alkenyl groups (e.g., vinyl, propenyl and cyclohexenyl), arylalkyl groups
(e.g., benzyl, phenylethyl and 10 phenylpropyl) and aryl groups (e.g., phenyl, tolyl, dimethylphenyl,
trimethylphenyl, ethylphenyl, propylphenyl, hiphenylyl, naphthyl, methylnaphthyl, anthryl and
phenanthryl) . Specific examples 6f such groups include trifluoromethyl, perfluoroethyl, 15
pentafluorophenyl, perfluorohexyl, tgchloram . chloroethyl, pentafhlorophenyl and
perchlorohexyl. R10 is preferably a haldgen atgpr-containing hydrocarbon group of 1 to 30 carbon
atoms, particularly preferably & fRiG &nihg hydrocarbon group of 1 20 to 30 carbon atoms.

p—

R13 R15
5 ' Lia oo {IIIY
wherein N---ml generally means that they are coordinated
to each other, but in the present invention they are not
always coordinated.
10 In the above formula, ML, m, RIL o r14, R13, n and

X have the same meanings as those of Ml, m, Rl to r14,
) .
R15,_n and X in the formula (IIT).
RO ig & phgnyl group having at least one
substituent selected from a heterocatom and a heteroatonm-
15  containing group; an aromatic hydrocarbon group other
than a phenyl group, an aliphatic hydrocarbon group or an
alicyclic hydrocarbon group. When R10 is z phenyl group
and the position of the carbon atom bonded to nitrogen is
the lfposition, this phenyl group has, at at least one
20 position of the 2-position and the 6-position, one or
gore substituents selected from a heteroatom and a
heteroatom~containing group, or has, at the 3~position,
the 4-position and the 5-position, at least one

substituent selected from a heteroatom other than a

25 fluorine atom, a fluorine-containing group having one



ti Specifically, R10 is trifluromethyl, perfluoroethyl, perfluoropropyl, perfluorobutyl, perfluoropentyl,
perfluorohexyl, perfluoroheptyl, perfluorooctyl, perfluorodecyl, 1H,1H-perfluoropropyl, 1H,1H 25
perfluorobutyl, 1H,1H-perfluoropentyl, 1H,1H 122 perfluorohexyl, 1H,111-perfluoroheptyl, 1H,1H
perfluorooctyl, 1H,1H-perfiuorodecyl, perfluorocyclohexyl, trifluoromethylcyclohexyl,
bis(trifluoromethyl)cyclohexyl, trifluoromethylfluorocyclohexyl, monofluorophenyl, 5 difluorophenyl,
trifluorophenyl, tetrafluorophenyl, pentafluorophenyl, (triﬂ omethyl)pentafluorophenyl,
(trifluoromethyl)fluorophenyl, trifluoromethylphenyl, bis(trifluoromethyl)phenyl,
tris(trifluoromethyl)phenyl, tetrakis(trifluoromethyl)phenyl, 10 pentakis(trifluoromethyl)phenyl,
perfluoroethylphenyf: TBistpeffiusfoethyl) plienylcperfludropropytphenyt; rperfluarabutylphenyl,
perfluoropentylphenyl, perfluorohexylphenyl, bis(perfluorohexyl)phenyl, perfluoronaphthyl,
perfluorophenanthiyt, et fiisioarthiyd - 15 {tHfldroriethy tétrafl uorophenyhor thedikeb R 1 4a R4 may
be the same or different and are each a hydrogen atom, a halogen atom, a halogen-containing group,
a hydrocarbon groﬁﬁf{; Rydrot&ibonsibstifttéd 1ning group having a heterocatom

other than a fluorine atom. When R10 is an aromatic
5  hydrocarbon group other than a phenyl group, an aliphatic
hydrocarbon group or an alicyclic group, this group has
at least one sub;tituent selected from a hetercatom and a
heteroatom-containing group.
Examples of_the heteroatoms and the hetercatom-
10  containing groups include the same atoms and groups as
pr?viously described with respect to Rl in the formula

(II-a).
In the transition metal compound represented by the
formula (EII),.when the position of the carbon atom
15 bonded to a nitrogeh-atom is thé 1mposition, r10 ig
preferably a fluorine-containing hydrocarbon group of 1
to 30 carbon atoms which is selected from a phenyl group
having, at at iéast one position of the 2-position and
the 6-position, one or mere substituents selected from a
20 hetercatom and a hetercatom-containing group, a phenyl
.
group having, at the 3-position, the 4-position and the
S5-position, at least one substituent selected from a
fluorine-containing group containing one carbon atom and

not more than two fluorine atoms and a fluorine-

25 containing group containing two or more carbon atoms, an



silyl group, an oxygen-containing group, a nitrogen 20 containing group or a sulfur-containing group.
Examples of such atoms and groups include the same atoms and groups as previously described
with respect to R2 to R5 in the formula (Il-a). R15 is a halogen atom, a halogen-containing group, a
25 hydrocarbon group or a hydrocarbon-substituted silyl 123 group. Examples of such atoms and
groups include the same atoms and groups as previoyshy described with respect to R2 to RS in the
formula (II-a). Examples of the hydrocarbon groups indicated by R15 5 include those of 1 to 30 carbon
atoms. Preferred examples thereof include straight-chain or branched alkyl groups of 1 to 30 carbon
atoms, preferably,110-20 carbon atoms., s ch as methyl, ethy], n-propyl, isopropyl, n- butyl, isobutyl,
sec-butyl, tert-butyl, n-pentyl, 10 Jﬁeopentyf‘ﬂaﬁd‘T ﬁ%x?%%?éro%gﬁ)%n%rgﬂﬁélHéviﬁﬁ CAlieyclic skeleton
and having 3 to 8Q-¢arRpn.atoms, Lrefgrably, 3 10,20 %rlp n atams, such as cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, norbornyl and adamantyl; arél grgupsseofe 6 Foe% ééf%gnaatgrh “{5preferably

6 to 20 carbon atems, such as phenylbenzyk npaphihylbiphenylyl, iphenylyl, fluorenyl, anthryl and
phenanthryl; and groups wherein these groups are furthér
hydrocarbon group having at least one substituent

5 selected from a fluorine atom and a fluorine-containing
group, and an alicyclic hydrocarbon group having at least
one substituent selected from a fluorine atom and a
fluorine—containing group. Such a transition metal
compound is preferable from the viewpoints of activity
10  and molecular weight of the resulting polymer.

As for the substitution position of the substituent

ot

having a hetercatom or a heteroatom-containing group,
when R10 is aromatic, fhis substituent is preferably
present at the pésition of a carbon atom (carbon atom at
15 the P-position) adjacent to the carbon atom in R1L0 that
is bonded to a nitrogen atom, and when R10 ;g aliphatic,
the substituent is preferably present at the adjacent
position or its adjacent position (B~position or y-
position).
20 Examples of the hetercatoms and the heterocatom-
.
containing groups include the same atoms and groups as
previously described. Particularly, fluorine is
preferable as the hetercatom, and a fluorine-containing

group 1is preferable as the hetercatom~containing group.

25 Examples of R*® include



substituted with an alkyl group of 1 to 30 carbon atoms, preferably 1 to 20 carbon atoms, or an aryl
group of 6 to 20 30 carbon atoms, preferably 6 to 20 carbon atoms. Of these, tert-butyl is more
preferable. Examples of the hydrocarbon-substituted silyl groups indicated by R15 include the same
groups as previously described with respect to R2 to R5 in the formula (lI-a). 124 Examples of the
heteroatoms and the heteroatom containing groups indicated by Ri5 include the same atoms and
groups as previously described with respect to Rl in the ¥6fnula (Il-a). 5 R'0 and R11 to R15 may be
the same or different, and two or more of them may be bonded to form a ring. n is a number satisfying
a valence of M1, specifically an integer of 2 to 4, preferably 2. X is an oxygen atom, a hydrogen atom,
a halogen atom, 10%afydiBEarBBh Broup Fardxyencesitainingegrodpra rsulfur-containing group, a
nitrogen-containing group, a boron-containing group, an aluminum-containing group, a
phosphorus-contaiRing groip & RalbgenROntdiHnG G B0,y A heterobyelicrsormpatind residue, a
silicon-containing 15@%%18, a germanium-containing group or a tin-containing group. Examples of

such atoms and groups n¢ PR T ¥dmeRfiorS Hhd grohis asprévidusly ddseribed with
1H, lH-perflucropropyl, 1H,1H-perfluorchutyl,

5 1H,lH-perflucropentyl, 1H, 1H~perfluorochexyl,
1H, 1H-perfluoroheptyl, 1H, l1H~perfivorococtyl,
1H,1H—perfluorod¢cyl, perfluoroéyciohexyl,
trifluoromethylcYclohexyi,
bis(trifluoromethyi)cyclohexyltrifiubromethylfluorocyclo—
10  hexyl, monofluorophenyl, difluscrophenyl, trifluorophenyl,
te?rafluorophenyi, pentafluorcphenyl,
(trifluorcmethyl)pentafluorophenyl,
(triflucromethyl) flucrophenyl, trifluoromethylphenvyl,
bis{trifluoromethyl)phenyl, tris{trifluoromethyl)phenyl,
15 tetrakis(trifluoromethyl)phenyl,
pentakis(trifluoromethyl)phenyl, perfluorcethylphenyl,
bis (perfluorocethyl)phenyl, perfluorcpropylphenyl,
perfluorcbutylphenyl, perfluoropentylphenyl,
perfluorohexylphenyl, bis(perfluorchexyl)phenyl,
20 perfluoronaphthyl, perflucrophenanthryl,
N
perfluocroanthryl and (trifluoromethyl)tetrafluorophenyl.
RY is preferably a fluorine-containing aliphatic
hydrocarbon group of 3 to 30 carbon atoms. Examples

include aliphatic hydrocarbon groups of 3 to 30 carbon

25 atoms substituted with fluorine and/or fluorine-



respect to X in the formula (I). When n is 2 or greater, plural groups indicated by X 20 may be the
same or different, and plural groups indicated by X may be bonded to form a ring. As the transition
metal compound (A), there can be also mentioned a transition metal compound represented by the
following formula (111') and having the following 25 structure as RIO 125 Rio R11 N---- --- M1X" R12p
R13 1 R15 R14 .. (III")y wherein N---M1 generally means § they are coordinated to each other, but in
the present invention they are not always coordinated. 10 In the above formula, Ml, M, R11 to R14,
R15, nand X have the same meanings as those of t4, m, R11 to R14, R15, n and X in the formula

(I1). R10 is a phenyl group ha ing at least one squsti uent selected from a heteroatom and a
heteroatom- 15 contailhing gro%p, géra?grﬁggggﬁydr%gérb%ﬁ group other than a phenyl group, an

aliphatic hydrocarban gsaup & a0 3ligyplic fydrogarbon group, When R10 is a phenyl group
1H, IH-perfluoropentyl, 1K, l1H-perfluocrchexyl,
1%,1Hmperfluoroheptyl, lH,EH—perfiuorooctyl,

5 1H, iH-perfluocrodecyl or monofluorophenyl,
difluorophenyl, trifluorophenyl, tetrafluorophenyl,
pentafluoropheny}, {trifluoromethyl)pentafluorophenyl,
{(trifluoromethyl) fivorophenyl, trifluoromethylphenyl,
bis(trifluorcmethyl)phenyl, tris(trifluoromethyl)phenyl,

10 tetrakis{trifluoromethyl)phenyl,
pentakis (trifluorcmethyl)phenyl, perfluoroéthylphenyl,
bis(perfluorcethyl)phenyl, perfiulorpropylphenyl,
perfluorcbhutylphenyl, perfluoropentylphenyl,
perfluorchexylphenyl, bis{perfluorohexyl)phenyl,

15 perfluoronaphthyl, perfluorophenanthzyl;
perfluorocanthryl, and (trifluoromethyl)tetrafluorophenyl.

R is particularly preferably an aromatic

hydrocarbon group of 6 to 30 carbon atoms substituted
“with fluorine, an aromatic hydrocarbon group of 8 to 30

20 carbon atoms substituted with a fluorine-containing
gydrocarbon of 2 or more carbon atoms or an aromatic
hydrocarbon group of 7 to 30 carbon atoms substituted
with flucrine and a filuorine-containing hydrocarbon group.

Examples include

25 monoflucrophenyl, diflucrophenyl, triflucrophenyl,



and the position of the carbon atom bonded to nitrogen is the 1-position, this phenyl group has, at at
least one 20 position of the 2-position and the 6-position, one or more substituents selected from a
heteroatom and a heteroatom-containing group, or has, at the 3-position, the 4-position and the
5-position, at least one substituent selected from a heteroatom other than a 25 fluorine atom, a
fluorine-containing group having one 126 carbon atom and not more than two fluorine atoms, a
fluorine-containing group having two or more carbon atoﬂ%? and a heteroatom-containing group
having a heteroatom other than a fluorine atom. When R10 is an aromatic 5 hydrocarbon group other
than a phenyl group, an aliphatic hydrocarbon group or an alicyclic group, this group has at least one
substituent selectea%ﬁ?épﬁ\é‘?ér%% Bhd & Heterbatomepheiining group. Examples of the
heteroatoms and the heteroatom- 10 containing groups include the same atoms and groups as
previously described With TSPt i RY ih' te oriiuia iR} #4 te transition metal compound

represented by the (ftoztrlr]y#augll) when the position of the carbon atom 15 bonded to a nitrogen atom is
the 1-position, R10 is “pre eraﬁf?fﬁﬂae lidfine-coitamm Aydrocarbbh gt et hy iphenyl,

tris(trifluoromethyl)phenyl,
5 tetrakis(trifluoromethyl)phenyl,
~pentakis{trifluoromethyl)phenyl, perflucrcethylphenyl,
bis(pexfluoroethyl)phenyl, perflucropropylphenvl,
perfluorobutylphenyl, perfluoropentylphenyl,
perflucrohexylphenvi, bis (perfluorohexyl)phenyl,

10 perfluorcnaphthyl, perfluorophenanthryl,
pe%fluoroanthryl and (trifluoromethyl)tetrafluoropheﬂyi.

Of these, particularly preferable as RY are
2-fluorophenyl group, 2,6~-difluocrophenyl group,
2,4, 6-trifluorophenyl group, pentafluorophenyl group,

15 4~trifluoromethyl 2,3,5,6-tetrafluorophenyl group,
2-trifluoromethylphenyl group and 14, IH-perfluorooctyl
group. -

As for the substitution position of fluorine, when
RIC g aromatic, this fluorine is preferably present at

20 the position of a carbon atom (carbon atom at the B~
.
position) adjacent to the carbon atom in R10 that is

- bonded to a nitrogen atom, and when RIC is aliphatic, the

fluorine is preferably present at the adjacent position

or its adjacent position (B-position or y-position) .



to 30 carbon atoms which is selected from a phenyl group having, at at least one position of the
2-position and the 6-position, one or more substituents selected from a 20 heteroatom and a

heteroatom-containing group, a phenyl group having, at the 3-position, the 4-position and the
5-position, at least one substituent selected from a fluorine-containing group containing one carbon
atom and not more than two fluorine atoms and a fluorjne 25 containing group containing two or more
carbon atoms, an 127 aromatic hydrocarbon group other than a phenyl group having at least one
substituent selected from a fluorine atom and a fluorine-containing group, an aliphatic hydrocarbon
group having at least on §ubstitu nqt 5 selected from a fluorine atom and a fluorine-containing group,
and an alicyclic hydroc&%on olp halify b feakh onexubstituent Selected from a fluesing atem and

a fluorine-contagnirll%/%mlig. Such a transition metal compound is preferable from the viewpoints of
activity 10 and nfol€eUtarwEght:ofthe résiidg B6ReFoRs for the babstitutiompesitiamgf the

substituent havi fgoa heterao tor(r% or a heteroatom-containing group, when R1 is aromatic, this
substituent is preferably presentat fe PSSHtiGH SHE cafbondlsrc@akom atoheat 15 thecR-position)

amacaﬂtOH“a%%Qgﬂag%%ﬂbslgga%xygen—containing group, a nitrogen-

5 containing group or a sulfur-containing group. Examples
cf such atoms and groups include the same atoms and
groups as previously described with respect to RZ to RS
in the formula (iI—a).

R1S is & halogen atom, a halogen-containing group, a

10  hydrecarbon group or a hydrocarbon-substituted silyl
gr’?upT Examples of such atoms and groups include the
same atoms and'groups as previously described with
respect to RZ to RS in the formula (II-a).

Examples of the hydrocarbon groups indicated by R15

16  include those of 1 to 30 carbon atoms. Preferred
examples thereof include straight-chain or branched alkyl
groups of 1 to 30 carbon atoms, preferaﬁly 1 to 20 carbon
atoms, such as methyl, ethyl, n-propyil, isopropyl, n- .
butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl,

20 ﬁéopentyl and n-hexyl; hydrocarbon groups having
alicyclic skeleton and having 3 to 30 carbon atoms,
preferably 3 to 20 carbon atoms, such as cyclepropyl,
cyclobutyl, cyclopentyl, cyclohexyl, norbornyl and

adamantyl; aryl groups of 6 to 30 carbon atoms,

25 preferably 6 to 20 carbon atoms, such as phenyl, benzyl,



is bonded to a nitrogen atom, and when RIO is aliphatic, the substituent is preferably present at the
adjacent position or its adjacent position (R-position or y- position). 20 Examples of the heteroatoms
and the heteroatom- containing groups include the same atoms and groups as previously described.
Particularly, fluorine is preferable as the heteroatom, and a fluorine-containing group is preferable as
the heteroatom-containing group. 25 Examples of R10 inclﬁg 128 trifluoromethyl, perfluoroethyl,
perfluoropropyl, perfluorobutyl, perfluoropentyl, perfluoroh §|, perfluoroheptyl, perfluorooctyl,
perfluorodecyl, 1H,1H-perfluoropropyl, 1H,IH-perfluorobutyl, 5 1H,1H-perfluoropentyl,
1H,1H-perfluorohexyl, 1E|, H-perfluoropeptyl, 1H,1H-perfluorooctyl, 1H,1H-perfluorodecyl,
perfluorocyclohexyl, ¥rfitlorofiethyIcyEi6Rexyl  bistthflEsremettily cyiclotiesghrifluoremethyiflucrocyclo
10 hexyl, monofluorg heegé/llf,}&h‘luo qphergl, trifluorophenyl, tetrafluorophenyl, pentafluorophenyl,
(trifluoromethyl)pentafiGorophenyl, (trifltorori&tHyIfiuarsteryl, thifitfometiighehyt further

msa”ﬂUO“”neﬂWDp@%@@%ﬂ%G@%&”%g¥¥P¥QPh§T%yl group of 1 to 30 carbon atons,

preferably 1 to 20 carbon atoms, or an aryl greup of 6 to
5 30 carbon atoms, preferably 6 to 20 carbon atoms. Of
these, tert-butyl is more preferable.

Examples of‘the hydrocarbon-substituted silyl groups
indicated by RIS include the same groupé as previously
described with respect to RZ to RS in the formula (II-a).

10 Examples of the halogen atoms and the halogen-—
containing groups indicated by R1% include the same atoms
and groups as previocusly described with respect to RL in
the formula (II-a).

R10 ang RI1 to R1S may be the same or different, and

15 two or more of them may be bonded to form a ring.

n is‘a number satisfying a valence of Ml,
specifically an integer of 2 to 4, preferably zZ.

X is an oxygen atom, & hydrogen atom, a halogen atom,
a hydrocarbon group, an oxygen-containing group, a

20 sulfur-containing group, a nitrogen~containing group, a
55ron~containing group, an aluminum-containing group, a
phosphorus-containing group, a halogen-containing group,
a heterocyclic compound residue, a silicon-containing
group, a germanium—coétaining group or a tin-containing

25 group. Examples of such atoms and groups include the



15 tetrakis(trifluoromethyl)phenyl, pentakis(trifluoromethyl)phenyl, perfluoroethylphenyl,
bis(perfluoroethyl)phenyl, perfluoropropylphenyl, perfluorobutylphenyl, perfluoropentylphenyl,
perfluorohexylphenyl, bis(perfluorohexyl)phenyl, 20 perfluoronaphthyl, perfluorophenanthryl,
perfluoroanthryl and (trifluoromethyl)tetrafluorophenyl. R10 is preferably a fluorine-containing aliphatic
hydrocarbon group of 3 to 30 carbon atoms. Examples {agjude aliphatic hydrocarbon groups of 3 to 30
carbon 25 atoms substituted with fluorine and/or fluorine 129 containing hydrocarbon such as
IH,1H-perfluoropropyl, 1H,IH-perfluorobutyl, 1H,1H-perfluoropentyl, 1H,1H-perfluorohexyl,

1H,IH-perfluoroheptyl, 1H,1H-perfluarooctyl, 5 1H,1H-perfluorodecy| or monofluorophenyl,
difluorophenyl, trifluorophenyl, tetraf uo%%gﬁylé%e%t{%m%?o%%geﬁy,escrlbe‘j with

(trifluoromethyl)p@rggfg}gggpQ%n% (trifluqro Q}Q !ng enyl, trifluoromethylphenyl,
bis(trifluoromethyl)phenyl, tris(trifluoromethy:;}p%%eny , 103§1trakis(trifluoromethyl)phenyl,

pentakis(trifluoromethyl)mlﬁwl,rpqgguqrogghyég@\yé rpismfyﬂog@gaggeqﬂdg%@gQgprge)/'ghenw,
perfluorobutylphenyl, perfluoropentylphenyl, .
may be the same or different, and plural groups indicated

5 by X may be bonded to form a ring.
| The transition metal compound represented by the
formula (II—a'),.(II—b’) or (IIl') preferably has
properties that, in a B-agostic structure of a cationic
complex wherein one of X in the formula is replaced with
10 a n-propyl group, said structure being measured by a
density functional method, the distance between the
hetercatom, which has no di:ect bond tc the central metal
M and is nearest to the central metal M, and hydrogen at
the P-~position is not more than 3.0 A and the |
16 electrostatic energy is not more than 10 kJ/mol.
Examples of the transition metal compounds
represented by the formula (I), (II-a), (IT-b), (II-a'),
(IT-b'), (III) or (III) are given below, without limiting

thereto.

20



perfluorohexylphenyl, bis(perfluorohexyl)phenyl, 15 perfluoronaphthyl, perfluorophenanthryl,
perfluoroanthryl, and (trifluoromethyl)tetrafluorophenyl. R10 is particularly preferably an aromatic
hydrocarbon group of 6 to 30 carbon atoms substituted with fluorine, an aromatic hydrocarbon group
of 8 to 30 20 carbon atoms substituted with a fluorine-containing hydrocarbon of 2 or more carbon
atoms or an aromatic hydrocarbon group of 7 to 30 carbgn atoms substituted with fluorine and a
fluorine-containing hydrocarbon group. Examples includéazas monofluorophenyl, difluorophenyl,
trifluorophenyl, 130 tetrafluorophenyl, pentafluorophenyl, (trifluoromethyl)pentafluorophenyl,
(trifluoromethyl)fluorophenyl, trifluoromethylphenyl, tris(trifluoromethyl)phenyl, 5
tetrakis(trifluoromethyl)phenyl, pentakis(trifluoromethyl)phenyl, perfluoroethylphenyl,
bis(perfluoroethyl)phenyl, perfluoropropylphenyl, perfluorobutylphenyl, perfluoropentylphenyl,
is(perfluorohexylphenyl, 10 perfluoronaphthyl, perfluoropbenanthryl,

perfluorohexylph
perfluoroanthryl
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2-fluorophenyl. group, 2,6-difluorophenyl group, 2,4,6-trifluorophenyl group, pentafluorophenyl group,
15 4-trifluoromethyl 2,3,5,6-tetrafluorophenyl group, 2-trifluoromethylphenyl group and
1H,1H-perfluorooctyl group. As for the substitution position of fluorine, when R10 is aromatic, this
fluorine is preferably present at 20 the position of a carbon atom (carbon atom at the 13 position)

- adjacent to the carbon atom in R10 that is bonded to a pitrogen atom, and when R10 is aliphatic, the
fluorine is preferably present at the adjacent position or its adjacent position ((3-position or y-position).
131 R11 to p,14 may be the same or different and are each a hydrogen atom, a halogen atom, a
halogen-containing group, a hydrocarbon group, a hydrocarbon-substituted silyl group, an
oxygen-containing group, a nitrogen 5 containing group or a sulfur-containing group. Examples of
such atoms and graups include the sa npe atoms and groups as previously described with respect to
R2 to R5 in thefggmua (I1-a). R15 is alogen atom, a halggen-containing gFo iP:2a 10 hydrocarbon
group or a hydro arbpn-substituted s roup. Example uch atoms and’q @- include the
same atoms and g ost/as previously efcnbed with :
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respect to R2 to R5 in the formula (II-a). Examples of the hydrocarbon groups indicated by R15 15
include those of 1 to 30 carbon atoms. Preferred examples thereof include straight-chain or branched
alkyl groups of 1 to 30 carbon atoms, preferably 1 to 20 carbon atoms, such as methyl, ethyl,
n-propyl, isopropyl, n- butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, 20 neopentyl and n-hexyl;
hydrocarbon groups having alicyclic skeleton and havinggﬁég 30 carbon atoms, preferably 3 to 20
carbon atoms, such as cyclopropyl, cyclobutyl, cyclopentyl,cyclohexyl, norbornyl and adamantyl; aryl
groups of 6 to 30 carbon atoms, 25 preferably 6 to 20 carbon atoms, such as phenyl, benzyl, 132
naphthyl, biphenylyl, triphenylyl, fluorenyl, anthryl and phenanthryl; and groups wherein these groups
are further substituted with an alkyl group of 1 to 30 carbon atoms, preferably 1 to 20 carbon atoms,
or an aryl group of 6 to 5 30 carbon atoms, preferably 6 to 20 carbon atoms. Of these, tert-butyl is
more preferable. Examples of the hydrocarbon-substituted silyl groups indicated by R15 include the
same groups as previously described with respect to R2 to R5 in the formula (lI-a). 10 Examples of
the halogen atoms and the halogen- containing groups indicated by R15 include the same atoms
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and groups as previously described with respect to R1 in the formula (ll-a). R10 and R11 to R15 may
be the same or different, and 15 two or more of them may be bonded to form a ring. n is a number
satisfying a valence of M1, specifically an integer of 2 to 4, preferably 2. X is an oxygen atom, a
hydrogen atom, a halogen atom, a hydrocarbon group, an oxygen-containing group, a 20
sulfur-containing group, a nitrogen-containing group, a ]1;9 gron- containing group, an
aluminum-containing group, a phosphorus-containing group, a halogen-containing group, a
heterocyclic compound residue, a silicon-containing group, a germanium-containing group or a-
tin-containing 25 group. Examples of such atoms and groups include the 133 same atoms and groups
as previously described with respect 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 5 by X may be bonded to
form a ring. The transition metal compound represented by the formula (lI-a"), (1I-b") or (III') preferably
has properties that, in a R-agostic structure of a cationic complex wherein one of X in the formula is
replaced with
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10 a n-propyl group, said structure being measured by a density functional. method, the distance
between the heteroatom, which has no direct bond to the central metal M and is nearest to the
central metal M, and hydrogen at the R-position is not more than 3.0 A and the 15 electrostatic energy
is not more than 10 kJ/mol. Examples of the transition metal compounds represented by the formula
M, (11-a), (N-b), (11-a"), (1-b%, (111) or (lll) are given below, without limiting thereto. 20 FF CF3 AIF/ F
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Iﬁ the above examples, Bu denotes a butyl group.

In the present invention, transition metal compounds
wherein the titanium metal is replaced with a metal other

5 than titanium, such as zirconium or hafnium, in the
above~mentioned compounds are also employable.

The process for preparing the transition metal
compound (A) is not specifically limited, and for example,
the transition metal compound represented oy the formula

" 10 {ITI) can bhe synthesized by allowing a compound {ligand
precursor) which becomes a ligand in the resulting

L}
'

transition metal compound to react with a transition
metai'Mlmcontaining compound represented by Mlxk (ML and
X have the same meanings as those of MLl and X in the
15 formula (III}, and k is a number satisfying a valence of
mly .
The ligand precursor is obtained by allowing a
éalicylaldehyde compound to react with a primary amine

compound represented by the formula R10-nH, (R10 has the

20 same meaning as previously described), such as an aniline
ébmpound or an alkylamine compound. More specifically,
both of the starting compounds are dissolved in a solvent.
As the solvent, a solvent usually used for such a

reaction 1s employable, and above all, an alcohol solvent

256  such as methanol or ethanol or a hydrocarbon solvent such



222 H2(CF2)6CH3 N T-C12 N 2 CF2CFs CF2(CF2J4s F3CFZC % CF2CF3 CF ESC(FZC)4F2
CF2(CF2)4CF3 /' T1012" TiC12 TiClzN TICI2Z N-N.tB\(tauu 22 utButau (\ " F FaF410 F3C
F3C F3Cr F( N.N.. N 15/TiCT2 N 7(012i712 2 2 tBu tsu tBU tau tBu CF3 F3 F F N-. N-- TIC7z

[IC12 tBu tau 13~ F 9FF
142

as toluene is preferable. Then, the resulting solution
is stirred for about 1 to 100 hours under the conditions
of room temperature to a reflgx temperature to obtain the
correspoending iigand precursor. In the synthesis of the

5 ligand precursor, an acid catalyst such as formic acid,
acetic acid or toluenesulfonic acid may be used. Use of
molecular sieves! magnesium éulfate or scdium sulfate as
a dehydrating agent or dehydration by a Dean-Stark method
is effective for the progress of the reaction.

10 Then, the ligand precursor thus obtained is aliowed
to react with a transition metal Ml—containing compound
té‘synthesize the corresponding transition metal compound.
More specifically, the ligand precursor thus synthesized
is dissolved in a solvent, and if desired, the sclution

15 is contacted with a2 base to prepare a phenoxide salt.
Then,.the solution or the salt is mixed with a metailic
compound such as a metallic halide or a metallic alkylate
at a low temperature and stirred for about I to 48 hours
at a temperature of -78°C to room temperature or under

20 the reflux conditions. As the solvent, a solvent usually
d;ed for such a reaction is employable, and above all, a
polar solvent such as ether or tetrahydrofuran (THF) or a
hydrocarbon solvent such as toluene is preferable. As

the base used for preparing the phenoxide salt, a

25 metallic salt such as a lithium salt {fe.g., n-
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butyllithium) or a scodium salt {e.qg., sodium hydride) or
an organic base such as triethylamine or pyridine is
preferable.

Depending upon the properties of the compound, the
ligand precursor can be allowed to directly react with
the transition metal Ml—containing compound without
preparation of the phenoxide salt, to synthesize the
corresponding transition metal compound.

It is possible to replace the metal M! in the

.synthesized transition metal compound with anocther

transition metal in a conventional way. Further, when
aﬁ? one of R0 and r1l o RIS ig H, & substituent other
than H may be introduced in any stage of the synthesis.

It is possible to use the reaction solution of the
ligand precursor and the transition metal Ml—containing
compound as it is without isolating the transition metal
compound,

A usual process for preparing the complex is
described also in EP1008595A2.

'The transition metal compound (A) mentioned above

L9
can be used singly or in combination of two or more kinds.

(B~1) Organometallic conpound

kExamples of the organometallic compounds (B-1) which

are optionally used in the invention include
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crgancmetallic compounds containing metals of Group 1,
Group 2 and Group 13 of the periodic table, such as those
described below.

(B-la) Organcaluminum compound represented by the

following formula:
RERAL (ORP) nHpXy

wherein R& and RP may be the same or different and are
each a hydrocarbon group of 1 to 15 carbon atoms,
prgferably 1 to 4 carbon atoms; X is a halogen atom; and
m, n, p and g are numbers satisfying the conditions of
OQﬁéB, 0=n<3, 0=p<3, 0=g<3 and min+p+q = 3.

(B~1b) Alkyl complex compound comprising a metal of

Group 1 and aluminum and represented by the following

formula:

- M2A1R3y

wherein M2 is Li, Na or K; and R2 is a hydrocarbon group

LY

of 1 to 15 carbon atoms, preferably 1 to 4 carbon atoms.
(B~1lc) Ceompound represented by the following

formula:

RARDM3
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wherein R2 and RP may be the same or different and are
each a hydrocarbon group of 1 to 15 carbon atoms,
preferably 1 to 4 carbon atoms; and M3 is Mg.
5 Examples of the organcaluminum compounds (B~la)
include:
an organcaluminum compound represented by the

following formula:

10 ~ R2;A1(ORP) 3
wgérein Ra'and Rb may be the same or different and are
each a hydrocarbon group of 1 to 15 carbon atoms,
preferably 1 to 4 carbon atoms, and m is preferably a
15 number satisfying the condition of 1.55m=3;
an organoaluminum compound represented by the

following formula:

RAMAIX3 -y
20
Qherein R® is a hydrocarbon group of 1 to 15 carbon atoms,
preferably 1 to 4 carbon atoms, X is a halogen atom, and
m is preferably a number satisfying the condition of

0<m<3;
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an organoaluminum compound represented by the

following formula:
RamAlH:Bmm

wherein R& is a hydrocarbon group of 1 te 15 carbon atoms,
preferably 1 to 4 carbon atoms, and m is preferably a
number satisfying the condition of 2=m<3;

and

an orgénoaluminum compound represented by the
following formula:

R8pAL (ORP) nXg

wherein R& and RbP may be the same or different and are
each a hydfocarbon group cf 1 to 15 carbon atoms,
preferably 1 toc 4 carbon atoms, X is a halogen atom, and
m, n and g are numbers satisfying the conditions of 0<m=
3, 0=n<3, 0=g<3 and mtn+g = 3.

Particular examples of the organcaluminum compounds
{émla) include:

tri-n-alkyialuminums, such as trimethylialuminum,
triethylaluminum, tri-n-butylaluminum, tripropylaluminum,

tripentylaluminum, trihexylaluminum, trioctylaluminum and

tridecylaluminum;



tB u 141 In the above examples, Bu denotes a butyl group. In the present invention, transition metal
compounds wherein the titanium metal is replaced with a.metal other 5 than titanium, such as
zirconium or hafnium, in the above-mentioned compounds are also employable. The process for
preparing the transition metal compound (A) is not specifically limited, and for example, the transition
metal compound represented by the formula 10 (Ill) camlaersynthesized by allowing a compound
(ligand precursor) which becomes a ligand in the resulting transition metal compound to react with a
transition metal Ml-containing compound represented by M1Xk (M1 and X have the same meanings

as those of M1 and X in the 15 femula,(and ks & number satisfying.a valenge of M. The ligand

precursor is obtained by allowing a salicylaldehyde compound to react with a primary amine

compound represened e farmuAa RON 2 RI01a5 s 20 same, mpaning;as, previously

described), such as an aniline compound or an alkylamine compound. More specifically, both of the
starting compounds:areldissoivediin, a selvent: As thersolvent-a salvent.usually used for such a

reaction is employable, and above all, an alcohol solvent
methylbutylaluminum, tri-3-methylbutylaluminum, tri-2-

5 methylpentylaluminum, tri-3-methylpentylaluminum, *tri-4-
methylpentylaluminum, tri-2-methylhexylaluminum, tri-3-
methylhexylalumipum and tri-Z~ethylhexylaluminum;

tricycloalkylaluminums, such as
tricyclohexylaluminum and tricyclooctylaluminum;
10 triaryialuminums, such as triphenylaluminum and
tritolylaluminum;

st

trialkenylaluminums, e.g., those represented by the
formula (iwC4H9)XAly(C5H10}Z (wherein %, y and z are each
a positive number, and z=22x), such as
15  triisoprenylaluminum;
alkylaluminum alkoxides, such as isobutylaluminum
methoxidg, isobutylaluminum ethoxide and isobutylaluminum
isopropoxide;
dialkylaluminum alkoxides, such as‘dimethylaluminum
20 methoxide, diethylaluminum ethoxide and dibutylaluminum
Eutoxide;

alkylaluminum sesquialkoxides, such as ethylaluminum

sesquiethoxide and butylaluminum sesquibutoxide;



25 such as methanol or ethanol or a hydrocarbon solvent such 142 as toluene is preferable. Then, the
resulting solution is stirred for about 1 to 100 hours under the conditions of room temperature to a
reflux temperature to obtain the corresponding ligand precursor. In the synthesis of the 5 ligand
precursor, an acid catalyst such as formic acid, acetic acid or toluenesulfonic acid may be used. Use
of molecular sieves, magnesium sulfate or sodium sulfat a dehydrating agent or dehydration by a
Dean-Stark method is effective for the progress of the reaction. 10 Then, the ligand precursor thus
obtained is allowed to react with a transition metal M1-containing compound to synthesize the
corresponding transition metalthm ounq.kMore specifically, 'ghe ligand precursor thus synthesized is
dissolved in a solvent, and'if désired: thé s6itfisn 1558 contattetWith 3\ Bade t8'Hrépare a pheroxide
salt. Then, the solution.ar the salt is_ mixed with a metallic compound such as a metallic halide or a
metallic alkylate a&%{gﬁ m%pﬁeraétf?ergﬁg stifred for abotit 1‘385139@%:{}?5 St &’#mperature of -78C to
room temperature graundex 20dhe reflux.conditions. As the solvent, a solvent usually used for such a
reaction is employable, and above all, a polar solvent such as ether or tetrahydrofuran (THF) or a

hydrocarbon solvent suchas:olueng is.preferable- A x i des, such as diethylaluminum
5 vphenoxide, diethylaluminum(2, 6-di-t-butyl-4-
methylphenoxide), ethylaluminumbis(Z,6—dimt—butyl—4—
methylphenoxide), diisobutylalumium(2,6—di—t~butyl—4—
methylphenoxide)iand isobutylaiuminumbis(2,6—diwt—butyl—
4-methyliphenoxide) ;

10 dialkylaluminum halides, such as dimethylaluminum
ch%oride, diethylaluminum chloride, dibutylaluminum
chioride, diethylaluminum bromide and diiscbutylaluminum
chloride; | |

alkylaluminum sesguihalides, such as ethylaluminum

15 sesquichloride,.butylaluminum sesguichloride and
ethylaluminum sesquibromide,

partially halogenated alkylaluminums, e.g.,
alkylaluminum dihalide such as ethylaluminum dichloride,
propylaluminum dichloride and butylaluminum dibromide;

20 dialkylaluminum hydrides, such as diethylaluminum
ﬁ&dride, dibutylaluminum hydride and diisobutylaluminum
hydride;

partially hydrogenated alkylaluminums, e.qg.,

aikylaluminum dihydrides, such as ethylaluminum dihydride

25' and propylaluminum dihydride; and



the base used for preparing the phenoxide salt, a 25 metallic salt such as a lithium salt (e.g., n 143
butyllithium) or a sodium salt (e.g., sodium hydride) or an organic base such as triethylamine or
pyridine is preferable. Depending upon the properties of the compound, the 5 ligand precursor can be
allowed to directly react with the transition metal MI-containing compound without preparation of the
phenoxide salt, to synthesize the corresponding transit{gg metal compound. It is possible to replace
the metal Ml in the 10 synthesized transition metal compound with another transition metal in a
conventional way. Further, when any one of R10 and RIl to R15 is H, a substituent other than H may

be introduced in any SE@Q&O‘C&'}Q syntfﬁsis. It is possible to use the reaction solution of the 15 ligand

precursor and the tranition metat MEcontaniitg compound as 48 Withstt iolkting theniransition
x is described also in EP100059SA2. 20

e R
nKWekWMS-(B4B&¥@§§@W§E¥WH%°@H8UQQhylaluminum ethoxybromide.

Also employable are compounds analogous to the

5 organoaluminum compound (B-la). For example, there can
be mentioned organoaluminum compounds wherein two or more
aluminum compounds are combined through a nitrogen atom,
such as (6285)2A1N{C2H5)Al(C2H5)2.

Examples of the compounds (B-1b) include LiA1 (CpHg) 4

10  and LiAl (C7H15) 4.

Other compounds, also employable as the
organometallic compounds {B-1) inciude methyllithium,
ethyllithium, propyllithium, butyllithium,
methylmagnesium,bromide, methylmagnesium chloride,

15  ethylmagnesium bromide, ethylmagnesium chloride,
propylmagnesium bromide, propylmagnesium chloride,
butylmagnesium bromide, butylmagnesium chloride,
dimethylmagnesium, diethylmagnesium, dibutylmagnesium and
butyiethylmagnesium. Combinations of compounds

20 capable of producing the above~mentioned organoaluminum
égmpounds in the polymerization system, e.g., a
combination of halogenated aluminum and alkyilithium and

a combination of halcgenated aluminum and alkylmagnesium,

are also employable.



Examples of the organometallic compounds (B-1) which 25 are optionally used in the invention
include 144 organometallic compounds containing metals of Group 1, Group 2 and Group 13 of the
periodic table, such as those described below. (B-la) Organoaluminum compound represented by the
5 following formula: RamAI(ORb)nHpXq wherein Ra and Rb may be the same or different and are 10
each a hydrocarbon group of 1 to 15 carbon atoms, prgfgjably 1 to 4 carbon atoms; X is a halogen
atom; and m, n, p and g are numbers satisfying the conditions of O<mc3, 0cn<3, Ocp<3, 0<g<3 and
m+n+p+q = 3. (B-Ib) Alkyl complex compound comprising a metal of 15 Group 1 and aluminum and
represented by the following ,formul éM&@IRa .20 wherein M2 is Li, Na or K; and Ra is a
hydrocarbon group of 1to 15 caﬁJo atom%?%?e?éf‘ab?yoi‘?g H%%%OLBEI_IHTTS. E@ffc) Compound
represented by the faliowdng forTMa:BARARRE 148 Whetein Raand Rb may be the same or
different and are

The organometallic compounds (B-1) mentioned above

are used singly or in combination of two or more kinds.

(B-2) Organcaluminum oxy-compound

The organoa}uminum OxXy-compound (B-2) which is
optionally used in the invention may be conventional
aluminoxane or a benzene-insoluble crgancaluminum oxy-

10 compound such as exemplified in Japanese Patent Laid-Open
Publication No. 78687/1990. |

, The conventional aluminoxane can be prepared by, for
example, the following processes, and is generally
obtained as a hydrocarbon sclvent solution.

15 (1} An organocaluminum compound such as
trialkylaluminum is added to a hydrocarbon medium
suspension of a compound containing adsorption water or a
salt containing water of crystallization, e.qg., magnesium'
chloride hydrate, copper sulfate hydrate, aluminum

20 sulfate hydrate, nickel sulfate hydrate or cerous
éﬁloride hydrate, to allow the organoaluminum compound to
react with the adsorption water or the wéter of
crystallization.

(2) Water, ice or water vapor is allowed to

25 directly act on an organocaluminum compound such as



each a hydrocarbon group of 1 to 15 carbon atoms, preferably 1 to 4 carbon atoms; and M3is Mg 5
Examples of the organoaluminum compounds (B-1a) include: an.organoalumlnum compound
represented by the following formula: 10 RamAI(ORb)3-m wherein Ra and Rb may be the same or
different and are each a hydrocarbon group of 1 to 15 carbon atoms, preferably 1 to 4 carbon atoms,
and m is preferably a 15 number satisfying the conditiotéaf 1._5m3; an organoaluminum compound
represented by the following formula: RamAIX3-m 20 wherein Ra is a hydrqcarbon group of 1 to 15
carbon atoms, preferably 1 to 4 carbon atoms, X is a halogen atom, and m is preferably a number

satisfying the condiion. o 0sim=<3; 146 af oiaoalumnyLsompoyd enfesenied by the following
formula: RamAIH3_m 5 wherein Ra is a hydrocarbon group of 1 to 15 carbon atoms,
ethyl ether or tetrahydrofuran.

(3) An organotin oxide such as dimethyltin oxide or
dibutyltin oxide is allowed to react with an

5 organcaluminum compound such as trialkylaluminum in a
medium such as decane, benzene or toluene.

The aluminoxane may contain a small amount of an
organcmetalilic component. Further, it is possible that
the solveﬁt or the aneacted‘organoaluminum compound is

10  distilled off from the recovered solution of aluminoxane
and the remainder is redissolved in a solvent or

s;épended in a podr solvent for aluminoxane.

Examples of the organoaluminum compounds used for

preparing the aluminoxane include the same crgancaluminum
16  compounds as previously described with respect to the

organocaluminum compound (B¥1a). Of these, preferable are

trialkylaluminums and tricycloalkylaluminums.

Particularxly preferable is trimethylaluminum.

The organoaluminum compounds are used singly or in

20 combination of two or more kinds.

) Examples of the solvents used for preparing the

aluminoxane include aromatic nydrocarbons, such as

benzene, téluene, xylene, cumene and cymene; aliphatic

hydrocarbons, such as pentane, hexane, heptane, octane,

25 decane, dodecane, hexadecane and octadecane; alicyclic



preferably 1 to 4 carbon atoms, and m is preferably a number satisfying the condition of 2-'--m<3; and
10 an organoaluminum compound represented by the following formula: RamAI(ORb)nXq 15 wherein
Ra and Rb may be the same or different and are each a hydrocarbon group of 1 to 15 carbon atoms,
preferably 1 to 4 carbon atoms, X is a halogen atom, and m, n and g .are numbers satisfying the
conditions of O<m 3, 0<n<3, 0-g<3 and m+n+q = 3. 20 Pagcular examples of the organoaluminum
compounds (B-la) include: tri-n-alkylaluminums, such as trimethylaluminum, triethylaluminum,
tri-n-butylaluminum, tripropylaluminum, tripentylaluminum, trihexylaluminum, trioctylaluminum and 25

tridecylaluminum; 11‘@5:1@@@8@%%'@?“‘5 rigpl(ygaéurg'ng% QH%%?;S triiso%rfgﬁlgluminum,

triisobutylaluminum, fri-sec- butylaluminum, tri-tert-butyla u’minume? tri-2¥ me yﬁﬁ@?dluminum,

i i St R s L RS
tri-2-ethylhexylaluminuih;, as gasoline, kerosine and gas o0il; and halogenated
products of these arcmatic, aliphatic and alicyclic
5 hydrocarbons (e.g., chlorinated or brominated preducts
thereof). Also employable are ethers such as ethyl ether
and tetrahydrofu;an. Cf the solvents, particularly
preferable are aromatic hydrocarbons and aliphatic
hydrocarbons.

10 The benzene-insoluble organcaluminum oxy-compound

forluse in the invention is preferably an organcaluminu

y

oxy-compound containing an Al component which is soluble
in benzene at 60 °C, in an amount of usually not more
than 10 %, preferably not more than 5 %, particularliy
15 preferably not more than 2 %, in terms of Al atom. That
is, the benzene-insoluble organcaluminum oxy-compound is
preferably insoluble or sparingly scluble in benzene.
The organoaluminum oxy-compound for use in the
invention is, for example, an organoaluminum oxy-compound
20 containing boron and represented by the following formula

*
{(IV):

R?2 T21 /Rzz
/N——meB——O——AI

Rzz RZZ
25



tricycloalkylaluminums, such as tricyclohexylaluminum and tricyclooctylaluminum; 10
triarylaluminums, such as triphenylaluminum and tritolylaluminum; trialkenylaluminums, e.g., those
represented by the formula (i-C4Hg)xAly(C5HI0)z (wherein X, y and z are each a positive number,
and z? 2x), such as 15 triisoprenylaluminum; alkylaluminum alkoxides, such as isobutylaluminum
methoxide, isobutylaluminum ethoxide and isobutylalupgigum isopropoxide; dialkylaluminum
alkoxides, such as dimethylaluminum 20 methoxide, diethylaluminum ethoxide and dibutylaluminum
butoxide; alkylaluminum sesquialkoxides, such as ethylaluminum sesquiethoxide and butylaluminum
sesquibutoxide; 148 partially, alkoxylated alkylaluminums, such as those having an average

composition repte€Ehted by’ Ra SAROREYG B¢ didng/taldafiniim afydxides, Suchastdiethylaluminum
5 phenoxide, diqth\élaluminum(2,6-di-t-b%§yl-4- methylphenoxide), ethylaluminumbis(2,6-di-t-butyl-4-
methylphenoxida}, dli§obdtyAIHIGH (3 6-dMasutEs-eth Bhenedde) dd¢ rent and is a

isobutylaluminumbis(2,6-di-t-butyl- .
y g&éﬁogen atd&, @ halogen atom or a hydrocarbon group of 1

te 10 carbon atoms.
5 The organcaluminum oxy-compound containing boron and
‘represented by the formula (IV) can be prepared by
allowing an alkylboronic acid represented by the

following formulé {(V):

10 R21-B- (OH) 2 (V)
wherein R4l is the same grcup as described above,
to react with an organcaluminum compound in an inert
solvent at a ﬁemperature of -80 °C to room temperature
15 for 1 minute to 24 hours under an inert gas atmosphere.
Examples of the alkylboronic acidsrrepzesented by
the formula (V) include methylboronic acid, ethylboronic
acid, isopropylboronic acid, n-propylboronic acid, n-
butylboronic acid, isobutylboronic acid, n-hexylboronic
20 acid, cyclohexylboronic acid, phenylboronic acid, 3,5-
.
difluoroboronic acid, pentaflucrophenylboronic acid and
3,5~bis(trifiuoromethyl)phenylboronic acid. Of these,
preferable are methylboronic acid, n-butylboronic acid,

isobutylboronic acid, 3,5-difluorophenylboronic acid and

25 pentafluorophenylboronic acid.



4-methylphenoxide); 10 dialkylaluminum halides, such as dimethylaluminum chloride,
diethylaluminum chloride, dibutylaluminum chloride, diethylaluminum bromide and diisobutylaluminum
chloride; alkylaluminum sesquihalides, such as ethylaluminum 15 sesquichloride, butylaluminum
sesquichloride and ethylaluminum sesquibromide, partially halogenated alkylaluminums, e.g.,
alkylaluminum dihalide such as ethylaluminum dichloridg g gropylaluminum dichloride and
butylaluminum dibromide; 20 dialkylaluminum hydrides, such as diethylaluminum hydride,
dibutylaluminum hydride and diisobutylaluminum hydride; partially hydrogenated alkylaluminums, e.g.,
alkylaluminum dihydride a [ﬁy luminum dihydride 25 and propylaluminum dihydride; and
149 partially alkoxylatedsgi%%%alc%g% a@é{ 5ﬁ<?/fa(fur%lcr)1/lu(§nss, 3Gch 48 6g{fjhﬁétlﬂﬁﬁ'r-‘r’urﬁlétl;k%(ychloride,

butylaluminum  bttexygehloride; and gthyjaluminum e I%owjbrr]%{gide. Also employable are compounds
analogous to the 5 organoaluminum compound (B-la). For example, there can be mentioned

organoaluminum compounds:herein,wo- g more aluminum Gampaunds are combined through a

nitrogen atom,
reacted with the alkylboronic acid include the same

5 organcaluminum compounds as previously described with
respect to the organcaluminum compound (B-la). Of these,
preferable are trialkylaluminums and
tricycloalkylaluminums. Partigularly preferable are
trimethylaluminum, triethylaluminum and

10  triisobutylaluminum. These orgaﬁoaluminum compounds are
used singly or in combinétion of two or more kinds.
’ The organcaluminum oxy-compounds (B-2) mentioned

above are used singly or in combination of two or more

kinds.
15
(B-3) Compound which reacts with the transition ﬁetal
compound {A) to form ion pair
The compound (B-3) which reacts with a transition
metal compound (A) to form an ion pair (referred to as
20 "ionizing ionic compound” hereinafter), that is

. _
optionally used in the invention, includes Lewis acids,

an ionic compounds, borane compounds and carborane
compounds described in Japanese Patent Laid~Open
Publications No. 501950/1989, No. 502036/1989, No.

25 179005/1991, No. 179006/1991, No. 207703/1991 and No.



such as (C2HS)2A1N(C2HS)AI(C2H5)2 Examples of the compounds (B-Ib) include LiAI(C2H5)4 10
and LIAI(C7H15)4. Other compounds, also employable as the organometallic compounds (B-1)
include methyllithium, ethyllithium, propyllithium, butyllithium, methylmagnesium bromide,
methylmagnesium chloride, 15 ethylmagnesium bromide, ethylmagnesium chloride, propylmagnesium
bromide, propylmagnesium chloride, butylmagnesium fpgymide, butylmagnesium chloride,
dimethylmagnesium, diethylmagnesium, dibutylmagnesium and butylethylmagnesium. Combinations
of compounds 20 capable of producing the above-mentioned organoaluminum compounds in the

polymerization system oe.gz, ¢ comiinationcof @Q%q@?%qlu?ig?r? ’aﬂr):lqalkyllit ium and a

combination of halogenated aluminum and alkylmagnesium, aré also'emp Oya‘éle. 156 OPthey

organometallic cerapeunds:(BzA ) the organealuminym.compo are preferable. The organometallic
compounds (B-i) mentioned above are used siLrﬂgly oI[r&l)n combination g’?%\)/vg)gr Mo c-a[?(%%lgg' 5(B_2)
Organoaluminum ox coffipeundThe mga@@algg@ur@@%y@gmy@g (@@ng&s

represented by BR3 (R is fluorine or a phenyl group which
5 nmay have a substituent such as fluofine, methyl or
trifluoromethyl) . Examples of such compounds include
trifluoroboron, ﬁriphenylboron, tris(4ufluorophenyi)boron,
tris(3,5—difluor0phenyl)boron, tris{4-
fluoromethylphenyl)boron, tris(pentafluorophenyl)boron,
10 tris(p—tolyl)bbron, tris(o-tolyl)boron and tris(3,5-
dimethylphenyl)boron.

The ionic compounds are, for example, compounds

represented by the following formula (VI):

15 R25
2D e 1O
R R B—R
éw | {(VI)

In the above formula, RZ3 4g H*, carbonium cation,
20 oxonium cation, ammonium cation, phosphonium cation,
6§cloheptyltrienyl cation, ferrocenium cation having a
transition metal, or the like.
R24 to_R27 may be the same or different and are each
an crganic group, preferably an aryl group or a

25 substituted aryl group.



optionally used in the invention may be conventional aluminoxane or a benzene-insoluble
organoaluminum oxy 10 compound such as exemplified in Japanese Patent Laid-Open Publication
No. 78687/1990. The conventional aluminoxane can be prepared by, for example, the following
processes, and is generally obtained as a hydrocarbon solvent solution. 15 (1) An organoaluminum
compound such as trialkylaluminum is added to a hydrocgglgon medium suspension of a compound
containing adsorption water or a salt containing water of crystallization, e.g., magnesium chloride
hydrate, copper sulfate hydrate, aluminum 20 sulfate hydrate, nickel sulfate hydrate or cerous chloride

hydrate, to allow the organgalyminum cempound. to react with the adsorption.water or the water of
crystallization. (2) Water, ice %lr:%}vater vapor is allowed '?é)g%%! dclzrae\c"g:t]lf act c}nngr% %%gean%%}u"minum

compound such as 35 stiatkylaluminum i a medium;such asbenzene, tojuene, ethyl ether or
tetrahydrofuran. (3) An organotin oxide such as dimetrllyltin bxi%le or gi%uty?tf%q&ﬁgé/ tljsf% Sifowed td'feact

with an 5 organoalurainiinhcorpound sUch as tialkylaldminum in.a-mediym sych as decane,
benzene or toluene. '
tri(dimethylphenyl)carbonium cation.

5 Examples of the ammonium cations include
trialkylammonium cations, such as trimethylammonium
cation, triethyigmmonium cation, tripropylammonium cation,
tributylammonium cation and tri(n~butyl)ammonium cation;
N,N-dialkylanilinium cations, such as N, N~

10  dimethylanilinium cation, N,N-diethylanilinium cation and
N,N—2,4,6~pen£amethylanilinium cation; and
dialkylammonlum cations, such as di(isopropyl)ammonium
cation and dicyclohexylammonium catioﬁ.

Examples of the phosphénium cations include

15 triarylphosphonium cations, such as triphenylphosphonium
cation, tri(methylphenyl)phosphonium cation and
tri{dimethyiphenyl)phosphonium cation.r

RZ23 isg breferably carbonium caticn or ammonium
cation, particularly preferably triphenylcarbonium cation,

20 N,N-dimethylanilinium cation or N,N-diethylanilinium
gation.

Also employable as the iocnic compound is a trialkyl-

substituted ammonium salt, a N,N-dialkylanilinium salt, a

dialkylammonium salt or a triarylphosphonium salt.



The aluminoxane may contain a small amount of an organometallic component. Further, it is possible
that the solvent or the unreacted organoaluminum compound is 10 distilled off from the recovered
solution of aluminoxane and the remainder is redissolved in a solvent or suspended in a poor solvent
for aluminoxane. Examples of the organoaluminum compounds used for preparing the aluminoxane
include the same organoaluminum 15 compounds as prgyipusly described with respect to the
organoaluminum compound (B-la). Of these, preferable are trialkylaluminums and
tricycloalkylaluminums. Particularly preferable is trimethylaluminum. The organoaluminum compounds

are used singly or in 20 gombinatian of:t r e inds. Examples of the solvents used for

preparing the aluminoxane include aromatic hydrocarbons, such as

cumene and cymeﬂﬁtaldmati@r*ﬂ\é@f@%@%éni%h‘t%%B%’}%‘H%%%elé%‘& heptane, octane, 25 decane,
carpon

: Il
dodecane, hexadecane and octadecane; alicyciic 152 hydr ,such' Hs cyclopentane,
cyclohexane, cycloegianeanckmedlexsiopeptans, pelreleynlfractians, such as gasoline, kerosine

and gas oil; and halogenated products of these aromatic, aliphatic and alicyclic 5 hydrocarbons (e.g.,
chlorinated or brominaged preducisimtetra (phenyl)boron,

5 trimethylammoniumtetra(p-tolyl)boron,
trimethylammoniumtetra(OWtolyl)boron, tri(n-
butyl)ammoniumtetra(pentafluorophenyl}boron,
tripropylammoniuﬁtetra(o,p—dimethylphenyl)boron, tri(n-
butyl)ammoniumtetra(m,m—dimethylphenyl)boron, tri{n-

10 butyi)ammoniumtetra(p—trifluoromethylphenyl)boron, tri{n-
butyl)ammoniumtetra(3,5—ditrifluoromethylphenyl}boron and
téi(n~butyl)ammoniumtetra(o~tolyl)boron.

Examples of the N,N-dialkylanilinium salts include
N,Nwdimethylaniiiniumtetra{phenyl)boron, N, N~

16 diethylaniliniumtetra{phenyl)boron and N,N-2,4,6-
pentamethylaniliniumtetra (phenyl)boron.

Examples of the dialkylammonium salts include di{il-
propyl)ammoniumtetra(pentafluorophenyl)boron and
dicyclohexylammoniumtetra(phenyl)boron.

20 Further employable as the iocnic compounds are
g}iphenylcarbeniumtetrakis(pentafluorophenyl)borate, N,N-
dimethylaniliniumtetrakis(pentafluorophenyl)borate,

ferroceniumtetra(pentafluorophenyl}borate,

triphenylcarbeniumpentaphenylcyclop@ntadienyl complex,



thereof). Also employable are ethers such as ethyl ether and tetrahydrofuran. Of the solvents,
particularly preferable are aromatic hydrocarbons and aliphatic hydrocarbons. 10 The
benzene-insoluble organoaluminum oxy-compound for use in the invention is preferably an
organoaluminum oxy-compound containing an Al component which is soluble in benzene at 60 C, in
an amount of usually not more than 10 preferably not mark than 5 particularly 15 preferably not more
than 2 %, in terms of Al atom. That is, the benzene-insoluble organoaluminum oxy-compound is
preferably insoluble or sparingly soluble in benzene. The organoaluminum oxy-compound for use in
the invention is, fol(}eﬁqrggléa an.orga oaluminum o%c}:gmpound 20 containing boron and
represented by the following formula ?f\ll)rl RIFRL IN-GBOREREIRE V) DB P53 Wwherein

R2lisa hydrocarbglchrgugg%ltp 19 rbon, atoms; and each R22 may be the same or different and
is a hydrogen atom, a halogen atom orgzgoﬁﬁd%oggr%léﬁsg?&% 8!11 ytot?bec BOAAtGmE V110 :

5
{(VII)
wherein Et is an ethyl group, or the formula (VIII):

10

(VITI)
¥
Examples of the borane compounds include
15 salts of metallic carborane anions, such as

tri(n-butyl)ammoniumbis (nonahydrido-1,3-
dicarbanonaborate)cobaltate(III),
tri(n-butyl)ammoniumbis (undecahydrido-7, 8-
dicarbaundecaborate)ferrate (III},

20 tri{n-butyl)ammoniumbis (undecahydrido-7, 8-
5icarbaundecaborate)cobaltate(III),
tri(n—butyl)ammoniumbis(undecahydxid0w7,8—
dicarbaundecaberate)nickelate (III),

tri(n—butyl)ammoniumbis(undecahydrido—7,8—

25 dicarbaundecaborate)cuprate (IIT),



5 The organoaluminum oxy-compound containing boron and represented by the formula (V) can be
prepared by allowing an alkylboronic acid represented by the following formula (V): 10 R21-B-(OH)2
(V) wherein R21 is the same group as described above, to react with an organoaluminum compound
in an inert solvent at a temperature of -80 C to room temperature 15 for 1 minute to 24 hours under
an inert gas atmosphere. Examples of the alkylboroni ids represented by the formula (V) include
methylboronic acid, ethylboronic acid, isopropylboronic acid, n-propylboronic acid, n- butylboronic
acid, isobutylboronic acid, n-hexylboronic 20 acid, cyclohexylboronic acid, phenylboronic acid, 3,5-
difluoroboronic acid, pentafluorophenylboronic acid and 3,5-bis(trifluoromethyl)phenylboronic acid. Of
these, preferable’dreTnEthyibbtGHE Seid Aty IBBFSHIE a%ia L isbbutyloronic acid,

3,S-difluoropheréyiltc):orogic acid an% 25 pentafluorophenylboronic acid. 154 These alkylboronic acids
are used singly oF i ComMBIRALSH 8F o 61 MdFE kinds JExamples of the organoaluminum compounds

to be reacted 'tpt %g@/lcbo nic acid.include the same , 5 organoaluminum compounds as
[NeWougydeszﬁbégmm: yi?ammonlumkls{nonagbdrlég Qf%wdlmethylw7,8w

dicarbaundecaborate) ferrate (I11),

5 tri(n-butyl)ammoniumbis (nonahydrido-7, 8~dimethyl-7, 8-
dicarbaundecabérate}chromateCIII),
tri(n~butyl)ammopiumbis(tribromooctahydrido~7,8m
dicarbaundecaborate)cobaltate(III),
tris{tri(n-butyl)ammoniumlbis (undecahydrido-7-

10 carbaundecaborate)chromate (III),
bié{tri(n—butyi)ammonium]bis(unde¢ahydrid0m7—
carbaundecaborate)manganate (IV),
bis[tri(ﬂwbutyi)ammonium}bis(undecahydrido—7~
carbaundecaborate)cobaltate(III) and

16 bis[tri(n—butyl)ammonium}bis(undecahydrido-?—
carbaundecaborate)nickelate (IV). |

. The heteropoly compound comprises an atom of silicon,
phosphorus, titanium, germanium, arsenic or tin and one
or more atoms selected from vanadium, niobium, molybhdenum

20 and tungsten. Examples of such compounds include
5
phosphovanadic acid, germanovanadic acid, arsenovanadic
acid, phosphonicbic acid, germanoniobic acid,
silicomolybdic acid, phosphomolybdic acid, titanomolybdic

acid, germanomolybdic acid, arsenomolybdic acid,

25 stannomolybdic acid, phosphotungstic acid,



respect to the organoaluminum compound (B-1a). Of these, preferable are trialkylaluminums and
tricycloalkylaluminums. Particularly preferable are trimethylaluminum, triethylaluminum and 10
triisobutylaluminum. These organoaluminum compounds are used singly or in combination of two or
more kinds. The organoaluminum oxy-compounds (B-2) mentioned above are used singly or in
combination of two or more kinds. 15 (B-3) Compound which reacts with the transition metal
compound (A) to form ion pair The compound (B-3) which reacts with a transition metal compound (A)
to form an ion pair (referred to as 20 "ionizing ionic compound" hereinafter), that is optionally used in
the invention, includes Lewis acids, an ionic compounds, borane compounds and carborane

compounds descriB&d i 5‘§§élnne%sétﬁ’§teﬁf3 Egid-éﬂiéaﬁmﬁ&kﬂF&gﬁégr’ré:'NB?S@IQSO/lQSQ, No.
502036/1989, No. 21?017%905/1?%%& Ngé%§[89%6/%ggé, N0h2%77}93(§1991 and No. 155 207,70,4/1991,
and J.S. Patent N&. 5,321,106, A Reteropoly™ compodind And 2R 18550l 2ompatRd ayarkd be
employed. The Lewisaclds LR, (/. PaIpleacampeunds [RRIESRNIRe R BRE (R s forine or 8
phenyl group whic

acid, germancmolybdotungstovanadic acid,

5 phosphomolybdotungstic acid, phosphomolybdoniobic acid,
metallic salts of these acids, specifically, salts of
these acids, foi‘example with metals of Group 1 or 2 of
the periodic table such as 1ithium,‘sodium, potassium,
rubidium, cesium, beryllium, magnesium, calcium,

10 strontium and barium and organic salts of the above acids
such as with triphenylethyl salt, but not limited thereto.
| The ionizing ionic compounds (B-3} mentioned above
may be used singly or in combination of two or more kinds.
If the transition metal compound (A} is used as an
16  olefin polymerization cataljst and an organoaluminum oxy-
compound such as methylaluminoxane is used as a co-
catalyst component in combination with the compound (&),
the olefin polymerization catalyst exhibits extremely
high polymerization activity.to olefins.
20 In the present invention, the transition metal
;ompound represented by any one of the formulas (I), (II-
a), (II-b) and (III) may be used singly as an olefin
polymerization catalyst, or there may be used an olefin

polymerization catalyst comprising:

25 (A) the transition metal compound, and



5 may have a substituent such as fluorine, methyl or trifluoromethyl) . Examples of such compounds
include trifluoroboron, triphenylboron, tris (4-fluorophenyl) boron, tris(3,5-difluordphenyl)boron, tris(4-
fluoromethylphenyl)boron, tris(pentafluorophenyl)boron, 10 tris(p-tolyl)boron, tris(o-tolyl)boron and
tris(3,5- dimethylphenyl)boron. The ionic compounds are, for example, compounds represented by the
following formula (VI): 15 O+ Rzs R 23 R24_B_R26 RPyg4¥I) In the above formula, R23 is H+,
carbonium cation, 20 oxonium cation, ammonium cation, phosphonium cation, cycloheptyltrienyl
cation, ferrocenium cation having a transition metal, or the like. R24 to R27 may be the same or
different and are each an grganjc group, preferably an aryl group or a 25 substituted aryl group. 156
Examples of the carbonilr}rr% )caitazl%nsq f?\%l%aeotﬂ%u%é%?eud%ar%gb%i%?ntgacl]tio%é?rsﬁdch as

triphenylcarbonium cation, tri(m@%ghwl)&g%&gm&%gﬁﬁng O%i{_(}c(i}img@ylphenyl)carbonium

cation. 5 Examples of the ammonium cations include
{B-2) an organcaluminum oxy~compound, and

(B-3) a compound which reacts with the
5 transition metal compound (R} to form an ion pair.
If the transition metal compound (A) represented by
the formula (III) is used in combination with the

component (B), a compound represented by the following

fermula (III-a) is formed in the polymerization system.

10
.- {I11-a)
15
In the above formula, R10 to R15, M1, m, n and X

have the same meanings as those of rRL0 to R15, Mi, m, n
and X in the formula (III), and Y is a so-called weak
coordination anion.

20 In the formula (III-a), the bond between the metal M

*
and ¥ may be a covalent bond or an ionic bond.

Y is, for example, a weak coordination anion
described in "Chemical Review", vol. 88, p. 1405 (1688),

"Chemical Review", wvol. 97, p. 927 (1993), or WO98/30612,



trialkylammonium cations, such as trimethylammonium cation, triethylammonium cation,
tripropylammonium cation, tributylammoniumcation and tri(n-butyl)Jammonium cation;
N,N-dialkylanilinium cations, such as N,N 10 dimethylanilinium cation, N,N-diethylanilinium cation and
N,N-2,4,6-pentamethylanilinium cation; and dialkylammonium cations, such as
di(isopropyl)ammonium cation and dicyclohexylammoniym, cation. Examples of the phosphonium
cations include 15 triarylphosphonium cations, such as triphienylphosphonium cation,
trilmethylphenyl)phosphonium cation and tri(dimethylphenyl)phosphonium cation. R23 is preferably
carbonium cation or ar%;moniu cationéﬂp;articularly preferably triphenylcarbonium cation, 20

N,N-dimethylanilinitim atioh 9r RENdieth§laniiitin SGatiohCARBempieyabie dsthe fiedié eompound is

a trialkyl- substitutggngng)mo ium salt, a N,N-dialkylanilinium salt, a dialkylammonium salt or a
triarylphosphonium saft. %xamples of the trialkyl-substituted ammonium salts include

triethylammoniumtetr.a(phepyhboron, tripropylammoniumtetra(phenyl)boron, tri(n- butyl)
ammoniumtetra(phenyl)boron, 5 trimethylammoniumtetra(p-tolyl)boron,

wherein each R may be the same or different and is an
5 oxygen atom, a nitrogen atom, a phosphorus atom, a
hydrogen atom, a halogen atom, a substituent containing
any ¢f these atems, an aliphatic hydrocarbon group, an
arcmatic hydrocarbon group, an alicyclic hydrocarbon
group, a substituent wherein an aliphatic, aromatic or
. 10  alicyclic hydrocarbon group is substituted with an oxygen

at?m; a nitrogeﬁ atom, & phosphorus atom or a halogen
atom, or a substituent wherein an aliphatic, arcmatic or
alicyclic hydrocarbon group is substituted with a
substituent having an oxygen atom, a nitrogen atom, a

15 phosphorus atom or a halogen atom;

BR4-

wherein each R may be the same or different and is an
oxXygen atom, a nitrogen atom, a phosphorus atom, a
halogen atom, a substituent containing any of these atoms,

20 an aliphatic hydrocarbon group, an aromatic hydrocarbon
N
group, an alicyclic hydrocarbon group, a substituent
wherein an aliphatic, aromatic or alicyclic hydrocarbon
group is substituted with an oxygen atom, a nitrogen atom,

a phosphorus atom or a halogen atom, or a substituent

25 wherein an aliphatic, aromatic or alicyclic hydrocarbon



trimethylammoniumtetra(o-tolyl)boron, tri(n- butyllammoniumtetra(pentafluorophenyl)boron,
tripropylammoniumtetra(o,p-dimethylphenyl)boron, tri(n
butyl)ammoniumtetra(m,m-dimethylphenyl)boron, tri(n 10
butyl)ammoniumtetra(p-trifluoromethylphenyl)boron, tri(n-
butyl)ammoniumtetra(3,5-ditrifluoromethylphenyl)boron anrgh tri(n-butyl) ammoniumtetra(o-tolyl)boron.
Examples of the N,N-dialkylanilinium salts include N,N-dimethylaniliniumtetra(phenyl)boron, N,N 15
diethylaniliniumtetra(phenyl)boron and N,N-2,4,6- pentamethylaniliniumtetra(phenyl) boron. Examples

of the dialkylammagjum,sakts inclyde. di(1- propyllammoniumtetra(pentafluorophenyl)boron and
dicyclohexylammc%]iumtgtra(phenyl)bdroﬁ. %(? F}ﬁﬁ er 3m%%%bﬁe“§sefh% BRI ‘AT pBLNeS dren

triphenylcarbeniungggﬁkis@qmiagg@megwgoraée, NN:
dimethylaniliniumtetrakis(pentafluorophenyl)borate, f%rrogg%a%%&ra?(%%ﬁta%o?b%%ﬁ?l%&ate,

triphenylcarbeniumpentaphenylcyclopentadienyl complex, 158
N,N-diethylaniliniumpentaphenylcyclopentadienyl complex and a boron compound represented by the

formula (VIl): CF3 0 O HOEZ)2IBRS~; +rifluoromethane sulfonate; and p-
5 toluene sulfonate.

The olefin polymerizatidn cafalyst employvable in the
invention can coptain the following carrier {c) aﬁd/or
the later~described organic compound {Dj, 1f necessary,
in addition to the transition metal compound {(A) and at

10 least one compound (B) (Sométimés referred to as a
"component (B) " hereinafter) selected from the
organometallic compound (B-1), the organoaluminum oxy-

compound (B-2) and the ionizing ionic compound (B-3) .

156 (C) Carrier

The carrier (C) optionally used in the invention is
an inorganic or organic coﬁpound in the form of granular
or particulate sclid. As the inorganic compounds, porous
oxides, inorganic halides, clay, clay minerals or ion-

20 exchange layered compounds are preferable.
t Examples of the porous oxides include Si02, Al203,
MgO, Zr0, TiOz, B203, Ca0, Zno, Ba0O, ThO2, and complex
compounds or mixtures containing these oxides, such as

natural or synthetic zeolite, 5109-MgO, Si02-A1203, SiCo-

25 Ti0p, S5i02-V30x, 5102-Cr203 and S$102-Ti02-MgC. Of these,



CF3 4 (VII) wherein Et is an ethyl group, or the formula (VIIl): CF3 10 U+ O NaB (VIII) CF3 4
Examples of the borane compounds include 15 salts of metallic carborane anions, such as tri(n-butyl)
ammoniumbis(nonahydrido-1,3- dicarbanonaborate)cobaltate(lll), tri(n-butyl)
ammoniumbis(undecahydrido-7,8- dicarbaundecaborate)ferrate(lll), 20
tri(n-butyl)ammoniumbis(undecahydrido-7,8- dicarbaunde%a‘% rate) cobaltate(lll),
tri(n-butyl)ammoniumbis(undecahydrido-7,8- dicarbaundecaborate)nickelate(lll),
tri(n-butyl)ammoniumbis(undecahydrido-7,8 25 dicarbaundecaborate)cuprate(lll), 159 tri(n-butyl)
%rido-? 8- dicarbaundecaborate)aurate(lll),

ammoniumbis(undecah
tri(n-butyl)am moniun%B:ig( %ﬁﬁﬁ)}ﬁriﬁ&e/ S UEIRY T 85 ditaftauite cabbrateetas(1fty, 202 as
the main component.

The inorganic oxides may contain small amounts of
carbonate, sulfate, nitrate and oxide components,Asach as

5 Na2C03, KpCO3, CaCO3, MgCO03, Na»504, Al (S04} 3, BaS0y4,
KNO3, Mg(NO3)2, AL (NO3)3, Naz0, Kp0 and LisC.

Although the porous oxides differ in their
properties depending upon the type and the preparation
process thereof, the carrier preferably used in the

‘ 10  invention has a particle diameter of 10 to 300 nm,
prgferably 20 to 200 um, a specific surface area of 5C to
1,000 m2/g, preferably 100 to 700 m2/g, and a pore volume
.of 0.3 to 3.0 cm3/g. If necessary, the carrier may be
calcined at 100 to 1,000 °C, preferably 150 to 700 °C,

16 prior to use.
Examples of the ihorganic halides employable in the
-invention include MgClz, MgBrp, MnCl? and MnBro. The
inorganic halide may be used as it is, or may be used
after pulverized by, for example, a ball mill or an
20 oscillating miil. The inorganic halide may alsc be used
.
as fine particles of a obtained by dissolving the
inorganic chloride. in a solvent such as alcohol and then
precipitating using a precipitant.
The clay employable as a carrier in the invention is

25 generally composed mainly of clay minerals. The ion-



5 tri(n-butyl)ammoniumbis(nonahydrido-7,8-dimethyl-7,8- dicarbaundecaborate)chromate(lil),
tri(n-butyl)ammoniumbis( tribromooctahydrido-7,8- dicarbaundecaborate) cobaltate(lll),
tris[tri(n-butyl)ammonium]bis(undecahydrido-7 10 carbaundecaborate)chromate(lll),
bis[tri(n-butyl)Jammonium]bis(undecahydrido-7- carbaundecaborate)manganate(lV), bis[tri(n-butyl)
ammonium] bis(undecahydrido-7- carbaundecaborate)gghaltate(lll) and 15 bis[tri(n-butyl) ammonium]
bis(undecahydrido-7- carbaundecaborate)nickelate(IV). The heteropoly compound comprises an atom
of silicon, phosphorus, titanium, germanium, arsenic or tin and one or more atoms selected from

vanadium, niobiLi.cnalyhdenury .20 and dyagsten.Examples of such compaunds nclude
IC

phosphovanadic acid, germanovanadic acid, arsenovanadic "acid, ph%gphoncfgbigla%ifd, jg%rrif'laﬁoniobic
acid, silicomolyhilic-agid,iphosphomalykdic acidy, itanomalyhdic, acid, ggrmanomolybdic acid,
arsenomolybdic acid, 25 stannomolybdic acid, phospho%ngstic%cid, 16§ é:élr?nélnrc uﬁ"’gs?i%%lc?d,
stannotungstic agitia:phosgharnelybdovanadie agids phasphotungstovanadic acidy .1 - ag

germanotaungstqvanadic acid, phosphomolybdotungstovanadic
in parallel to one ancther with a weak bond strength, and
S the ions contained therein are exchangeable. Most of
clay minerals are ion-exchange layered compounds. The
clay, the clay minerals and the lon-exchange layered
compounds employable in the invention are not limited to
natural ones but include synthetic ones.

10 Examples of such clay, clay minerals and ion-
exchange layered compounds include clay, clay minerals
aﬁé ion crystalline compounds having layered crystal
structures such as hexagonal closest packing type,
antimony type, CdCl2 type and CdIy type.

16 Particular examples of the clay and the clay
minerals include kaolin, bentonite, kibushi clay, gairome
clay, allophane, hisingerite, pyrophyllite, mica,
montmorillonite, vermiculite, chlerite, palygorskite,
kaolinite, nacrite, dickite and halloysite. Particular

20 examples of the ion-exchange layered compounds include
giystalline acid salts of polyvalent metals, such as o~
Zr (HAsO4) 2 * H20, a-Zr(HPO4)7, 0-Z2r (KPO4) 2 ¢ 3H2C, a-—
Ti(HPO4)2, a-Ti(HAsO4)2 * H0, o-Sn {HPO4) 2 * H20, v~

Zr (HPC4q) 2, y-Ti(HPO4)7 and y=T1(NH4PO4) 2 * Ho0,



acid, germanomolybdotungstovanadic acid, 5 phosphomolybdotungstic acid, phosphomolybdoniobic
acid, metallic salts of these acids, specifically, salts of these acids, for example with metals of Group
1 or 2 of the periodic table such as lithium, sodium, potassium, rubidium, cesium, beryllium,
magnesium, calcium, 10 strontium and barium and organic salts of the above acids such as with
triphenylethyl salt, but not limited thereto. The ionizing |?$ng compounds (S-3) mentioned above may
be used singly or in combination of two or more kinds. If the transition metal compound (A) is used as
an 15 olefin polymerization catalyst and an organoaluminum oxy- compound such as

methylaluminoxane is usxﬁg asca%(;o- ca%lrystﬂcoﬁmponent in combination with the compound (A), the
olefin polymerization catalyst exhibits extréntely *hifh pelyietization aetvityto-clefits 204n the

present invention, the trapsition metal compound represented by any one of the formulas (1), (II- &),
(11-b) and (111) may be9 used8 si%&@pa%uélﬁg ole iﬁepgﬁﬁ%?iﬁﬁf?&ﬁ’ cAAREE dtafiéredmay Beissed an olefin

polymerization catalystgempyising;.23 (ALthe transition metal compound, and 161 (B) at least one
compound selected from: (B-1) an organoa ur%{lmﬁr?gg%?laaﬁ&ng @ radius of not less

than 20 A by a mercury penetration method, of not less
5 than 0.1 éc/g, and are particularly preferably those
having a pore volume of 0.3 to 5 cc/g. The pore volume
i3 measured on tbe pores having a radius of 20 to 3x104 A
by a mercury penetration method using a mercury
porosimeter.
10 _ If a compound having a pore volume, as measured on
pores having a radius of not less than 20 A, of less than
0.1 c¢cc/g is used as the carrier, high polymerization
activity tends to be hardly obtained.
It is also preferable that the clay and the clay
16 minerals to be used in the invention are subjected to
chemical treatments. Any of surface'treatmenté, for
example, to remove impﬁrities attached to the surface and.
to influence on the crystal structure of the clay, are
employable. Examples of such chemical treatments include
20 acid treatment, alkali treatment, salt treatment and
gkganic substance treatment. The acid treatment can
contribute to not only removing impurities from the
surface but.also eluting cations such as Al, ¥Fe and Mg

present in the crystal structure to increase the surface

25 area. The alkali treatment can destroy crystal structure



(B-2) an organoaluminum oxy-compound, and (B-3) a compound which reacts with the 5 transition
metal compound (A) to form an ion pair. If the transition metal compound (A) represented by the
formula (lll) is used in combination with the component (B), a compound represented by the following
formula (lllI-a) is formed in the polymerization system. 10 Rio R11 N X, M R12 " YS R13 R15R14 m
... (Ill-a’) 15 In the above formula, R10 to R15, MIl, m,,n.and X have the same meanings as those of
R10 to R15, M1, m, n and X in the formula (Ill), and Y is a so-called weak coordination anion. 20 In
the formula (Ill-a), the bond between the metal M and Y may be a covalent bond or an ionic bond. Y
is, for example, a eal]<] coordination aniog described in "Chemical Review", vol. 88, p. 1405 (1988),

"Chemical Review", vol 97, . 927°(1993f 0r Wo9g/36612, e e structuze of the

clay. The salt treatment and the organic substance

treatment can produce, for example, ionic composites,

molecular composites, or organic derivative to change the
5 surface area or the distance between layers.

The ion-exchange layered compound for use in the
invention may be_a layered compound in which the
exchangeable ions between layvers have been exchanged with
other large and bulky ions utilizing ion éxchange

10 properties to enlarge the distance between the layers.
The bulky ion plays a pillar-like roll to support the
|
layer structure and is generally called a "pillar®™.
Introduction of other substances between layers of a

layered compound is called "intercalation". Examples of

15  the guest compounds to be intercalated include cationic
inorganic compounds, such as TiCla4 and ZrClg; metallic

alkoxides, such as Ti(OR)4, Zr(OR)4, PO{OR}3 and B(OR)3

(R is a hydrocarbon group or the like); and metallic

hydroxide ions, such as [AR11304(OH)2417%, [2rg(0R)14]12%
20  and [Fe30(0COCH3)gl?t.

) The compounds mentioned above may be used singly or

in combination of two or more kinds.

The intercalation of the compounds may be carried

out in the presence of polymers obtained by hydrolysis of

25 metallic alkoxides such as Si(OR)4, AL{OR)3 and Ge (OR)4



p. 6, and specific examples thereof include the following compounds: A1R4- wherein each R may be
the same or different and is an 5 oxygen atom, a nitrogen atom, a phosphorus atom, a hydrogen
atom, a halogen atom, a substituent containing any of these atoms, an aliphatic hydrocarbon group,
an aromatic hydrocarbon group, an alicyclic hydrocarbon group, a substituent wherein an aliphatic,
aromatic or 4 10 alicyclic hydrocarbon group is substitute@avith an oxygen atom, a nitrogen atom, a
phosphorus atom or a halogen atom, or a substituent wherein an aliphatic, aromatic or alicyclic
hydrocarbon group is substituted with a substituent having an oxygen atom, a nitrogen atom, a 15

phosphorus atom or:a halogep atom; herein each R may.be the same or different and is an
oxygen atom, a nitrogen atom, a phocsfﬁ%%u%; atom.a ﬁéﬁoégﬁ a o]r‘j](,ea{ sistitterttonbAisingan§ of

these atoms, 20 anfliphatie hydrocarhongreup, %%zﬁﬁ@ﬂﬁ@i%h)éq{é?ﬁa@é’”sgg%:f)’ \aligyelic,

hydrocarbon group, a substituent wherein an aliphatic, aromatic or alicyclic ocarbon “group is

substituted with arcaxygea aiem a:/itrogen atem.. 2 PRosphorys,atom or.a halpgen atom,.or a
substituent 25 wherein an aliphatic, aromatic or alicyclic hydrocarbon

of the above-mentioned metallic hydroxide ions between
5 layers, followed by dehydration under heating.

The clay, clay minerals and ion—-exchange lavered
compounds mentioped above'may be used as they are, or may
be used after they are subjected to a treatment of ball
milling, sieving or the like. Moreover, they may be used

10  after they are subjected to water adscrption or |
dehydration under heating. The clay, clay minerals and
ign—exchange layered compounds may be used singly or in
combination of two or more kinds.

Of the above-mentioned materials, preferable are

15 clay and clay minerals, and particularly preferable are
montmorillonite, wvermiculite, hectorite, tenorite and
synthetic mica.

The organic compound is, for example, & granular or
particulate solid compound having a particle diameter of

20’ 10 te 300 pm. Examples of such compounds include
Fco)polymers produced using an o-oclefin of 2 to 14 carbon
atoms such as ethylene, propylene, l-butene or 4-methyl-
l-pentene as a main ingredient, {cojpolymers produced

using vinylcyclohexane or styrene as a main ingredient,

25 and modified products thereof.



163 group is substituted with a substituent having an oxygen atom, a nitrogen atom, a phosphorus
atom or a halogen atom; PF6-; SbR5-; trifluoromethane sulfonate;_and p- 5 toluene sulfonate. The
olefin polymerization catalyst employable in the invention can contain the following carrier (C) and/or
the later-described organic compound (D), if necessary, in addition to the transition metal compound
(A) and at 10 least one compound (B) (sometimes refeqrg to as a "component (B)" hereinafter)
selected from the organometallic compound (B-1), the organoaluminum oxy- compound (B-2) and the
ionizing ionic compound (B-3). 15 (C) Carrier The carrier (C) optionally used in the invention is an
inorganic or organic compound in the form of granular or particulate solid. As the inorganic
compounds, porous oxides, inorganic halides, clay, clay minerals or ion 20 exchange layered

compounds are preferable. 4 Exammgﬁ Q;Ith%gg(r:oug %%%es include Si02, A1203, MgO, ZrO, Ti02,

B203, CaO, Zn0O, BaO, Th02, and g these oxides, such as
natural or synthetic zeolitg, $1Q2-MAQ.SI02A1Z03: B  the organic compound

component (D) is optiocnally used to improve
5 polymerizability and properties of the resulting polymer.
Examples of the organic compounds include alcohols,
phenclic compounds, carboxylic acids, phosphorus
compounds and sulfonates, but not limited thereto.
As the alcohols and the phenolic compounds, those
10  represented by RZ8_pog (RZ8 g a_hydrocarbon group of 1 to
50 carbon atoms or a halogenated hydrocarbon group of 1
té 50 carbon atoms) are genefally employed.
Preferable alcohols are those wherein R28 is a
hazogenated hydrocarbon group. Preferabile phenolic
18 compounds are preferably those wherein the a,a'-positions
to the hydroxyl group are substituted with hydrocérbon
groups of 1 to 20 carbon atoms.
As the carboxylic acids, those represented by RZ9-
COOH (R29 is a hydrocarbon group of 1 to 50 carbon atoms
20 or a halogenated hydrocarbon group of 1 to 50 carbon
;%oms, preferably a halogenated hydrocarbon group of 1 to
50 carbon atoms) are generally emplayed.
As the phosphorus compounds, phosphoric acids having

P~-O-H bond, phosphates having P-OR bond or P=0 bond and

25 phosphine oxide compounds are preferably employed.



25 Ti02, Si02-V205, Si02-Cr203 and Si02-TiO2-MgO. Of these, 164 preferable are compounds
containing Si02 and/or A1203 as the main component. The inorganic oxides may contain small
amounts of carbonate, sulfate, nitrate and oxide components, such as 5 Na2C0O3, K2C0O3, CaCo03,
MgCO03, Na2S04, A12(S04)3, BaSO4, KN03, Mg(N03)2, AI(N03)3, Na20, K20 and Li20. Although the
porous oxides differ in their properties depending upon Jihfotype and the preparation process thereof,
the carrier preferably used in the 10 invention has a particle diameter of 10 to 300 pm, preferably 20
to 200 um, a specific surface area of 50 to 1,000 m2/g, preferably 100 to 700 m2/g, and a pore

volume of 0.3 to 3.0 cmB%%. If nece saéy, the carrier may be calcined at 100 to 1,000 C, preferably
150 to 700 C, 15 prior to US€. Example tb??r}euiﬁ%%drﬁc haffdesehRployabledh the ifvhtion include

MgC12, MgBr2, MpC12 and Aél)n r2. The inorganic halide may b usega itis, or may be used after
pulverized by, for éffﬁ&g?g %ﬁml glrcef%ﬁ Z%Q(?slc?lvajﬁtﬁ% I’T%ry ?ﬁz?noﬁ a(jlc halide may also be used
as fine particles of a obtained by dissolving the inorganic chloride. in a solvent such as alcohol and
then precipitating using a precipitant.

n(Ix)

In the above formula, M is an element of Group 1 to
10 Group 14 of the periodic table.
r30 is hydrogeﬁ, a hydrocarbon group of 1 to 20
cérbon atoms or a halogenated hydrocarbon group of 1 to
20 carbon atoms.
X is & hydfogen atom, a halogen atom, a hydrocarbon
15 group of 1 to 20 carbon atoms or a halogenated
hydrocarbon group of 1 to 2C carbon atoms.
m is an integer of 1 to 7, and 1=n=7.
In Fig. 1, an example of the process for preparing
an olefin polymerization catalyst which is occasionally
20 used in the present invention is shown.
) Some exampies of the processes are given below,
though the methods to use the components and the order of
feeding the components are optionally selected.

(1) The transition metal compound (A) is singly fed

25 to the polymerization reactor.



The clay employable as a carrier in the invention is 25 generally composed mainly of clay minerals.
The ion 165 exchange layered-compounds employable as a carrier in the invention is compounds
having a crystal structure wherein planes formed by ionic bonding or the like are laminated in parallel
to one another with a weak bond strength, and 5 the ions contained therein are exchangeable. Most of
clay minerals are ion-exchange layered compounds. The4 clay, the clay minerals and the ion-exchange
layered compounds employable in the invention are not limited to natural ones but include synthetic
ones. 10 Examples of such clay, clay minerals and ion- exchange layered compounds include clay,
clay minerals and ion crystalline compounds having.layered crystal stryctures such as hexagonal
closest packing type, a%ﬁmoﬂ@%yée, dci l'[39[51e ar%i %SI/Ldl(’"thfygt é).ufngé%(igcha}?%xg%%les of the clay

and the clay mingalsinglyde kaolin, bentonjte, kib hi% .gairome clay, allophane, hisingerite,
pyrophyllite, mica, miidntmorillonife, vermiculite, chlgﬁfe, %y@o‘gﬁsﬁhééiﬁgmi e%%%a%‘cﬁ e, Jd‘fél?ﬁ@ and
halloysite. Particylat 29-exanaples of the ion-exchange layered compounds include crystalline acid

salts of polyvalent metals, such as a- Zr(HAs04)2H20, a-Zr(HP04)2, a-Zr(KP04)2 3H20, a-
(3) A catalyst component wherein the transition

5 metal compound {A) is supported on the carrier (C} and
the component (B) are fed to the polymerization reactor
in an ordinary o:der.

(4) A catalyst component wherein the component (B)
is supported on the carrier (C) and the transition mefai

10 compound (&) are fed to the polymerization reactor-in an
ordinary order.

- (Sj A catalyst component wherein the transition
metal compound {A) and the component {B)‘are supported on
the carrier (C) is fed to the polymerization reactor.

15 In the above processes (2) to (5}, at least two of
the catalyst components may be previously contacted with
each other.

In the processes (4) and (5) in which the component
(B) having been supported is used, the component (B)

20 having been not supported may be added in an arbitrary
grder. In this case, these components (B} may be the
same or different.

Onto the solid catalyst component wherein the

transition metal compound (A) is supported on the carrier

25 (C) or the transition metal compound (A) and the



Ti(HP04)2, a-Ti (HAs04)2H20, a-Sn(HP04)2 H20, y- Zr(HPO4)2, y-Ti(HP04)2 and y-Ti
(NH4P04)2*H20, 166 The clay, the clay minerals and the ion-exchange layered compounds are
preferably those having a pore volume, as measured on pores having a radius of not less than 20 A
by a mercury penetration method, of-not less 5 than 0.1 cc/g, and are particularly preferably those
having a pore volume of 0.3 to 5 cc/g. The pore volume, is,measured on the pores having a radius of
20 to 3xI09 A by a mercury penetration method using a mercury porosimeter. 10 If a compound
having a pore volume, as measured on pores having a radius of not less than 20 A, of less than 0.1
cc/g is used as the carrier, hilgh Eolymerization activity tends to be hardly obtained. It is also

e

preferable that the"CiAYy ahdthe chy 15MminBRIIS t0-68 uSBd fitheSAventioh are subfeeteditdt éRemical

treatments. Any Oltﬂ saurf ce tr%atm?ts, for. example, ér% remoyve impurities attached to the surface and
to influence on thé erystat sttictire SF fiie @&y aré employabfe. EXmples aistidhchertical

treatments include,20 pgictreatment. alkallreatment, salt yeatment and, | grganic substance
treatment. The acid treatment ca

further suppdrted.

5 In the olefin polymerization process according to
the.invention, an olefin of Z to 25 carbon atoms is
polymerized or cppolymerized in the presence of the
olefin polymerization catalyst to obtain a polymer.
Examples of the olefins of 2 to 20 carbon atoms include

10  the same olefins as previously described.

In the present invention, the polymerization can be
cérried out as any of liquid phase polymerization such as
solution polymerization or suspension polymerization and
gas phase poiymerization. |

15 Examples of inert hydrocarbon media used for the
liquid phase polymerization include aliphatic
hydreocarbons, such as propane, butane, pentane, hexane,
heptane, octane, decane, dodecane and kerosine; alicyclic
hydrocarbons, such as cyclopentane, cyclohéxane and

20 methylcyclopentane; aromatic hydrocarbons, such as
genzene, toluene and xylene; halogenated hydrocarbons,
such as ethylene chioride, chlorobenzene and

dichloromethane; and mizxtures of these hydrocarbons. The

olefin itself can be used as a solvent.



contribute to not only removing impurities from the surface but also eluting cations such as Al, Fe and
Mg present in the crystal structure to increase the surface 25 area. The alkali treatment can destroy
crystal structure 167 of clay to bring about change in the structure of the clay. The salt treatment and
the organic substance treatment can produce, for example, ionic composites, molecular composites,
or organic derivative to change the 5 surface area or the,distance between layers. The ion-exchange
layered compound for use in the invention may be a layered compound in which the exchangeable
ions between layers have been exchanged with other large and bulky ions utilizing ion exchange 10
properties to enlarge th%gis%nece beltween the layers. The bulky ion plays a pillar-like roll to support

the layer structure and is generaly called a “Silfar" Irftroduiction f dther SubstaRced b&feepnayers

of a layered compound is cal eéi '{i%t rcajation”. Examples of 15.the guest compounds to be
intercalated include cationic #\ rgan%c gaér%lpp%ﬁn s?, s\ﬁ% ralsZﬁEﬁ%n‘aafr?:ﬁf etaﬁf&ealkoxides, such

e Tion 24Crk PSR HOA 7 Dol i i pel
usually 10712 ¢o 1 mol, preferably 1010 to 10-2 mol,
5 Jbpased on 1 liter of the reaction volume.
In the use of the component (B-1), the component (B-
1) is used in su;h an amount that the molar ratic ((B-
1) /M) of the component (B-1) to the transition metal atom
(M) in the transition metal compound (A) becomes usually
10 0.01 to 100,000, preferably 0.05 to 50,000. In the use
of the component (B-2), the component (B-2) is used in
s&ch an amcount that the molar ratio ((B~2}/M) of the
component (B-2) to the transition metal atom (M) in the
transition_metal compound (A) becomes usually 10 to
16 500,000, preferably 20 to 100,000. In the use of the
component (B-3), the component (B-3} is dsed in such an
amount that the molar ratioc ((B-3)/M) of the component
{(B-3} to the transition metal atom (M) 1n the transition
metal compound (A) becomes usually 1 to 10, preferably 1
20 to 5.
.
When the component (D) is used and the component (B-
1) is used as the component (B}, the component (D} is
used in such an amount that the molar ratioc ({(D)/(B-1))

becomes usually 0.01 to 10, preferably 0.1 to 5. When

25 the component {D) is used and the component (B-2) is used



The compounds mentioned above may be used singly or in combination of two or more kinds. The
intercalation of the compounds may be carried out in the presence of polymers obtained by hydrolysis
of 25 metallic alkoxides such as Si(OR)4, Al(OR)3 and Ge(OR)4 168 (R is a hydrocarbon group or
the like) or in the presence of colloidal inorganic compounds such as Si02. Examples of the pillars
include oxides produced by intercalation of the above-mentioned metallic hydroxide ions between 5
layers, followed by dehydration under heating. The clay,lofdy minerals and ion-exchange layered
compounds mentioned above may be used as they are, or may be used after they are subjected to a
treatment of ball milling, sieving or the like. Moreover, they may be used 10 after they are subjected to

water adsorption ot sdehydratioreynderthesling. The claypolayeninerals and ior-exchange layered
compounds may be used singly or in combination of two or more kinds. Of the above-mentioned
materials, preferatii@ af&@ 15 ¢lay Al cldyemirerals, and particularly {Feferable erermentmorillonite,
vermiculite, hectorite, tenorite and synthetic mica. The organic compound is, for example, a granular
or particulate solidEdfmpoind haling @pdrtickerdiafeidrol 0.005 to 1. When the

component (D] is used and the component (B-3).is used as
5 the component (B}, the component (D) i1s used in such an
amount that the molar ratic {((D)/(B-3)) becomes usually
0.01 te 19, preferably 0.1 to 5,
In the olefin polymerization using the olefin
polymerization catalyst, the polymerization temperature

10 is in the range of usually -40 to +200°C, preferably 0 to
+100°C, and the polymerization pressure 1s in the range
of usually atmospheric pressure to 100 kg/cmZ, preferably
atmospheric pressure to 50 kg/cmz. The polymerization
reaction can be carried out by any one of batchwise,

16  semi-continuous and continuous processes. It is possible
Lo conduct the polymerization in two or more steps under
the different reaction conditions.

The molecular weight of the resulting oclefin polymer
can be modified by controlling the monomer/catalyst ratio

20 or the polymerization time.

* &
By the process of the invention, an olefin polymer
such as the aforesaid olefin polymer having a number-—

average molecular weight of nol less than 500, preferably

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



20 10 to 300 pm. Examples of such compounds include (co)polymers produced using an a-olefin of 2
to 14 carbon atoms such as ethylene, propylene, 1-butene or 4-methyl- 1-pentene as a main
ingredient, (co)polymers produced using vinylcyclohexane or styrene as a main ingredient, 25 and
modified products thereof. 169 (D) Organic compound component In the present invention, the
organic compound component (D) is optionally used tﬁ%prove 5 polymerizability and properties of
the resulting polymer. Examples of the organic compounds include alcohols, phenolic compounds,
carboxylic acids, phosphorus compounds and sulfonates, but not limited thereto. As the alcohols and
the phenolic compounds, those 10 represented by R28-OH (R28 is a hydrocarbon group of 1 to 50
carbon atoms or' & Raligéhated hydfocafbdit gidiprofi: fo 50 €afsoirhtems) afe Beneraliy employed.
Preferable alcoh?lsBare ‘thos%wherein R28 is a halogenated hydrocarbon group. Preferable phenolic
15 compounds aré pfef%?ab?y tiosaSiterein the a,a'-positions to the hydroxyl group are substituted
with hydrocarbon groups of 1 to 20 carbgon atoms. As the carboxylic acids, those represented by R29-
COOH (R29 is a hydroge%r%gﬁ %%8&%191 glﬁo%ﬁ‘é%%%sgtoﬁé et avention, 'ah olefin

polymer having a high molecular weight and a narrow

9 molecular weight distribution can be obtained with high
polymerization activity, or an olefin tapered polymer or
an olefin block copolymer precisely controlled in the
sﬁructure can be obtained with high polymerization
actiﬁity.

10 Another embodiment of the process for preparing an
ol?fin polymer according to the invention comprises
contacting the polymer obtained as above with a
functional group-containing compound to prepare such an
olefin polymer having a functional group at the terminal

16  as previously described. & compound capable of being
converted into a functional group is included in the
functional group-containing compound.

Examples of the functional group-containing
compounds or the compounds capable of being converted

20 into a functional group include compounds having
.
functional groups such as an axomatic hydrocarbon group,
a halogen atém, an oxygen-containing group, a nitrogen-
containing group, a phosphorus~containing group and a

metal atom-containing group. Specifically, there can be

25 mentioned an aromatic vinyl compound, iodine, chlorine,



20 or a halogenated hydrocarbon group of 1 to 50 carbon atoms, preferably a halogenated
hydrocarbon group of 1 to 50 carbon atoms) are generally employed. As the phosphorus compounds,
phosphoric acids having P-O-H bond, phosphates having P-OR bond'or P:Q bon(_JI and 25 phosphine
oxide compounds are preferably employed. 170 The sulfonates used in the invention are those
represented by the following formula (1X): 0 5 (Xm-n)-Mm O- 11 [-RBA_r 0 n (IX) In the above formula,
M is an element of Group 1 to 10 Group 14 of the periddi€ table. R30 is hydrogen, a hydrocarbon
group of 1 to 20 carbon atoms or a halogenated hydrocarbon group of 1 to 20 carbon atoms. X is a
hydrogen atom, a halogen atom, a hydrocarbon 15 group of 1 to 20 carbon atoms or a halogenated
hydrocarbon grodpréfil fe 20 €artioratd imss: huiis, am: integer of 1doidpand H-nfr % In kg de an
example of the process for preparing an olefin polymerization catalyst which is occasionally 20 used
in the present inveRfigiY i'¢hown.carboxylic acid compound, oxygen, an

alkylamine compound, a silicon alkylhalide, an
alkylaluminum compound, an alkylboron compound, an
5 alkylzinc compound, an alkyllithium compound and the like.
After the contact with the functional group-
centaining compound, the functional group can be
converted into another functional group by a known method.
in the contact of the olefin polymer with the
10 functional group-containing compound, the temperature is
in the range of -78 to +300°C, preferably -78 to +200°C,
and the pressure is in the range of usually atmospheric
pressure to 100 kg/cmz, preferably atmospheric pressure
to 50 kg/cm?. The contact time is in the range of
16  usually 1 minute to 100 hours, preferably 10 minutes to
24 hours.
The contact of the olefin polymer with the
functional group-~containing compound can be carried out
in a solvent or without a solvent. Examples of the
20  solvents employable herein include aliphatic hydrocarbons,
;hch as propane, butane, pentane, hexane, heptane, octane,
decane, dodecane and kerosine; alicyclic hydrocarbons,
such as cyclopentane, cyclohexene and methylcyclopentane;

aromatic hydrocarbons, such as benzene, toluene and

25 xylene; halogenated hydrocarbons, such as ethylene



Some examples of the processes are given below, though the methods to use the components and
the order of feeding the components are optionally selected. (1) The transition metal compound (A) is
singly fed 25 to the polymerization reactor. 171 (2) The transition metal compound (A) and the
component (B) are fed to the polymerization reactor in an ordinary order. (3) A catalyst component
wherein the transition 5 metal compound (A) is suppojted on the carrier (C) and the component (B)
are fed to the polymerization reactor in an ordinary order. (4) A catalyst component wherein the
component (B) is supported on the carrier (C) and the transition metal 10 compound (A) are fed to

the polymerizatio%J;eacigr in ark ordingr%/ order. (5) Ac taI% t component wherein the transition metal
compound (A) and thé t8fpoheht (B} 4T stpfored ofi - RBIF(E}3SRed (3°THE Polymerization

reactor. 15 In thg aIQoge ﬁ{%cesggié%)_]tg ?@ astlll%%st 1wo { et dﬁ o t%ﬁi gom 1%)éwents may be
previously contac?ec?wft edch Gther. 1n the processes (Zé) an (%?in which thé component (B) having

beenSuppOﬂed{%H§gﬁﬁg§89H}§Q?ngg§ mixtures thereof.

A further embodiment of the process for preparing an
5 olefin polymer according to the invention comprises |
polymerizing at least two olefins which are selected from
olefins of 2 to 20 carbon atoms and have different
polymerization reactivities, in the presence of an olefin
polymerization catalyst comprising the aforesaid
10  transition metal compound (A) to prepare a tapered
polymer containing a segment wherein composition of two
o; MOTe MONoMers continuously changes.
As described hereinbefore, the tapered polymer is a
polymer in whicﬁ the comonomer composition gradually
15 changes from one end to the other end of the polymer
chain. This polymer can be synthesized by polymerizing
two or more monomers having different reactivities (e.g.,
ethylene and propylene} in a living polymerization system
wherein chain transfer reaction does not substantially
20 take place.
) Examples of the methods to feed the moncmers include
a method in which plural monomers are fed with
~continuously changing the monomer composition and a

method in which plural monomers are fed together in the

25 initial stage of the polymerization and a difference of



20 having been not supported may be added in an arbitrary order. In this case, these components (B)
may be the same or different. Onto the solid catalyst component wherein the transition metal
compound (A) is supported on the carrier 25 (C) or the transition metal compound (A) and the 172
component (B) are supported on the carrier (C), an olefin- may be prepolymerized, and on the thus
prepolymerized solid catalyst component, a catalyst cqQm onent may be further supported. 5 In the
olefin polymerization process according to the invention, an olefin of 2 to 20 carbon atoms is
polymerized or copolymerized in the presence of the olefin polymerization catalyst to obtain a
polymer. Examples.of the olefins of 2 to 20 carbon atoms include 10 the same olefins as previously

described. In the%?éé/emhet TAVention. theSsolymarization ¢an be' CantatBatas afy 6Flkdid phase

polymerization sugh as. ;solution palymerization or suspensign polymerization and gas phase
polymerization. 15 Examplgug 0 Fr?(gtr)téhfcg?%gé“r%oﬁ nied 5%§d§6)rt¥}@el?quid%h%se polymerization

B e T D B OO BT L, R
supperting on the carrier in the polymerization are the
5 same as those described previcusly.

The two or more kinds of monomers are selected from
the aforesaid olgfins of 2 to 20 carbon atoms, they are
preferably selected from ethylene, propylene, 1-butene,
l-pentene, l-hexene, l-heptene and l-octene, and they are

10 more preferably selected from ethylene, propylene and 1-
butene.

A still further embodiment of the process for
préparing an olefin polymer according to the invention
comprises conducting the following step (1), the

156 following step (2), and optionally, thelfollowing step
(3} of an arbitrary number of times, to prepare an olefin
block copolymer comprising plural polymer blocks.

In the step (1), at least one clefin selected from
olefins of 2 to 20 carbon atoms is polymerized in the

20 presence of the aforesaid olefin polymerization catalyst
N
to prepare a polymer block.
Examples of the olefins of 2 to 20 carbon atoms

include the same olefins as previcusly described, and

they can be used singly or in combination of twe or more



hydrocarbons, such as cyclopentane, cyclohexane and 20 methylcyclopentane; aromatic
hydrocarbons, such as benzene, toluene and xylene; halogenated hydrocarbons, such as ethylene
chloride, chlorobenzene and dichloromethane; and mixtures of these hydrocarbons. The olefin itself
can be used as a solvent. 173 In the polymerization of an olefin of 2 to 20 carbon atoms using the
olefin polymerization catalyst, the transition metal compp gd (A) is used in an amount of usually
10-12 to 1 mol, preferably 10-10 to 10-2 mol, 5 based on T'liter of the reaction volume. In the use of
the component (B-1), the component (B- 1) is used in such an amount that the molar ratio ((B- 1)/M) of
the component (B-1) to the transition metal atom (M) in the transition metal compound (A) becomes
usually 10 0.01 to 165080, pretafbh?6.05%to BerodD 11 H5e uSe: Gt e ompbBARENt(BE2)S thee
component (B-2) is used in such an amount that the molar ratio ((B-2)/M) of the component (B-2) to
the transition meta}?f g ocr%fo‘fsn e tHARSIHON niRdothiSstnd (A) becomes usually 10 to 15 500,000,

preferably 20 to 100,000..n the use of the, component (B-3), the component (B-3) is used in such an
amount that the molar ratlllon((1I_5>(?:ée)/I\ﬁ)g(()e]p th(gf o’mﬁ%ln%n? g?éyél)etgltﬁg traRSitioR ARStAPAORE (M) the

transition in the range of usually ~40 to +200°C, preferably 0 to
5 +150°C, and the polymerization pressure is in the range
of usually atmospheric pressure to 100 kg/cm?, preferably
atmospheric pressure to 50 kg/cm? .
In the step (2), at least one olefin selected from
olefins of 2 to 20 carbon atoms is polymerized in the
10 presehce of the polymer block prepared in the step (1) to
prepare a poelymer block which is different from the
péiymer block prepared in the step (1).
The different polymer block means a polymer block
which is different in at least one of primary structures,
15 such as monomer type, comonomer type, comonomer
composition, comonomer content, comonomer configuration
and stereoregularity.
Examples of the olefins of 2 to 20 carbon atoms
include the same olefins as previously described, and
20 they can be used singly or in combination.of two or more
ﬁinds. Examples of the pol?mer blocks obtained in the
step {2) include the same blocks as previously described.
In the step ({2), the polymerization temperature is

in the range of usually -40 to +200°C, preferably 0 to

25 +150°C, and the polymerization pressure is in the range



metal compound (A) becomes usually 1 to 10, preferably 1 20 to S. When the component (D) is used
and the component (B- 1) is used as the component (B), the component (D) is used in such an
amount that the molar ratio ((D)/(B-1)) becomes usually 0.01 to 10, preferably 0.1 to S. When 25 the
component (D) is used and the component (B-2) is used 174 as the component (B) , the component
(D) is used in such an amount that the molar ratio ((D)/(B32)) becomes usually 0.001 to 2, preferably
0.005 to 1. When the component (D) is used and the component (B-3) is used as 5 the component
(B), the component (D) is used in such an amount that the molar ratio ((D)/(B-3)) becomes usually

0.01 to 10, preferably Q.ta 5. In the-elefin polymerization psing the olefin pa me n catalyst, the
polymerization temperature 10 is in the range of usually -40 to +200C, pre era to + Hd the

polymerization pressuresistie the-ranges efusually afmogphericZpressure to 100 kg/cm2, preferably
atmospheric pressure to 50 kg/cm2. The polymerization reaction can be carried out by any one of

batchwise, 15 semi-contihtotis:and teptinlibus processest Itispossikle 119 condust the polymerization
in two or more steps under the different reaction conditions.
olefins of 2 to 20 carbon atoms is polymerized in the
5 ©presence of the polymer block prepared in the_step (1)
and the polymer block prepared in the step (2) to prepare
a polymer block which is different from the polymer
hlocks prepared ﬁn the previous step.
Examples of the olefins of 2 to 20 carbon atoms
10  include the same olefins as previously described, and
they can be used singly or in combination or twe or more
kinds. Examples of the polymer blocks obtained in the
step {(3) include the same blocks as previously described.
In the step (3), the polymerization temperature 1is
15 in the range of usually -40 to +200°C, preferably 0 to
+150°C, and the polymerization pressure is in the ranée
of usuvally atmospheric pressure to 100 kg/cm?, preferably
atmosphéric pressure to 50 kg/cm<.
The step (3) can be repeated arbitrary times with
20 changing types of the olefins, combination thereof or
Polymerization conditions.
Through the process of the invention, for example,
the aforesaid olefin block copolymer is obtained.

According to the process of the invention, an olefin

25 block copoiymer having a high molecular welght and a



The molecular weight of the resulting olefin polymer can be modified by controlling the
monomer/catalyst ratio 20 or the polymerization time. By the process of the invention, an olefin
polymer such as the aforesaid olefin polymer having a number- average molecular weight of not less
than 500, preferably 500 to 10,000,000, more preferably 1,000 to 5,000,000, 175 and Mw/Mn of not
more than 1.5, preferably not more than 1.3, is obtaineg, According to the process of the invention, an
olefin polymer having a high molecular weight and a narrow 5 molecular weight distribution can be
obtained with high polymerization activity, or an olefin tapered polymer or an olefin block copolymer
precisely contro I%q: ;fnowemgg%%tgiea%a% b(la q_kl)tai ed with hi%h% (golymerization activity. 10 Another

embodiment of the process SIhmidY BBy tothe HeniionR dofmpriges

L We r? 13
or préparing art olefin polymier

contacting the polymer obtained. ahove ith a_functional group-cantaining, compound to prepare
such an olefin pol%e?ha\%ﬁg al%sﬁc%%)nal\%%énﬁpegta t%éﬁ&rﬁ%ﬁ%ﬁg a¢ %r&vﬁ%&@f 6&étbed A
compound capable of,heing converted into a functional group is included in the functional

group-containing compound.
In the present invention, the block copolymer

5 obtained above can be contacted with a functional group-
containing compound to obtain an olefin block copolymer
having a functional group at the terminal.

The contact of the olefin block copolymer with the
functional group-containing compound is carried cut in

10 the same manner as previocusly described.

A still further embodiment of the process for
pééparing an olefin polymer according to the invention
comprises polymerizing an olefin in the presence of a
polymerization catalyst which promotes living

15 polymerization of an clefin and further conducting olefin
polymerization by the use of a catalyst obtained by
cleaving a bond produced in the system betﬁeen the
catalyst and the resulting polymer chain by means of
chain transfer reaction.

20 . Promotion of the living polymerization can be
ébnfirmed by the narrow molecular weight distribution of
the resulting polymer and the increase of the molecular
weight of the resulting polymer with polymerization time.

According to the process of the invention, it is feasible

25 to prepare, for example, the monodisperse polyolefin, the



Examples of the functional group-containing compounds or the compounds capable of being
converted 20 into a functional group include compounds having functional groups such as an aromatic
hydrocarbon group, a halogen atom, an oxygen-containing group, a nitrogen- containing group, a
phosphorus-containing group and a metal atom-containing group. Specifically, there can be 25
mentioned an aromatic vinyl compound, iodine, chlorine, 146 bromine, carbon dioxide, an ester
compound, an aldehyde compound, a carboxylic acid compound, oxygen, an alkylamine compound,
a silicon alkylhalide, an alkylaluminum compound, an alkylboron compound, an 5 alkylzinc compound,
an alkyllithium compound and the like. After the contact with the functional group- containing
compound, the fufictiohal'gfoup tal Be- convetteti3Rto &rotHeridmetorar gkdlip by afkhown method.

In the contact of t%e oIg{in %g%%rnwith the le functional group-containing compound, the temperature
is in the range of -78 to 4300C "preterably 278 1 ¥300C, and the pressure is in the range of usually

fime i i the tange of 15 Usual LTRULL (o100 oL, DISIEFAb 10 FNKEE & Bhhours,
| proceeds or not, it is most preferable to polymerize an
5 olefin under the same conditions except for using no
chain transfer agent.

To confirm Whether the monodisperse polyolefin, the
olefin copelymer, the tapered polymer or the olefin block
copolymer can be prepared or not, it is most preferable

10  to polymerize an olefin under the same conditions except
for not performing a cleaving operation by the chain
tfansfer reaction {i.e., the same cdnditions except for
usiﬁg no chain transfer agent).

In this process, the following oclefin polymerization

15  catalysts (1) to (5) are employable.

(1) An Oléfin polymerization'catalyst comprising a
Group 4 metallocene compound and a soluble non-
coordination anionic compound

Examples of such catalysts include those of the

20 following formulas.

LY

[YCpMZX1] [ (CoB9H11) 2Co]

[ (YCp)2M2X2 (L)} [X3-B(C6F5) 3]

[ (Y-Cpti2x4) p%5] [B']

in the above formulas, M? is titanium, zirconium or

25 hafnium,



The contact of the olefin polymer with the functional group-containing compound can be carried out in
a solvent or without a solvent. Examples of the 20 solvents employable herein include aliphatic
hydrocarbons, such as propane, butane, pentane, hexane, heptane, octane, decane, dodecane and
kerosine; alicyclic hydrocarbons, such as cyclopentane, cyclohexene and methylcyclopentane;
aromatic hydrocarbons, such as benzene, toluene andi 8% xylene; halogenated hydrocarbons, such as
ethylene 177 chloride, chlorobenzene and dichloromethane; oxygen- containing compounds, such as
diethyl ether and tetrahydrofuran; and mixtures thereof. A further embodiment of the process for
preparing an 5 olefin pplymeraccoding to,the iﬂy,q}t}gpa%plriﬁoBglyg@rifiqgoaté%ast two olefins
which are selected from olefins of 2 to 20 carbon atoms and have different polymerization reactivities,
in the presence oka olefigtpalymerization catalyst comprising the aforesaid 10 transition metal
compound (A) to prepare a tapered polymer containing a segment wherein composition of two or
more monomers continGpusly chahdes.As desclibgdhereinpeiore.dhe tapered polymer is a,,polymer
in which the comonomer composition gradually 15 changes from one end to the other end of the
polymer - when plural Cp are contained, they are the same or

5 different,
X1l to X5 are each the same as the aforesaid ¥,
L is a Lewis acid, and
B' is the aforesaid non-cocrdination anion.
(2) An olefin polymerization catalyst that is a
10 combination of (YCp)2smx®, v-CpTax’ or Y-CpNox8 (Y and Cp
are each the same as that described above, and X6 to %8
aéé each the same as the aforesaid X) and‘.

methylaluminoxane

(3} A compound represented by the following formula:

16

20 wherein R31 toc R33 are each a hydrogen atom, an alkyl
éfoup of 1 to B carbon atoms or an aryl group, with the
proviso that at least one of R3! to R33 needs to be a
hydrogen atom but there is no case where R31 to R33 are

all hydrogen atoms at the same time.

25 (4} Compound represented by the following formula:



chain. This polymer can be synthesized by polymerizing two or more monomers having different
reactivities (e.g., ethylene and propylene) in a living polymerization system wherein chain transfer
reaction does not substantially 20 take place. Examples of the methods to feed the monomers include
a method in which plural monomers are fed with continuously changing the monomer composition and
a method in which plural monomers are fed together Iqu1|-ff 25 initial stage of the polymerization and a
difference of 178 polymerization reactivities of the monomiers is taken advantage of to obtain a
tapered polymer. The temperature, pressure, addition of the catalyst and supporting on the carrier in
the polymerization are the 5 same as those described previously. The two or more kinds of monomers
are selected from the aforesaid olefins of 2 to 20 carbon atoms, they are preferably selected from
ethylene, propylene, I-butene, 1-pentene, 1-heréhe, 1-heptene and 1-octene, and they are 10 more
preferably selected from ethylene, pro;&égne anyd 1- butene. A still further embodiment of the process
for preparing an olefin polymer according iavention comprises conducting the following step

(1), the M

In the above formula, M° is a transition metal atom
of Group 8 to Gr?up 10 of the periodic table, preferably
nickel, palladium or platinum.

R34 to R37 may be the same or different and are each

10  a hydrocarbon group of 1 to 50 carbon atoms, a
halogenated hydrocarbon group of 1 to 50 carbon atoms, an
ofganic silyl group, or a hydrocarbon group substituted
‘with a substituent containing at least one elément
selected from nitrogeh, oxygen, phosphorus, sulfur and

16  silicon.

Twe or more of the groups indicated by R34 to R37,
preferably adjacent groups, may be boned to each other to
form a ring.

g i1s an integer of 0 to 4.

20 X’ is a hydrogen atom, a halogen atom, a hydrocarbon
dkoup of 1 to 20 carbon atoms, a halogenated hydrocarbon
group of 1 to 20 carbon atoms, an oxygen-containing group,
a sulfur-containing group, a silicon-containing group or

a nitrogen-centaining group. When g is 2 or greater,

25 plural groups X may be the same or different.



15 following step (2), and optionally, the following step (3) of an arbitrary number of times, to prepare
an olefin block copolymer comprising plural polymer blocks. In the step (1), at least one olefin
selected from olefins of 2 to 20 carbon atoms is polymerized in the 20 presence of the aforesaid
olefin polymerization catalyst to prepare a polymer block. Examples of the olefins of 2 to 20 carbon
atoms include the same olefins as previously described,gand they can be used singly or in
combination of two or more 179 kinds. Examples of the polymer blocks include the same blocks as
previously described. In the step (1), the polymerization temperature is in the range of usually -40 to
+200C, preferably 0 to 5,+15 d jzation pressure is i range o usualli/ )
atmospheric pressure to (1%]{) Igg%g%%d g%%%@%%&%%% #fgsesu% 0?85] kgﬁ:mgf.lirrrflf 5 step (2),
at least one olefin selected from olefins of 2 toa%o carbon atoms is polymerized in the 10 presence of
.the polymer block prepared in the step (1) to Prepare a polymer block which is different from the
polymer block prepared in the step (1). The dizerent polymer block means a polymer block which is

different in at least one of primary stw%%\ /M4x1ap
N
] o
In the above formula, M’ is a transition metal atom
of Group 3 to Group 6 of the periodic table, preferably
titanium, zirconium or hafnium.
10 R*® and R*®* may be the same or different and are each

a hydrogen atom, a hydrocarbon group of 1 to 50 carbon
aééms, a halogenated hydrocarbon group of 1 to 50 carbon
atoms, an organic silyl group, or a substituent having at
least one element selected from nitrogen, oxygen,
15 phosphorus, sulfur and silicon.
7 m is an integer of 0 or 2, and n is an integer of 1
to 5.
A is an atom of Group 13 to Group 16 of the periodic
table, specifically boron, carbon, nitrogen, okygen,
20 silicon, phosphorus, sulfur, germanium, selenium, tin or
ghe like, preferably.carbon or silicon.
When n is 2 or greater, plural A may be the same or
different.

E is a substituent having at least one element

25 selected from carbon, hydrogen, oxygen, halogen, nitrogen,



15 such as monomer type, comonomer type, comonomer composition, comonomer content,
comonomer configuration and stereoregularity. Examples of the olefins of 2 to 20 carbon atoms
include the same olefins as previously described, and 20 they can be used singly or in combination of
two or more kinds. Examples of the polymer blocks obtained in the step (2) include the same blocks
as previously described. In the step (2), the polymeriza,‘i B temperature is in the range of usually -40
to +200C, preferably 0 to 25 +150C, and the polymerization pressure is in the range 180 of usually
atmospheric pressure to 100 kg/cm2, preferably atmospheric pressure to 50 kg/cm2. In the step (3),
at least one olefin selected from olefins of 2 to 20 carbon atoms is polymerized in the 5 presence of

the polymer blocktepared iRl 178 BEp{(4 T anl ¥é Bolyfter biddkprepardd fifthelstép 42) to prepare a
polymer block which is differerf%,from th golymer hlocks prepared in the previous step. Examples of

the olefins of 2 to %6%%?@0&3_ his 189naNdE tﬁé%ﬁ%e &fihs"ds EiréWd’usRFdé%ﬁib%@?‘&nd?lthey can
T e o DT o, o 05, DR oty s ot e

p is an integer of 0 to 4.

5 X'® is a hydrogen atom, a halogen atom, a hydrocarbon
group of 1 to Z0 carbon atoms, a halogenated hydrocarbon
group of 1 to 20‘carbon atoms, an oxygen-containing group,
a sulfur-containing group, a silicon-containing group or
a nitrogen-containing group. When p is 2 or greater, |

10  plural groups X' may be the same or different.

Examples of the olefin compounds of 1 to 20 carbon‘
aéoms for use in the polymerization include the same
straight-chain or branched a-olefins of 2 to 20 carbon
atoms as previously described, cycloolefins of 3 to 20

15  carbon atoms, vinylcyclohexane, dienes, polyenes and
aromatic vinyl compounds. These olefins can be used
singly or in combination or two or more kinds.

Also employableras the olefins in the present
invention are monomers having atoms other than carbon and

20 hydrogen, and examples of such monomers include o, -
Jﬁsaturated carboxylic acids, cycloolefin carboxylic
acids, anhydrides thereof, metallic salts thereof, such
as sodium salts, potassium salts, lithium salts, zinc

salts, magnesium salts and calcium salts thereof, o, B~

25 unsaturated carboxylic esters, vinyl esters, unsaturated



In the step (3), the polymerization temperature is 15 in the range of usually -40 to +200C, preferably O
to +150C, and the polymerization pressure is in the range of usually atmospheric pressure to 100
kg/em2, preferably atmospheric pressure to 50 kg/cm2. The step (3) can be repeated arbitrary times
with 20 changing types of the olefins, combination thereof or polymerization conditions. Through the
process of the invention, for example, the aforesaid ofgfin block copolymer is obtained. According to
the process of the invention, an olefin 25 block copolymer having a high molecular weight and a 181
narrow molecular weight distribution can be obtained at a high polymerization temperature with high

polymerization 3%\@@&%@19 9{§§%%Iéﬂ\ée_\trgg)noﬁl‘!§ft1|%l§ C%%(égl’pgl;:% §| &ained above can be

contacted with a functiofial group- containing compound to obtain an olefin bﬁ)%ﬁ%%polymer having a

functional group-akthe terminal, The contactaf the.qlefinblogk copolymer with,the functional

group-containing compound is carried out in 10 the same manner as previously described. A still

further embodingentof therprocess for- prapasing anplefin, palymer aceqrding to-thg invention |
group-containing heterocyclic compounds.

5 At least one olefin of the olefins employable in the
invention is an olefin consisting of only carbon and
hydrogen. There 1s no specific limitation on the
quantity ratic of the olefin consisting of only carbon
and hydrogen to the whole.olefins, but for example, the

)

10 ratio is not less than 5 % by mol and not more than 100

oo

by mol based on the whole olefins. By the expression "at
1é;st one olefin" is meant that at least one kind of an
olefin consisting of only carbon and hydrogen is
contained in the whole §lefin polymer of the invention,
15  and in case of, for example, an olefin polymer composed
of plural polymer blocks, the olefin consisting of only
carbon and hydrogen may be contained in any of the
polymer blocks.
In crder to polymerize these olefins, the aforesaid
20 conditions are employable. The polymerization
Egmperature is in the range of usually -100 to +200°C,
preferably ~78 to +150°C, and the polymerization pressure

is in the range of usually atmospheric pressure to 100

kg/cm?, preferably atmospheric pressure to 50 kg/cmZ.



comprises polymerizing an olefin in the presence of a polymerization catalyst which promotes living
15 polymerization of an olefin and further conducting olefin 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 reaction. 20 Promotion of the living polymerization can be confirmed
by the narrow molecular weight distribution of the resultipggoolymer and the increase of the molecular
weight of the resulting polymer with polymerization time. According to the process of the invention, it
is feasible 25 to prepare, for example, the monodisperse polyolefin, the 182 olefin copolymer, the

tapered polymer or the Ol%fllﬂa cQ ijﬁner mentif)ned above. To confirm whether the living
S ir CaC .
polymerization proceeds or not,%%s moslf%?esfe?a%lé: 6 p%l%/crﬁérljz% an- B8t uhder the same

conditions except fgr, using No: £ aig}{@ntgg%&g@gf.%%cgr%ﬁrgn whether the monaodisperse polyolefin,
n

the olefin copolymer, the tapered polymer or the olefin block co%olymer can%erpreparecfgr not, it is

most preferable 10,40:palyrasrize-an olefin;under the same,conditions excent fornot performing a
cleaving operation by the chain

compound selected from hydrogen, an organocaluminum

5 compound, an organoboron compound, an ocrganozinc compound,
an organecsilicon compound, an organocadmium compound and
an organoiead compound.

The conditions to promote the chain transfer

reaction may be the same as or different from the above-

10 mentioned olefin polymerization conditions. The
temperature is in the range of usually -100 to +200°C,
pééferably -78 to +150°C, and the pressufe is in the
range of usually atmospheric pressure to 100 kg/cmZ,
preferably atmospheric pressure to 50 kg/cmZ.

‘15 To promote the chain transfer réaction by heat, it
is preferable that the olefin compound is polymerized at
é temperature at which the chain transfer does not
proceed, then the temperature of the reaction system is
maintained at a given temperature at which the chain

20 transfer proceeds to promote the chain transfer reaction,
ghd the polymerization is conducted again at a
temperature at which the chain transfer reaction does not
proceed. This operation may be repeated arbitrary times,

Wnen the chain transfer reaction is promoted by the

25 use of at least one compound selected from hydrogen, an



transfer reaction (i.e., the same conditions except for using no chain transfer agent). In this process,
the following olefin polymerization 15 catalysts (1) to (5) are employable. (1) An olefin polymerization
catalyst comprising a Group 4 metallocene compound and a soluble non- coordination anionic
compound Examples of such catalysts include those of the 20 following formulas.

[YCpM2X1][(C2B9HIN2Co] [(YCp)2M2X2(L)][X3.B(C6R®gG] [(Y-CpM2X4)2X5][B] In the above
formulas, M2 is titanium, zirconium or. 25 hafnium, 183 Y is at least one hydrocarbon group of 1 to 20

carbon atoms, Cp is a ligand having cyclopentadienyl skeleton, and when plural Cp are contained,

they are the same, of,3,different; X1.to X3.ar h the same as the aforesaid X, L is a Lewis acid,
and B' is the aforesaf'lgd non-coordination ar?ig%r%.% ) A%}olgﬁtgr[ %3@/%%%%&6@ ERRRAEthak is a 10

combmaﬁonof0%%@856@%%5“@@%@%@&&)“QH“%%%QQ%@%&?Bon compound, an

ocrganocadmium compound and an organoclead compound, this
reaction agent may be present from the beginning of the
5 polymerization or may be added later in any stage. 1In
the preparation of a tapered polymer or a block copolymer,
it is preferable‘to add the chain traﬁsfer agent after
the intended polymer is produced in the system.
Examples of the chain transfer agents employable in
10  the invention include hydrogen, an organocaluminum
co¢pound, an organoboron compound, an organozinc compound,
an organosilicon compound, an organocadmium compound and
an organoclead compound. Specifically, there can be
mentioned:
15 ' an organoaluminum compound represented by the
formula:
RmAL {ORP) nHpX g
wherein R& and RP may be the same or different, when
plural R? or plural RP are present, they may be the same
20  kind or two or more different kinds, R4 aﬁd RP are each a
.
hydrocarbon group of 1 to 15 carbon atoms, preferably 1
to 6 carbon atoms, X is a halogen atom, and m, n, P and g

are numbers satisfying the conditions of 0<ms3, 05n<3,

05p<3, 0Sg<3 and mtn+pt+qg=3;



are each the same as that described above, and X6 to X8 are each the same as the aforesaid X) and
methylaluminoxane (3) A compound represented by the following formula: 15 R32 (R31,CSC, R 101
20 wherein R31 to R33 are each a hydrogen atom, an alkyl group of 1 to 8 carbon atoms or an aryl
group, with the proviso that at least one of R31 to R33 needs to be a hydrogen atom but there is no
case where R31 to R33 are all hydrogen atoms at the same time. 25 (4) Compound represented by
the following formula: 184 R 34 R35 R M3X9qg R 36 \N."5"R37 In the above formula, M3 is a
transition metal atom of Group 8 to Group 10 of the periodic table, preferably nickel, palladium or

platinum. R34 to R37 may be the same or different and are each 10 a hydrocarbon group of | to 50
carbon atoms, a an organoboron compound represented by the following

formula:
R&pB (ORP) nHpXg
wherein R& and rbP may be the same or different, when
5 plural R® or plural RP are present, they may be the same
kind or two or more different kinds, R2 and RP are each a
hydrocarbon group cf 1 to 15 carbon atoms, preferably 1
to 6 carbon atoms, X is a halogen atom, and m, n, p and g
are numbers satisfying the conditions of 0<m<3
10 (preferably 0<m<2)}, 0%n<3 (preferably 0Sn<2}, 0<p<3
(preferably 15p<3), 0£q<3 (preferably 0<p<2) and
m;n+p+q=3; |
an organosilicon compound represented by the
following formula:
15 RAnS1i (ORP) nHpXg
wherein R2 and RP may be the same or different, when
plural R2 or plu:al RP are present, they may be the same
kind or two or more different kinds, R® and RP are each a
hydrocarbon group of 1 to 15 carbon atoms, preferably 1
20 to 6 carbon atoms, X is a halogen atom, and m, n, p and g
gre numbers satisfying the conditions of 0<m<4
(preferably 0<ms<3), 0Sn<4 (preferably 0<n<3), 0<p<4

(preferably 15p<4), 0<g<4 (preferably 0<p<3) and

mtntp+g=4;



halogenated hydrocarbon group of 1 to 50 carbon atoms, an organic silyl group, or a hydrocarbon
group substituted with a substituent containing at least one element selected from nitrogen, oxygen,
phosphorus, sulfur and 15 silicon. Two or more of the groups indicated by R34 to R37, prefgrably
adjacent groups, may be boned to each other to form aring. g is an integer of 0 to 4. 20 X9 is a
hydrogen atom, a halogen atom, a hydrocarbon group®fi1 to 20 carbon atoms, a haloge_nated
hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group, a sulfur-containing group, a
silicon-containing group or a nitrogen-containing group. When q is 2 or greater, 25 plural groups X

may be the same or dif{ﬁ{e@t};@gﬁo@&pr@@g{gggi@@rqﬁm@sgﬁ%foﬁgw%foggylgbﬁ%% 1N
((Em)A)n~ )M4X10p N 5 Ras In the above formula, M4 is a transition metal atom of Group 3 to Group

6 of the periodic tahlgpreferably
R&mPH (ORP) nHpXg
wherein R& and RP may be the same or different, when
5 ©plural R? or plural RP are present, they may be the same
kind or two cr more different kinds, R® and RP are each a
hydrocarbon group of 1 to 15 carbon atoms, preferably 1
to 6 carbon atoms, X is a halogen atom, and m, n, p and g
are numbers satisfying the conditions of 0O<m<4, 0Sn<4,
10 0<p<4, 0<g<4 and mtn+p+q=4; and
a dialkyl compound of zinc or cadmium, represented
b§'the following formula:
RaRrbM4
wherein R& and RP may be the same or different and are
15 each a hydrocarbon group of 1 to 15 carbon atoms,
preferably 1 to 4 carbon atoms; and M4 is Zn or Cd.
Specific examples of the above compounds include
triakylaluminums, such as trimethylaluminum,
triethylaluminum, tri-b-butylaluminum, trioctylaluminum,
20 tridecylaluminum, triisopropylaluminum and |
£riisobuty1a1uminum, dialkylaluminum hydrides, such as
diethylaluminum hydride, dibutylaluminum hydride and
diiscbutylaluminum hydride, alkylaluminum dihydrides,
such as ethylaluminum dihydride and prepylaluminum

25 dihydride, borane, borane tetrahydrofuran complex, borane



titanium, zirconium or hafnium. 10 R38 and R39 may be the same or different and are each a
hydrogen atom, a hydrocarbon group of 1 to 50 carbon atoms, a halogenated hydrocarbon group of 1
to 50 carbon atoms, an organic silyl group, or a substituent having at least one element selected from
nitrogen, oxygen, 15 phosphorus, sulfur and silicon m is an integer of 0 or 2, and n is an integer of 1

to 5. Ais an atom of Group 13 to Group 16 of the period‘igztable, specifically boron, carbon, nitrogen,
oxygen, 20 silicon, phosphorus, sulfur, germanium, selenium, tin or the like, preferably carbon or
silicon. When n is 2 or greater, plural A may be the same or different. E is a substituent having at least

one element 25 selected from carbon, hydrogen, oxygen, halogen, nitrogen, 186 sulfur, phosphorus,
boron and siIicOn.%%ﬁ‘gn Bm%lugr%u%% i%’ iCated by Xég%%sﬁ,etv\}%l&@:{ﬂﬁ%a%fh% $HiRe oF ifferent, or
may be bonded to.gach other ngﬂ ring. p.is an integer of 0 to 4. 5 X10 is a hydrogen atom, a
halogen atom, a hydrocarbon group f? T r{%g% c%(r)f)rg)n‘tﬁa o’mg?%rﬁgiggé:ﬁaftgﬁwa Ra ghSup of 1
K)20Caﬂx”“ﬂ°”§®ﬁﬁPéXge%ﬁ8Q§T“@%9&%&% 9-borabicyclo[3.3.1]nonane,

triethylborane, trimethylborane, monoalkylsilane,
5 dialkylsilane, trialkylsilane, diethylzinc, dimethylzinc,
diethylcadmium, dimethylcadmium and tetraphenyllead.
Elso employéble are compounds by which the chain
transfer agents are formed in the polymerization system.
0f the above compounds, preferable are hydrogen, an
10 organozinc compound, an organoboron compound and an
. organosilicon compouﬁd, and particularly preferable are
h&drogen, diethylzinc and a boron hydride compound.
The chain transfer agents mentioned zbove are used
singly or in combinatiog.

15 When the chain transfer agent is used, this agent is
different from the crganometallic compound used for
forming an olefin polymerization catalyst, because the
polymerization reaction in the present invention is
characterized in that when the chain transfer agent is

20 not uéed, progress of living polymerization is essential,
;nd the chain transfer reaction proceeds by the addition
of the chain transfer agent.

The chain transfer agent is used in such an amount

that the molar ratio of the chain transfer agent to the



a sulfur-containing group, a silicon-containing group or a nitrogen-containing group. When p is 2 or
greater, 10 plural groups X10 may be the same or different. Examples of the olefin compounds of 1 to
20 carbon atoms for use in the polymerization include the same straight-chain or branched a-olefins
of 2 to 20 carbon atoms as previously described, cycloolefins of 3 to 20 15 carbon atoms,
vinylcyclohexane, dienes, polyenes and aromatic vinyhepgnpounds. These olefins can be used singly
or in combination or two or more kinds. Also employable as the olefins in the present invention are
monomers having atoms other than carbon and 20 hydrogen, and examples of such monomers

include a,R unsaturated;carboxylic acids,.cy fin carboxylic acids, anhydrides thereof, metallic
salts thereof, such as sodium salts, p6ta%sit%r%%§l%s,l%i%fﬁrﬁgssaltgf’ %llﬁcl iléjalé,' r%a%ﬂeii@%@alts and

calcium salts thereof ra R.2h Unsaturated arboxylic esters, vinyl esters, unsaturated 187 glycidyls,
halogenated olefins, unsaturated cyano compounds, unsaturated ketones, unsaturated ethers,

functional groupjcontair'ﬂ'm@ Styi%rﬁﬂe@@iylﬁé and gﬂy&grgg@g%@eﬁigg Qg_te_{gc%c#ig cg@(%)gnds. 5
At least one olefin of the olefins employable in the invention is an Olefin consisting of only carbon and
process 1s preferably an olefin polymerization catalyst
5 containing the transition metal compound (A}, and the
process for preparing the tapered polymer, the olefin
copolymer or therolefin block copolymer is preferable.
According to the process of the invention, an olefin
polymer having a high molecular weight and a narrow
. 10 molecular weight distribution can be obtained with high
polymerization activity, or a tapered polymer or an
oiefin block copolymer precisely controlled in the
structure can be obtained with high polymerization
activity.
15 To the monodisperse polyolefin, the olefin copolymer,
the tapered polymer, the olefin block copolymer or a
polymer having a functional group at the terminal of any
of these polymers, various additives may be added.
The monodisperse polyolefin, the olefin copolymer,
20 the tapered polymer, the olefin block copolymer or a
golymer having a functional group at the terminal of any
of these polymers can be applied to various uses.
A composition containing the monodisparse polyolefin,

the olefin copolymer, the tapered polymer, the olefin

25 Dblock copolymer or a polymer having a functional group at



hydrogen. There is no specific limitation on the quantity ratio of the olefin consisting of only carbon
and hydrogen to the whole olefins, but for example, the 10 ratio is not less than 5 % by mol and not
more than 100 % by mol based on the whole olefins. By the expression "at least one olefin" is meant
that at least one kind of an olefin consisting of only carbon and hydrogen is contained in the whole
olefin polymer of the invention, 15 and in case of, for e ple, an olefin polymer composed of plural
polymer blocks, the olefin consisting of only carbon an drogen may be contained in any of the
polymer blocks. In order to polymerize these olefins, the aforesaid 20 conditions are employable. The
polymerization teri_%)eratture is in the range of usually -100 to +200C, preferably -78 to +150C, and the
polymerization presstre i€ TH'tha rafde OF isGally-ifidspherhe Bressureto 160 tkglom2, preferably
atmospheric pressure to 50 kg/cm2. 188 The chain transfer reaction is promoted by maintaining the
temperature at a ;al\?e%nlf:e%pseré%rg at \wHich TRe Mioﬁ%@@é&ds or by using at least one

compound selected from&yd&%eqj rganoaluminum 5 compound, an organoboron compound, an
organozinc compound, an organosﬁgj)% %oﬁ\%ﬁoﬁ%ﬁfsn dtganbeadmii chmipouhdearl ock

copolymer containing a rigid block and a soft block and
5 the tapered polymer have properties of thermoplastic
elastomers.

" Examples ofxthe uses of the polymers include
automobile parts, such as side malls, bumpers,
weatherstrips, glass run channels, boots and air duct

10  hoses; industrial parts, such as packings, mats, belts
and hoses;-e}ectric/electronic'parts, such as electric
wires, codes and silencing gears; sporting goods, such as
sport shoes, ski shoes; and civil engineering/building
materials, such as gaskets and water barrier sheets,

16 To the olefin polymers of the invention,
thermoplastic resins, fillers, nucleating agents and
additives used for polymers may be added in arbitrary
amounts, and the polymers may be subjected to secondary
modification such as crosslinking or blowing.

20 As the thermoplastic resins, érystalline
ghermoplastic resins, such as polyolefin, polyamide,
polyester and polyacetal; and non-crystalline
thermoplastic resins, such as polystyrene,

acrylonitrile/butadiene/styrene éopolymer (ABS),

25 polycarbonate, polyphenylene oxide and polyacrylate, are



an organolead compound. The conditions to promote the chain transfer reaction may be the same as
or different from the above- 10 mentioned olefin polymerization conditions. The temperature is in the
range of usually -100 to +200C, preferably -78 to +150C, and the pressure is in the range of usually
atmospheric pressure to 100 kg/cm2, preferably atmospheric pressure to 50 kg/cm2. 15 To promote
the chain transfer reaction by heat, it is preferable tha t&g olefin compound is polymerized at a
temperature at which the chain transfer does not proceed, then the temperature of the reaction system
is maintained at a given temperature at which the chain 20 transfer proceeds to promote the chain

transfer reaction, l he polymerjzation js condycted again at a temperature at which the chain
B oo T bpermihrids &

transfer reaction ot procee & bP&ratioh iy BE régedted ariiFai/aimes. When the chain

transfer reaction Ei_§nBrjp(lgnycgstgd by the 25 use of at least one compound selected from hydrogen, an 189
organoaluminum compound, an oraanoboron compound, an organozinc compound, an organosilicon

oresent fom the beginniag o hecd pabymarzAion Sy Ley be dUteH Afer T any St
polymer, a propylene polymer, a butene polymer, a 4-

5 methyl-l-pentene polymer, a 3-methyl-l-butene polymer and
a hexene polymer. Of these, an ethylene polymer, a
propylene'polyme; and a 4-methyl-Il-pentene polymer are
preferable. As the ethylene polymer, an ethylene/polar-
group containing vinyl copolymer is preferable.

. 10 Examples of the polyesters include aromatic
polyesters, such as polyethylene terepﬁthalate;
p;lyethylene naphthalate and polybutylene terephthalate,
polycaprolactone and polyhydroxybutyrate. Of these,
polyethylene térephthazate is particularly preferable.

15 Examples of the polyamides inclﬁde aliphatic
polyamides, such as nylon~6; nylon-66, nylon-10, nylon-12
and nylcn—46, and aromatic polyamides prepared from
aromatic dicarboxylic acids and aliphatic diamines. Of
these, nylon-6 is particularly preferable.

20 Examples of the polyacetals include polyformaldehyde
Epolyoxymethylene), polyacetaldehyde, polypropicnaldehyde
and polybutylaldehyde. OFf these, pelyformaldehyde is

particularly preferable.



the preparation of a tapered polymer or a block copolymer, it is preferable to add the chain transfer
agent after the intended polymer is produced in the system. Examples of the chain transfer agents
employable in 10 the invention include hydrogen, an organoaluminum compound, an organoboron
compound, an organozinc compound, an organosilicon compound, an organocadmium compound
and an organolead compound. Specifically, there can b entioned: 15 an organoaluminum
compound represented by the formula: RamAI(ORb)nH‘éQg wherein Ra and Rb may be the same or
different, when plural Ra or plural Rb are present, they may be the same 20 kind or two or more
different kinds, Ra and Rb are each a hydrocarbon group of 1 to 15 carbon atoms, preferably 1 to 6
carbon atoms, X is a haloggﬁ ASMY 5 HETH PERY ¢ Care nuribers Saisiing the tonditions of a
0<mS3, 0_n<3, O<'P<3 0<-g< d m+n+p+q=3; 190 an organoboron compound represented by

3
the following forml}j)laplgé%%e( Rb)nBpXg°Wherdiil RECaNd R iy bE tha'&ami or different, when 5
pura Re or piral b afs PEGSE hey Ay be e same,

As the ABS, preferably used is one comprising 20 to
5 35 % by mol of constituent units derived from
acrylonitrile, 20 to 30 % by mol of constituent unirs
derived from butgdiene and 40 to 60 % by mol of
constituent units derived from styrene.
Examples of the polycarbonates include peclymers
10 = obtained from bis(4-hydroxyphenyl)methane, 1,1-bis(4-

‘ hy?roxyphenyl)ethane, 2,2~bis{4~hydroxyphenyl)propane and
2,2-bis(4-hydroxyphenyl)butane. Of these, polycarbonate
obtained from 2,2—bis(4—hydroxyphenyl)propane is
particularly preferable.

15 As the polyphenylene oxide, poly(2, 6-dimethyl-1,4-
phenyleneoxide) ié preferably employed.
As the polyacrylate, polymethyl methacrylate or
polybutyl acrylate is preferably employed.
The thermoplastic resins mentioned above may be used
20 singly or in combination or two or more kinds.
) The olefin block copolymer of the invention may
further contain, in addition to the thermoplastic resin,
a crosslinking agent, a filler, a crosslinking
accelerator, a crosslinking assistant, a softener, a

25 tackifier, an anti-aging agent, a blowing agent, a



kind or two or more different kinds, Ra and Rb are each a hydrocarbon group of 1 to 15 carbon atoms,
preferably 1 to 6 carbon atoms, X is a halogen atom, and m, n, p and g are numbers satisfying the
conditions of O<m<3 10 (preferably O<mS2), 0<-n<3 (preferably 0<n<2), 0<_p<3 (preferably 1Sp<.3),
0<q<3 (preferably 0<p<2) and m+n+p+q=3; an organosilicon compound represented by the following
formula: 15 RamSi(OR)nHpXqg wherein Ra and Rb may the same or different, when plural Ra or
plural Rb are present, they may be the same kind or two or more different kinds, Ra and Rb are each
a hydrocarbon group of 1 to 15 carbon atoms, preferably 1 20 to 6 carbon atoms, xk;|S %halosggc;:-)n
atom, and m, n, p and q_are numbers satisfyjng the conditions of O<m<_4 (preferably O<mS3),
0Sn<4 (prefera %rﬁgﬁaéﬁ)l 02-5< '(pr@é?eraaéﬁ/%éb%), TURA (Prfe PR G<-peB) ARG HH2RLE+q=4;

191 an organol pound represented.by the following_formula: RamPb(ORb)nHpXq wherein
Ra and Rb mayegéd%%%gém%%r%P e %leylLﬂESeEIUré—’\ F?ang’r pItral Kb 4 preseft, B may be the

ifferent, w
same stabilizer, a weathering stabilizer, an antistatic agent,
a colorant, a lubricant, a flame retardant, an anti-
5 blooming agent and the like.

Crosslinking agent

The crossligking agent is, for example, sulfur, a
sulfur cowmpound or an organic peroxide. An crganic
peroxide having a temperature, at which the half-1life

10 period corresponds to 1 minute, of 130 to 200°C is
.preferable, and specifically, dicumyl peroxide, di-t-
b;fyl perpxide, di-t-butyl peroxy-3,3, 5-
trimethylcyclohexane, t-butylcumyl peroxide, di-t-amyl
peroxide, t-butyl hydroperoxide, 2,5-dimethyl-2,5~di- (t—

15 butylperoxy)hexane or the like is preferable. When the
organic peroxide is used as the crosslinking agent, it is
preferable to use a crosslinking assistant in combination.

Of the various crosslinking agents, sulfur or a
sulfur compound, particularly sulfur, is preferably used

20 Dbecause a crosslinked product having excellent properties
één be obtained. However, an organic peroxide is more
'preferably used because 1t has particularly excellent

crosslinking efficiency.

Crosslinking accelerator




kind or two or more different kinds, Ra and Rb are each a hydrocarbon group of 1 to 15 carbon atoms,
preferably 1 to 6 carbon atoms, X is a halogen atom, and m, n, p and g are numbers satisfying the
conditions of O<m<_4, 0<-n<4, 10 0<p<4, 0Sg<4 and m+n+p+q=4; and a dialkyl compound of zinc or
cadmium, represented by the following formula: RaRbM4 wherein Ra and Rb may be the same or
different and are 15 each a hydrocarbon group of 1 to }mgarbon atoms, preferably 1 to 4 carbon
atoms, and M4 is Zn or Cd. Specific examples of the above compounds include triakylaluminums,
such as trimethylaluminum, triethylaluminum, tri-b-butylaluminum, trioctylaluminum, 20
tridecylaluminum, triisopropy iy trilsobu é luminum, dialkylaluminum hydrides, such as
diethylaluminum hydride?(ﬁb%u@rﬂi@r%uér?%;gﬁeg a%]y %(%i?s]%ﬁﬂt%/?aﬁdm&nuﬂﬁ%’%@f%ﬁﬁa‘luminum
dihydrides, such as gfyialuminum dgwd_@figg&gggr_go%lglymi_nHmog%gihgg%derebgéa_r}% borane
tetrahydrofuran complex, borane 192 dimethylsulfide complex, borane élmetﬁylamlne complex,
borane trimethylahsmaezomhmlemD@ra@lgltﬁg}eéiﬂw@@qsgmj@@&9%@%5@ @/l borane,
9-borabicyclo[3.3.1]nonane, triethylborane, trimethylborane, monoalkylsilane,

benzothiazole sulfenamide, Z-mercaptobenzothiazole, 2-

5 (2,Q—dinitrophenyl}mercaptobenzothiazole cr the like is
employed.

Crosslinking assistant

The crosslinking assistant is used for organic
peroxide crosslinking. Examples of the crosslinking

10  assistants include sulfur; quinone dioxime compounds,
su?h as p-guinone dioxime and P.p'—-dibenzoyliguinone
dioxime; and polyfunctional monomers, such as
(meth}acrylate compounds (e.g.,.trimethylolpropane
triacrylate and.polyethylene glycol dimethacrylate),

16 allyl compounds (e.g., diallyl phthalate and triallyl
cyanurate), maleimide compounds {e.g., N,N'-m-
phenylenebismaleimide) and divinylbenzene.

Softener
As the softeners, those heretofore added to rubbers

20 are widely used, and examples thereof include petroleum
N
type softeners, such as process oil, lubricating oil,
paraffin, liquid paraffin, petroleum asphalt and
vaseline; coal tar type softeners, suéh as coal tar and

coal tar pitch; aliphatic oil type softeners, such as

25 castor oil, linseed 0il, rapeseed oil and coconut oil;



5 dialkylsilane, trialkylsilane, diethylzinc, dimethylzinc, diethylcadmium, dimethylcadmium and
tetraphenyllead. Also employable are compounds by which the chain transfer agents are formed in
the polymerization system. Of the above compounds, preferable are hydrogen, an 10 organozinc
compound, an organoboron compound and an organosilicon compound, and particularly preferable
are hydrogen, diethylzinc and a boron hydride compoygag. The chain transfer agents mentioned above
are used singly or in combination. 15 When the chain transfer agent is used, this agent is different
from the organometallic compound used for forming an olefin polymerization catalyst, because the

polymerization regetionn e presentinveplian [s chgracterizedinihalwhen the.chain ransfer agent
is 20 not used, progress of iiving polymerization'is essential, and the chdin fransfer reaction proceeds

by the addition gf.theichain aesfer-agent. The ghain transfer.agent js;used insuch an.amount that

the molar ratio of the chain transfer agent to the 193 transition metal compound bécomes usually 0.1
to 10000, preferahiy & da 500QcEhe olefinpotymerization catalystyseddn the above, pragess is

preferably an olefin polymerization catalyst
stearate and zinc laurate; and synthetic polymer
5 materials, such as petroleum resin, atactic polypropylene
and coumarone-indene resin. Of these, petroleum type
softeners are prgferably employed, and process o0il is

particularly preferably employed.

Blowing agent

10 As the blowing agents, those generally used for
blow-molding of rubbers are widely used, and examples
tﬁereof include inorganic blowing agents, such as sodium
bicarbonate, sodium carbonate, ammonium bicarbonate,

~ammonium carbonate and ammenium nitrite; nitroso

15  compounds, such as N,N'-dimethyl-N'N'-
dinitrosoterephthalamide and N,N'-
dinitrosopentamethylenetetramine; azo compounds, such as
azodicarbonamide, azobisisobutyronitrile,
azocyclohexylnitrile, azodiaminobenzene and barium

~20 azodicarboxylate; sulfonyl hydrazide compounds, such as
genzenesulfonyl hydrazide, toluenesulfonyl hydrazide,
p,p'~oxybis (benzenesulfonylhydrazide) and diphenylsulfon-

3,3"'~disulfonyl hydrazide; and azide compounds, such as

calcium azide, 4,4-diphenyldisulfonyl azide and p-



5 containing the transition metal compound (A), and the process for preparing the tapered polymer, the
olefin copolymer or the olefin block copolymer is preferable. According to the process of the
invention, an olefin polymer having a high molecular weight and a narrow 10 molecular weight
distribution can be obtained with high polymerization activity, or a tapered polymer or an olefin block
copolymer precisely controlled in the structure can be ghtained with high polymerization activity. 15
To the monodisperse polyolefin, the olefin copolymer, apered polymer, the olefin block copolymer
or a polymer having a functional group at the terminal of any of these polymers, various additives
may be added. The monodisperse polyolefin, the olefin copolymer, 20 the tapered polymer, the olefin
block copolymer &i°d BOlErH&iNg aFdhdtionalGfolp asthe termifataldny of thesemalymers can
be applied to various uses. A composition containing the monodisperse polyolefin, the olefin
copolymer, the taperad polyiner, HE ofctiiFes! Btk 2B ofyAet or agmatymeeiiaving a functional group

at 194 the terminal of any of these polymers can be molded into articles by a known molding method.

Of the olefin polymers of the invention, the bifeie¥12g assistant

The blowing assistant can be used in combination
5 with the blowing agent. Use of the blowing assistant in
combination contributes to lowering of decomposition
temperature of the blowing agent, acceleration of
decomppsitign thereof and production of uniform bubbles.
Exampiles of such blowing assistants include organic acids,‘
10  such as salicylic acid, phthalic acid, stearic acid and
oxalic acid; and urea.or its derivatives.

y

Processing aid

Examples of the processing aids include acids, such
as ricinolic acid, stearic acid, palmitic acid and lauric

15 acid; salts of these'higher fatty acids, such as barium
stearate, zinc stearate and calcium stearate; and esters.

Adhesion imparting agent

The adhesion imparting agent is an agent to improve
adhesion between a crosslinked product and a decorative
200 layer such as a coating film, and examples of such agents
.
include an organotin compound, a tertiary amine compound,
a hydroxyl group~containing {co)polymer and a metallic
hydroxide.

Inorganic filler




copolymer containing a rigid block and a soft, block and 5 the tapered polymer have properties of
thermoplastic elastomers. Examples of the uses of the polymers include automobile parts; such as
side malls, bumpers, weatherstrips, glass run channels, boots and air duct 10 hoses; industrial parts,
such as packings, mats, belts and hoses; electric/electronic parts, such as electric wires, codes and
silencing gears; sporting goods, such as sport shoes, §b' shoes; and civil. engineering/building
materials, such as gaskets and water barrier sheets. 15 To the olefin polymers of the invention,
thermoplastic resins, fillers, nucleating agents and additives used for polymers may be added in

arbitrary amounts, and mers be subjected to secondary modification such as
crosslinking or blowing.é%%ﬁg %eesth%%%ygﬁsﬁg ?Jgsqr?éf%?y éliir]lgrtﬁeﬁﬁﬁdiﬁgﬁc fesinsS8uch as

poyatytenc, acyIoHEaenaEh he CopyTal (GO DA FbearIona s o phe ene oxide
and polyacrylate,areik95 gmplayable. Ralyvi n%hﬁmgéd%iasiai%%gr,ef%rf oly; & P I%%zecg roxide,
magnesium hydroxide, basic magnesium carbonate, dolomite,
5 calcium sulfate, calcium titanate, barium sulfate,
calcium sulfite, tale, clay, mica, asbestos, glass fiber,
giass flake, glass bead, calcium silicate,
montmorillonite, bentonite, graphite, aluminum powder and
molybdenum sulfide.

10 Above all, layered compounds are preferably employed,
and clay minerals having swelling/cleavage properties in
dispersion media are particularly preferably emplovyed.
The clay minerals are generally classified into a type of
two-layer strucéure consisting éf a tetrahedral layer of

15 silica and an octahedral layer containing aluminum or
magnesium as a central metal provided on the tetrahedral
layer and a type of three-layer structure consisting of
tetrahedral layers of silica and an octahedral layer
containing aluminum or magnesium as a central metal

20 sandwiched between the tetrahedral layers. The two-layer
. :
structure type (former type) is, for example, a kaolinite
group or an antigorite group, and the three-layer
structure type (latter type) is, for example, a smectite

group, a vermiculite group or a mica group that is

25 grouped according to the number of interlaminar cations.



Examples of the polyolefins include an ethylene polymer, a propylene polymer, a butene polymer, a 4
5 methyl-I-pentene polymer, a 3-methyl-I-butene polymer and a hexene polymer. Of these, an
ethylene polymer, a propylene polymer and a 4-methyl-I-pentene polymer are preferable. As the
ethylene polymer, an ethylene/polar- group containing vinyl copolymer is preferable. 10 Examples of
the polyesters include aromatic polyesters, such as polygtlyylene terephthalate; polyethylene
naphthalate and polybutylene terephthalate, polycaprolactone and polyhydroxybutyrate. Of these,
polyethylene terephthalate is particularly preferable. 15 Examples of the polyamides include aliphatic

polyamides, such as nylor-6; Rylen:66. nylon;l0, n}glgn_%;l}ge agg J%qu%# aquarom tiLg: onlyamides
€s.

prepared from aromatic dicarboxylic acids and aliphatic diamin tﬁgge, ny}élnc- IS %articularly

preferable. 20 Examplesiofthe polyasatalsinclude palyformalden ‘it@?lyg?})é?ggy lene),
polyacetaldehyde, polypropionaldehyde and polybutylaldehyde. Of these, polyfo mal%ieﬁ{/de is

particularly preferab.ra_: 196 tThe polystysens, maye, arhgﬂ}gg@ypmroqg‘is@érgng of @eliiﬁ;@g@’er of
styrene and acrylonitrile, methyl methacrylate or a-methylstyrene.
nontronite, saponite, sauconite, stevensite, hectorite,

5 tetrasilicic mica, sodium taeniorite, muscovite,
margarite, talc, vermiculite, phlogopite, xanthophyllite
and chiorite.

Clay minerals having been treated with organic
materials (sometimes referred to as "organic modified
10 clay minerals") are also employable as the inorganic
layered compounds. (bn the clay minerals‘having been
tfeated with organic materials, see "Dictionary of Clay"
by Asakura Shoten.)
Of the above clay minerals, preferable are a
16  smectite group; a vermicuiité»group and a mica group, and
more preferable is a smectite group, from the viewpoints
of swelling properties or cleavage properties.. Examples
of the smectite group clay minerals include
montmorillonite, beidellite, nontronite, saponite,
20  sauconite, sﬁevensite'and hectorite.
) Examples of the dispersion media by which the
inorganic layered compounds are swollen or cleaved are as
follows. 1In case of the swelling clay minerals, there

can be mentioned water, alcohols, such as methanol,

25 ethanol, propanol, isopropanol, ethylene glycol and



As the ABS, preferably used is one comprising 20 to 5 35 % by mot of constituent units derived from
acrylonitrile, 20 to 30 % by mot of constituent units derived from butadiene and 40 to 60 % by mol of
constituent units derived from styrene. Examples of the polycarbonates include polymers 10 obtained
from bis(4-hydroxyphenyl)methane, 1,1-bis(4- hydroxyphenyl) ethane,
2,2-bis(4-hydroxyphenyl)propane and 2,2-bis(4-hydroxpgdhenyl)butane. Of these, polycarbonate
obtained from 2,2-bis(4-hydroxyphenyl)propane is particularly preferable. 15 As the polyphenylene
oxide, poly(2,6-dimethyl-l,4- phenyleneoxide) is preferably employed. As the polyacrylate, polymethyl
methacrylate or gglgl@gtyh@g@l%q_&@gferggymggygqm%i gfmgfi_ﬁ%%% reisir%su ?‘EQE%%O' above
may be used 20 singly or in combination or two or more kinds. The olefin block copolymér of the

invention may fusther eeniaisdn additiop:ie dae thermoplastig resin, agrosslinking.agent, a filler, a
crosslinking accelerator, a crosslinking assistant, a softener, a 25 tackifier, an anti-aging agent, a

blowing agent, aii87hprocessing aid; ancadhesion imparting agent, an inorganic filler, an organic filler,
a nucleating agent, a heat
In case of the organic modified clay minerals, there
5 can be menticned aromatic hydrocarbons, such as benzene,
toluene and xylene, ethers, such as ethyl ether and
tetrahydrofuran,.ketones, such as acetone, methyl ethyl
keteone and methyl isobqtyl ketone, aliphatic hydrocarbons,
such as n-pentane, n-hexane and n-octane, halogenated
10 hydrocarbons, such as chliorobenzene, carbon tetrachloride,
ch}oroférm, dich;oromethane, 1, 2-dichlorocethane and
perchloroethylene, ethyl acetate, methyl methacrylate
(MMA) , dioctyl phthalate (DOPR), dimethylformamide,

dimethyl sulfoxide, methyl cellosolve and silicone oil.

15 ' Nucleating agent

As the nucleating agents, various nucleating agents
‘hitherto known are used without specific limitation.
Examples of the nucleating agents include the following
arcmatic phosphoric ester salt, benzylidenesorbitol,

20 aromatic carboxylic acid and rosin nucleating agent.
.

Examples of aromatic phosphoric ester salt are

compounds represented by the following formula (1).

25



stabilizer, a weathering stabilizer, an antistatic agent, a colorant, a lubricant, a flame retardant, an anti
5 blooming agent and the like. Crosslinking agent The crosslinking agent is, for example, sulfur, a
sulfur compound or an organic peroxide. An organic peroxide having a temperature, at which the
half-life 10 period corresponds to 1 minute, of 130 to 200C is preferable, and specifically, dicumyl
peroxide, di-t- butyl peroxide, di-t-butyl peroxy-3,3,5- trimgglaylcyclohexane, t-butylcumyl peroxide,
di-t-amyl peroxide, t-butyl hydroperoxide, 2,5-dimethyl-2,5-di-(t 15 butylperoxy)hexane or the like is
preferable. When the organic peroxide is used as the crosslinking agent, it is preferable to use a
crosslinking assistant in combination. Of the various crosslinking agents, sulfur or a sulfur compound,
particularly sulfur, is preferably used-20 because4a crosslinked product having excellent properties

can be obtalned However an organic perOX|de Rmore preferably used because it has particularly
As the crosslinking accelerator,

vlene-2-

_ R4 /P—o-———M )
5 R% O o | . (1)

In the above formula, R is an oxygen atom, a sulfur
atom or a hydrocarbon group of 1 to 10 carbon atoms; R
10  and R*® are each a hydrogen atom or hydrocarbon group of 1
t?‘lo carbon atoms and may be the same or different, and
R*’s, R*%s or R* and R“.may be‘bonded to each other to
form a ring; M is a metal atom having a valency of 1 to
3; and n isran integer of 1 to 3.
15 Concrete examples of the compounds represented by
the above formula (1) include
sodium—Z,2’~methylene—bis(4,6—di~t—butylphenyl)phosphate,
sodium—2,2'~ethylidene—bis(4,6~di~t—butylphenyl)phosphate,
lithiumm2,2'—methylene~bis(4,6~di—t—butylphenyl)phosphate,
20. lithium~2,2'-ethylidene~bis (4, 6-di-t~
.
butylphenyl)phosphate,
sodium~2,2'—ethylidene*bis(4—i~propylm6—t—
butylphenyl) phosphate,
lithium—2,2'~m@thyiene~bis(4—methy1~6—t~

25  butylphenyl)phosphate,



benzothiazole sulfenamide, N,N-diisopropyl-2- benzothiazole sulfenamide, 2-mercaptobenzothiazole,
2 5 (2,4-dinitrophenyl)mercaptobenzothiazole or the like is employed. Crosslinking assistant The
crosslinking assistant is used for organic peroxide crosslinking. Examples of the crosslinking 10
assistants include sulfur; quinone dioxime compounds, such as p-quinone dioxime and
p,p'-dibenzoylquinone dioxime; and polyfunctional mo ers, such as (meth)acrylate compounds
(e.g., trimethylolpropane triacrylate and polyethylene gr‘)l)g) | dimethacrylate), 15 allyl compounds (e.g.,
diallyl phthalate and triallyl cyanurate), maleimide compounds (e.g., N,N'-m- phenylenebismaleimide)
and divinylbenzene. Softener As the softeners, those heretofore added to rubbers 20 are widely
used, and examp?e)stméi’g?ﬁ%mﬁud‘@ﬁ@ﬁé’lé@ﬁﬁyﬁé Boftefiéisy suéhr&s process oil, lubricating oil,

paraffin, liquid pa{??jﬂ%in 1petroleim Zﬁ?halt and vaseline; coal tar type softeners, such as coal tar and
coal tar pitch; alipha .&’oﬁ%ﬁé‘é’ St e?‘g,hﬁfc‘ﬁ’as 25 castor oil, linseed oil, rapeseed oil and coconut

oil; 199 tall oll; faclice: \axes, sysh 25 bagswax, canauba wax, . _
butylphenyl)phosphate),

5 calcium~bis(2,2‘—thiobis(4~ethylm6~t~
butylphenyl)phosphate},
calcium-bis(2,2'¢thiobis(4,6~diht—butylphenyl)phosphate),
magnecium-bis (2,2 ~thiobis (4, 6~di—t-
butylphenyl)phosphate),

! 10 ‘magnecium*bis(2,2'—thiobis(4—t—octylphenyl)phosphate)L
s?gium—Z,2'—butylidene~bis(4,6—di~methylphenyl)phosphate,
sodium-2,2"'~butylidene-bis (4, 6-di~t~
buthylphenyl)phosphate,
sodiumwz,2'—t—octylmethylene—bis(4,6—di—

15 methylphenyl)phosphate,
sodium—2,2'—t—octylmethylene—bis(4,6;dimt—
butylphenyl)phosphate,
calcium-bis (2,2"'~methylene-bis (4, 6-di-t~
butylphenyl)phosphate),

20 magnecium-bis (2,2'-methyiene-bis (4, 6~di-t-

.

butylphenyl)phosphate),
barium-bis(2,2'-methylene~bis {4, 6~di~t—
butylphenyl)phosphate),
sodium-2,2"'-methylene-bis(d-methyl-6-t-

25 Dbutylphenyl)phosphate,



and lanoline; fatty acids and fatty acid salts, such as ricinolic acid, palmitic acid, barium stearate,
calcium stearate and zinc laurate; and synthetic polymer 5 materials, such as petroleum resin, atactic
polypropylene and coumarone-indene resin. Of these, petroleum type softeners are preferably
employed, and process oil is particularly preferably employed. Blowing agent 10 As the blowing
agents, those generally used for blow-molding of rubbers are widely used, and examples thereof
include inorganic blowing agents, such as sodium bicaré te, sodium carbonate, ammonium
bicarbonate, ammonium carbonate and ammonium nitrite; nitroso 15 compounds, such as
N,N'-dimethyl-N'N'- digitroso erephthalamide and N,N'- dinitrosopentamethylenetetramine; azo
compounds, such &S ‘4rd8icatonarfideY azdkisisétutromirin! ~fzoeyclohexylnitrile,

azodiaminobenzerbe %ndéb r&ia%m 0 %zoditf,_arboxylate; sulfonyl hydrazide compounds, such as
benzenesulfonyl hydlra%/i 5 folde é?suﬁgﬁy‘larﬁ%lrazide, p,p'-oxybis(benzenesulfonylhydrazide) and

diphenylsulfon- 3,3:-disulfanyl hy. razide; and zide compounds, such as calcium azide,
4,4-diphenyldisulfonyl azide énd% 200 rqgéllcu%ﬁ%sglfoé?:lyl Jide” 5Pﬁ¥élségpl%{‘e‘rable are nitroso

biphenyl)phosphate,

5 Calciummbis—((4,4‘wdimethyl~6,6’—dimt—butyl—2,2'—
biphenyl)phosphate),
sodium—2,2'wethylidene~bis(4~m~butyl~6—tw

_butylphenyl)phos?hate,
sodium~2,2’wmethylene*bis(4,6~di—methylphenyl)phosphate,

10 sodiumw2,2'—methylene—bis{4,6—di—ethylphenyl)phosphate,
p?FaSSium—Z,Z'wethylidene—bis(4,6—dimt—
butylphenyl)phosphate,
calciumfbis(2,2'wethylid@ne—bis(4,6wdi~t~
butylphenyl)phosphate),

15 magnecium-bis (2,2'-ethylidene-bis (4, 6~di~t-
butylphenyl)phosphate),
barium—bis(z,2'wethylidene—bis(4,6~di~tw
butylphenyl)phosphate),
aiuminium—tris(2,2‘—methylene-bis(4,6wdi~t—

20 ?utylphenyl)phcsphate) and
aluminium~tris(2,2'—ethylidene—bis(4,6—di~t—
butylphenyl)phosphate), and mixtures of two or more
thereof. Particularly preferable is sodium-2,2"'-

methylenembis(é,6~di—t—butylphenyl)phosphate.



compounds, azo compounds and azide compounds. Blowing assistant The blowing assistant can be
used in combination 5 with the blowing agent. Use of the blowing assistant in combination contributes
to lowering of decomposition temperature of the blowing agent, acceleration of decomposition thereof
and production of uniform bubbles. Examples of such blowing assistants include organic acids, 10
such as salicylic acid, phthalic acid, stearic acid and oxalic, acid; and urea or its derivatives.
Processing aid Examples of the processing aids include acids, such as ricinolic acid, stearic acid,
palmitic acid and lauric 15 acid; salts of these higher fatty acids, such as barium stearate, zinc
stearate and calcium stearate; and esters. Adhesion imparting agent The adhesion imparting agent is

an agent to improve adHeSiBFb&tvedh & ErReimkedrodatantca B6E6Tative 120 layer such as a

coating film, and examples 8f such a%ents include an organotin compound, a tertiary amine
OMEpounds r i

compound, a hydfoxyl group-coMBinIg (cojpolfrer Afid BhheRiit” Hydroxide! iorganic filler 201

Examples of the inorganic fillers include silica,

5 (2)

In the above formula, R* is a hydrogen atom or
hydrocarbon grou@ of 1 to 10 carbon atoms; M is a metal
atom having a valency of 1 to 3; and n is an integer of 1

10 to 3.

. Concrete examples of the compounds represented by
tﬁe above formula (2) include
sodium—bis(4—tmbutylphenyl)phosphate,
sodium-bis (4-methylphenyl)phosphate,

15 sodiummbis(4—ethyiphenyl)phosphate,
sodium-bis (4-i-propylphenyl)phosphate,
sodium-bis (4-t-octylphenyl)phosphate,
potassium-bis (4-t-butylphenyl)phosphate,
calcium-bis(4-t-butylphenyl)phosphate,

20 magnecium-bis (4-t-butylphenyl}phosphate,

N
lithium-bis (4-t-butylphenyl)phosphate,
aluminum-bis (4-t-butylphenyl)phosphate, and

mixtures of two or more thereof. Particularly preferable

is sodium-bis (4-t-butylphenyl)phosphate.



diatomaceous earth, alumina, titanium oxide, magnesium oxide, pumice powder, pumice balloon,
aluminum hydroxide, magnesium hydroxide, basic magnesium carbonate, dolomite, 5 calcium
sulfate, calcium titanate, barium sulfate, calcium sulfite, talc, clay, mica, asbestos, glass fiber, glass
flake, glass bead, calcium silicate, montmorillonite, bentonite, graphite, aluminum powder and
molybdenum sulfide. 10 Above all, layered compoundsZ08 preferably employed, and clay minerals
having swelling/cleavage properties in dispersion media are particularly preferably employed. The
clay minerals are generally classified into a type of two-layer structure consisting of a tetrahedral layer

of 15 silica and an octahiedeal tayer containing aluminim ok magnesium as a.central meta L;}ggwded
on the tetrahedral layer and a type of three-layer structure consisting of tetrahedral layers of silica

and an octahedrat tayer ssontaining \alumnufio bi magnesiter as acentral metal 20 sandwiched
between the tetrahedral layers. The two-layer structure type (former type) is, for example, a kaolinite
group or an antigorite group, and the three-layer structure type (latter type) is, for example, a smectite
group, a vermiculite group or a mica group that is 25 grouped according to the number of interlaminar

cations. 202 R“5

45
{R )m O
. {3)

OH
wherein each R49 may be the same or different and is a

10  hydrogen atom or a hydrocarbon group of 1 to 10 carbon

at?ms, and m and n are each an integer of C to 5.
Examples of the compounds represented by the formula

(3) inglude 1,3,2,4—dibenzylidenesorbitol, 1,3~

benzylidenewz,4—p—methylbenzylidenesorbitol, 1,3-

15 benzylidene~2,d-p-ethylbenzylidenesorbitol, 1,3-p-
methylbenzylidene-2, 4-benzylidenesorbitol, 1,3~p-
ethylbenzylidene—Z,4—benzylidenesorbitol, 1,3-p~
methylbenzylidene—Z,4ﬂp—ethylbenzylidenesorbitol, 1,3-p-
ethylbenzylidene—Z,4—p—methylbenzylidenesorbitol,

20 1,3,2,4-di (p~methylbenzylidene) sorbitol, 1,3,2,4-di (p~
N
ethylbenzylidene) sorbitol, 1,3,2,4-di(p-n~
propylbenzylidene)sorbitol, 1,3,2,4-di{p-i-
propylbenzylidene)sorbitol, 1,3,2,4-di{p-n~
butylbenzylidene)sorbitol, 1,3,2,4—di(p—s—

25 butylbenzylidene)sorbitol, 1,3,2,4-di(p-t~



Specific examples of the clay minerals include kaolinite, dickite, nacrite, halloysite, antigorite,
chrysotile, pyrophyllite, montmorillonite, beidellite, nontronite, saponite, sauconite, stevensite,
hectorite, 5 tetrasilicic mica, sodium taeniorite, muscovite, margarite, talc, vermiculite, phlogopite,
xanthophyllite and chlorite. Clay minerals having been treated with organic materials (sometimes
referred to as "organic modified 10 clay minerals") are also employable as the inorganic layered
compounds. (On the clay minerals having been treated Wth organic materials, see "Dictionary of
Clay" by Asakura Shoten.) Of the above clay minerals, preferable are a 15 smectite group, a
vermiculite group and a mica group, and more preferable is a smectite group, from the viewpoints of

swelling propertié&érdBavAge properiesc Examples bf thelsrhectitd Yroup elay minerals include
montmorillonite, beidellite, nontronite, saponite, 20 sauconite, stevensite and hectorite. Examples of
the dispersion m&dii by Wik ¥ inciganiciayereticdompouhdd dte ditilen or cleaved are as

follows. In case of th?!swegigg%:@y,minerals, there can be mentioned water, alcohols, such as

51 Bropanor ot opanSIC&thy et glyeot afdd —d (p-

methanol, 25 ethanol,
ethoxybenzylidene)sorbitol, 1,3-benzylidene-2-4-p-

5 chlorobenzylidenesorbitol, 1,3-p~chlorcobenzylidene—2-4-
benzylidenesorbitol, 1,3—p—chlorobenzylidene—2~4—p~
methylbenzylidenesorbitol, 1,3mp—chiorobenzylidenew2—4—p~
ethylbenzylideneéorbitol, 1,3—p~methy1b@nzylidene—2~4—p~
chlorobenzylidenesorbitol, 1,3—§~ethylbenzylidene—2~4—pm

10  chlorobenzylidenesorbitol, 1,3,2,4-di (p-
c?;orobenzylidene)sorbitol, and mixtures of two or more
of these compounds. Of these, preferable are 1,3,2,4-
dibenzylidenesorbitol, 1,3,2,4~di {p-
-methylbenzylidene)sorbitol, 1,3,2,4-di (p-

15 ethylbenzylidene)sorbitél, 1,3-p~chlorobenzylidene—2-4-p-

- methylbenzylidenesorbitol, 1,3,2,4~di{p~
chlorobenzylidene)sorbitol, and mixtures of two or more
of these compounds. |

Of the above benzylidenesorbitols, preferable is a

. 20 compound represented by the feollowing formula (4):

S 2 __>//R% _
OH
OH ’

25 .. (4)



203 diethylene glycol, dimethylformamide, dimethyl sulfoxide and acetone. Of these, water and
alcohol such as methanol are preferable. In case of the organic modified clay minerals, there 5 can
be mentioned aromatic hydrocarbons, such as benzene, toluene and xylene, ethers, such as ethyl
ether and tetrahydrofuran, ketones, such as acetone, methyl ethyl ketone and methyl isobutyl ketone,
. aliphatic hydrocarbons, such as n-pentane, n-hexane an% n-octane, halogenated 10 hydrocarbons,
such as chlorobenzene, carbon tetrachloride, chloroform,; aighloromethane, 1,2-dichloroethane and
perchloroethylene, ethyl acetate, methyl methacrylate (MMA), dioctyl phthalate (DOP),
dimethylformamide, dimethyl sulfoxide, methyl cellosolve and silicone oil. 15 Nucleating agent As the
nucleating agents, various nucleating agents hitherto known are used without specific limitation.
Examples of thenug\;ﬁ%tji:negiggents }i}n lyde the following aromatic phosphoric ester salt,
benzylidenesorbitol, 20 aromatic-Catboxylic'§tid 8fid FoSin Fiffeafifig ag&RE Exdmples of aromatic

phosphoric ester sall&@grﬁy%or’g[%o%r]c%yrfpresented by the following formula (1). 25 204

The aromatic carboxylic acid is, for example,
5 a1uminumhydroxydipara—t—butyl benzoate represented by the

following formula (5):

COO—AIOH)

2

10
g The rosin type nucleating agent is, for example, a
metallic salt of a rosin acid, and the metallic salt of a
rosin acid is a reaction product of a rosin acid and a
metallic compound. Examples of the rosin acids include
15 natural rosins, such as gum rosin, tall oil rosin and
wood rosin; various modified rosins, such as
disproportionated rosin, hydrogenated rosin,
dehydrogenated rosin, polymerized rosin and o, p-
ethyl@nically unsaturated carboxylic acid-modified rosin:
20 purified products of the natural rosins; and purified
N
products of the modified rosins. Examples of unsaturated
carboxylic acids used for preparing the «,B-ethylenically
unsaturated carboxylic acid-modified rosins include

maleic acid, maleic anhydride, fumaric acid, itaconic

25 acid, itaconic anhydride, citraconic acid, acrylic acid



41 P-OM5R43 10/ ... (1) 42 n In the above formula, R4" is an oxygen atom, a sulfur
Etifnﬁ)d;sa/h?/dc;ocarbon group of 1 to 10 ca(lrbon atoms; R42 10 and R43 are each a hydrogen atomRoAf2
hydrocarbon group of 1 to 10 carbon atoms and may be the same or dlfferent., and R92s, RA]:3S or A
and R 43 may be bonded to each other to form a ring; M is a metal atom having a valency of 1 to 3;
and n is an integer of 1 to 3. 15 Concrete examples c_)f tgﬁ gc/ompounds represented by the above
formula (1) include sodium-2,2'-methyl(lanhe-bisl,)(4hG-d|-rt]-t tylphenyl)phosphate,

ium-2,2'-ethylidene-bis(4,6-di-t-butylphenyl)phosphate, _ . .
ﬁt%(ij:::rrnzz,éz'-met%yledne-bi%éf,6-di- -butylph,enyl)ph(?)sphate, 20, Iithium-2,2'-ethy||dene-b|s(4,6-vd|-t-
butylphenyl)phosphate - s0diah.2; 7~ efifylidene His@icpropyive:t-tsuyiplienyretosphate; 1 s

- . _hic(4- -6- Iphenyl)phosphate,
lithium-2,2 'methyérq:nelglggrtmoerygzylJ:GOtszl?lbaulté/ipd esgfgctepd from the group

consisting of a natural rosiin, a modified rosin, a
purified product of a natural rosin and a purified
5 product of a modified rosin. The rosin acid contains
plural resin acids selected from pimaric acid,
sandarachpimaric acid, parastric acid, isopimaric acid,
abietic acid, deﬁydroabietic acid, neoabietic acid,
dihydropimaric acid, dihydroabietic acid and
10 tetrahydroabietic acid.
Thelmetallic compound which reacts with the rosin
,
aqid to form a metallic salt is, for example, a compound
which contains a metallic element, such as sodium,
potassium or magnesium, and‘forms a salt together with
156  the rosin acid. Examples of the metallic salts include
chlorides, nitrates, acetates, sulfates, carbonates,
oxides and hydroxides of the above metals.
Other examples of the nucleating agents include
high-melting point polymers, metallic salts of aromatic
20 carboxylic acids or aliphatic carboxylic acids, and
N
incrganic compounds.
Examples of the high¥melting point polymers include
polyvinylcycloalkanes, such as polyvinylcyclohexane and
polyvinylcyclopentane, poly-3-methyl-l-pentene, pol y=3-

25 methyl-l-butene, and polyalkenylsilanes.



205 litYiium-2,21-methylene-bis(4-ethyl-6-t- butylphenyl) phosphate_, _ N
calcium-bis(2,2'-thiobis(4-methyl-6-t- butylphenyl)phosphate), 5 calcium-bis(2,2'-thiobis(4-ethyl-6-t-
butylphenyl) phosphate), calcium-bis(2,2'-thiobis(4,6-di-t-butylphenyl)phosphate),
magnecium-bis(2,2'-thiobis(4,6-di-t- butylphenyl)pﬁosr))hate), 410
magnecium-bis(2,2'-thiobis(4-t-octylphenyl)phosphate), _ | _ _ _
sodgi’um-2,2'-buty|idene-bis(4,6-di-methylphenyl)phosphgté? sodium-2,2"-butylidene-bis(4,6-di-t-
buthylphenyl)phosphate, sodium-2,2'-t-octylmethylene-bis(4,6-di- 15 methylphenyl)phosphate,
sodium-2,2'-t-octylmethylene-bis(4,6-di-t- butylphenyl)phosphate, _
ca|cium-bis(2,2'-methy|er%eé<-%?”‘s?(z, Sdits b_E yfph’%‘ﬁ%ﬁﬁl“%é"pl hh%@ez}:tzo)of aromatic
magnecium-bis(2,2:- e-bisé4, -di-t- butylphen O%f osphate), , ‘
barigum-bis(z,2'-m§%%}2%%)§§1%(%,§- ﬁgst)u?ﬁpﬁgnpﬁ)h phateyPoxylic acids include
Somu”*2Zun“ﬂhW§ﬁﬁfWﬂﬂqﬂ%%gB§%e, aluminum p-t-butylbenzoate, sodium

adipate, sodium thiophenecarboxylate and
5 pyrrolecarboxylic acid.

Molding method

The olefin copolymer of the invention can be
subjected Lo various molding methods such as extrusion
molding, injection molding, blow molding, press molding

10 and stamping.

The olefin copolymer can be moldegd intc sheets or
films (unstretched) by extrusion molding.

Stretched films can be obtained by stretching the
extruded sheets or extruded films (tnstretched) through

15 tentering {lengthwise~crosswise stretching, crosswise-
lengthwise stretching}, simultanecus biaxial orientation
or monocaxial stretching. From the olefin copolymer of
the invention, inflation films can also be produced.

Filaments can be produced by, for example, extruding

20 a molten oclefin copolymer through spinneret. The
gﬁlaments may be produced by a melt blowing method.

Injection molded products can be produced by
iﬁjection molding the olefin copolymer into various

shapes by the use of hitherto known injection molding

25 machines under the known conditions. The injection



25 butylphenyl)phosphate, 206 sodium-2,2'-methylene-bis(4-ethyl-6-t- butylphenyl) phosphate,
sodium-(4,4'-dimethyl-5,6'-di-t-butyl-2,21- biphenyl)phosphate, 5
calcium-bis-((4,4'-dimethyl-6,6'-di-t-butyl-2,2'- biphenyl) phosphate),
sodium-2,2'-ethylidene-bis(4-m-butyl-6-t- butylphenyl) phosphate,
sodium-2,21-methylene-bis(4,6-di-methylphenyl)phospitg, 10 _ _ _ _
sodium-2,2'-methylene-bis(4,6-di-ethylphenyl)phosphate, po_taSS|um-2,2'-ethyl|dene-b|s(4,6-d|-t
butylphenyl)phosphate, calcium-bis(2,2'-ethylidene-bis(4,6-di-t- butylphenyl) phosphate), 15

magnecium-biS(ZQ%QHijd@@%@M@-@ﬂtQgg@egy%&h%p@ageféfin copolymer of the
barium-bis(2,2'-ethylidene-bis(4,6-di-t- butylphenyl)phosphate),

aluminium-tris(2,2 1methylene-bis(4, 6-di-20, butylphepylphaspbate) a ”Qhar? havy
aluminium-tris(2,2'-ethylidene-bis(4,6-di-t- butylphenyl)phosphate), and mixtures o two ormore

thereof. Particulady preférabte isispililin+?,2heat resistance, impact resistance,
surface gloss, chemical resistance and abrasion
5 resistance, so that they can be broadly used as
automobile interior trim, automobile exterior trim,
héusings of electric appliances, containers, etc.

Blow molded products can be prpduCed by the use of

hitherto known blow mol@ing machines under the known
10  conditions.

In the injection 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 a
pariscn, then the parison is held in a mold of desired

16  shape, and air is blown into the parison to fit the
parison into the mold, whereby a blow molded product can
be produced.

The stamping method is, for example, stamping
molding. 1In thi; method, a base material and a skin

20 material are press molded at the same time to perform
integral molding (stamping molding), and the olefin

copolymer can be used as the base material.

Use application




methylene-bis(4,6-di-t-butylphenyl)phosphate. 207 Examples of aromatic phosphoric ester salt are

i In the above formula, R44 is a
compounds represented by the following formula (2). O 5[(2) . _
hydrggen atom or hydrocarbon group of 1 to 10 carbon atoms; N is a metal atom having a valency of
1to 3; and nis an integer of 1 10 to 3. Concrete examples of the compounds represented by the

above formula (2) include sodium-bis(4-t-buty|p_heny|_)ph 3 hate,
sodium-bis(4-methylphenyl)phosphate, 15 sodium-bis(4-ethylphenyl)phosphate,
sodium-bis(4-i-propylphenyl)phosphate, sodiur.n-bis(.4-t-octylpr|1err]1yl)pl?ospha:]e,t 20
otassium-bis(4-t-butylphepyl)phosphate, _cal |um-b|.s§4-t-butyp, enyl)phosphate, _
ﬁmgnecium-bis(4-t-butylgﬁg¥1yl gﬁo%bnha?eo,pﬁt - bis(a-t Uty IgterRAphesplas, be applied

aluminum-bis(4-t-hutylpheny)phosphate, and mixtures, of two or more thereof. Particularly preferable
is sodium-bis(4-t-butylphenyl)phosphate.
laminates, sheet laminates and modifiers.
Examples of the laminates containing at least one
5 layer formed from the olefin copolymer of the invention
include agricultural film, wrapping film, shrink fiim,
protective film, separating film such as blocd plasma
separating film or water selective permeation vaporizing
film, ion exchange film, battery separator, and selective
10  separating film such as optical resolution £ilm.
‘ The olefin copolymer of the invention can be used as
a modifier for rubbers.
Examples of the rubbers include crosslinked rubbers,
such as natural rubber (NR}, isoprene rubber (IR},

15  butadiene rubber (BR), styrene/butadiene rubber (SBR),
chloroprene rubber {CR), acrylonitrile/butadiene rubber
(NBR), butyl rubber (IIR), ethylene/propylene rubber (EPM,
EPDM), chloresulfonated polyethylene (CSM), acrylic
rubber (ACM, ANM, etc.), epichlorochydrin rubber (CO, ECO,

20 etc.), silicone rubber (@) and fluororubber (FKM, etc.);
;nd thermoplastic rubbers, such as rubbers of styrene
type, olefin type, urethane type, ester type, amide type
and vinyl chloride type.

The olefin copolymer of the invention can be used as

25 a modifier for lubricating oils, such as gasoline engine



208 The benzylidenesorbitol is, for example, a compound represented by the following formula (3):
(R45 O (R45) 45), 0 OH OH wherein each R45 may be the same or different and is a 10 hydrogen
atom or a hydrocarbon group of 1 to 10 carbon atoms, and m and n are each an integer of 0 to 5.
Examples of the compounds represented by the formula (3) include 1,3,2,4-dibenzylidenesorbitol, 1,3-
benzylidene-2,4-p-methylbenzylidenesorbitol, 1,3- 15 bgrzylidene-2,4-p-ethylbenzylidenesorbitol,
1,3-p methylbenzylidene-2,4-benzylidenesorbitol, 1,3-p- ethylbenzylidene-2, 4-benzylidenesorbitol,
1,3-p- methylbenzylidene-2, 4-p-ethylbenzylidenesorbitol, 1,3-p- ethylbenzylidene-2,

e S e SR, s
EL?&)Qgﬁ;;ﬁ/ggﬁg%%ﬁgﬁli%%if‘g%p@égbg%’lﬁ%ﬁy'&%el”,e)%oé%'59:" L34S 2s oiq
spindle oil and insulating oil. The olefin copolymer can
be used as a viscosity modifier or a freezing-point
5 depressant of these lubricating oils.
The olefin copolymer of the invention can be used as
a modifier for waxes. Examples of the waxes include
mineral waxes, such as montan wax, peat wax;
ozokerite/ceresin wax and petroleum wax; synthetic waxes,

10  such as polyethylene, Fischer-Tropsch wax, chemically
mogified hydrocarbon wax and substituted amide wax;
vegetable waxes; and animal waxes.

The olefin copolymer of the invention can be used as
a modifier for cement.

15 Examples of the cement include air setting cement,
such as lime, gypsum and magnesia cement; water setting
cement, such as Roman cement, natural cement, Portland
cement, alumina cement and high sulfuric salt slag
cement; and special cements, such as acid. proof cement,

20 refractory cement, water gilass cement and dental cement.

L Y

Viscosity modifier, Moldability improver

The olefin polymer of the invention can be used as a
viscogity modifier or a moldability improver for inks and
paints, such as letterpress printing ink, lithographic

25 printing ink, flexo graphic ink, gravure ink, oil paint,



butyibenzylidene)sorbitol, 1,3,2,4-di(2',4'- dimethylbenzylidene)sort_xitol, 1,3,2,4-d|(_p-
methoxybenzylidene)sorbitol, 1,3,2,4-di(p- ethoxybenzyl|dene)§orbltol, 1,3-benzylldene-2-4-p 5
chlorobenzylidenesorbitol, 1,3-p-chlorobenzylidene-2-4- benzylidenesorbitol, _
1,3-p-chlorobenzylidene-2-4-p- methylbenzylidenesorbitol, 1,3-p-ch|orc_)benzyllde_ne-2-4-p-
ethylbenzylidenesorbitol, 1,3-p-methylbenzylidene-2-4-p- chlorobenz_yl|denesorb|tol, _ _
1,3-p-ethylbenzylidene-2-4-p 10 chIorobenzylidenesorbll%T,el,3,2,4-d|(p- chlorobenzylidene)sorbitol,
and mixtures of two or more of these compounds. Of these, Ipreferé';ltd)rlczl.(':(1re115,3,2,4-
dibenzylidenesorbitol, 1,3,2,4-di(p methylbenzylidene)sorbitol, 1,3, ,4-di(p 1 5 ‘
ethylbeynzylidene)s%?&iidf,iﬁ%gp-ﬁil’ﬂ6?0‘6%?1%%%%@%p%é@ﬂ%h@yln@msomtoﬂ1ﬂ,,3,x2a4t-éh(p-
chlorobenzylidenegis rbitol, and mixtures of two or more of these compounds. Of the above
benzylidenesorbitdls, preferibidida PG EOMPBUNE répresetel Hythe Joliowing forhadla4) Roe O

RA5/0 ~0O OFLBuilding material, Civil engineering material

The olefin copolymer of the invention can be used
5 for building/civil engineering resins and building/civil
engineering molded products, such as flooring, flbor tile,
floor sheet, sound insulating sheet, heat insulating
panel, damping material, deccrative sheet, baseboard,
asphalt modifier, gasket, sealing material, roofing sheet
10 and cut-off sheet,.

Automobile interior or exterior trim, Gascline tank

g

The olefin polymer of the invention can be used for
automobile interior or exterior trim and gasoline tank.

Electric or electronic parts

15 The olefin copolymer of the invention can‘be used
for electric or electronic parts. Examples of the
electric or electronic parts include electric insulating
materials, electronic part treating instruments, magnetic
recording media, binders of magnetic recording media,

20 sealing materials of electric circuits, materials of
éiectric appliances, base materials of containers spch as
electronic oven containers, films for electronic ovens,
pélymer electrolyte base materials and conductive alloy

base materials. Other examplies of the electric or

25  electronic parts include electric or electronic parts,



25 OH ... (4) 210 wherein each R45 may be the same or different and is methyl or ethyl. The
aromatic carboxylic acid is, for example, 5 aluminumhydroxydipara-t-butyl benzoate represented by
the following formula (5): (/COO_AOH) z ...(5) 10 The rosin type nucleating agent is, for example, a
metallic salt of a rosin acid, and the metallic salt of a rosin acid is a reaction product of a rosin acid
and a metallic compound. Examples of the rosin acids include 15 natural rosins, such as gum rosin,
tall oil rosin and wood rosin; various modified rosins, &ich as disproportionated rosin, hydrogenated
rosin, dehydrogenated rosin, polymerized rosin and cx,(3- ethylenically unsaturated carboxylic
acid-modified rosin; 20 purified products of the natural rosins; and purified products of the modified
rosins. Example$ 6f linsdtufatad scaboxylic acidstuset:fol preparing e g, (3=ethylenicalhh
unsaturated carboxylic acid-modified rosins include maleic acid, maleic anhydride, fumaric acid,
itaconic 25 acid SitaconiCaRRVrideC BRABSRIE ackh abilitacipndenser case, optical

pickup, optical connector, vibrator, various terminal
assemblies, transformer, plug, printed wiring- board,

5 tuner, speaker, microphone, hea&phone, small motor,
magnetic head base, power meodule, housiﬁg, semiconductor,
liquid crystal display paxts, FDD carriage, FDD chassis,
HDD parts, motor blush holder, parabola antenna and
computer assocciated parts, VTR parts, TV parts, iron,

10 hair dryer, rice cooker parts, electronic oven parts,
ac?ustic instrument parts, audio machine parts such as
audio laser disc and coﬁpact disc; domestic or office
‘electric appliance parts, such as light fitment parts,
refrigerator parts, éir conditibner parts, typewriter

16 parts and word processor parts, éfficelcomputer
associated parts, telephone associated parts, facsimile
associated parts, copy machine associated parts,
electromagnetic shielding material, speaker cone material,

and vibrating element for speaker.

20 Agueous emulsion
A

An aqueous emulsion containing the olefin copolymer
of the invention can be used as an adhesive for
polyoclefins of excellent heat sealing properties.

Medical or hygienic material




211 ad methacrylic acid. Of the above rosins, preferable is at least one rosin acid selected from the
group consisting of a natural rosin, a modified rosin, a purified product of a natural rosin and a
purified 5 product of a modified rosin. The rosin acid contains plural resin acids selected from pimaric
acid, sandarachpimaric,acid, parastric acid, isopimaric acid, abietic acid, dehydroabietic acid,
neoabietic acid, dihydropimaric acid, dihydroabietic acid 10 tetrahydroabietic acid. The metallic
compound which reacts with the rosin 41 acid to form a metallic salt is, for example, a compound
which contains a metallic element, such as sodium, potassium or magnesium, and forms a salt
together with 15 the rosin acid. Examples of the metallic salts include chlorides, nitrates, acetates,
sulfates, carbonates, oxide& ard fydroxites of 1HE Above fietals Giter EXAMpSS sfthe vréleating

agents include high-melting point polymers, metallic salts of aromatic 20 carboxylic acids or aliphatic
9 9 I megpcarl

carboxylic acids, and ‘inorganic com . SUiids. Exampids BFRE WGH ettt FoinPFBIYRIERS include
ponmymydOMKwy%%§gg1?gﬂggngFNgEg@ %g%?ngedicai tube, medical

container, transfusion bag, prefill syringe and syringe,

5 medical materials, artificial organs, artificial muscles,
filter films, food sanitation/health goods, retort bags,
and freshness keeping films.

Miscellaneous goéds

The olefin copolymer of the invention can be used
10 for stationery, such as desk mat, cutting mat, ruler, pen
h?%der, pen grip, pen cap, scissors grip, cutter grip,
magnet sheet, pen case, paper holder, binder, label seal,
tape and white board; daily use miscellaneous goods, such
as clothing, curtain, sheet, carpet, entrance hall mat,
15 bath mat, bucket, hose, bag, planter, air conditioner
fiiter, exhaust fan filter, tébleware, tray, cup, lunch
box, coffee maker funnel, eyeglass frame, container,
storage case, hanger, rope and washing net; sporting
goods, such as shoes, goggles, skis, racket, ball, fent,
20 swimming goggles, swim fin, fishing rod, cooler box,
.
leisure sheet and sporting net; toys, such as block and
cards; containers, such as kerosine can, drum, detergént
bottle and shampoo bottle; and display goods, such as

signboard, pylon and plastic chain.

25 Filler modifier




polyvinylcyclopentane, poly-3-methyl-I-pentene, poly-3- 25 methyl-I-butene, and polyalkenylsilanes.
212 Examples of the metallic salts of aromatic carboxylic acids or aliphatic carboxylic acids include
aluminum benzoate, aluminum p-t-butylbenzoate, sodium adipate, sodium thiophenecarboxylate and
5 pyrrolecarboxylic acid. Molding method The olefin copolymer of the invention can be subjected to
various molding methods such as extrusion molding, injection molding, blow molding, press molding
10 and stamping. The olefin copolymer can be molded 8 sheets or films (unstretched) by extrusion
molding. Stretched films can be obtained by stretching the extruded sheets or extruded films
(unstretched) through 15 tentering (lengthwise-crosswise stretching, crosswise lengthwise stretching),
simultaneous biaxial oriehit&tichl ®f Aiorisaxal stretching. Fremithe etefihccopolymérof the invention,
inflation films can also be produced. Filaments can be produced by, for example, extruding 20 a
molten olefin copdIfifer Bdligh Sphnefetd Thé Siaments may beiredadetiby a el Blowing method.

Injection molded gr.oducts can. he Erod,uced by
ispersipbility improver or a dispersibility-improved

filler.

5 Compatibilizing agent

The olefin copolymer of the invention having a
functioﬁal group, at the terminal can be used as a
compatibilizing égent. When the olefin copolymer of the
invention is used as a compatibilizing agent, a

10  polyolefin and a polar group-containing thermoplastic
régin can be mixed in an arbitrary miiing ratio. The
olefin copolymer has a polyolefin segment and a

~functional group, so that inherently incompatible
components can be compatibilized with each other by the

15  use of the copolymer.

Other uses

The olefin copolymer of the invention can be used
for microcapsules, PTP packages, chemical bulbs, drug
delivery system, etc.

20

EFFECT OF THE INVENTION

The olefin polymer according to the invention
exhibits various useful properties.
According to the process for preparing an olefin

25 polymer of the invention, an olefin polymer having a high



injection molding the olefin copolymer into various shapes by the use of hitherto known injection
molding 25 machines under the known conditions. The injection 213 molded products obtained from
the olefin copolymer of the invention are hardly electrostatically charged and have excellent rigidity,
heat resistance, impact resistance, surface gloss, chemical resistance and abrasion 5 resistance, so
that they can be broadly used as automobile interior trim, gutomobile exterior trim, housings of
electric appliances, containers, etc. Blow molded products’2 n be produced by the use of hitherto
known blow molding machines under the known 10 conditions. In the injection molding method, the
olefin copolymer of the invention is injected into a parison mold at a resin temperature of 100 to 300C
to form a parison, tieh-hiePatisotidd Rl AT mold 6Fdesirencis:shdpe; and aitis blown into the
parison to fit the parison into the mold, whereby a blow molded product can be produced. The
stamping method is, for E%&%Bﬁaj; Sthrfipiig 2 mofding S thie TWehEd oa baas heateritilarica skin 20

material are press molded at the same time to perform integral molding (stamping molding), and the
olefin P n&opéiymers prec1se?§3controlf£d in tég(strgcgure céﬁ be

cbtained at high polymerization temperatures with high

5 polymerization activities.

EXAMPLE

The presentlinvention is further described with

reference to the following examples, but it should be
10  construed that the invention is in no way limited to
th?se examples.

The structures of the compounds obtained in the
synthesis examples were determined by means of lH-NMR and
FD-mass spectrometry (Japan Electron Optics Laboratory

16 SX-102A).

Synthesis Example 1

In a 100 ml reactor thoroughly purged with nitrogen,
100 mi of toluene, 10.34 g {56.5 mmol) of
pentafluorocaniline, 6.68 g (75.4 %, 28.2 mmol) of 3—t-

20 %mtylsaiicylaldehyde and a small amount of acetic acid as
a catalyst were placed, and they were heated and refluxed
with stirring for 7 hours. After tﬁe sclution was
allowed to stand for cooling, a small amount of P
toluenesulfonic acid was added as a catalyst, and they

25 were refluxed with stirring for 2.5 hours. The reaction



copolymer can be used as the base material. Use application 214 The olefin copolymer of the
invention can be applied to various uses, and for example, it can be used for film laminates, sheet
laminates and modifiers. Examples of the laminates containing at least one 5 layer formed from the
olefin copolymer of the invention include agricultural film, wrapping film, shrink film, protective film,
separating film such as blood plasma separating film or water selective permeation vaporizing film,
ion exchange film, battery separator, and selective 10 %%hrating film such as optical resolution film.
The olefin copolymer of the invention can be used as a modifier for rubbers. Examples of the rubbers
include crosslinked rubbers, such as natural rubber (NR), isoprene rubber (IR), 15 butadiene rubber
(BR), styrene/butadieHé taisbeta SBR) | chtotoprensrabberf(©R): actylonitrilefbutadiene rubber
(NBR), butyl rubber (IIR), ethylene/propylene rubber (EPM, EPDM), chlorosulfonated polyethylene
(CSM), acrylic rubSEHHATM UARM, BIET ebichicroRydrirrubbes (€Ot EEQ;a2@ Bie:); silicane rubber
(Q) and fluororubber (FKM, etc.); and thermoplastic rubbers, such as rubbers of styrene type, olefin
typ&lMeManety&i%%ﬁﬁ%ﬁﬁ@ﬁ%ﬂﬁﬁﬁﬁﬁg" The residue was purified by a

silica gei column to obtain 8.47 g (yield: 88-%) of

5 yellow solids represented by the following formula (a).

F

F Hli F
F F
N

==

OH
10 , (a}

‘Bu
In a 50 ml reactor thoroughly purged with nitrogen,
1.043 g (3.00 mmol) of the compound {a} obtained above
and 30 ml of aﬁhydrbus diethyl ether were placed, and the
15 solution was cooled to -78°C and stirred. To the
sclutien, 2.05 ml of n-butyliithium (n~hexane solution,
1.54 N, 3.15 mmol) was dropwise added over a prericd of 5
minutes, and then the mixture was slowly heated to room
temperature. After stirring for 3 hours at room
20 ﬁempexature, the reaction solution was slowly added to an
.
ether slurry of 3.00 ml of titanium tetrachloride
(heptane solution, 0.5 M, 1.50 mmol) having bkeen cooled
to -78°C. After the addition, the mixture was slowly

heated to room temperature. The resulting dark red

25 slurry was filtered, and the filtrate was wvacuum



and vinyl chloride type. The olefin copolymer of the invention can be used as 25 a modifier for
lubricating oils, such as gasoline engine 215 oil, diesel engine oil, marine engine oil, gear oil,

machine oil, metal working oil, motor oil, machine oil, spindle oil and insulating oil. The olefin
copolymer can be used as a viscosity modifier or a freezing-point 5 depressant of these lubricating
oils. The olefin copolymer of the invention can be used as a modifier for waxes. Examples of the
waxes include mineral waxes, such as montan wax, pea#@x, ozokerite/ceresin wax and petroleum
wax; synthetic waxes, 10 such as polyethylene, Fischer-Tropsch wax, chemically modified
hydrocarbon wax and substituted amide wax; vegetable waxes; and animal waxes. The olefin
copolymer of the inGémticiréaraive dsee as la miadifierfancernent: 15 Examples ahthe.cement include
_air setting cement, such as lime, gypsum and magnesia cement; water setting cement, such as
Roman cement, naturBif-cemBhE Potldrits dersant pdluminaicement and highssufurie salf; slag. gement;
and special cemen'%%gcqlas acid proof cement, 20 refractory cement, water glass cement and dental

cement. s hexane. The resulting solids were vacuum dried to
obtain 0.381 g (yield: 32 %) of a brown compound
5 represented by the following formula (1). The FD-mass

spectrometry of the compound (1} resulted in BO2 (M+).

10

Synthesis Example 2

15 In a 200 ml reactor thoroughly purged with nitrogen,
100 ml of toluene, 3.82 g (26.0 mmol) of 2,4, 6-
trifluocrcaniline, 2.32 g (13.0 mmol) of 3-t-
butylisalicylaldehyde and a small amount of p-
toluenesulfonic acid as & catalyst were placed, and they

20 ﬁere heated and refluxed with stirring for 4 hours. The
reaction solution was allowed to stand for cooling to
room temperature, then filtered to remove the catalyst
and vacuum concentrated. The residue was purified by a

silica gel column to cbtain 3.79 g {yield: 95 %) of 3

25 yellow oil represented by the following formula (b) .



Viscosity modifier, Moldability improver The olefin polymer of the invention can be used as a viscosity
modifier or a moldability improver for inks and paints, such as letterpress printing ink, lithographic 25
printing ink, flexo graphic ink, gravure ink, oil paint, 216 cellulose derivative paint, synthetic resin
paint, water baking paint, powdery water paint and Japanese lacquer. Building material Civil
engineerin material The olefin copolymer of the inventigagan be used 5 for building/civil engineering
resins and building/civil engineering molded products, Stch as flooring, floor tile, floor sheet, sound
insulating sheet, heat insulating panel, damping material, decorative sheet, baseboard, asphalt
modifier, gasket, sealing material, roofing sheet 10 and cut-off sheet. Automobile interior or exterior
trim, Gasoline tank The olefin polymer of the invention can be used for automobile interior or exterior
trim and gasoline tank. Electric or elgctronic parts 15 The olefin copolymer of the invention can be

10

15

20

25

In a 50 ml reactor thoroughly purged with nitrogen,

1.23 g {4.00 mmoi) of the compound (b) obtained above and
30 ml of anhydrous diethyl ether were placed, and the
solutidn\was cooled to -78°C and stirred. To the
s?%ution, 2.63 ml of n-butyllithium {n~hexane solution,
1.60 N, 4.20 mmol) was dropwise added over a period of 5
minutes, and then the mixture was siowly heated to room
temperature. After stirring for 2 hours at room
temperature, the reaction solution was slowly added tc an
ether slurry of 4.00 ml of titanium tetrachloride
{(heptane scolution, 0.5 M, 1.50 mmol) having been cooled
to -78°C. After the addition, the mixture was slowly
heated to room temperature. The resulting dark red
slurry was filtered, and the filtrate was vacuum

.

concentrated. Then, 5 ml of ether and 30 ml of hexane
were added, and the solids precipitated wefe collected
and washed with hexane. The resulting solids were wvacuum

dried to obtain 0.550 g (yield: 38 %) of a reddish brown

compound represented by the following formula (2). The



20 sealing materials of electric circuits, materials of electric appliances, base materials of containers
such as electronic oven containers, films for electronic ovens, polymer electrolyte base materials and
conductive alloy base materials. Other examples of the electric or 25 electronic parts include electric
or electronic parts, 217 such as eonnector, socket, resistor, relay case switch coil bobbin, condenser,
variable condenser case, optical pickup, optical connector, vibrator, various terminal assembilies,
transformer, plug, printed wiring-board, 5 tuner, speaker,48#rophone, headphone, small motor,
magnetic head base, power module, housing, semiconductor, liquid crystal display parts, FDD
carriage, FDD chassis, HDD parts, motor blush holder, parabola antenna and computer associated
parts, VTR parts, TVHpdrs; sronp dOthaimeryer; rice cooket pags,electranic oven pagds, agoustic
instrument parts, audio machine parts such as audio laser disc and compact disc, domestic or office
electric appliance p‘a“?f%? such as light fitment parts, refrigerator parts, air conditioner parts, typewriter
15 parts and word processor parts, office computer associated parts, telephone associated parts,
facsimile associated parts, copy machine associated parts, electromagnetic shielding material,

speaker cone material,

5

sSynthesis Example 3

10 In a 100 ml reactor thoroughly purged with nitrogen,
3?'ml of ethanol, 5.16 g (40.0 mmol) of 2,6-
difluorcaniline, 3.58 g (20.0 mmol) of 3-t-
buﬁylsalicylaldebyde and a small amount of acetic acid as
a catalyst were placed, and they were heated and refluxed

15 with stirring. With further adding a small amount of
acetic acid, the mixture was refluxed with stirring for
150 hours. The reaction sclution was allowed to stand
for cooling Lo room temperature and then vacuum
concentrated. The residue was purified by a silica gel

20 column to obtain 4.76 g {yield: 82.2 %)} of yéllow solids

%

represented by the following formula {c}.

25



and vibrating element for speaker. 20 Aqueous emulsion | An aqueous emulsion containing the olefin
copolymer of the invention can be used as an adhesive for polyolefins of excellent heat sealing
properties. Medical or hygienic material 218 The olefin copolymer of the invention can be used for
medical goods, such as nonwaoven fabric, nonwoven fabric laminate, electret, medical tube, medical
container, transfusion bag, prefill syringe and syringe, edical materials, artificial organs, artificial
muscles, filter films, food sanitation/health goods, retort bags, and freshness keeping films.
Miscellaneous goods The olefin copolymer of the invention can be used 10 for stationery, such as
desk mat, cutting mat, ruler, pen holder, pen grip, pen cap, scissors grip, cutter grip, magnet sheet,
pen case, paper holder, binder, label seal, tdpg,and white board; daily use miscellaneous goods, such
as clothing, curtain, sheet, carpet, entrancmat, 15 bath mat, bucket, hose, bag, planter, air
conditioner filter, exhaust fan filter, tablekvarg; traly, cup, lunch box, coffee maker funnel, eyeglass
frame, container, A

OH
(c)

5 Bu
In & 30 ml reactor thoroughly purged with nitrogen,

1.16 g (4.00 mmol) of the compound (c) obtained above and
20 ml of anhydroﬁs diethyl ether were placed, and the
solution was cooled to -78°C and stirred. To the

10  solution, 2.50 ml of n-butyllithium (n-hexane solution,
1:§ N, 4.00 mmol) was dropwise added over a period of &
minutes, and then the mixture was slowly heated to room
temperature. After stirring for 3 hours at room
temperature, the reaction solution was slowly added to an

15 ether slurry of 4.00 ml of titanium tetrachloride
(heptane solution, 0.5 M, 2.00 mmol) having been cooled
to -78°C. After the addition, the mixture was slowly
heated to room temperature. The resulting dark red
slurry was filtered, and the solids obtained were washed

20 Yith a small amount of methylene chloride. The filtrate
and the washing liquid were vacuum concentrated, and the
resulting solids were collected and suspended in 15 ml of
ether. The precipitate was filtered and then washed with

a small amount of ether and hexane. The resulting solids

25 were vacuum dried to obtain 1.059 g (yield: 76 %) of a



storage case, hanger, rope and washing net; sporting goods, such as shoes, goggles, skis, racket,
ball, tent, 20 swimming goggles, swim fin, fishing rod, cooler box, leisure sheet and sporting net; toys,
such as block and cards; containers, such as kerosine can, drum, detergent bottle and shampoo
bottle; and display goods, such as signboard, pylon and plastic chain. 25 Filler modifier 219 The
olefin copolymer of the invention can be favorably used as an additive for preparing a filler
dispersibility improver or a dispersibility-improved filler. é—’%%mpatibilizing agent The olefin copolymer
of the invention having a functional group at the terminal can be used as a compatibilizing agent.
When the olefin copolymer of the invention is used as a compatibilizing agent, a 10 polyolefin and a
polar group-contaifii@ terfophisticdresirpears be meidedbin am arbitrarycmixing ratiorthe ofefin
copolymer has a polyolefin segment and a functional group, so that inherently incompatible
components can bé %8m5%ﬁ@'rﬁ§é3d FRthEaehrEtenbythet 15 useraf therdopdlymee :Othee dsds:

694 (M+),

5
. (3)
By / 2
Synthesis Example 4
: 10 In a 200 ml reactor thoroughly purged with nitrogen,

“TQQ ml of toluene, 2.89 g (26.0 mmol) of o-fluoroaniline,
' 2.32 g (13.0 mmol) of 3-t-butylsalicylaldehyde and a
small amount of pftoluenesulfdnic acid as a catalyst were
placed, and they were heated and refluxed with stirring
15  for 5 hours. The reaction solution was allowed to stand
for cooling to room temperature, then filtered to remove
the catalyst and vacuum concentrated. The residue was
purified by a silica gel column to obtain 3.45 g (yield:

98 %) of a yellow oil represented by the following

A

N
=

20 formula (d}.

b

OH

25 tBu



The olefin copolymer of the invention can be used for microcapsules, PTP packages, chemical bulbs,
drug delivery system, etc. 20 k EFFECT OF THE INVENTION The olefin polymer according to the
invention exhibits various useful properties. According to the process for preparing an olefin 25
polymer of the invention, an oléfin polymer having a high 220 molecular weight and a narrow
molecular weight distribution and a tapered polymer o, ;?rious block copolymers precisely controlled
in the structure can be obtained at high polymerizatiom temperatures with high 5 polymerization
activities. EXAMPLE The present invention is further described with reference to the following
examples, but it should be 10 caonstrued that the invention is in no way limited to those examples. The
structures of the compouHdg obtaified ftHe" SynthBsiE xambles wafedeteirhined by means of

1H-NMR and FD-mass spectrometr an Electron Optics Laboratory 15 SX-102A).
[RVEFegpFE.8H‘ éf?pof g%e comgound {(d) obtained abéve and

30 ml of anhydrous diethyl ether were placed, and the
solution was cooled to -78°C and stirred. To-the
5 . solution, 2.63 mi of n—butYllithium,(n~hexane solution,
1.60 N, 4.20 mmol} was dropwise added over a period of §
minutes, and then the mixture was slowly heated to room
temperature. Affer stirring for 2 hours at room
temperature, the reacticn sclution was slowly added to an
o 10  ether slurry of 4.00 ml of titanium tetrachloride
{?gptane solution, 0.5 M, 2.00 mmol) having been cooled
to -78°C. After the addition, the mixture was slowly
heated to room temperature. The resuiting dark red
slurry was filtered, and the filtrate was vacuum
15 concentrated. Then, 5 ml of ether and 30 ml of hexane
were added, and the solids precipitated were collected
and washed with hexane. The resulting solids were vacuum
dried to obtain 0.530 g (yield: 40 %) of a reddish brown
compound represented by the following formula (4). The
20 FD-mass spectrometry of the compound (4) resulted in 658

.

{M+) .

25




Synthesis Example 1 In a 100 ml reactor thoroughly purged with nitrogen, 100 ml of toluene, 10.34 g
(56.5 mmol) of pentafluoroaniline, 6.68 g (75.4 %, 28.2 mmol) of 3-t 20 butylsalicylaldehyde and a
small amount of acetic acid as a catalyst were placed, and they were heated and refluxed with stirring
for 7 hours. After the solution was allowed to stand for cooling, a small amount of p- toluenesulfonic
acid was added as a catalyst, and they 25 were refluxedaaigh stirring for 2.5 hours. The reaction 221
solution was allowed to stand for cooling to room temperature, then filtered to remove the catalyst and
vacuum concentrated. The residue was purified by a silica gel column to obtain 8.47 g (yield: 88-%) of
5 yellow solids represented by the following formula (a). FFF F'~F 6tBU OH 10 (a) In a 50 ml
reactor thoroughly purged with nitrogen, 1.043 g (3.00 mmol) of the compound (a) obtained above

and 30 ml of anhycg)gH§gge§@g efherywere placed, and the 15 solution was cooled to -78C and stirred.
Tﬁﬂ\ﬁ%‘m ia

To the solution, 2.05 miof n=butytli -hexane solution,
In a 200 ml reactor thoroughly purged with nitrogen,

100 ml of toluene, 3.19 g (8.0 mmol) of 1H, 1H=
5 perfluorocctylamine, 1.43 g (8.0 mmol} of 3-t~-

butylsalicylaldehyde and a small amount.of D~
toluenesulfonic acid as a catalyst were placed, and They
were heated and fefluxed with stirring for 14 hours. The
reaction solution was allowed to stand for cooling to

10  room temperature, then filtered to remove the catalyst
ag@ vacuum concentrated, to cobtain 4.04 g (vield: 90 %)

of yellow solids represented by the following formula {e).

CHy(CF)eCFs

N
~

16
OH

tBu

in a 30_ml reactor thoroughly purged with nitrogen,
1.12 g (2.00 mmol) of the compound (e} obtained above and
20 %0 ml of anhydrous diethyl ether were placed, and the
solution was cooled to -78°C and stirred. To the
solution, 1.31 ml of n-butyllithium {(n-hexane soiution,
1.60 N, 2.10 mmol) was dropwise added over a period of 5
minutes, and then the mixture was slowly heéted to room

25 temperature. After stirring for 2 hours at room



1.54 N, 3.15 mmol) was dropwise added over a period of 5 minutes, and then the mixture was slowly
heated to room temperature. After stirring for 3 hours at room 20 temperature, the reaction solution
was slowly added to an ether slurry of 3.00 ml of titanium tetrachloride (heptane solution, 0.5 M, 1.50
mmol) having been cooled to -78C. After the addition, the mixture was slowly heated to room
temperature. The resulting dark red 25 slurry was filtereggand the filtrate was vacuum 222
concentrated until the amount of the liquid became about 5 ml. The solids precipitated were collected
and washed with hexane. The resulting solids were vacuum dried to obtain 0.381 g (yield: 32 %) of a

compound (1) resuoe 1 808 Kt FE TR LE TN FiCk O pph ey 2o 0 2o
' ether slurry of 2.00 ml of titanium tetrachloride
{heptane solution, 0.5 M, 1.00 mmol) having been cooled
to -78°C. After the addition, the mixture wés slowly
5  heated to room temperature. The resulting dark red
slurry was filtered, and the filtrate Was vacuum
concentrated. Then, 3 ml of ether and 20 ml of hexane.
were added, and the solids precipitated were collected
| and washed with hexane. The resulting solids were vacuum
10 dried to obtain 0.183 g (yield: 15 %) of a reddish brown
c?@pound represented by the following formula (5). The
FD-mass spectrometry of the compound (5} resulted in 1234
(M+) . |
?Hz(CFz)sCFa
15 7
ii]m O

tBu /2

Synthesis Example 6

In a 200 ml reactor thoroughly purged with nitrogen,
20 100 ml of toluene, 4.66 g {20.0 mmol) of 4~
N ‘
trifluoromethylm2,3,5,6—tetrafluoroaniline, 1.78 g (10.0
mmol) of 3~twbutylsali¢yialdehyde and a small amount of
p-toluenesulfonic acid as a catalyst were placed, and

they were heated and refluxed with stirring for 53 hours.

25 The starting material was confirmed by the GC analysis,



Synthesis Example 2 15 In a 200 ml reactor thoroughly purged with nitrogen, 100 ml of toluene, 3.82
g (26.0 mmol) of 2,4,6- trifluoroaniline, 2.32 g (13.0 mmol) of 3-t- butylsalicylaldehyde and a small
amount of p- toluenesulfonic acid as a catalyst were placed, and they 20 were heated and refluxed
with stirring for 4 hours. The reaction solution was allowed to stand for cooling to room temperature,
then filtered to remove the catalyst and vacuum concentrated. The residue was purified by a silica gel
column to obtain 3.79 g (yield: 95 %) of a 25 yellow oll rep?el%nted by the following formula (b). 223 F
F F 5 H (b) 60tBu In a 50 ml reactor thoroughly purged with nitrogen, 1.23 g (4.00 mmol) of the
compound (b) obtained above and 30 ml of anhydrous diethyl ether were placed, and the 10 solution
was cooled to -78C &fd §tiéd. “ro’thed sdibfioR, 2983 M ofh-Butyllithidm (athexane solution, 1.60 N,
4.20 mmol) was dro%wisffladded over a period of 5 minutes, and then the mixture was slowly heated
to room temperature. After Sttfing for 2 ourd HifostRs further added, and the mixture

was heated and refluxed with stirring for 7 hours. The
reaction solution was allowed to stand for ceoceling to

S room temperature, then filtered to remove the catalyst
and vacuum concentrated. The residue was purified by a
silica gel column to obtain 2.53 g (yield: 64 %) of light

yeliow solids represented by the following formula ().

(f)

15 In a 100 ml reactor thoroughly purged with argon,
0.15 g (3.80 mmol) of sodium hydride was placed and
washed twice with iO ml of hexane. Then, 30 ml of
diethyl ether was added to give a suspension. With
stirring the suspension at room temperature, 20 ml of a

20 %iethyl ether solution containing the compound {f)
obtained above was dropwise added over a period of 20
minutes, followed by further stirring for 2 hours. The
solution was cooled to ~-78°C, and thereto was dropwise

added 3.75 ml of titanium tetrachloride {heptane solution,

25 0.5 M, 1.88 mmcl) over a period of 5 minutes. After the



15 temperature, the reaction solution was slowly added to an ether slurry of 4.00 ml of titanium
tetrachloride (heptane solution, 0.5 M, 1.50 mmol) having been cooled to -78C. After the addition, the
mixture was slowly heated to room temperature. The resulting dark red 20 slurry was filtered, and the
filtrate was vacuum concentrated. Then, 5 ml of ether and 30 ml of hexane were added, and the
solids precipitated were collected and washed with hexape. The resulting solids were vacuum dried
to obtain 0.550 g (yield: 38 %) of a reddish brown 25 compound represented by the following formula
(2). The 224 FD-mass spectrometry of the compound (2) resulted in 730 (M+) F (FI: F 5 N----- )

TGt2 0 (2) tBu 2 §¥§ SIS Ex%{fggle 310lnal00m react r th%roughl ed WItF nltrognen 30 ml
of ethanol, 5.16 g (40.0 mmo 6- 81']Iuoroanci|ne %8 g (20 0'mmal) 6 butys Fcy(faldehyde

andeasmaHanunwgngQ%M%§mq§§ted Lo room temperature. After ithe

solution was further stirred for 12 hours at room
temperature, the resulting dark red slurry was filtered,
5 and the filtrate was vacuum concentrated. Then, ether
was added, and the solids precipitated were collected and
vacuum dried to obtain 0.76 g (yield: 45 %) of a reddish
brown powder represented by the following formula (6).
The FD-mass spectrometry of the compound (6) resulted in

10 902 (M+).

15

Synthesis Example 7

In a 200 ml reactor thoroughly purged with nitrogen,
16.2 mi of ethylmagnesium bromide {(ether solufion, 3M,

20 48.6 mmol) and 50 ml of anhydrous tetrahydrofuran were
placed. Then, a solution of 11.2 g {(46.2 mmol) of Z-(1-
adamantyl)—é—methylphenol in 50 ml of anhydrgus
ltetrahydrofuran was dropwise added over a.period of 20
minutes with ice cooling. After the dropwise addition

25 was completed, the reacticn solution was stirred at room



a catalyst were placed, and they were heated and refluxed 15 with stirring. With further adding a small
amount of acetic acid, the mixture was refluxed with stirring for 150 hours. The reaction solution was
allowed to stand for cooling to room temperature and then vacuum concentrated. The residue was
purified by a silica gel 20 column to obtain 4.76 g (yield: 82.2 %) of yellow solids represented by the
following formula (c). 25225 FFN jJOH5 (c) tBu In aﬁ ml reactor thoroughly purged with
nitrogen, 1.16 g (4.00 mmoll) of the compound (c) obtained above and 20 ml of anhydrous diethyl
ether were placed, and the solution was cooled to -78C and stirred. To the 10 solution, 2.50 ml of

n-butyllithium (n-hegggs@s}o%%iog 1.6TN, LL.QO mmol) was dropwise added over a period of 5 minutes,
and then the mixture was's ovﬁyéﬁ'eateéb to"roont temperature: Ahel stifring fot 3hsurs atroom

temperature, the reagtion solutignwas slowly added to an 15 ether slurry of 4.00 ml of titanium
. ’ - IXPure ¥ _ ; d y
tetrachloride et gn gt el gtlrrlnq to
distill off the tetrahydrofuran and the diethyl ether.

After cooling to room temperature, 3.80 g (127 mmol) of
5 paraformaldehyde and 7.1 g (/0.2 mmol) of triethylamine
were added, and the mixture was heated with stirring at
80 to 90 °C for 20 minutes. The resulting soclution was
cooled to rcom témperature, and thereto was added 200 ml
of 10% hydrochloric acid with ice cocling. Then, 300 ml
_10 of diethyl ether was added to perform phase separation,
and the organic layer was washed twice with 200 ml of
water and then with a sodium hydrogencarbonate agqueous
solution. The resulting solution was dried over
anhydrous sodium sulfate and then vacuum concentrated,
15 The resulting crystals were vacuum dried to obtain 10.5 g
(yield: 84 %) of a vellow compound represented by the
folloﬁing formula {g) (wherein Adm denoctes an adamantyl

group) .

20

Adm

In a 100 ml reactor thoroughly purged with nitrogen,
80 ml of toluene, 2.75 g (15.0 mmol) of

25 pentaflucrcaniline, 4.07 g (99.7 %, 15.0 mmol) of the



(heptane solution, 0.5 M, 2.00 mmol) having been cooled to -78C. After the addition, the mixture was
slowly heated to room temperature. The resulting dark red slurry was filtered, and the solids obtained
were washed 20 with a small amount of methylene chloride. The filtrate and the washing liquid were

vacuum concentrated, and the resulting solids were colrjﬁgéed and suspended in 15 ml of ether. The
nt of ether and hexane. The resulting

precipitate was filtered and then washed with a small a
solids 25 were vacuum dried to obtain 1.059 g (yield: 76 %) of a 226 brown compound represented by
the following formula (3). The FD-mass spectrometry of the compound (3) resulted in 694 (M+),5F F
T'C42 O (3) tBu ZZYHiHeis ExamIe 410 Mch 200 Hit réactortheraughlyparged with hitrogen, 100
ml of toluene, 2.89 g (26.0 mmol) of o-fluorpaniline, 2.32 g (13.0 mmol) of 3-t-butylsalicylaldehyde and
a small amount oFg-thllﬁgﬁgéUI Aic-&cif as% Catalystiere: pRlced=ard ey Rére Fested and

IEﬂUXEdVWH]SmﬂQ%re heated and refluxed with stirring for five and half
hours. After the reaction soclution was allowed to stand
5 for cooling, the solvent was distilled off under reduced
pressure. Then, 50 ml of methanol was added, and the
mixture was stirred and filtered. The resulting solids
were vacuum dried to obtain 4.38 g (yield: 67 %) of

yellow solids represented by the following formula (g').

10

15 {(g')
In a 50 ml rea§tor thoroughly purged with nitrogen,

1.35 g (3.00 mmol) of the compound {(g') obtained above
and 20 ml of anhydrous diethyl ether were placed, and the
solution was cooled to ~78°C and stirred. To the

20 solution, 1.89 ml of n-butyllithium (n-hexane soclution,
1.59 N, 3.00 mmol) was dropwise added over a period of 5
minutes, and the mixture was stirred for 2 hours and then
slowly heated to room temperature. After stirring for 3

hours at room temperature, the sclution was dropwise

25 added to 20 ml of a tetrahydrofuran solution of 2.00 ml



15 for 5 hours. The reaction solution was allowed to stand for cooling to room temperature, then
filtered to remove the catalyst and vacuum concentrated. The residue was purified by a silica gel
column to obtain 3.45 g (yield: 98 %) of a yellow oil represented by the following 20 formula (d). Q-F
N 6i /OH i (d) 25tBu 227 In a 30 ml reactor thoroughly purged with nitrogen, 1.01 g (4.00 mmol) of
the compound (d) obtained above and 30 ml of anhydro%%giethyl ether were placed, and the solution
was cooled to -78C and stirred. To the 5 solution, 2.63 mfof'n-butyllithium (n-hexane solution, 1.60 N,
4.20 mmol) was dropwise added over a period of 5 minutes, and then the mixture was slowly heated
to room temperature, After stirring for 2 hours at room temperature, the reaction solution was slowly

added to an 10 ether slutfy78F 480 bt of titahtirh terachisiide: theptans sbiution? 05 M, 21005mmol)

having been cooled to -78% After th% addition, the mixture was slowly
mmol)” having been cobdled to -78°C. After the dropwise

addition was completed, the mixture was slowly heated to
room temperature and stirred for 12 hours at room
5 temperature. Then, the solvent was distilled off under

reduced pressure. To the resulting solids, 406 ml of
methylene chloride was added. The mixture was stirred
and filtered, and the filtrate was vacuum concentrated.
The scolids precipitated were reprecipitated with hexane,

10 and the resulting solids were vacuum dried fo cbtain
0.334 g (yield: 23 %) of a brown compound represented by
the following formula (7). The FD-mass spectrometry of

the compound {7} resulted in 98¢ {M+) .

15

20

Synthesis Example 8

In a 200 ml reactor thoroughly purged with nitregen,
100 ml of toluene, 4.19 g {(26.0 mmol) of o-
trifluoromethylaniline, 2.32 g (13.0 mmol) of 3-t-

25 Dbutylsalicylaldehyde and a small amount of p~



heated to room temperature. The resulting dark red slurry was filtered, and the filtrate was vacuum 15
concentrated. Then, 5 ml of ether and 30 ml of hexane were added, and the solids precipitated were
collected and washed with hexane. The resulting solids were vacuum dried to obtain 0.530 g (yield:
40 %) of a reddish brown compound represented by the following formula (4). The 20 FD-mass
spectrometry of the compound (4) resulted in 658 (M+)8k-- TiCI2 O 25 tBu 2 (4) 228 Synthesis
Example 5 In a 200 ml reactor thoroughly purged with nitrogen, 100 ml of toluene, 3.19 g (8.0 mmol)
of 1H,1H= 5 perfluorooctylamine, 1.43 g (8.0 mmol) of 3-t- butylsalicylaldehyde and a small amount of
p- toluenesulfonic. a0ic g5 2 satalystwere nlaced. and they were heated and refluxed with stiring for

[ [ ing to 10 ro 1 1

14 hours. The reaction solution was allowed to stand for cooling m temﬁerg{bre, & filtered
to remove the catalys. apdvacuum concentrated; to,9biain.4.04.6; (vield: 90 0) gt ygllow solids
represented by the following formula (e).
reaction solution was allowed to stand for ccoling to
room temperature, then filtered to remove the catalyst
5 and vacuum concentrated. The residue was purified by a

silica gel column to obtain 3.20 g (yield: 77 %} of a

vellow oil represented by the following formula (h).

10

In a 30 ml reactor thorcughly purged with nitrogen,
16 1.29 g (4.00 mmol) of the compound (h) obtained above and
30 ml of anhydrous diethyl ether were placed, and the
solution was cooled to -78°C and stirred. To the
solution, 2.63 mi of n-butyllithium (n-hexane solution,
1.60 N, 4.20 mmol) was dropwise added over a period of 5
20  minutes, and then the mixture was slowly heated to room
temperature. After stirring for 2 hours at room
temperature, the reaction solution was slowly added to an
ether slurry of 4.00 ml of titanium tetrachleride
(heptane solution, 0.5 M, 2.00 mmol) having been cooled

25 to -78°C. After the addition, the mixture was slowly



CH2(CF2)6CF3 15 OH (e) tBu In a 30 ml reactor thoroughly purged with nitrogen, 1.12 g (2.00 mmol)
of the compound (e) obtained above and 20 30 ml of anhydrous diethyl ether were placed, and the
solution was cooled to -78C 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 5 minutes, and then the mixture was slowly
heated to room 25 temperature. After stirring for 2 hourgz room 229 temperature, the reaction
solution was slowly added to an ether slurry of 2.00 ml of titanium tetrachloride (heptane solution, 0.5
M, 1.00 mmol) having been cooled to -78C. After the addition, the mixture was slowly 5 heated to

room temperature; Ee iesulling,dark red sty was itered, and e, firale was vaguym

concentrated. Then, 3 ml of ether and 20 ml of hexane were added, and the soﬁc}s Eﬁecipitated were

collected and washed:with hexane; Theresylting solids, were vacyum 10.drigd to obtain 0.183 g
(yield: 15 %) of a reddish brown compound represented by the following formula (5) The

concentrated. Then, 5 ml of ether and 30 ml of hexane
were added, and the solids precipitated were collected

5 and washed with hexane. The resulting solids were vacuum
dried to cbtain 0.80 g {(yield: 52 %) of a reddish brown
compound represented by the following formula (8). The
FD-mass spectrometry of the compound (8) resulted in 758
(M4} .

10

16  Synthesis Example &

In a 100 ml reactor theoroughly purged with nitrogen,
55 ml of ethanol and 3.44 g (15.0 mmol) of 3,5-
ditrifluoromethylaniline were placed, and they were
stirred. To the solution, 1.7%9 g (10.0 mmol}'of 3-t-

20 Dbutylsalicylaldehyde was added, followed by stirring for
18 hours at room temperature. Then, 6.00 g of molecular
sieves 4A were added, and the mixture was heated and
refluxed with stirring for 5 hours. The solids were
removed by filtration, and the solution was concentrated.

25 The resulting solids were purified by a silica gel column



FD-mass spectrometry of the compound (5) resulted in 1234 (M+). | H2(CF2)6CF3 15 TiC12 0 C (5)
tBu 2 Synthesis Example 6 In a 200 ml reactor thoroughly purged with nitrogen, 20 100 ml of toluene,
4.66 g (20.0 mmol) of 4- trifluoromethyl-2,3,5,6-tetrafluoroaniline, 1.78 g (10.0 mmol) of
3-t-butylsalicylaldehyde and a small amount of p-toluenesulfonic acid as a catalyst were placed, and
they were heated and refluxed with stirring for 53 hours.27§7The starting material was confirmed by the
GC analysis, 230 so that 2.33 g (10.0 mmol) of 2,3,5,6-tetrafluoro-4- trifluoromethylaniline was further
added, and the mixture was heated and refluxed with stirring for 7 hours. The reaction solution was
allowed to stand fQCrOcoolI:lr%% :tLon 5 50%@ tem er,atiriz,gt, n filtered to remove the catalyst and vacuum

concentrated. The T8sidte Was puritiedby ‘& “silica gel columif o Btaiht? 58 Y-(yeid: 64 %) of light
yellow solds represepecy the following Enya ()< CF3: v (s

5 (1}
In a 30 ml reactor thoroughly purged with nitrogen,

0.779 g (2.00 mmel) of the compound (i) obtained above
and 20 ml of anhydrous diethyl ether were placed, and the
solution was cooled to ~78°C and stirred. To the

10  solution, 1.43 ml of n-butyllithium (n-hexane solution,
1.54 N, 2.20 mmol) was dropwise added over a period of 5
minutes, followed by stirring for 3 ﬁours. Thereafter,
the mixture was stirred for 5 hours with slowly heating
Lo room temperature and then slowly added to an ether

18  slurry of 2.00 ml of titanium tetrachloride (heptane
soluticon, 0.5 M, 1.00 mmcl) having been cooled to —78°C.
After the addition, the mixture was slowly heated to room
temperature. The resulting dark red slurry was filtered,
and the solution was concentrated to 10 ml. The crystals

20 obtained by filtration were washed with hexane and vacuum

dried to obtain 0.269 g (yield: 30.1 %) of a reddish



10Fpp F FF 6t OH Bu 15 In a 100 ml reactor thoroughly purged with argon, 0.15 g (3.80 mmol) of
sodium hydride was placed and washed twice with 10 ml of hexane. Then, 30 ml of diethyl ether was
added to give a suspension. With stirring the suspension at room temperature, 20 ml of a 20 diethyl
ether solution containing the compound (f) obtained above was dropwise added over a period of 20
minutes, followed by further stirring for 2 hours. The solufign was cooled to -78C, and thereto was
dropwise added 3.75 ml of titanium tetrachloride (heptane solution, 25 0.5 M, 1.88 mmol) over a
period of 5 minutes. After the 231 dropwise addition was completed, the reaction solution was slowly

heated to room temperature. After &%% sglution was fu tg(}—:'r stirred for 12 hours at room temperature,
the resulting dark red slurry was filtered, 5 and e filtrate Was VEcdam ¢ShcbAtrdted Then, éther was

added, and the soligls pregipi W, Il%cte andQv um gried to obtain 0.76 g (yield: 45 %) of a
o ot Ty e T I o) TR specirthmty ofthe

rm

reddish brown powder represented by the
compound (6) resulted; in(;20,902 (M+).

10 Synthesis Example 10

In a 200 ml reactor thoroughly purged with nitrogen,
100 ml of toluene and 3.36 g (6.0 mmol) of 3,5-
difluoroaniline were placed, followed by stirring. To
the solution, 2.32 g (13.0 mmol; of 3-t-

15 butylsalicylaldehyde and a small amount of -
toluenesulfonic acid were added, and the mixture was
heated and refluxed with stirring for 6.5 hours. The
solids were removed by filtration, and the soclution was
concentrated. The concentrate was purified by a silica

20 gel column to obtain 3.32 g (yield: 89 %) of yellow

solids represented by the following formula (7).



CF3 FF FFTClz O 152 (6) tBu Synthesis Example 7 In a 200 ml reactor thoroughly purged with
nitrogen, 16.2 ml of ethylmagnesium bromide (ether solution, 3M, 20 48.6 mmol) and 50 ml of
anhydrous tetrahydrofuran were placed. Then, a solution of 11.2 g (46.2 mmol) of 2-(1-
adamantyl)-4-methylphenol in 50 ml of anhydrous tetrahydrofuran was dropwise added over a period
of 20 minutes with ice cooling. After the dropwise addi%ZS was completed, the reaction solution
was stirred at room 232 temperature. To the solution, 300 ml. of toluene was added, and the mixture
was heated with stirring to distill off the tetrahydrofuran and the diethyl ether. After cooling to room
temperature, 3.80 g (127 mmol) of 5 paraformaldehyde and 7.1 g (70.2 mmol) of triethylamine were
added, and the mixture was heated with stirring at 80 ta > 4br 20 minutes. The resulting solution
was cooled to room temperature, and thereto was adde

in a 50 ml reactor thoroughly purged with nitrogen,
5 1.16 g (4.00 mmol) of the compound (J) obtained above and
30 ml of anhydrous diethyl ether were placed, and the
solution was cooled to -78°C and stirred. To the
solution, 2.632 ml of n-butyllithium {n-hexane solution,
1.60 N, 4.20 mmol) was dropwise added over a period of 5§
10  minutes. Thereafter, the mixture was stirred for 12
hours with slowly heating to room temperature and then
slowly added to an ether slurry of 4.00 ml of titanium
tetrachloride (heptane sclution, 0.5 M, 2.00 mmol) having
been‘cooled to =78°C. After the additioé, the mixture
15 was slowly heated to room temperature. The resulting
dark red slurry was filtered, and the sclution was
concentrated. The crystals obtained by filtration were
washed with hexane and vacuum dried to obtain 0.958 g
(yield: 69 %) of a reddish brown compound represented by
20 the following formula (10). The FD-mass spectrometry of

the compound (10) resulted in 6%4 (M+).



of 10% hydrochloric acid with ice cooling. Then, 300 ml 10 of diethyl ether was added to perform
phase separation, and the organic layer was washed twice with 200 ml of water and then with a
sodium hydrogencarbonate aqueous solution. The resulting solution was dried over anhydrous
sodium sulfate and then vacuum concentrated. 15 The resulting crystals were vacuum dried to obtain
10.5 g (yield: 84 %) of a yellow compound represented by the following formula (g) (wherein Adm
denotes an adamantyl group’). -0 20\ OH (g) Adm In £180 ml reactor thoroughly purged with
nitrogen, 80 ml of toluene, 2.75 g (15.0 mmol) of 25 pentafluoroaniline, 4.07 g (99.7 %, 15.0 mmol) of
the 233 compound (g) obtained above and a small amount of p- toluenesulfonic acid as a catalyst
were placed, and they were heated and refluxed with stirring for five and half hours. After the reaction
solution was allowed to stand 5 for ¢qoling, the solvent was distilled off under reduced pressure.
Then, 50 ml of methanol was added, a

Synthesis Example 11

In a 100 ml reactor fhoroughly purged with nitrogen,

2.00 g (5.27 mmol) of hafnocene dichleride and 40 ml of

10  anhydrous diethyl ether were placed, and the scolution was
cooled to 0°C and stirred. To the solution, 9.6 ml of
methyllithium (ether solution, 1.14 N, 10.9 mﬁol) was
dropwise added over a period of 45 minutes, followed by
stirring for 2 hours. Then, the mixture was slowly

15 heated to 0°C. After stirring for 30 minutes at 0°C,
insolubles were removed by filtration. The filtrate was
concentrated, and to the concentrate was added 10 ml of
ether to give a suspension. Then, insclubles were
removed again, and the solution was vacuum concentrated

20 to obtain 1.79 g (quantitative yieid) of a light yellow

compound represented by the following feormula (11).

<~

H,C—HF—CH,



mixture was stirred and filtered. The resulting solids were vacuum dried to obtain 4.38 g (yield: 67 %)
of yellow solids represented by the following formula (g'). 10F FF F(F OH Adm 15 (g') In a 50 ml
reactor thoroughly purged with nitrogen, 1.35 g (3.00 mmol) of the compound (g') obtained above and
20 ml of anhydrous diethyl ether were placed, and the solution was cooled to -78C and stirred. To the
20 solution, 1.89 ml of n-butyllithium (n-hexane solution,, 4,59 N, 3.00 mmol) was dropwise added over
a period of 5 minutes, and the mixture was stirred for 2%ours and then slowly heated to room
temperature. After stirring for 3 hours at room temperature, the solution was dropwise 25 added to 20
ml of a tetrahydrofuran solution of 3.00 ml 234 of titanium tetrachloride (heptane solution, 0.5 M, 1.50
mmol) having been cooled to -78C. After the dropwise addition was completed, the mixture was
slowly heated to r@gg}ﬂtﬁneoeirature and stirred for 12 hours at room ‘

In & 500 ml glass autoclave thoroughly purged with
nitrogen, 250 ml of toluene was placed, and a mized gas
5 of ethylene (50 1l/hr) and propylene (150 1/hr) was fed to
saturate the liguid phase and the gas phase. Thereafter,
1.25 mmol {in terms of aluminum atom) of
methylaluminoxane and then 0.005 mmol of the titanium
compound (1) were added teo initiate polymerization.

10 After the polymerization was conducted at 50°C for 5
minutes, a small amount of isobutancl was added to
terminate the polymerization.

The resuiting polymer solution was introduced into
1.5 liters of methancl containing a small amount of

15  hydrochloric acid to precipitate a polymer. The polymer
precipitated was washed with methanol and then vacuum
dried at 130°C for 10 hours. Thus, 0.794 g of an
ethylene/propylene copolymer was obtained. The
polymerization activity was 1.91 kg/hr based on 1 mmol of

20 titanium. The propylene content as measured by IR was
13.3 % by mol, the molecular weight (Mn) as measured by
GPC was 159,000, and the molecular weight distribution

{(Mw/Mn} was 1.09.

25  Example 2



5 temperature. Then, the solvent was distilled off under reduced pressure. To the resulting solids, 40
ml of methylene chloride was added. The mixture was stirred and filtered, and the filtrate was vacuum
concentrated. The solids precipitated were reprecipitated with hexane, 10 and the resulting solids
were vacuum dried to obtain 0.334 g (yield: 23 %) of a brown compound represented by the following
formula (7). The FD-mass spectrometry of the compou 4@ resulted in 986 (M+).F 15F*F FF
T'C12 O Adm 2 (7) 20 Synthesis Example 8 In a 200 mI reactor thoroughly purged with nitrogen, 100
ml of toluene, 4.19 g (26.0 mmol) of o- trifluoromethylaniline, 2.32 g (13.0 mmol) of 3-t 25

butylsalicylaldehyde and f?g.malIg‘arrjlc;unt'[.ofrlfo 235 toI.u%F;:-sulfoni(_: acid as a catalyst were placed, and
they were heated and refiixed with &firring for's hotrs: The " feactibn sofutiortvad'alicvied tostand for

cooling to in Example 1, except that the polymerization time was
changed tc 10 minutes. Thus, 1.318 g of an
ethylene/propylene copolymer was obtained. The
5 polymerization activity was 1.58 kg/hr based on 1 mmol of
titanium. The propylene content as measured by IR was
15.0 % by mol, the molecular weight (Mn) as measured by
- GPC was 233,000, and the molecular weight distribution
(Mw/Mn) was 1.16.
10
Example 3
Polymerization was conducted in the same manner as
in Example 1, except that the polymerization time was
changed to 20 minutes. Thus, 2.225 g of an
15  ethylene/propylene copolymer was obtained. The
polymerization activity was 1.34 kg/hr based on 1 rmmol of
titanium. The propylene content as measured by IR was
15.4°% by mol, the molecular weight {(Mn) as measured by
GPC was 345,000, and the molecular weight distribution

20 (Mw/Mn) was 1.29.

Example 4

In a 500 ml glass autoclave thoroughly purged with
nitrogen, 250 ml of toluene was placed, and ethylene was

25 fed to saturate the liquid phase and the gas phase.



room temperature, then filtered to remove the catalyst 5 and vacuum concentrated. The residue was
purified by a silica gel column to obtain 3.20 g (yield: 77 ) of a yellow oil represented by the following
formula (h). / CF3 10 60H tBu (h) In a 30 ml reactor thoroughly purged with nitrogen, 15 1.29 g (4.00
mmol) of the compound (h) obtained above and 30 ml of anhydrous diethyl ether were placed, and the
solution was cooled to -78C and stirred. To the solutiop4&.63 ml of n-butyllithium (n-hexane solution,
1.60 N, 4.20 mmol) was dropwise added over a period of 5 20 minutes, and then the mixture was
slowly heated to room temperature. After stirring for 2 hours at room temperature, the reaction

solution was slowy,added-to-an ethersslupry of 4.00 mj. of titapium tetrachloride - (heptane solution, 0.5
M, 2.00 mmol) having been cooled 25 to -78C. After the addition, the mixture was slowly 236 heated

to room temperatiee: The-resuiting darkered, slupewas fittered, and thefiltrate.was vaguwm
concentrated. Then, 5 ml of ether and 30 ml of hexane were added, and the solids precipitated were
collected 5 and washed with hexane=TFhe sestdting solidsiweremacgdmMymerization.
After the reaction was conducted at 25°C for 0.5 minute
5 in an ethylene gas atmosphere at ordinary pressure, a
small amount of methanol was added to terminate the
polymerization. After the polymerization was completed,
the reaction product was introduced into a large amount
of methanol to precipitate the whole polymer. To the
10 polymer, hydrochloric acid was added, followed by
filtration over a glass filter. The resulting polymer
‘was vacuum dried at 80°C for 10 hours to obtain 0.149% g
of polyethylene (PE). The polymerization activity was
35.8 kg based on 1 mmol of titanium. The number-average
15  molecular weight (Mn) and the weight-average molecular

welght (Mw) of the resulting polyethylene were 191,000

and 219,000, respectively, and Mw/Mn was 1.15.

Examplaes 5 - 22

20 Polymerization was conducted in the same manner as
described above, except that the catalytic amount, the
polymerization time and the polymerization temperature
were changed as shown in Table 1. The polymerization

activity, molecular weight of the resulting polymer and



dried to obtain 0.80 g (yield: 53 %) of a reddish brown compound represented by the following formula
(8). The FD-mass spectrometry of the compound (8) resulted in 758 (M+). 10 QCF3\ TiCIZ O (8) tBu
2 15 Synthesis-Example 9 In a 100 ml reactor thoroughly purged with nitrogen, 55 ml of ethanol and
3.44 g (15.0 mmol) of 3,5- ditrifluoromethylaniline were placed, and they were stirred. To the solution,
1.79 g (10.0 mmol) of 3-t 20 butylsalicylaldehyde was a(%d‘ﬂi, followed by stirring for 1.9 hours at room
temperature. Then, 6.00 g of molecular sieves 4A were added, and the mixture was heated and
refluxed with stirring for 5 hours. The solids were removed by filtration, and the solution was

concentrated. 25 Thelrg(sjglyn solids Wgr%purifie_,d by a silica gel column 237 to obtain 0.92 g (yield:
'72 %) of yellow solids Tepresentéd By the fofibwi (e BEYCET e set forth in

Table 1.



N 6H 5 (i) In a 30 ml reactor thoroughly purged with nitrogen, 0.779 g (2.00 mmol) of the compound
(i) obtained above and 20 ml of anhydrous diethyl ether were placed, and the solution was cooled to
--78C and stirred. To the 10 solution, 1.43 ml of n-butyllithium (n-hexane solution, 1.54 N, 2.20 mmol)
was dropwise added over a period of 5 minutes, followed by stirring for 3 hours. Thereafter, the
mixture was stirred for 5 hours with slowly heating to ropta$emperature and then slowly added to an
ether 15 slurry of 2.00 ml of titanium tetrachloride (heptane solution, 0.5 M, 1.00 mmol) having been
cooled to -78C. After the addition, the mixture was slowly heated to room temperature. The resulting
dark red slurry was filtered, and the solution was concentrated to 10 ml. The crystals 20 obtained by

filtration were washed With hexane and vacuum dried to obtain 0,269 ¢ (yield: 30:1 %) of a reddish
238 brown com p@nd _r@oir&eznteﬂ sy glejomwlgg?@r@tjtg @)= TheFD:nrass specirometry of the
compound (9) rgsdltedi” 894 M¥)."GF3 TG=ICK3 5~ — i~ |~ 7| |™ ~i~ ~f
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-N-_~TiG12 0 (9) 10 Synthesis Example 10 In a 200 ml reactor thoroughly purged wiFh.nltrogen, 100
ml of toluene and 3.36 g (26.0 mmol) of 3,5- difluoroaniline were placed, followed by stirring. To t_he
solution, 2.32 g (13.0 mmol) of 3-t 15 butylsalicylaldehyde and a smqll amount of p- toluenesulfonlc
acid were added, and the mixture was heated and refluxed with stirring for 6.5 hou_rg. The so!l_ds were
removed by filtration, and the solution was concentrated,, L he concentrate was pur!fled by a S|I|(_:a 20
gel column to obtain 3.32 g (yield: 89 %) of yellow solids represented by the following formula (j). 239
F~F OH ()) In a 50 ml reactor thoroughly purged with nitrogen, 5 1.16 g (4-00 mmol) of the compound

(j)) obtained above %%ml of gnhydrous diethyl ether were placed, and t.he solution was cooled to
-78C and stirred. T%{%E*‘SO%H%TH 2.63 ml of n-butyllithium (n-hexane solution,

In a 500 ml glass autoclave thoroughly purged with
nitrogen, 250 ml of toluene was placed, and propylene was
fed'to saturate the liquid phase and the gas phase.

5 Thereafter, 2.50 mmol (in terms of aluminum atom! of
methylaluminoxane and then 0.01 mmol of the titanium
compound (1} were added to initiate polymerization.
After thesreaction was conducted at 25°C for 30 minutes,
a small amount of isobutanol was added to terminate the

10  polymerization. After the polymerization was completed,
the reaction product was introduced into methanol
containing a small amount of hydrochloric acid to
precipitate the whole polymer, followed by filtration
over a glass filter. The resulting polymer was vacuum

15 dried at 80°C for 10 hours to obtain 0.4 mg of
polypropylene (PP). The numbérwaverage molecular weight
(Mn, in terms of PP} and the welght-average molecular
weigHt (Mw, in terms of PP) of the resulting PP were
4,200 and 4,400, respectively, and Mw/Mn was 1.05.

20

Example 24

Polypropylene (PP) of 96 mg was obtained in the same
manner as in Example 23, except that the polymerization
time was prolonged to 3 hours. The number-average

25 molecular weight (Mn, in terms of PP} and the weight-



1.60 N, 4.20 mmol) was'dropwise added over a period of 5 10 minutes. Thereafter, the mixture was
stirred for 12 hours with slowly heating to room temperature and then slowly added to an ether slurry
of 4.00 ml of titanium tetrachloride (heptane solution, 0.5 M, 2.00 mmol) having been cooled to -78C.
After the addition, the mixture 15 was slowly heated to room temperature. The resulting dark red
slurry was filtered, and the solution was concentrated. EH‘? crystals obtained by filtration were washed
with hexane and vacuum dried to obtain 0.958 g (yield: 69 %) of a reddish brown compound
represented by 20 the following formula (10) The FD-mass spectrometry of the compound (10)
resulted in 694 (Ma+\;.8240 FpzF.N Ti?%%) %t%]%(a)%h%ymgesis Example 11 In a 1.00 ml reactor thoroughly

purged with nitrogen. 2.00 g'(5.27 o Adcene dichiBridé afd 40'mi of 16anhy8rous diethyl

ether were placed, and the salution was cogle 0C and.stirred. To the solution, 9.6 ml of
methyllithium (ether éolu[tgion,gl.m N“:elro%grﬁﬂn%l waczé,ngro%sj\?\ﬁs%glfgddé;ciE éngeerc’étz 65?%3] of E&??ininutes,

followed by Mw/Mn was 1.09.

5 Example 25

Poiypropylene (PP} of 180 mg was obtained in the
same manner as in Example 23, except that the
polymerization'time was prolonged to 5 hours. The
number-average molecular weight (Mn) and the welght-

10  average molecular weight (Mw) of the resulting PP were
28,500 and 31,600, respectively, and Mw/Mn was 1.11.
Measurement of the melting point of the polymer by DSC

resulted in 139°C.

15  Example 26

Polypropylene (PP} of 376 mg was obtained in the
same manner as in Example 23, except that the titanium
compound (6) was used instead of the titanium cempound
{1) and the polymerization time was prolonged to 5 hours.

20 The numbermaﬁerage molecular weight (Mn, in terms of PP)
and the weight-average mclecular weight (Mw, in terms of
PP) of the resulting PP were 52,000 and 66,200,

respectively, and Mw/Mn was 1.27.

25 Example 27




stirring for 2 hours. Then, the mixture was slowly 15 heated to OC. After stirring for 30 minutes at 0C,
insolubles were removed by filtration. The filtrate was concentrated, and to the concentrate was
added 10 ml of ether to give a suspension. Then, insolubles were removed again, and the solution
was vacuum concentrated 20 to obtain 1.79 g (quantitative yield) of a light yellow compound
represented by the following formula (11). H3C-Hf-CH324g(11) 241 Example I In a 500 ml glass
autoclave thoroughly purged with nitrogen, 250 ml of toluene was placed, and a mixed gas 5 of
ethylene (50 1/hr) and propylene (150 1/hr) was fed to saturate the liquid phase and the gas phase.

Thereafter, 1.25 mmol (in terms;of gluminum atom).of, methylaluminoxane and then 0,005 mmol. of

the titanium compound (1) were added to initiate polymerization. 10 After the polymerlz%tlo was

conducted at 50C for & srinutesra smallameuyntof isobutanol was.added fo_terminatg the, .,
polymerization. The resulting polymer solution was introduced into 1.5 liters of methanol containing a
small amount of 1 hydrothloticiacid to-pregipitate°a pelymar:The PEIYMEr 1:iquid phase
and the gas phase. Thereafter, 2.5 mmol (in terms of
5 aluminum atom) of methylaluminoxane and 0.01 mmol of the
titanium compound (1) were added, and polymerization was
Qonducted for 3 hours at a propylene pressure of 5§
kg/cmé-G .
To the resulting polymer suspension, 1.5 liters of
10  methanol containing a small amount of hydrochloric acid
were added to precipitate a polymer. The polymer was
filtered over & glass filter to remove the solvent, then
washed with methanol and vacuum dried at 80°C for 10
hours. Thus, 0.6%1 g of poclypropylene was obtained. Mn

15 (in terms of PP) as measured by GPC was 78,000, Mw/Mn was

1.15, and Tm was 134.8°C.

Example 28

Polymerization was conducted in the same manner as
20 described above, except that the polymerization time was
changed to 5 hours. Thus, 1.125 g of polypropylene was
obtained. Mn (in terms of PP) as measured by GPC was

138,000, Mw/Mn was 1.11, and Tm was 130.5°C.

25 Example 29




precipitated was washed with methanol and then vacuum dried at 130C for 10 hours. Thus, 0.794 g of
an ethylene/propylene copolymer was obtained. The polymerization activity was 1.91 kg/hr based on
1 mmol of 20 titanium. The propylene content as measured by IR was 13.3 % by.mol, the molecular
weight (Mn) as measured by GPC was 159,000, and the molecular weight distribution (Mw/Mn) was
1.09. 25 Example 2 242 Polymerization was conducted jythe same manner as in Example 1, except
that the polymerization time was changed to 10 minutes. Thus, 1.31.8 g of an ethylene/propylene
copolymer was obtained. The 5 polymerization activity was 1.58 kg/hr based on 1 mmol of titanium.

The propylene content as mea d by IR was. 15.0 % by mol, the molecular weight (Mn)
measured by GPC Was‘233%00 ,gngﬁhg jr"nao?escu":l%llr"v?/é:i?g t (%st?t%%%ﬁgﬁ g(%#\ﬁ/l\ﬁrﬂ%gé 1%@?%0

Example 3 Polymerization.was sepdygted in the, same manner as.in £xample 1, except that the

polymerization time was changed to 20 minutes. Thus, 2.225¢g ofcan 15 e?hylene/propyle%e

00pmymerwa80@@"@@h§m%ne and butene (ethylene: 40 1/hr, butene: 60
1/hr}) was blown into the autoclave for 20 minutes.

5 Thereafter, 1.25 mmol (in terms of aluminum atom) of
methylaluminoxane and then 0.001 mmel of the titanium
compound (1} were added to initiate pblymerization.
After the reaction was conducted at 25°C for 5 minutes
with blowing the mixed gas into the autoclave, a small

10  amount of methanol was added to terminate the
polymerization. After the polymerization was completed,
the reaction product was introduced into methanol
containing a small amount of hydrochloric acid dissclved
therein to precipitate a polymer, followed by filtration

15  over a glass filter. The resulting polymer was vacuum
dried at 130°C for 10 hours tc obtain 0.056 g of an
ethylene/butene copolymer. The polymerization activity
was 0.67 kg based on 1 mmol of titanium. The number-—
average molecular weight (Mn) of the polymer was 49,100,

20 the molecular weight distribution (Mw/Mn) was 1.14, and

o]

the butene content was 8.4 % by mol.

Examples 30 -~ 33

Polymerization was conducted in the same manner as

25 in Example 29, except that the feed rates of ethylene and



polymerization activity was 1.34 kg/hr based on 1 mmol of titanium. The propylene content as
measured by IR was 15.4° by mol, the molecular weight (Mn) as measured by GPC was 345,000,
and the molecular weight distribution 20 (Mw/Mn) was 1.29. Example 4 In a 500 ml glass autoclave
thoroughly purged with nitrogen, 250 ml of toluene was placed, and ethylene was 25 fed to saturate
the liquid phase and the gas phase. 243 Thereafter, 1.2%mmol (in terms of aluminum atom) of
methylaluminoxane and then 0.0005 mmol of the titanium compound (1) were added to initiate
polymerization. After the reaction was conducted at 25C for 0.5 minute 5 in an ethylene gas
atmosphere at or inuqrg ressure, a %Ile%rygg%of methanol w sggged tq terminate the

polymerization. After the pbly"r‘ﬁéeriz%ﬁoﬁ was compl%?edt, “the re&ction pro@ﬁcty\fvngsr intfodticEd into a
large amount of n%e{%tggg@atg\ﬁ)rr%cigi@lg t?c;:1 g\{lh ‘ I% pglgmsqqrb\r]'r? tQ% LP a%oll)ém%(, hydrochloric acid was

added, followed by filtration over a glass filter. The resulting polymer was vacuum fied at 80C for 10

hours to obtain 0.149 ¢..0f pojyethylene (PE). . The polymerization V%PJ#.%WB'% 35,8 kg based on 1

mmol of titanium. The humber-average 15 molecular weight (Mn) and the weight-average molecular
resulting polymer and molecular weight distribution are

5 set forth in Table 2.

Table 2
. o Ethylene/
: Titanium . S, . , Butene
Ex. ‘ Tie butene | Activit : N
X | compound | ime feelii e?aete Yield ctivity Mn Mw (\Mw/Mn content
amount | . _ : (kg/mmol -1 < #
(mmol) {min) (L) () Ti-h) (10" | {(x107) {mol %)

29 (1 0.001 L5 | 40/60 | 0.056 .67 4.91 | 5.61 [.14 8.4
30 [ 1] 0.001 10 40/60 | 6.087 0.52 6.90 7.82 1.13 16.5 .

311000t | s | 7030 | 0258 ) 310 | 161 | 189 | 117 | 3.7
32 {10001 | 10 | 70530 | 0456 | 274 | 224 | 279 | 124 | 37
33 [ 1|o0001 | 5 50/50 | 0088 | 106 | 731 | 828 | 113 | 59

10 Example 34

In a 500 ml glass autoclave thoroughly purged with
nitrogen, 200 ml of dry toluene was placed, and l-butene
was passed through the autoclave for 40 minutes at a rate
of 100 1/hr. Then, the polymerization temperature was

15  maintained at 25°C, and 5.00 mmol (in terms of aluminum)
of methylaluminoxane was added. Subseqguently, .05 mmol
of the titanium compound (1) was added, and a mizxed gas
of ethylene and l-butene (ethylene: 20 1/hr, l-butene: 80
1/hr) was passed through, followed by stirring for 60

20 minutes. Then, 20 ml of isobutyl alccheol was added to



weight (Mw) of the resulting polyethylene were 191,000 and 219,000, respectively, and_Mw/Mn was
1.15. Examples 5 - 22 20 Polymerization was conducted in the same manner as described above,
except that the catalytic amount, the polymerization time and the polymgrlzatlon tempera}ture were
changed as shown in Table 1.-The polymerization activity, molecular weight of the resulting plolymer
and 244 molecular weight distribution thereof are set forth in Table 1. zuc 5 C, ~O C,":n 09 C'MM:n
hh!C,NONhtct.-ONO:OC.O:OOO--N:tnMN:NIn254 3G"1d'C'C,)m'thhN",et'0CCC, m
NO..OCO ht~VCm DN NOVVNCmMmMM~'"~~NXNtt~NNiN V' <Y:M ,D hkCO'7 ~Sh N
MNNSN((V CpC'muvtiN-tNIz~0, 7w~-N O, N."t 00 h QA b.N O v~ NC'C~NN”"N N.en O;h en
e-0 M O N_ N.~ O.tenrNima tNIN; adn W OltorM: VIS Ve M. Ni-J fV G0 é/f\/\érmtg]o. NNV .
C'Vt'~ON:0000'0VM tGC\Vv;MOF;bh;,nO,nNCnC.hwt-O0O M V."N mm:N N N;tV
~ClI 0 0 0.~ ,D ~ N'K-@P%1héc00RECN Ndidom:C 5:00:40 en WEs -tteM A, 0 G L owed by
stirring for 30 minutes in a stream of nitrogen. The
polymer solution was poured into 1.5 liters of methanol
5 to precipitate a polymer, followed by stirring for one
night by a magnetic stirrer. The polymer was filtered
over a glass filter and dried at 80°C for 10 hours under
reduced pressure to obtain 1.79 g of an ethylene/l-butene
copolymer. As a result of GPC analysis, the number-
10 average molecular weight was 29,000, and Mw/Mn was 1.15

(in terms of polyethylene). As a result of TR analysis,

the l-butene content was 22.8 % by mcl.

Example 35

15 In a 500 ml glass autoclave thoroughly purged with
nitrogen, 200 ml of dry toluene was placed, and l-butene
was passed through the autoclave for 40 minutes at a rate
of 100 1/hr. Then, the polymerization temperature was
maintained at 25°C, and 5.00 mmol (in terms of aluminum)

20 of methylaluminoxane was added. Subsequently, 0.05 mmol
of a catalyst was added, and a mixed gas of ethylene and
l-butene {(ethylens: 40 1/hr, l1-butene: &0 1/hr) was
passed through, followed by stirring for 30 minutes.
Then, 20 ml of iscbutyl alcohol was added to terminate

25 the reaction. Subsequently, 10 ml of a 1IN hydrochloric
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O00CO0O C)iC()O!O()O!CIO(D;O(D(:O()C)O(DC)Q!C()O(DJO()C(ZC)OiO()C(D()C(DC)O
COO0O0O 0p861d aqueous sclution was added, followed by stirring for

30 minutes in a stream cf nitrogen. The polymer solution

was poured into 1.5 liters of methanol to precipitate a

polymer, followed by stirring for one night by a magnetic

5 stirrer. The polymer was filtered over a glass filter

and dried at 80°C for 10 hours under reduced pressure to

obtain 5.15 g of an ethylene/l-butene copolymer. As a

result of GPC analysié, the number-average molecular

welght was 73,000, and Mw/Mn was 1.16 (in terms of

10  polyethylene). As a result of IR analysis, the l-butene

content was 14.5 % by mol.

Example 36‘

In a 500 ml glass autoclave thoroughly purged with
15 nitrogen, 200 ml of dry toluene was placed, and l-butene
was passed thrcocugh the autoclave for 40 ‘minutes at a rate
of 100 1/hr. 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
20 of a catalyst was added, and a mixed gas of ethylene and
l-butene (ethylene: 60 1l/hr, l-butene: 40¢ 1/hr) was
passed through, followed by stirring for 10 minutes.
Then, 20 ml.of isobutyl alcohol was added to terminate
the reaction. Subsequently, 10 ml of a 1N hydrochloric

25 acid aqueous solution was added, followed by stirring for



P NNNMmMVhOh :NNWFN Mlien'ONO0O0rn Ot.-. N MV[~n_~Dt'_~ooO~[O!"N K jNN N
L1l.a 246 Example 23 In a 500 ml glass autoclave thoroughly purged with nitrogen, 250 ml of toluene
was placed, and propylene was fed to saturate the liquid phase and the gas phase. 5 The_reafter, 2.50
mmol (in terms of aluminum atom) of methylal.uminoxane and then_ 0.01 mmol of the titanium
compound (1) were added to initiate polymerization. Afte?$® reaction was condupted at 25C for 30
minutes, a small amount of isobutanol was added to terminate the 10 polymerization. Aft(_ar_ the
polymerization was completed, the reaction product was introduced into methanol containing a small

amount of hydrochloric acidue eprecipitatestheauhole polymer, followed. by fig@giyﬂ -Qveraglass If{lter.
The resulting polymer was vacuum 15 dried at 80C for 10 hours to obtain 0.4 mg of polypropyléene

(PP) . The number-averageumelecular weight (M« terms ef-RR):and the wgight-average malecular
weight (Mw, in terms of PP) of the resulting-PP were

pelymer, followed by stirring for one night by a magnetic
stirrer. The polymer was filtered over a glass filter

5 and dried at 80°C For 10 hours under reduced pressure to
chtain 2.38 g of an ethylene/l-butene copolymer. As a
result of GPC analysis, the number-average molecular
weight was 38,800, and Mw/Mn was 1.18 (in tefms of

polyethylene). As a result of IR analysis, the l-butene

10 content was 11.3 2 by mol.

Example 37

In a 500 ml glass autoclave thoroughly purged with

nitrogen, 200 ml of toluene and 50 ml of l-hexene were

15 placed, and ethylene was fed to saturate the liguid phase
and the gas phase with stirring. Thereafﬁer, 1.25 mmol
(in terms of aluminum atom) of methylaluminoxane and then
0.0025 mmol of the titanium compound (1) were added to
initiate polymerization. After the reaction was

20 conducted at 25°C for 5 minutes with blowing ethylene
into the autoclave, a small amount of methanol was added
to terminate the polymerization. After the
polymerization was completed, the reaction product was
introduced into methanol containing a small amount of

25  hydrochloric acid dissolved therein to precipitate a



4,200 and 4,400, respectively, and Mw/Mn was 1.05. 20 Example 24 Polypropylene (PP) of 96 mg was
obtained in the same manner as in Example 23, except that the polymerization time was prolonged to
3 hours. The number-average 25 molecular weight (Mn, in terms of PP) and the weight 247 average
molecular weight (Mw, in terms of PP) of the resulting PP were 20,500 and 22,400, respectively, and
Mw/Mn was 1.09. 5 Example 25 Polypropylene (PP) of 180 mg was obtained in the same manner as
in Example 23, except that the polymerization time waszérglonged to 5 hours. The number-average
molecular weight (Mn) and the weight 10 average molecular weight (Mw) of the resulting PP were
28,500 and 31,600, respectively, and Mw/Mn was 1.11. Measurement of the melting point of the
polymer by DSC resultédify 139C. 15 Example 26 Pofjptopyleres(PR) of 378°m§ wWdseebtairiddzin the
same manner as in Example 23, except that the titanium compound (65% was used instead of the

titanium compound (LY HAd tifé polyRieHZation tifite whs prolongetht 5 Hotigurs to obtain
0.304 g of an ethylene/hexene copolymer. The
polymerization activity was 1.46 kg based on 1 mmol of
5 titanium. The number-average molecular weight (Mn) of

the resulting polymer was 95,600, Mw/Mn was 1.17, and the

hexene content was 2.7 % by mol.

Example 38

10 An ethylene/hexene copolymer of 0.241 ¢ was obtained
in the same manner as in Example 37, except that the |
amount of the titanium compound (1) was changed to 0.001
mmoli, the amount of toluene was changed to 225 ml, and
the amount o©of l-hexene was changed té 25 ml. The

15  polymerization activity was 2.89 kg based on 1 mmol of
titanium. The number-average molecular weight {(Mn) of
the resulting polymer was 152,000, Mw/Mn was 1.22, and

the hexene content was 1.7 % Dby mol.

20 Example 39

In a 500 ml glass autoclave thoroughly purged with
nitrogen, 250 ml of toluene was placed, and ethylene was
fed to saturate the liguid phase and the gas phase
temporarily. Then, only the gas phase was purged with

25 nitrogen. Thereafter, 2.5 mmol (in terms of aluminum



20 The number-average molecular weight (Mn, in terms of PP) and the weight-average molecular
weight (Mw, in terms of PP) of the resulting PP were 52,000 and 66,200, respectively, and Mw/Mn
was 1.27. 25 Example 27 248 In a 1 liter stainless steel autoclave thoroughly purged with nitrogen,
380 ml of heptene was placed, and propylene was fed at 25C to saturate the liquid phase and the
gas phase. Thereafter, 2.5 mmol (in terms of 5 aluminum atom) of methylaluminoxane and 0.01 mmol
of the titanium compound (1) were added, and polymer%ﬁon was. conducted for 3 hours at a
propylene pressure of 5 kg/cm2-G. | To the resulting polymer suspension, 1.5 liters of 10 methanol
containing a small amount of hydrochloric acid were added to precipitate a polymer. The polymer was
filtered over a glassfiltér toodersvietheasoventothenewashied vith misthanolrand védcuum dried at 80C
for 10 hours. Thus, 0.691 g of polypropylene was obtained. Mn 15 (in terms of PP) as measured by
GPC was 78,000, Mv/Mh-Was CPIBCaRd Tm wasa3a. 8C Bxamiple 128LPolyAterization was conducted

in the same manner as 20 described above, except that the polymerization time was
polymerization. After the reactidn was conducted at 25°C

for 5 minutes, a small amount of methanol was added to
5 terminate the polymerization. Then, hydrochloric acid

and & large amount of methanol was added to precipitate a
polymer. The polymer was filtered, washed with methanol
andlvacuum dried to obtain 0.800 g of polyethylene (PE).
The number-average molecular weight (Mn, in terms of PP)

10  ©f the resulting polyethylene was 115,000, and Mw/Mn was
1.10. Conversion from the polvmer yield showed that

ethylene in the system was gquantitatively consumed.

Example 40

15 In Example 39, after the reaction was conducted at
25°C for 5 minutes to completely consume ethylene, a
propylene gas {30 1l/hr) was blown into the system to
pexfétm reaction for 20 minutes. Then, feeding of
propylene was stopped, followed by further reaction for

20 280 minutes. 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
amount of hydrochloric acid to precipitate a polymer.

The polymer was filtered, washed with methanol and vacuum

25 dried at 130°C for 10 hours to obtain 1.135 ¢ of a



changed to 5 hours. Thus, 1.125 g of polypropylene was obtained. Mn (in terms of PP) as measured
by GPC was 138,000, Mw/Mn was 1.11, and Tm was 130.5C. 25 Example 29 249 In a 500 ml glass
autoclave thoroughly purged with nitrogen, 250 ml of toluene was placed, and a mixed gas of ethylene
and butene (ethylene: 40 1/hr, butene: 60 I/hr) was blown into the autoclave for 20 minutes. 5
Thereafter, 1.25 mmol (in terms of aluminum atom) of methylaluminoxane and then 0.001 mmol of the
titanium compound (1) were added to initiate polymeriz?a'rf@n. After the reaction was conducted at 25C
for 5 minutes with blowing the mixed gas into the autoclave, a small 10 amount of methanol was
added to terminate the polymerization. After the polymerization was completed, the reaction product
was introduced inE>métiianol €6ritailiig & SnialEameentst hydiothloriesaicid disstitved itherein to
precipitate a polymer, followed by filtration 15 over a glass filter. The resulting polymer was vacuum
dried at 130C for 1§ Hotr o Sitaird.056 G di ethyishefbutEie eopsiymer STRE polyiiefiation

activity was 0°.67 kg based on 1 mmal of titanium. The number- average molecular weight (Mn) of the
201 .

polymer was 49,100, 20 the’ mdtéuldr tWelght digtrbuion (MiviRh) Was 1144, and °v oL

In comparison with the polyethylene prepolymer
5 prepared in Example 39, this polymer was increased in the
molecular weight with keeping a narrbw molecular weight
distribution, and propylene was incorporated into the
polymer.‘rFrom this, it can be seen that a polyethyiene—
polypropylene diblock copolymer was quantitatively

10  produced.

Example 41

In Example 39, after the reaction of ethylene was

conducted at 25°C for 5 minutes, an ethylene gas (25

16  1/hr) and a propylene gas (75 1/hr) were blown into the
system to perform reaction for 3 minutes. Then, feeding
of the mixed gas was stopped, followed by further
reacfion for 3 minutes. Then, a small amount of methanol
was added to terminate the reaction, and the reaction

20 product was introduced into 1 liter of methanol
containing a small amount of hydrochloric acid to
precipitate a polymer. The polymer was filtered, washed
with methanol and vacuum dried at 130°C for 10 hours to
obtain 1.700 g of a polymer. The number-average

25 molecular weight {(Mn, in terms of PP} of the resulting



the butene,content was 8.4 % by mol. Examples 30 - 33 Polymerization was conducted in the same
manner as 25 in Example 29, except that the feed rates of ethylene and 250 butene, the
polymerization time and the polymerization temperature were changed as shown in' Tablg 2: Th_e
polymerization activity, molecular weight of the resulting polymer and molecular Welght_dlstrlbqtl_on are
5 set forth in Table 2. Table 2 Titanium Ethylene/ Buten ' compound Time butene Yield Activity Mn
Mw Mw/Mn content feed rate mmo) (min) (L/h) (g) ft/l )1 (x1C) (x104) (mol %) 29 1 0.001 5 40/60

0.056 0.67 4.91 5.61 1.14 8.4 ..vvoevvveere oo e s L
301.0.001 10 40/60 0.087 0.52 6.90 7.82 1.13

oEEnn omon & TOI R0 4l TR T i poTseular edoht distribation

In comparison with the polyethylene prepolymer
5 prepared in Example 39, this polymer was increased in the
molecular weight with keeping a narrow molecular welght
distribution, and propylene was incorporated into the
polymer. From this, ‘it can be seen that a polyethylene-
ethyleﬁe/propylene diblock copolymer was quantitatively
10  produced. The propylene content in the second block
component (ethylene/propylene copolymer portion), as
calculated from the molecular weight and the propylene

content in the whole polymer, was 14.6 % by mol.

16  Example 42
In Example 39, after the reaction of ethylene was
conducted at 25°C for 5 minutes, an ethylene gas (25
1/hr} and a propylene gas (75 1l/hr) were blown into the-
system to perform reaction for 3 minutes. Then, feeding
20 of the mixed gas was stopped, followed by further
reaction for 3 minutes. Subseqguently, propylene (30
1/hr) was blown into the system for 20 minutes to perform
reaction. Then, feeding of propylene was stopped,
followed by further reaction for 280 minutes. Then, a

25 small amount of methanol was added to terminate the



In a 500 ml glass autoclave thoroughly purged with nitrogen, 200 ml of dry toluene was placed, and
1-butene was passed through the autoclave for 40 minutes at a rate of 100 I/hr. Then, the
polymerization temperature was 15 maintained at 25C, and 5.00 mmol (in terms of aluminum) of
methylaluminoxane was added. Subsequently, 0.05 mmo]. of the titanium compound (1) was added,
and a mixed gas of ethylene and 1-butene (ethylene: 20 1/hr, 1-butene: 80 1/hr) was passed through,
followed by stirring for 60 20 minutes. Then, 20 ml of iso%ﬁﬁ/l alcohol was added to 251 terminate the
reaction. Subsequently, 10 ml of a IN hydrochloric acid aqueous solution was added, followed by
stirring for 30 minutes in a stream of nitrogen. The polymer solution was poured into 1.5 liters of
methanol 5 to precigitaté ajgolymef: féllovetriny:stirfing Focohe hight by lanmagdetic stirrer: The
polymer was filtered, over a glass filter and dried at 80C for 10 hours under reduced pressure to
obtain 1.79 g of an‘ethjlen8AL-Biiteha Eopdiyier As'a fesultshaPC ahalyals, fie number 10 average
molecular weight was 29,00§, and Mw/Mn was 1.15 (in terms of polyethylene) . As a result of IR

analysis, the 1-butehe comtentwas 22 8°by Tl FEXAmpie?d515 1R 2 500G glabs Autediave ©
thoroughly purged with

was filtered, washed with methanol and vacuum dried at

5 130°C for 10 hours to obtain 1.814 g of a polymer. The
number-average molecular weight (Mn, in terms of PPy of
the resulting polymer was 235,000, the molecular weight
distribution (Mw/Mn) wasrl.15, and the propylene content
was 14.1 % by mol.

10 In comparison with the polyethylene-
ethyvlene/propylene diblock copolymer prepolymer prepared
in Example 41, this polymer was increased in the
molecular weight with keeping a narrow molecular weight
distribution, and propylene was incorporated into the

15 polymer. From this, it can be seen that a polyethylene~
ethylene/propylene copolymer-polypropyiene triblock
copolymer was guantitatively produced. The increase of
the ﬁropyleme content agreed with the value calculated on
the assumption that the third block component introduced

20  in this example was polypropylene.

Example 43

In Example 39, after the reaction of ethylene was
conducted at 25°C for 5 minutes, an ethylene gas (Z5

25 1/hr) and a propylene gas (75 1l/hr) were blown intc the



nitrogen, 200 ml of dry toluene was placed, and 1-butene was passed through the autoclave for 40
minutes at a rate of 100 1/hr. Then, the polymerization temperature was maintained at 25C, and 5.00
mmol (in terms of aluminum) 20 of methylaluminoxane was added. Subsequently, 0.05 mmol of a
catalyst was added, and a mixed gas of ethylene and 1-butene (ethylene: 40 1/hr, 1-butene: 60 1/hr)
was passed through, followed by stirring for 30 minutes25hen, 20 ml of isobutyl alcohol was added to
terminate 25 the reaction. Subsequently, 10 ml of a IN hydrochloric 252 acid aqueous solution was
added, followed by stirring for 30 minutes in a stream of nitrogen. The polymer solution was poured

into 1.5 liters of methanelrto pregipitate an pelymer; followed by stirring for onerpight by@@rggggetlc 5
stirrer. The polymer was filtered over a glass filter and dried at 80C for 10 hours under reduced

pressure to obtain-5.15 lgcofreinethylene/1-butenecgopelymerc As@s sesult ofGPCHanalysis, the
number-average molecular weight was 73,000, and Mw/Mn was 1.16 (in terms of 10 polyethylene) .
As a result of IR arfdlysis,ithe 1tbutenerdéontentwasids 96 by mdtyExample-36 Ir: 509l glass

autoclave thoroughli/ (g)urgled with 15 nitrogen, 200 ml of dry toluene was placed, and 1-butene
/hr) was blown into the system to perform reaction

5 for 1 minute. Then, a small amount of methanol was added
to terminate the reacticn, and the reaction product was
introduced into 1 liter of methanol containing a small
amcunt of hydrcochloric acid, folloﬁed by stirring, to
precipitate a polymer. The polymer was filtered, washed

10  with methanol and vacuum dried at 130°C for 10 hours o
obtain 1.998 g of a polyethylene-ethylene/propylene
.copolymer~LLDPE block polymer. The number-average
molecular weight (Mn, in terms of PP) of the resulting
polymer was 272,000, Mw/Mn was 1.13, and the propylene

15  content was 6.6 % by mol.

In comparison with the polyethylene-
ethylene/propylene diblock copolymer prepolymer prepared
in Eﬁample 41, this polymer was increased in the
molecular weight with keeping a narrow molecular weight

20 distribution, and the ethylene content in the polymer was
increased. From this, it can be seen that a
polyethylene-ethylene/propylene copelymer-LLDPE triblock
copelymer was quantitatively produced. The propylene

content in the third block component (LLDPE pertion), as



was passed through the autoclave for 40 minutes at a rate of 100 1/hr. Then, the polymerization
temperature was maintained at 25C, and 5.00 mmol (in terms of aluminum) of methylaluminoxane
was added. Subsequently, 0.05 mmol 20 of a catalyst was added, and a mixed gas of ethylene and
1-butene (ethylene: 60 1/hr, 1-butene: 40 1/hr) was passed through, followed by stirring for 10
minutes. Then, 20 ml of isobutyl alcohol was added to téqpinate the reaction. Subsequently, 10 ml of
a 1N hydrochloric 25 acid aqueous solution was added, Tollowed by stirring for 253 30 minutes in a
stream of nitrogen. The polymer solution was poured into 1.5 liters of methanol to precipitate a
polymer, followed by stirring for one night by a magnetic stirrer. The polymer was filtered over a glass
filter 5 and dried at 80E€%0F 16 holrslindet Fedircedpredsurd 1o Sobtain ' 38 o i Bihy @/ 1-butene
copolymer. As a resul% of %SP,C a@%I%sis th numlier-avera e molecular weight was 38,800, and
Mw/Mn was 1.18 (i teris of ' Polyathylane] © ASardilt of 1R Andlysis. the1-Bitene 10 content was
11.3 % by mol. Example 37 In a 500 ml glass autoclave thoroughly purged with nitrogen, 200 ml of
toluene and 50 ml of 1-hexene were 15 placed, and ethylene was fed to saturate the liquid phase

Example 44

5 Polymerization was conducted in the same manner as
in Example 39, except that the catalytic amount was
changed to 0.02 mmol. Thus, 0.800 g of poelyethylene (PE)
was obtained. The number-average molecﬁlar welght (Mn,
in terms of PP} of the resulting polyethylene was 78,200,

10  and the molecular weight distribution (Mw/Mn) was 1.14.

In this example, after the reaction of ethylens was.

conducted at 25C for 5 minutes, an ethylene gas (20
1/hr) and a butene gas (80 1/hr) were blown into the
system to perform reaction for 3 minutes. Then, feeding

15 of the mixed gas was stopped, followed by further
reaction for 3 minutes. 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 amount of hydrochloric acid, followed

20 Dby stirring, to precipitate a polymer. The polymer was
filtered, washed with methanocl and vacuum dried at 130°C
fqr 10 hours to obtain 1.416 g of a poclyethylene~
‘ethylene/butene copolymer block polymer. The number-
average molecular weight (Mn, in terms of PP) of the

25 resulting polymer was 120,600, the molecular weight



and the gas phase with stirring. Thereafter, 1.25 mmol. (in terms of aluminum atom) of
methylaluminoxane and then 0.0025 mmol of the titanium compound (1) were added to initiate
polymerization. After the reaction was 20 conducted at 25C for 5 minutes with blowing ethylene into
the autoclave, a small amount of methanol was added to terminate the polymerization. After the
polymerization was completed, the reaction product was é'rf})tioduced into methanol containing a small
amount of 25 hydrochloric acid dissolved therein to precipitate a 254 polymer, followed by filtration
over a glass filter. The polymer was vacuum dried at 130C for 10 hours to obtain 0.304 g of an

ethylene/hexene coggelélgngrbtr%% O|%0I34 ﬁ/? a(t)gfon activity was 1.46 kg based on 1 mmol of 5 titanium.
The number-average molecular WelgthE\EE n%n thdesulting pBiyther Wados,800, Mwiaas 117,

and the hexene coptent was 2.7 g{g(g{lté gx%gnsplg 38 10 An ethéljene/hexene copolymer of 0.241 g

was obtained in the same mannér as in Example 37, e?(cgﬁ’t that'the amount of the titanium

amount of L hexenc was changee 16 35 T 15 oymenaton Seviy Waecs 80 Ko Hased on 1
mmol of prepared in Example 39, this polymer was increased in the
5 molecular weight with keeping a narrow molecular welght
distribution, and butene was incorporated into the
polymer. From this, it can be seen that a polyethylene-
ethylené/LLDEE diblock copolymer was gquantitatively
produced. The butene content in the second block
10 component (LLDPE portion), as calculated from the

molecular weight and the butene content in the whole

polymer, was 5.6 % by mol.

Example 45

15 In Example 39, after the réaction of ethyvlene was
cenducted at 25°C for 5 minutes, an ethylene gas (20
1/hr} and a butene gas (80 1/hr) were blown into the
system to perform reaction for 3 minutes. Then, feeding
of the mixed gas was stopped, fcllowed by further

20 reaction for 3 minutes. Subsequently, an ethylene gas
({100 l/hr)_was blown into the system to perform reaction
for 1 minute. Then, a small amount of methanol was added
to terminate the reaction, and the reaction produét was
introduced into 1 liter of methanol containing a small

25 amount of hydrochloric acid, followed by stirring, to



titanium. The number-average molecular weight (Mn) of the resulting polymer was 152,000, Mw/Mn
was 1.22, and the hexene content was 1.7 % by mol. 20 Example 39 In a 500 ml glass autoclave
thoroughly purged with nitrogen, 250 ml of toluene was placed, and ethylene was feq to satgrate the
liquid phase and the gas phase temporarily. Then, only the gas phasg was purged with 25 nitrogen.
Thereafter, 2.5 mmol (in terms of aluminum 255 atom) @‘Emethylalummoxane an_d then 0.01 mmol of
the titanium compound (1) were added to initiate polymerization. Aft_er the reaction was c_onducted at
25C for 5 minutes, a small amount of methanol was added to 5 terminate the polymerization. Then,

[ [ : ipi . The polymer
hydrochloric acid grd alarge-amountof methanol was added to recipitate a g0| er. T 9
W{;ls filtered, Washegd Witﬁ@methanol atﬁg \C%cuum dried t?)Egobt in 0988859 of poﬁye%%i/gl]énwé’ ?ﬁﬁ)e The

number-average mdleculaewsight (Marin tekms of,PR) 10.0f the a%w')t&f‘gﬁ%olf'y%ykﬁgg &355#15’000’
and Mw/Mn was 1.10. Conversion from the polymer yield showed that ethylene in the system was

quantitatively consumed.nExaraple 40 15 InExampler39, after the: reastian, psx@skppgggcrlgg ﬂt/mZeS::C for
5 minutes to completely consume ethylene, a
The number-average molecular weight (Mn, in terms of PP)
5 of the resulting polymer was 141,400, the molecular
welght distribution (Mw/Mn) was 1.14, and the butene
content in the whole polymer was 2.0 & by mol.
' In comparison with the polyethylene-LLDPE diblock
copolymer prepolymer prepared in Example 44, this polymer
10  was increased in the molecular weight with keeping a
narrow molecular weight distribution, and the ethylene
content in the polymer was changed. From this, it can be
seen that a polyethylene-LLDPE-HDPE triblock copolymer
was quantitatively produced. The butene content in the
15 third block component (HDPE portion), as calculated from

the molecular weight and the butene content in the whole

polymer, was 2.6 % by mol.

Example 46

20 i a 500 ml glass autociave thoroughly purged with
nitrogen, 250 ml of toluene was placed, and propylene was
fed at 25°C to saturate the ligquid phase and the gas
phase. Thereafter, 2.5 mmol (in,terms of aluminum atom)
of methylaluminoxane and then 0.01 mmol of the titanium

25 compound (1) were added to initiate polymerization.



propylene gas (30 1/hr) was blown into the system to perform reaction for 20 minutes. Then, feeding
of propylene was stopped, followed by further reaction for 20 280 minutes. 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 amount of hydrochloric acid to precipitate a polymer. The polymer was
filtered, washed with methanol and vacuum 25 dried at 130C for 10 hours to obtain 1.135 g of a 256
polymer. The number-average molecular weight (Mn, inZffms of PP) of the resulting polymer was
136,000, Mw/Mn was 1.1.5, and the propylene content was 14.6 % by mol. In comparison with the
polyethylene prepolymer 5 prepared in Example 39, this polymer was increased in the molecular
weight with keeping’a RarrélWmdéleedar wWeight ‘ﬂl@fﬂb@lﬁ@ﬁeéhoﬁﬁroﬁiléheﬁ@as incorporatedsinto the
polymer. From this, it can be seen that a polyethylene- polypropylene diblock copolymer was
quantitatively 10 p?oo@l&%l EXamplé 42n"Examiple 39 aftethdGeadtion-6féthyfehe was® conducted

at 25C for 5 minutes, an et I%Iene gas (25 15 I/hr) and a propylene gas (575 1/hr) Were blown into the
system to perform?ggéﬁ%‘?‘? F 3 minlites. THeh, feefing©aCt o product was added to

methanol containing a small amount of hydrochloric acid,
5 followed by stirring, to precipitate a polymer. The
polymer was filtered, washed with methanol and vacuum
dried at 130°C for 8 hours to obtain 0.100 g of
polypropylene. The numﬁerwaverage molecular weight (Mn,
in terms of PP) of the resulting polymer was 17,200, and

10 Mw/Mn was 1.15.

Example 47

In Example 46, after the reaction of propylene was
conducted for 180 minutes, an ethylene gas {20 1/hr) was
15 ©blown intc the system to perform reaction for 3 minutes,
and a small amount of methancl was added f¢ terminate the
reaction. Then, the reaction product was introduced into
1 liter of methanol containing a small amount of
hydrochloric acid, followed by stirring, to precipitate a
20 polymer. The polymer was filtered, washed with methanol
and vacuum dried to obtain 0.481 g of a polypropylene-
ethylene/propylene copolymer block polymer. The number-
average molecular weight (Mn, in terms of PP} of the
resuiting polymer was 99,000, Mw/Mn was 1.06, and the

Q

25 ethylene content was 70.9 % by mol.



of the mixed gas was stopped, followed by further reaction for 3 minutes. Then, a small amount of
methanol. was added to terminate the reaction, and the reaction 20 product was introduced into 1 liter
of methanol containing a small amount of hydrochloric acid to precipitate a polymer. The polymer was
filtered, washed with methanol and vacuum dried at 130C for 10 hours to obtain 1.700 g of a polymer.
The number-average 25 molecular weight (Mn, in terms26¥PP) of the resulting 257 polymer was
211,000, the molecular weight distribution (Mw/Mn) was 1.16, and the propylene content was 6.4 o by
mol. In comparison with the polyethylene prepolymer 5 prepared in Example 39, this polymer was
increased in the moleculan weightavittekeeping:a naovwmolecutar weight, distibution, and propylene
was incorporated into the polymer. From this, it can be seen that a polyethylene- ethylene/propylene
diblock copolymerwas guantitatively: A0 prediced. Thepropylene content imthe-sacond Hlogk:
component (ethylene/propylene copolymer portion), as calculated from the molecular weight and the
propylene conterffihl thie-nlicle polyiier, wash 4@ orbymok 15:Examplecd2inExample39; after the

reaction of ethylene was '
distribution, and ethylene was incorporated into the

5 polymer. From this, it can be seen that a polypropylene—
ethylene/propylene diblock copolymer was guantitatively
produced. The ethylene content in.the second block
component (ethyiene/propylene copolymer portion), as
calculated from the molecular weight and the propylene

10  content in the whole polymer, was 18.4 % by mol.

Example 48

In a 500 ml glass autoclave thoroughly purged with

nitrogen, 250 ml of toluene was placed, and propylene was

15 passed through the autoclave at a rate of 100 1/hr to
saturate the system. Thereafter, 2.5 mmol {(in terms of
aluminum atom) of methylaluminoxane and then 0.02 mmol of
the titanium compound (1) were added to initiate
polymerization at room temperature (24°C). After the

20 polymerization was conducted for 5 hours, feeding of
propylene was stopped, and feeding of egthylene at a rate
of 1.5 1/hr was started. After the polymerization was
conducted at room temperature for 40 minutes, a small
amount of iscbutanol was added to terminate the

25 polymerization. The whole amount of the resulting



conducted at 25C for 5 minutes, an ethylene gas (25 I/hr)' and a propylene gas (75 1/hr) were blown
into the system to perform reaction for 3 minutes. Then, feeding 20 of the mixed gas was stopped,
followed by further reaction for 3 minutes. Subsequently, propylene (30 I/hr) was blown into the
system for 20 minutes to perform reaction. Then, feeding of propylene was stopped, followed by
further reaction for 280 minutes. Then, a 25 small amount of methanol was added to terminate the 258
reaction, and the reaction product was introduced into 12§&r of methanol containing a small amount of
hydrochloric acid to precipitate a polymer. The polymer was filtered, washed with methanol and
vacuum dried at 5 130C for 10 hours to obtain 1.814 g of a polymer. The number-average molecular
weight (Mn, in terni$ 6F PP of tHe Fesulting polymeriwas35;000, theemolecatay weightedistribution
(Mw/Mn) was 1.15, and the propylene content ,was 14.1 % by mol. 10 In comparison with the '
polyethylene- ethyfshe/fropyieht diBIBEK Eopdlyfer prépblyimécprepared i Exarple 41T tis polymer
was increased in tQ% moLectL’lilarr Wei%lht ith keeping a narrow molecular weight distribution, and
propylene was incorporated into thé 15 polyraf. Erontthis’ it'nbe ssn thi a-polyéthylene-

polymer was washed with methanol and then vacuum dried at
5 80°C for 10 hours. The yield of the polymer after drying
was 2.53 g. As a result of GPC measurement, the number-
average molecular weight of the polymer was 160,300, and
Mw/Mn was 1.51.
Cf the whole amount of the resulting polymer, 50 ng
10 of the polymer was dissolved in 0.5 ml of a mixed solvent
of orthodichlorobenzene/deutero benzene (mixing ratio:
B8/1 by volume) at 110°C, and the following measurements
were made in the proton decoupling mode under the
following conditions using a JEOL LAS500 type nuclear
15 magnetic resonance device.
Pulse anglé: 45°, Pulse repetition: 5.5 sec,
Spectral width: 22000 Hz, Number of scans: 16000,

Temperature: 120°C, Data points: 32 K

As a result, [M] was 59.7 % by mol, [M2] was 40.3

=i

0

20 py mol, [MI-MZ] was 43.4 % by mol, [M1-M1] was 38.1 % by
mol, {Mz-Mz] was 18.6 % by mol, the value of
{MI-MZ]/{Zx[Ml}x[MZ}) was .90, and the wvalue of
Mb-m212/ (ax M -Ml1x[M2-M2]) was 0.66, with the provisoc

that the monomer unit M1 is ethylene, and the monomer

25 unit M4 is propylene.



ethylene/propylene copolymer-polypropylene triblock copolymer was quantitatively produced. The
increase of the propylene content agreed with the value calculated on the assumption that the third
block component introduced 20 in this example was polypropylene. Example 43 In Example 39, after
the reaction of ethylene was conducted at 25C for 5 minutes, an ethylene gas (25 25 1/hr) and a
propylene gas (75 1/hr) were blown into the 259 systerggdg perform reaction for 3 minutes. Then,
feeding of the mixed gas was stopped, followed by further reaction for 3 minutes. Subsequently, an
ethylene gas (100 1/hr) was blown into the system to perform reaction 5 for 1 minute. Then, a small
amount of methanol Was,[%dézlegli got'gfeﬂgr@iqaitg rtlh?n %eactigrg, and the reaction product X\[/as introduced
into 1 liter of methanol containing & small- amoun oPhydro&%&TC‘“Qéli%?fgollgw%%Lb%fys irfing, to°
precipitate a polymer. 4 hejpglymer was filtered, washed 10 with methanol and vacuum dried at 130C
for 10 hours to obtain 1.998 g of a polyethylene-ethylene/propylene .copolymer-LLDPE block
polymer. The number-average; malecylar wejght (M, in‘terms of PP) of the resulting polymer was
272,000, Mw/Mn was 1.13, and the propylene 15 content was 6.6 % by mot.

[n=2]: 14.59 % by mol
5 [n=31: 9.96 % by mol
[n=47: .94 % by mol
[n=5]: 7.41 % by mol
n261: 23.23 % by mol
Methylenes of n=3, n=5 and n26 mean that an isclated
10 nmonomer unit M! is detected, two continuous monomer units
Ml are detected, and three or more continuous monomer

units M! are detected, respectively.

Exampie 49

15 In a 500 ml glass autoclave thoroughly purged with
nitrogen, 250 ml of dry toluene was placed, and propylene
was passed through the autcoclave for 20 minutes at a rate
of 100 1/hr. Then, the polymerization temperature was
maintained at 25°C, and 5.00 mmol (in terms of aluminum)

20  of methylaluminoxane was added. Subsequently, C0.05 mmol
of the titanium compound (1) was added, and a mixed gas
of ethylene.and propylene (ethylene: 35 l/hr, propylene:
65 1/hr) was passed through, followed by stirring for 3
minutes and 20 seconds. Then, 20 ml of isobutyl alcohol

25 was added to terminate the reaction. Subsequently, 10 ml



In comparison with the polyethylene- ethylene/propylene diblock copolymer prepolymer prepared in
Example 41, this polymer was increased in the molecular weight with keeping a narrow molecular
weight 20 distribution, and the ethylene content in the polymer was increased.. From this, it can be
seen that a polyethylene-ethylene/propylene copolymer-LLDPE triblock copolymer was quantitatively
produced. The propylene content in the third block component (LLDPE portion), as 260 calculated
from the molecular weight and the propylene content in Re whole polymer, was 7.3 % by mol.
Example 44 5 Polymerization was conducted in the same manner as in Example 39, except that the
catalytic amount was changed to 0.02 mmol. Thus, 0.800 g of polyethylene (PE) was obtained. The
number-average mofeculateéight (v, irr termsofP RP)pfthe sesulting: polyethytenednasi 78,200, 10
and the molecular weight distribution (Mw/Mn) was 1.14. In this example, after the reaction of
ethylene was coné&%%@‘é?%é‘ffoﬁ? FiiRltes, anethdernd gas €20 dirparnd adeteng gas (80 I/hr)
were blown into the ,system to perform reaction for 3 minutes. Then, feeding 15 of the mixed gas was
stopped, followed By furtiér "reactioh 163 YHiRtteSCTHER CA sivall ansouitt of Higtharol S

liters of methanol to precipitate a polymer, followed by
5  stirring for one night by a magnetic stirrer. The
polymer was filtered over a glass filter and dried at
80°C for 10 hours under reduced pressure to obtain 1.10 g
of an ethylene/propylene copolymer. BRs a result of-GPC
analysis, Mn was 25,100, and Mw/Mn was 1.07. As a result

Q.

10  of IR analysis, the propylene content was 24.4 % by mol.

Example 50

In a 500 ml glass autoclave thoroughly purged with
nitrogen, 250 ml of dry toluene was placed, and propylene
16 was passed through the autoclave for 20 minutes at a rate
of 100 1/hr. Then, the polymerization temperature was
maintained at 25°C, and 5.00 mmol (in terms of aluminum)
of méthylaluminoxane was added. Subseguently, 0.05 mmol
of the titanium compound (1) was added, and a mixed gas
20 of ethylene and propylene (ethylene: 35 1/hr, propylene:
65 1/hr) was passed through, followed by stirring for 3
minutes and 20 seconds. Then, a mixed gas of ethylene
and propylene having different composition (ethylene: 60
1/hr, propylene: 40 1/hr) was passed through, followed by

25 stirring for 1 minute and 50 seconds. Thereafter, 20 ml



was added to terminate the reaction, and the reaction product was introduced into 1 liter of methanol
containing a small amount of hydrochloric acid, followed 20 by stirring, to precipitate a polymer. The
polymer was filtered, washed with methanol and vacuum dried at 130C for 10 hours to obtain 1.416 g
of a polyethylene- ethylene/butene copolymer block polymer. The number- average molecular weight
(Mn, in terms of PP) of the 25 resulting polymer was 12@.680, the molecular weight 261 distribution
(Mw/Mn) was 1.13, and the butene content in the whole polymer was 1.9 1 by mol. In comparison with
the polyethylene prepolymer prepared in Example 39, this polymer was increased in the 5 molecular
weight with keepingza narew-malesular weight distribution, and butene was incorparated.injg the
polymer. From this, it can be seen that a polyethylene- ethylene/LLDPE diblock copolymer was
quantitatively produted:Jhe:butene content inithe segond blegk 10.component (LLPRE portion), as

calculated from the molecular weight and the butene content in the whole polymer, was 5.6 1 by mol.
Example 45 15 In Examipleo89 wafterdtie ¢eactioniof ethylens, was i candugtethat 25C far-b:minutes, an
ethylene gas (20
in a stream of nitrogen. The polymer solution was poured
5 into 1.5 liters of methanol to precipitate a polymer,
followed by stirring for one night by a magnetic stirrer.
The polymer was filtered over a glass filter and dried at
80°C for 10 hours under reduced pressure to obtain 2.29 g
of an A-B dibleock copolymer. As a result of GPC analysis,
10 the number-average molecular weight was 40,600, and Mw/Mn

was 1.08. As a result of IR analysis, the propylene

content was 23.1 % by mol.

Example 51

15 In a 500 ml glass autoclave thoroughly purged with
.nitrogen, 250 ml of dry toluene was placed, and propylene
was passed through the auteoclave for 20 minutes at a rate
of 100 1/hr. Then, the polymerization temperature was
maintained at 25°C, and 5.00 mmol (in terms of aluminum)

20  of methylaluminoxane was added. Subsequently, 0.05 mmol
of the titanium compound (1) was added, and a mixed gas
of ethylene and propylene (ethylenrne: 35 1/hr, propylene:
65 1/hr) was passed through, followed by stirring for 3
minutes and 20 seconds. Then, a mixed gas of ethylene

25  and propylene having different composition (ethylene: 60



1/hr) and a butene gas (80 1/hr) were blown into the system to perform reaction for 3 minutes. Then,
feeding of the mixed gas was stopped, followed by further 20 reaction for 3 minutes. Subsequently, an
ethylene gas (100 1/hr) was blown into the system to perform reaction for 1 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 25 amount of tB/ ochloric acid, followed by stirring, to 262
precipitate a polymer. The polymer was filtered, washed“with methanol and vacuum dried at 130C for
1.0 hours to obtain 1.921 g of a polyethylene-LLDPE-HOPE block polymer. The number-average
molecular weight (IYI/r)hin terms of PP) 5 of the resulting polymer was 141,400, the molecular weight
distribution (Mw/MR)Y Was 1047 8K THE bufene! CORtent ithediticte pblyierdtias 20 % byEmok ¥n
comparison with the, polyethylene-LLDPE diblock copqlymer prepolymer prepared in Example 44, this
polymer 10 was inséir“elarséﬁrl% th?eO mo ec%?ar“ruvegigﬁf%it% {egﬁiﬁﬁ%dﬁarroWBPecﬁférW'FgH{e“e

distribution, and thg ethylene  content ir1L olymer was changed. Er his, it c seen that a
polyethylene-LLDPE-HOPE trEigt:)Iock copo%@%%?p\{/vfsbqﬁanﬁﬁgt?ve?y?pr%gglé The %%tii%‘“&%%téﬁf in the

15 third block compenent {HQPE, portion). as-calcylatedfram ... . 4. Thereafter, 20 ml

9 of isobutyl alcohol was added to terminate the reaction.
subsequently, 10 ml of a 1IN hydrochloric acid agueous
solution was added, followed by stirring for 30 minutes
in a Stream!of nitrogen. The polymer scolution was poured
into 1.5 liters of methandl to precipitate a polymer,

10 followed by stirring for one night by a magnetic stirrer.
The polymer was filtered over a glass filter and dried at
80°C for 10 hours under reduced pressure to obtain 3.79 g
of an A-B-C triblock copeolymer. As a result of GPC
analysis, the number-average molecular weight was 59,000,

16  and Mw/Mn was 1.11. As & result of IR analysis, the

propylene content was 19.5 % by mol.

Example 52

In a 500 ml glass autoclave thoroughly purged with
20 nitrogen, 250 ml of toluene was placed, and ethylene was
fed to saturate the liquid phase and the gas phase.
Thereafter, 1f25 mmol (in terms of aluminum atom) of
methylailuminoxane and then 0.0002 mmol of the titanium
compound (2) were added to initiate polymerization.

25 After the reaction was conducted at 50°C for 2 minutes in



the molecular weight and the butene content in the whole polymer, was 2.6 % by mol. Example 46 20
In a 500 ml glass autoclave thoroughly purged with nitrogen, 250 ml of toluene was placed, and
propylene was fed at 25C to saturate the liquid phase and the gas phase. Thereafter, 2.5 mmol (in
_terms of aluminum atom) of methylaluminoxane and then 0.01 mmol of the titanium 25 compound (1)
were added to initiate polymerization. 263 After the reacgign was conducted at 25C for 180 minutes, a
small amount of methanol was added to terminate the polymerization. Then, the reaction product was
added to methanol containing a small amount of hydrochloric acid, 5 followed by stirring, to precipitate

a polymer. The polymer,was filtered, w % ith methanol and vacuum_dried at 130C for 8-hours to
obtain 0.100 g of polyprgpy ene. rgeB n%r%n %d?-}gﬁligr{:%egrgo%{:ﬁéﬁvggr%ﬂ\eﬂ%f IR térms gﬁég of the

resulting polymer was 14,200, and ;10Mw/Mn was;1.15. Example 47 In Example 46, after the reaction

of propylene was conducted for 180 minutes, an ethylene gas (20 I/hr) was 15 blown into the system
to perform reactiopfor34minytes; and a amall amoeunt,of methanol wasadded-fo teppinate.the

to the reaction product were added & small amount of

S  hydrochloric acid and a large amount of methanol to
precipitate the whole polymer, followed by filtration.
The polymer was vacuum dried at BO?C for 10 hours to
obtain 0.213 g of polyethylene (PE). The polymerization
activity was 3.20 kg based on 1 mmol of titanium. The

10 number-average molecular weight (Mn) and the weight-
average molecular weight (Mw) of the resulting PE were

73,300 and 79,900, respectively, and Mw/Mn was 1.08.

Example 53

15 In a 500 ml glass autoclave thoroughly purged with
nitregen, 250 ml of toluene was placed, and ethylene {100
1/hr) and hydrogen (5 1/hr) were blown into the autoclave
for 10 minutes with stigring. Thereafter, 1.25 mmol (in
terms of alumigum atom) of methylaluminoxane and then

20 0.0002 mmol of the titanium compound {2) were added to
initiate Qolymerization. After the reacticon was
conducted at 50°C for 2 minutes with blowing ethylene and
hydrogen into the auvtoclave, a small amount of methanol
was added to terminate the polymerization. After the

256 polymerization was completed, to the reaction product



reaction. Then, the reaction product was introduced into 1 liter of methanol containing a small amount
of hydrochloric acid, followed by stirring, to precipitate a 20 polymer. The polymer was filtered,
washed with methanol. and vacuum dried to obtain 0.481 g of a polypropylene- ethylene/propylene
copolymer block polymer. The number average molecular weight (Mn, in terms of PP) of the resulting
polymer was 99,000, Mw/Mn was 1.06, and the 25 ethy, content was 70.9 % by mol. 264 In
comparison with the polyethylene prepolymer prepared’in Example 39, this polymer was increased in
the molecular weight with keeping a narrow molecular weight distribution, and ethylene was
incorporated into the 5 pol r. From this, it can be seen that a polypropylene- ethylene/propylene

e = s
diblock copolymer'Was qﬁégﬁgti@elf Wt ddulH Fhe &hyﬂ%ﬁ@%ﬁﬁfﬁrﬁ n-the®SecdndBlock component

(ethylene/propylene copolymer portion), as_calculated from the molecular weight and the propylene 10
content in the wholé Eg?i/rr%er?? vL\I/%% 1§E4 (%%3};1 Mo fE)%gm%Fée&lfﬁ% #66 nii Gasy Qutdclade Wotughly

purged with nitrogen, 250.m| g};olflfggy\éa%si%lgge%%n rop lene was 15 passed thro%ghatpe

d
autoclave at a rate of 100 1/hr to saturate the system. Thérea gﬁ 2 5 Hmol |n1'1tuer?mcs}Io']fe
80°C for 10 hours to obtain 0.1%5 g of polyethylene (PE) .

5 The polymerization activity was 2.93 kg based on 1 mmol
of titanium. The number-average molecular weight (Mn)
and the weight-average molecular weight (Mw) of the
resulting PE were 59,500 énd 09,700, respectively, and
Mw/Mn was 1.17.

10

Examples 54 - 58

Solymerization was conducted in the same manner as
in Example 53, except that the catalytic amount, the feed
rate of hydrogen and the polymerization time were changed

15 as shown in Table 3. The polymerization activity,
molecular weight of the resulting polymer and molecular
weight distribution are set forth in Table 3. With
increase of the amount of nydrogen, the molecular weight
of the fesultiﬂg polymer was decreased, and even when the

20 polymerization time was prolonged, the molecular welight
of the resulting polymer was hardly increased. From this,
it can be seen that hydrogen functioned as a chain
transfer agent. Even when the polymerization time was
prolonged, the polymerization activity was not lowered.

25 From this, it can be seen that polymerization was further



aluminum atom) of methylaluminoxane and then 0.02 mmol of the titanium compound (1) were added
to initiate polymerization at room temperature (24C). After the 20 polymerization was conducted for 5
hours, feeding of propylenewas stopped, and feeding of ethylene at a rate of 1.5 1/hr was started.
After the polymerization was conducted at room temperature for 40 minutes, a small amount of
isobutanol was added to terminate the 25 polymerization.zbhe whole amount of the resulting 265
polymer slurry was introduced into 1.5 liters of methanol, and a small amount of hydrochloric acid was
added. Then, the mixture was filtered to-collect a polymer. The polymer was washed with methanol
and then vacuum drj t C for 10 hours. The yield.of the polymer after drying was 2.53 g. As a
result of GPC mea%ﬁ&%é%? ?ﬁ)é/ nérlﬁ%e?icafvle\ffaegesyﬁleo(felceufarpvvgeolgﬁtcc% 'htkeD oﬁlgn?erqﬁﬁéLTGO,BOO, and
Mw/Mn was 1.51. Of the whole.amount of the resulting polymer, 50 mg 10 of the polymer was
dissolved in 0.5 ml of a mixed solvent of orthodichlorobenzene/deutero benzene (mixing ratio: 8/1 by
volume) at 110C, and the following measurements were made in the proton decoupling mode under
the following conditions using a JEOL LA500 type nuclear 15 magnetic resonance device.



Pulse angle: 45, Pulse repetition: 5.5 sec, Spectral. width: 22000 Hz, Number of scans: 16000,
Temperature: 120C, Data points: 32 K As a result, [M1] was 59.7 % by mot, [M2] was 40.3 % 20 by
mol, [MI.M2] was 43.4 % by mol, [MI-M1] was 38.1 % by mol, [M2-M2] was 18.6 % by mot, the value
of [M1M2]/(2x[MI]x[M2]) was 0.90, and the value of [MIM2]2/(4x[MI.M1]x[M2M2]) was 0.66, with the
proviso that the monomer unit M1 is ethylene, and the gmer 25 unit M2 is propylene. 266 The
distribution of n of continuous n methylenes is as follows. [n=1]: 37.87 % by mol [n=2]: 14.59 % by
mol 5 [n=3]: 9.96 % by mol [n=4]: 6.94 % by mot [n=5]: 7.41 % by mol [n?6]: 23.23 % by mol
Methylenes of n=3, n=5 and n?6 mean that an isolated 10 monomer unit Ml is detected, two
continuous monomer units M| are detected, and three or more continuous monomer units M1 are
detected, respectively. Example 49 15 In a 500 ml glass autoclave thoroughly purged with
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nitrogen, 250 ml of dry toluene was placed, and propylene was passed through the autoclave for 20
minutes at a rate of 10'0 1/hr. Then, the polymerization temperature was maintained at 25C, and 5.00
mmol (in terms of aluminum) 20 of methylaluminoxane was added. Subsequently, 0.05 mmol of the
titanium compound (1) was added, and a mixed gas of ethylene and propylene (ethylene: 35 1/hr,
propylene: 65 1/hr) was passed through, followed by stryiag for 3 minutes and 20 seconds. Then, 20
ml of isobutyl alcohol 25 was added to terminate the reaction. Subsequently, 10 ml 267 of a IN
hydrochloric acid aqueous solution was added, followed by stirring for 30 minutes in a stream of
nitrogen. The polw%m%ti%was poured into 1.5 liters of methanol to precipitate a polymer,
followed by 5 stirring for one night by a magnetic stirrer. The polymer was filtered over a glass filter

and dried at 80C for 10 hgurs underfeducedpressyre 19 obtain 119, 0f,an efhyleng/propylene

copolymer. As a result of GPC analysis, Mn was 25,100, and Mw/Mn was 1.07. As a result 10 of IR
analysis, the propylenecoatent was 24.4.0rby mpole Example 50 In-a 500mlglass,autoglave .

thoroughly purged with nitrogen, 250 ml of dry toluene was placed, and propylene 15 was passed
through the autoclave for2@ minutesatarate i quid phase and the gas phase.
5 Thercafter, 1.25 mmol (in terms of aluminum atom) of
methylaluminoxane, 0.08 mmol of diethylzinc and then
0.002 mmel of the titanium compound (2) were added to
initiate polymerization. After the reaction was
conducted at 50°C for 2 minutes in an ethylene gas
10 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 of hydrochloric acid
and a large amount of methanol to precipitate the whole
15  polymer, followed by filtration. The polymer was wvacuum
dried at 80°C.for 10 hours to cobtain 0.209 g of
polyethylene (PE). The polymerization activity was 3.14
kg bdsed on 1 mmol of titanium. The number-average
molecular weight (Mn) and the weight-average molecular

20  weight (Mw) of the resulting PE were 51,500 and 70, 300,

respectively, and Mw/Mn was 1.37.

Examples 60 - 62

Polymerization was conducted in the same manner as

25 in Example 59, except that the amount of diethylzinc and



of 100 1/hr. Then, the polymerization temperature was maintained at 25C, and 5.00 mmol (in terms of
aluminum) of methylaluminoxane was added. Subsequently, 0.05 mmol of the titanium compound (1)
was added, and a mixed gas 20 of ethylene and propylene (ethylene: 35 1/hr, propylene: 65 1/hr) was
passed through, followed by stirring for 3 minutes and 20 seconds. Then, a mixed gas of ethylene
and propylene having different composition (ethylene: 69, 4/hr, propylene: 40 1/hr) was passed
through, followed by 25 stirring for 1 minute and 50 seconds. Thereafter, 20 ml 268 of isobutyl alcohol
was added to terminate the reaction. Subsequently, 10 ml of a IN hydrochloric acid aqueous solution
was added, followed é)y&giﬁr' flp{ ggtrglicg]rlftq_si%% a stream of nitro%en. Th?ﬂpolymer solution was

poured 5 into 1.5 liters 6f méthanol to precipitate a polymer,  Tolfdwed By Strrifg faroné* Hight By a

magnetic stirrer. The.polymer was filtered oyer, a glass filter and dried at _80C for 10 hours under
reduced pressure to obt%tir%9 g ofan A-B di%?oc c%ioo y?nﬁeer.C g %rregﬁl%%%\éP aﬁ%ﬁsis, 10 the

number-average malegular weight wasA0.600, apd Muihin, was 1,03 A acesulafiIR anglysis, the

propylene content was 23.1 % by mol. Example 51 15 In a 500 ml glass autoclave thoroughly purged
with set forth in Table 4.
5 With increase of the amount of the zinc compound,

the molecular weight of the resulting polymer was
decreased, and even when the polymerization time was
prolonged, fhe molecular weight of the resulting polyﬁer
was hardly increased. From this, it can be seen that the

10 zinc compound functioned as a chain transfer agent. Even
when the polymerization time was prolonged, the
pelymerization activity was not lowered. From this, it
can be seen that polymerization was further prbmoted by
the active species produced by the chain transfer

15 reaction.



nitrogen, 250 ml of dry toluene was placed, and propylene was passed through the autoclave for 20
minutes at a rate of 100 1/hr. Then, the polymerization temperature was maintained at 25C, and 5.00
mmol (in terms of aluminum) 20 of methylaluminoxane was added. Subsequently, 0.05 mmol of the
titanium compound (1) was added, and a mixed gas of ethylene and propylene (ethylene: 35 1/hr,
propylene: 65 1/hr) was passed through, followed by stigrrg for 3 minutes and 20 seconds. Then, a
mixed gas of ethylene 25 and propylene having different composition (ethylene: 60 269 1/hr,
propylene: 40 1/hr) was passed through, followed by stirring for 1 minute and 50 seconds. Then, an
ethylene gas was passed through at a rate of 100 1/hr, followed by stirring for 1 minute and 10
seconds. Thereafter,.20 ml 5 of isobutyl alcohol was added to terminate the reaction. Subsequently,
10 ml of a 1N hydrochloric acid aqueous solution was added, followed by stirring for 30 minutes in a
stream of nitrogen. The polymer solution was poured into 1.5 liters of methanol to precipitate a

polymer, 10 followed by stirring for one night by a magnetic stirrer. The polymer was filtered over a
glass filter and dried at 80C foge10 hours under reduged pressure to obtain 3.79 g of an A-B-C triblock
B AT T ] =1 N H
copolymer. As a result of GPCanalysisythesnumber-gverage molecular weight was 59,000,
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15 and Mw/Mn was 1.11. As a result of IR analysis, the propylene content was 19.5 % by mol.
Example 52 In a 500 ml glass autoclave thoroughly purged with 20 nitrogen, 250 ml of toluene was
placed, and ethylene was fed to saturate the liquid phase and the gas phase. The;reafter, 1.25 mmol
(in terms of aluminum atom) of methylaluminoxane and then 0.0002 mmol of the titanium cqmpound
(2) were added to initiate polymerization. 25 After the reagtion was conducted at 50C for 2 minutes in
270 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 amo&gé&&%@yg:fchloric acid and a large ampunt of methanol to precipitate_ the whole
polymer, followed by fittratron—The polymer was vacuum dried at 80C for 10 hours to obtain 0.213 g

of polyethylene (PE). Thepplymerization agtidly was 3,20 abasedon gy Vg‘e?égﬁ»gg‘ﬁ)i“é;‘%g‘e 10

number-average molecular weight (Mn) and the weight- average molecular At (Mw

resulting PE were ,73;300;and 79900y lespectively..and Mw/Mp was 1,08, Example-53.15 In.a 500 ml
glass autoclave thoroughly purged with
fed to saturate the liquid phase and the gas phase.

5 Thereafter, 1.25 mmol (in terms of aluminum atom) of
methylaluminoxane and then 0.002 mmol of the titanium
compound (3} were added to initiate polymerization.
After the reaction was conducted at 50°C for 10 minutes
in an ethylene gas atmosphere at ordinary pressure, a

10 small amocunt of methanol was added to terminate the
polymerization. After the polymerization was completed,
to the reaction product were added a small amount of
hydrochloric acid and a large amount of methanol to
precipitate a polymer. The polymer was filtered, washed

15  with methanol and vacuum dried at 80°C for 10 hours to
obtain 0.247 g of polyethylene (PE). The polymerization
activity was 0.74 kg based on 1 mmol of titanium. The
number-average molecular weight (Mn) and the welight -

average molecular weight (Mw) of the resulting PE were

20 88,500 and 98,800, respectively, and Mw/Mn was 1.12.

Example 64

Polymerization was conducted in the same manner as
in Example 63, except that the amount of the titanium

25 compound (3) was changed to 0.001 mmol and the



nitrogen, 250 ml of toluene was placed, and ethylene (100 1/hr) and hydrogen (5 1/hr) were blown into
the autoclave for 1b minutes with stirring. Thereafter, 1.25 mmol (in terms of aluminum atom) of
methylaluminoxane and then 20 0.0002 mmol of the titanium compound (2) were added to initiate
polymerization. After the reaction was conducted at 50C for 2 minutes with blowing ethylene and
hydrogen into the autoclave, a small amount of methangl, gvas added to terminate the polymerization.
After the 25 polymerization was completed, to the reaction product 271 were added a small amount of
hydrochloric acid and a large amount of methanol to precipitate the whole polymer, followed by
filtration. The polyrrgﬁr was vacuum grigc:IL rzr;% SWOaOC I:qirallg réoiéir% to ?t%tair[ 0.135 g of i lyethylene (PE).
5 The polymerizaﬁon g’chvity Was‘5.§)31<g based on 1 mmof of ttanium: THe hdmbe ‘hverage '

molecular weight (Mn)- ]_anéi _tg% vge(_j)g ﬁtﬁﬂr&%%éno?%;lawg%iggh(tl\gvi/)%%fdthe fesulting PE were

59,500 and 69,700, respectively, an nwas 1.17. 10 Examples 54 -’58 o?ymerization was
conducted in the sameanneras,in %@Jﬂ@'?éﬁ’%‘éeﬂt.t@@t the qatalytic amount, the feed rate of

hydrogen and the polymerization time were changed
titanium. The number~average molecular weight (Mn) and

5 the weight-average molecular weight (Mw) of the resulting
PE were 145,000 and 167,000, respectively, and Mw/Mn was

1.15.

Comparative Example 1

10 In a 500 ml glass autoclave thoroughly purged with
nitrogen, 250 ml of toluene was plaCed,'and ethylene was 7
fed to saturate the liquid phase and the gas phase.
Thereafter, 1.25 ﬁmol {in terms of aluminum atdm) of
methylaluminoxane and then 0.0005 mmol ¢f zirconocene

15 | dichleride were added to initiate polymerization. After
the reaction was conducted at 25°C for 0.5 minute in an
ethylene gas atmosphere at ordinary pressure, a small
amount of methanol was added to terminate the
polymerization. After the polymerization was completed,

20 to the reaction product were added a small amount of
hydrochloric acid and a large amount of methanol to
precipitate the whole polymer, followed by filtration
over a glass filter. The polymer was vacuum dried at
80°C for 10 hours to obtain 0.229 g of polyethylene (FPE).

25 The polymerization activity was 55.0 kg based on 1 mmol



15 as shown in Table 3. The polymerization activity, molecular weight of the resulting polymer and
molecular weight distribution are set forth in Table 3. With increase of the amount of hydroge_n, the
molecular weight of the resulting polymer was decreased, and even when the 20 polymerizqtlop time
was prolonged, the molecular weight of the resulting polymer was hardly increased. Erom thl_s, it can
be seen that hydrogen functioned as a chain transfer a%P . Even when the polymerization time was
prolonged, the polymerization activity was not lowered. rom this, it can be seen t_hat
polymerization was further 272 promoted by the active species produced by the chain transfer
reaction. 2T300N .-, INMO CD~xcr~o~n7Vv,v ON~n~~i*eatO~NCC.C GXNEnNMN
SSNNiNNNN 0-bNFRGOE 0 goronumber-average molecular weight (Mn)

of the resulting PE was 114,000, and Mw/Mn was 1.990.

Comparative Example 2

5 Polymerization was conducted in the same manner as
in Comparative Example 1, except that the polymerization
time was changed to 1 minute. Thus, 0.433 g of
polyethylene (PE) was obtained. The pol?ﬁerization
activity was 52.0 kg based on 1 mﬁol of zirconium. The

16 number-average molecular welght (Mn) of the resﬁlting PE

was 136,000, and Mw/Mn was 2.26.

Comparative Example 3

Polymerization was conducted in the same manner as
15  in Comparative Example 1, except that 0.00025 mmol of the
titanium compound {9) was used instead of the zirconium
compound and the polymerization time was changed to 1
minute. Thus, 0.253 ¢ of polyethylene (PE) was obrained.
The polymerization activity was 60.7 kg based on 1 mmol
20 of titanium. The number-average molecular weight (Mn)
and the weight-average molecular weight (Mw) of the
resulting PE were 184,000 and 370,000, respectively, and

Mw/Mn was 2.01.

25 Comparative Example 4
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Polymerization was conducted in the same manner as
in Comparative Example 1, except that 0.0005 mmol of the
titanium compound {10} was used instead of the zirconium
compound and the polymerization time was changed to 1
minute. Thus, 0.267 g of polyvethylene (PE) was obtained.
The polymerization activity was 32.0 kg based on 1 mmol
of titanium. The number-average molecular weight (Mn)
and the weight-average molecularzweight (Mw} of the
resulting PE were 129,000 and 229,000, respectively, and

Mw/Mn was 1.78.

Comparative Example 5

In a 100 ml reactor thorcughly purged with nitrogen,
56 ml of toluene was placéd. The system was cooled to
0°C, and ethylene was fed to saturate the liguid phase
and the gas phase. Thereafter, 0.0125 mmol of
dimethylaniliniumtetrakis (pentafivorophenyl)borate and
then 0.0125 mmol of the hafnium compound (11) were added
to initiate peolymerization. After the reaction was
conducted at 0°C for 1 minute in an ethylene atmosphere
at ordinary pressure, a small amount of methanol was
added to terminate the polymerization. The reaction
product was introduéed iﬁto a large amount of methanol to
precipitate a polymer. The polymer was filtered; then

washed with methanol and vacuum dried at 80°C for 10



Example 59. In a 500 ml glass autoclave thoroughly purged with nitrogen, 250 ml of toluene was
placed, and ethylene was fed to saturate the liquid phase and the gas phase. 5 Thereafter, 1.25 mmol
(in terms of aluminum atom) of methylaluminoxane, 0.08 mmol of diethylzinc and then 0.002 mmol of
the titanium compound (2) were added to initiate polymerization. After the reaction was conducted at
50C for 2 minutes in an ethylene gas 10 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 of hydrochloric acid and a large amount of methanol to
precipitate the whole 15 polymer, followed by filtration. The polymer was vacuum dried at 80C for 10
hours to obtain 0.209'4°6f b6lyekiyaere (PE)’ The polymerizationdctivity Wais)3.147kg based on 1
mmol of titanium. The number-average molecular weight (Mn) and the weight-average molecular 20
weight (Mw) of the'F88iITiRg PEWRRS 51 500ahET0,300 5 késpaétively farnd Mw/kinwas 187 :
Examples 60 - 62 Pol n‘ieyfa%ra was conducted in the sagga manner as 25 in Example 59, except

that the amount of diethylzint ahd 275 Mw/Mn was |

5 Comparative Example 6

Polymerization was conducted in the same manner as
in Comparative Example 5, except that the amcount of the
hafnium compound (11) and the amount of the
dimetbylaniliniumtetrakis(pentafluorophenyl)borate were

10 each changed to 0.005 mmol and the polymerization
‘temperature was changed to 50°C. Thus, 0.148 g of
polyethylene (PE) was obtained. The number-average
molecular weight (Mn) of the resulting PE was 98,800, and
Mw/Mn was 1.91.

15



the polymerization time were changed as shown in Table 4. The polymerization activity, molecular
weight of the resulting polymer and molecular weight distribution are set forth in Table 4. 5 With
increase of the amount of the zinc compound, the molecular weight of the resulting polymer was
decreased, and even when the polymerization time was prolonged, the molecular weight of the
resulting polymer was hardly increased. From this, it cagbe seen that the 10 zinc compound
functioned as a chain transfer agent. Even when the polymerization time was prolonged, the
polymerization activity was not lowered. From this, it can be seen that polymerization was further
promoted by the active species produced by the chain transfer 15 reaction. 2 76 mtvi Vrxwo 'o0o Q
F~x00 @ OO-N NiNr) OOiOmW50000 H

Calculation examples of complex structure parameters

?Hz(CFz)aCFs

10

15

gﬁ—z Distance (r(HB~Z)) and electrostatic interaction

enerdy (Espiﬁng) of each catalyst

Compound (1) (4) - (5) {(8) {9) (109

r (B-2) (A) 2.275 | 2,329 | 2.234 | 2.498 | 2.246 | 4.812

ESp (HP-2) ~37.1 | -41.1 | -42.9 | -33.1 | -12.0 | -10.2

{KJ/mol)

20
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UF (~vNINN VO InW 277 Example 63 In a 500 ml glass autoclave thoroughly purged with
nitrogen, 250 ml of toluene was placed, and ethylene was fed to saturate the liquid phase and the gas
phase. 5 Thereafter, 1.25 mmol (in terms of aluminum atom) of methylaluminoxane and then 0.002
mmol of the titanium 283

What is claimed is:

1. An colefin polymer having Mw/Mn (Mw: weight-average
molecular weilght, Mn: number-average molecular weight) of
less than 1.35, which is a dibleock copolymer comprising two
different polymer blocks selected from the group consisting
of polyethylene, high-density polyvethylene, linear low-
density polyethylene, an ethylene/propylene copolymer, an
ethylene/butene copolymer, an ethylene/hexene copolymer, an
ethylene/octene copolymer, syndiotactic polypropylene, a
propylene/butene copolymer and & propyleéene/hexene

copolymer,



compound (3) were added to initiate polymerization. After the reaction was conducted at 50C for 10
minutes in an ethylene gas atmosphere at ordinary pressure, a 10 small amount of methanol was
added to terminate the polymerization. After the polymerization was completed, to the reaction
product were added a small amount of hydrochloric acid and a large amount of methanol to
precipitate a polymer. The polymer was filtered, washed 15 with methanol and vacuum dried at 80C
for 10 hours to obtain 0.247 g of polyethylene (PE)." The polymerization activity was 0.74 kg based
on 1 mmol of titanium. The number-average molecular weight (Mn) and the weight- average
molecular weight (Mw) of the resulting PE were 20 88,500 and 98,800, respectively, and Mw/Mn was
1.12. Example 64 Polymerization was conducted in the same manner as in Example 63, except that
the amount of the titamiuhe 25 rcompounel-(3) avas:ghangethto(8:00 Luamot angkibe 278 polymerization
time was changed to 15 minutes. Thus, 0.161 g of polyethylene (PE) was obtained. The
polymerizatiohlgctivity:was 0 84-kg Based on-k meot oé ditaniohs theanumbegiaverage molecular
weight (Mn) and 5 the weight-average molecular weight (Mw) of the resulting PE were 145,000 and
161000Je§ﬁ§ﬁwgwyaﬂiﬁﬁﬂwwh@gg is a triblock copolymer comprising

three polymer blocks selected from the group consisting of
polyethylene, high-density polyethylene, linear low-density
polyethylene, an ethylene/propylens copolymer, an
ethylene/butene copolymer, an ethylene/hexene copolymer, an
ethylene/octene copolymer, syndictactic polypropylene, a
propylene/butens copolymer and a propylene/hexene
copelymer, adjacent polymer blocks of the three polymer

blocks being different from each other.

3. An olefin polymer having Mw/Mn (Mw: weight-average
molecular weight, Mn: number-average molecular weight) of
less than 2.00, which is a multiblock copolymer comprising
four or more polymer blocks selected from the group
consisting of polyethylene, high-density polvethylene,
linear low-density polyethylene, an ethylene/propylene

copolymer, an ethylene/butene copolymer,



1.15. Comparative Example 1 10 In a 500 ml glass autoclave thoroughly purged with nitrogen, 250 mi
of toluene was placed, and ethylene was fed to saturate the liquid phase and the gas phase.
Thereafter, 1.25 mmol (in terms of aluminum atom) of methylaluminoxane and then 0.0005 mmol of
zirconocene 15 dichloride were added to initiate polymerization. After the reaction was conducted at
25C for 0.5 minute in an ethylene gas atmospherggat ordinary pressure, a small amount of methanol
was added to terminate the polymerization. After the polymerization was completed, 20 to the reaction
product were added a small amount of hydrochloric acid and a large amount of methanol to
precipitate the whole polymer, followed by filtration over a glass filter. The polymer was vacuum dried
at 80C for 10 hours to obtain 0.229 g of polyethylene (PE). 25 The polymerization activity was 55.0 kg
based on 1FAmBdF279 67 \Fcorif. THE Thirdiser-averagé iolecalar Weight (M) bf e resulting PE
was 114,000, and Mw/Mn was 1.99. Comparative Example 2 5 Polymerization was conducted in the

same manrfer 38° FCBMpARALvE ESAfplé 1 ekespthat tiipolyaierizaiisn  tiMe was changed to 1

minute. Thus, 0.433 g of
propyiehe/butene copolymer and a propylene/hexene

copolymer, adijacent polymer blocks of the four or more

polymer blocks being different from each other.



polyethylene (PE) was obtained. The polymerization activity was 52.0 kg based on 1 mmol of
zirconium. The 10 number-average molecular weight (Mn) of the resulting PE was 136,000, and
Mw/Mn was 2.26. Comparative Example 3 Polymerization was conducted in the same manner as 15
in Comparative Example 1, except that 0.00025 mmol of the titanium compound (9) was used instead
of the zirconium compound and the polymerizatigggdime was changed to 1 minute. Thus, 0.253-g of
polyethylene (PE) was obtained. The polymerization activity was 60.7 kg based on 1 mmol 20 of
titanium. The number-average molecular weight (Mn) and the weight-average molecular weight (Mw)
of the resulting PE were 184,000 and 370,000, respectively, and Mw/Mn was 2.01. 25 Comparative
Example 4 280 Polymerization was conducted in the same manner as in Comparative Example 1,
except that 0.0005 mMOIGfithe Bahilin Conipount(10) Was Ukt insteathof thesziicohium compound
and the polymerization time was changed to 1 5 minute. Thus, 0.267 g of polyethylene (PE) was
obtained. THeFGIYATETiZAfIOA Hetivify ivas 320 KohEsetP6n 1ol loftitafitas tThe*Aumber-average

molecular weight (tMn) and the weight-average molecular weight (Mw) of the
less théan 1.35, which i1s & aiblock copdlymer’ comprising

the following peclymer block (a) and another polymer block
selected from the group consisting of the following polymer

blocks (b)) and {(c):

(a) a polymer block obtained from ethylene having a
number-average molecular weight of 110,000 to

10,000,000 and Mw/Mn (Mw: welght-average molecular



resulting PE were 129,000 and 229,000, respectively, and 10 Mw/Mn was 1.78. Comparative
Example 5 In a 100 ml reactor thoroughly purged with nitrogen, 50 ml of toluene was placed. The
system was cooled to 15 0C, and ethylene was fed to saturate the liquid phase and the gas phase.
Thereafter, 0.0125 mmol of dimethylaniliniumtetrakis(pentafluorophenyl)borate and then~0.0125
mmol of the hafnium compound (11) were added égz’nitiate polymerization. After-the reaction was 20
conducted at OC for 1 minute in an ethylene atmoSphere at ordinary pressure, a small amount of
methanol was added to terminate the polymerization. The reaction product was introduced into a
large amount of methanol to precipitate a polymer. The polymer was filtered, then 25 washed with
methanol and vacuum dried at 80C for 10 281 hours to obtain 0.290 g of polyethylene (PE). The
number-average molecularweigiit (Mnyob the-resulting:PEowasi132:40@; ianrd: Mw/Mmwas 1.85. 5
Comparative Example 6 Polymerization was conducted in the same manner as in Comparative
Example 5, except thatthe amstntlofthe hafnium compound (11.) and the amount of the

dimethylaniliniumtetrakis(pentafluorophenyl)borate were
(b} a polymer block obtained from one o-olefins selected

from a-oclefins of 3 to 2¢ carbon atoms, and
{c} a polymer block cbtained from two or more a-clefins

selected from o-olefins of 2 to 20 carbon atoms.

5. The olefin polymer as claimed in any one of claims 1,
2 and 3, which has a functional group at the terminal of
the main chain, wherein the functional group is selected
from the group consisting of a chlorine atom, a bromine
atom, an lodine atom, a hydroxyl group and an alkylzinc

group.

6. A molded product comprising the olefin polymer of any

one of claims 1, 2 and 3.

7. A process for preparing the clefin polymer of any one

of claims 1, 2 and 3, comprising polymerizing an



10 each changed to 0.005 mmol and the polymerization temperature was changed to 50C. Thus,
0.148 g of polyethylene (PE) was obtained. The number-average molecular weight (Mn) of the
resulting PE was 98,800, and Mw/Mn was 1.91. 15 282 Calculation examples of complex structure
parameters FF\FF F CH2(CF2)6CF3 56T(nPrN+ /nPrK5J~TitBu2\(tBu2 (1) (4) 10\
(F3CCF3FF /CF3// 11, StTcr N Ti PIBu tBu \4Bu2 15 (8) (9) (10) HP-Z Distance (r(HP-Z)) and
electrostatic interaction energy (ESp(HI_Z) of each catalyst

olefin of 2 to 20 carbon atoms in the presence of an clefin
polymerization catalyst comprising a transition metal

compound which is represented by the following formula (II-

e (IT=a)

. I . .
wherein M 1is a ftitanium atom,

m is an integer of 1 to 5,



Compound (1) (4) (5) (8) (9) (10) r(HP-2Z) (A) 2.275 2.329 2.234 2.498 2.246 4.812 ESp(HR-Z) -37.1
-41.1-42.9 -33.1-12.0 -10.2 (KJ/mol) 20 283 What is claimed is: 1. An olefin polymer having Mw/Mn
(Mw: weight-average molecular weight, Mn: number-average molecular weight) of less than 1.35,
which is a diblock copolymer comprising two different polymer blocks selected from the group
consisting of polyethylene, high-density polyethylfébe, linear low- density polyethylene, an
ethylene/propylene copolymer, an ethylene/butene copolymer, an ethylene/hexene copolymer, an
ethylene/octene copolymer, syndiotactic polypropylene, a propylene/butene copolymer and a
propylene/hexenegcapolymet 2842, An olefinrpelymer baxingw/Ma«(Mw: weight-average
molecular weight, Mn: number-average molecular weight) of less than 1.50, which is a triblock
copolymer %Q{“Bgngjgi@gewegﬁolymer blocks selected from the group consisting of polyethylene,
high-density polyethylene, linear low-density polyethylene, an ethylene/propylene copolymer, an

ethylene/butene cgpolymer, an ethylene/hexene copolymer, an .
y Rplg an oxygéﬁ 5%om, a sufgdg atom, a selenium atom or

. . . 5
a nitrogen atom having 2 substituent R,

1

R™ is a hydrocarbon group having one or more fluorine

atoms or a hydrocarbon group having one or more fluorine

atom-containing groups,

2 3 i
R™ to R may be the same or different and are gach a

hydrogen atom, a halogen atom, a hydrocarbon group, a
hydrocarbon-substituted silyl group, an oxygen-containing
group, a nitrogen-containing group, a sulfur-containing
group, a boron-containing group, an aluminumfcontaining
group, a phosphorus-containing group, a halogen-containing
group, & heterocyclic compound residue, a silicon-

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

— 2 3
containing group, two or more of R toe R may be bonded to
- . . 1 2z 3 4
form a ring, and when m 1s 2 or greater, K s R s, R's, R's

5
and R s may be the same or different, and one group of R2 TO

5 . . . 2
R contained in one ligand and one group of R to R5

contained in other ligands mayv ke bonded,

. . . ) 1
n is a number satisfying & valence of M, and



ethylene/octene copolymer, syndiotactic polypropylene, a propylene/butene copolymer and a
propylene/hexene copolymer, adjacent polymer blocks of the three polymer blocks being different
from each other. 3. An olefin polymer having Mw/Mn (Mw: weight-average molecular weight, Mn:
number-average molecular weight) of less than 2.00, which is a multiblock copolymer comprising four
or more polymer blocks selected from the group cz_cgbsstmg of polyethylene, high-density polyethylene,
linear low-density polyethylene, an ethylene/propylene copolymer, an ethylene/butene copolymer, 285
an ethylene/hexene copolymer, an ethylene/octene copolymer, atactic polypropylene, syndiotactic
polypropylene, a Propyleme/buteprercapolymer ahddr propylenethexener ebpolymer; adjacent polymer
blocks of the four or more polymer blocks being different from each other. 286 4. An olefin polymer
having Mw/Mri iM&e Wei§iitcaierage malecakay wesight; M nuimigeraverageaneletdlar weight) of less
than 1.35, which is a diblock copolymer comprising the following polymer block (a) and another
polymer bIo%R%élé%ﬁé%ﬁfr@ﬁoﬂﬁ@fgréuB%%ﬁ%%@i%g%&ﬁé%@ﬂld?/ﬂn@ ToRfmer BIseka(b) and (c): (a) a

polymer block obtained from ethylene having a
ontaining grouy, an aluminum-containing group, a

phosphorus~containing group, a halogen-containing group, a
heterocyclic compound residue, a silicon-containing group,
a germanium-containing group or a tin-containing group, and
when n is 2 or greater, plural groups indicated by X may be
the same or different, and plural groups indicated by X may

be bonded to form a ring,



number-average molecular weight of 110,000 to 10,000,000 and Mw/Mn (Mw: weight-average
molecular 287 weight, Mn: number-average molecular weight) of not more than 1.5, (b) a polymer
block obtained from one a-olefins selected from a-olefins of 3 to 20 carbon atoms, and (c) a polymer
block obtained from two or more a-olefins selected from a-olefins of 2 to 20 carbon atoms. 5. The
olefin polymer as claimed in any one of claims 1, .2 and 3, which has a functional group at the terminal
of the main chain, wherein the functional group is selected from the group consisting of a chlorine
atom, a bromine atom, an iodine atom, a hydroxyl group and an alkylzinc group. 6. A molded product
comprising thé:elefinpalyier of aay vene biclaims Iy 2-@rd BiésAtptacessifor preparing the olefin
polymer of any one of claims 1, 2 and 3, comprising polymerizing an 288 olefin of 2 to 20 carbon
atoms in the predercestfrarrolefin pélymerizationicatalystéemprisinged transition etal compound
which is represented by the following formula (II- a) RI

the formula (II-a} is replaced with a n-propyvl group, said
structure being measured by 2 density functional method, in
which a function of the triple zeta type is used for the
central metal and a a function of double zeta type is used
for the other atoms, the distance between the heteroatonm,
which has no direct bond to the central metal M and is

nearest to the central metal M, and hydrogen at the B-

positicon is not more than



| Q=N. R3~\ M1Xn \J\- AR4 m ...(Il-a) wherein M1 is a titanium atom, m is an integer of 1 to 5, 289
Q is a nitrogen atom or a carbon atom having a substituent R2 A is an oxygen atom, a sulfur atom, a
selenium atom or a nitrogen atom having a substituent R5 R1 is a hydrocarbon group having one or
more fluorine atoms or a hydrocarbon group having one or more fluorine atom-containing groups, R2
to R5 may be the same or different and are each 3 ydrogen atom, a halogen atom, a hydrocarbon
group, a hydrocarbon-substituted silyl group, an o>?ygen-containing group, a nitrogen-containing
group, a sulfur-containing group, a boron-containing group, an alum=um-containing group, a
phosphoruszcantaining groip, e halogesconiaininge group, @ heterecyelic compound residue, a
silicon- containing group, a germanium-containing group or a tin- containing group, two or more of R2
to R5 may belbonded to

8. A process in accordance with claim 7 for preparing an
clefin pelymer, comprising polymerizing an olefin of 2 to
20 carbon atoms in the presence of an olefin polymerization

catalyst comprising a transition metal compound which is
N , . . 1,
represented by the aforesaid formula (II-a) wherein R™ is

an aromatic hydrocarbon group, an aliphatic hydrocarbon
group or an alicyclic hydrocarbon group, selected from a
phenyl group having, at least one position of the 2-
position and the 6-position, when the position of the
carbon atem bonded to nitrogen is the l-position, one or
nore substituents selected from a flucrine atcom and a
fluorine-containing group, or a phenvyl group having, at
least one position of the 3Z=position, the 4-position and
the 5-positicn, at least one substituent selected from a
flucrine-~ccontaining group having one carbon atom and not
more than two fluorine atoms, a fluorine-containing group
having twc or more carbon atoms, an aromatic hydrocarbon
group other than z phenyl group having at least cone
substituent selected from a fluorine atom and a flucrine-
containing group, an aliphatic hydrocarbon group having at

least one substituent



form a ring, and when m is 2 or greater, R1s R2s, Ras, R4s and R5s may be the same or different,
and one group of R2 to R5 contained in one ligand and one group of R2 to RS contained in other
ligands may be bonded, n is a number satisfying a valence of MI, and 290 X is an oxygen atom, a
hydrogen atom, a halogen atom, a hydrocarbon group, an oxygen-containing group, a sulfur-
containing group, a nitrogen-containing group, a bﬁgn- containing group, an aluminum-containing
group, a phosphorus-containing group, a halogen-containing group, a heterocyclic compound
residue, a silicon-containing group, a germanium-containing group or a tin-containing group, and
when n is 2sarigreatst, plural grofipsdindicatedthy X anay be fthe-same-ardifferent,-and plural groups
indicated by X may be bonded to form a ring, 291 wherein said catalyst has the properties that, in a
a- agostic strtetiure of ‘a @ationic cumplex wherain anewxf X irotbe formula (Hia)lis zeplaced with a
n-propyl group, said structure being measured by a density functional method, in which a function of
the triple zet& fypelizsised forifie Scehtral rbtalraid a & futetibn of doublerzétactype is used for the |

other atoms, the distance between the heteroatom, which has no direct bond to the central metal M
and is fiuorine-containing group.

9. A process in accordance with claim 7 for preparing an
olefin polymer, comprising polymerizing an clefin of 2 to
20 carbon atoms in the presence of an colefin polymerization
catalyst comprising a transition metal compound which is
represented by the aforesaid formula (II-a) wherein, when

the position of the carbon atom bonded to nitrogen 1s the
- 1, : e ; -
l-position, R 1is a fluorine-containing hydrocarbon group of

1 to 30 carbon atoms selected from a phenyl group having,
at least one pesitlon of the Z-position and the é-positiocn,
cne or more substitutents selected from a flucrine atom and
a fluorine-containing group,

a phenyl group having, at least one position of the 3-
position, the 4-postiion and the bH-position, at least one
substlituent selected from a fluorine~containing group
having one carbon atom and not more than two fluorine
atoms, a flucrine-ceontaining group having two or more

carbon atoms,



nearest to the central metal M, and hydrogen at the position is not more than 292 3.0 A and the
electrostatic energy is not more than -10 kJ/mol. 8. A process in accordance with claim 7 for preparing
an olefin polymer, comprising polymerizing an olefin of 2 to 20 carbon atoms in the presence of an
olefin polymerization catalyst comprising a transition metal compound which is represented by the
aforesaid formula (lI-a) wherein R is an aromatic Eé{ rocarbon group, an aliphatic hydrocarbon group
or an alicyclic hydrocarbon group, selected from a phenyl group having, at least one position of the 2-
position and the 6-position, when the position of the carbon atom bonded to nitrogen is the 1-position,
one or more substituents:selected framoa fluotne atemmantta flucrine:cantaining group, or a phenyl
group having, at least one position of the 3-position, the 4-position and the 5-position, at least one
substituent gelectedhfronrg fluorinesctontaming:groupchaving ene«carban &tam and not more than
two fluorine atoms, a fluorine-containing group having two or more carbon atoms, an aromatic
hydrocarbo# lgroupresthei- thanea phenylgroupritaving At leash gne rsulgstituent selected from a fluorine

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

substituent selected from a fluorine atom and a fluorine-
containing group,

and an alicyclic hydrocarbon group having at least one
substitusnt selected from a fluorine atom and a fluorine-

containing group.

10. A process for preparing the olefin polymer of any one
of claims 1, 2 and 3, comprising polvmerizing an olefin of
Z to 20 carbon atoms in the presence of an clefin
polymerization catalyst comprising a transition metal
compound which is represented by the following formula

(IIT):



293 selected from a fluorine atom and a fluorine-containing group, or an alicyclic hydrocarbon group
having at least one substitutent selected from a fluorine atom and a fluorine-containing group. 9. A
process in accordance with claim 7 for preparing an olefin polymer, comprising polymerizing an olefin
of 2 to 20 carbon atoms in the presence of an olefin polymerization catalyst comprising a transition
metal compound which is represented by the afopgsaid formula (II-a) wherein, when the position of
the carbon atom bonded to nitrogen is the 1-position, R1 is a fluorine-containing hydrocarbon group of
1 to 30 carbon atoms sqloected from a phenyl group having, at least one position of the 2-position and
the 6-position; one or Toxe substitutents selected from a fluorine atom and a fluorine-containing
group, a phenyl ﬁoup;E"a_yi g, at least one position of the 3- position, the 4-postiion and the 5-position,
at least one/ substi
more than tygHuori

rR10 is5 an aromatic hydrocarbon group, an aliphatic

hydrocarbon group or an alicyclic hydrocarbon group, when

R0 is a phenyl group and the position of the carbon atom
bonded to nitrogen is the l-position, this phenyl group
has, at least one position of the Z2-position and the &-
position, one or more substituents selected from a fluorine
~atom and a fluorine atom-containing group, or has, at least
one positiecn of the 3-position, the 4-position and the 5=
position, at least one substituent selected from a
fluorine-containing group having one carbon atom and not

more than two fluorine atoms, & fluorine-containing group

having two or more carbon atoms, and when R10 is an
aromatic hydrocarbon group other than a phenyl group, an
aliphatic hydrocarbon group or an alicyclic group, this

group has at least one substituent selected from a fluorine

atom and a fluorine atom-containing group,



fluorine atom and a fluorine-containing group, an aliphatic hydrocarbon group having at least one
substituent selected from a fluorine atom and a fluorine- containing group, and an alicyclic
hydrocarbon group having at least one substituent selected from a fluorine atom and a fluorine-
containing group. 10. A process for preparing the olefin polymer of any one of claims 1, 2 and 3,
comprising polymerizing an olefin of 2 to 20 carbgn atoms in the presence of an olefin polymerization
catalyst comprising a transition metal compound Wrich is represented by the following formula (I11):
295 Rio RiiN MX R12 O R13 R15 14 m ..(lll) wherein M1 is a titanium atom, mis 1 or 2, R10 is an

aromatic hydrocarken groug,'an aliphafic hydracarhon group-erap.alicyclic hydrogarhpn.group, when
R10 is a phenyl group and the position of the carbon atom
hydrogen atom, a halogen atom, a halogen-containing group,
a hydrocarbon group, a hydrocarbon-substituted silyl group,
an oxygen-containing group, a nitrogen-containing group or
a sulfur-containing group,
"R1® is a halogen atom, a halogen-containing group, a
hydrocarbon group or a hydrocarbon-substituted silyl group,
n is a number satisfying a valence of M, and
X is an cxygen atom, a hydrogen atom, a halogen atem,
a hydrocarbon group, an oxygen-containing group, a sulfur-
containing group, a nitrogen-containing group, & boron-
containing group, an aluminum~containing group, a
phosphorus-containing group, a halogen-containing group, a
heterocyclic compound residue, a silicon-containing group,
& germanium-containing group or a tin-containing group, and
when n 1is 2 or greater, plural groups indicated by X may be
the same or different, and plural groups indicated by X may

be bonded to form a ring.

11. The process for preparing an colefin polymer as claimed
in claim 10, wherein the transition metal compound is a
compound of the aforesaid formule {(III) wherein, when the

position of the carbon atom bonded to nitrogen is the 1I-

position, R0 is a fluorine-containing



bonded to nitrogen is the 1-position, this phenyl group has, at least one position of the 2-position and
the 6- position, one or more substituents selected from a fluorine atom and a fluorine atom-containing
group, or has, at least one position of the 3-position, the 4-position and the 5- position, at least one
substituent selected from a fluorine-containing group having one carbon atom and not more than two
fluorine atoms, a fluorine-containing group havingwo or more carbon atoms, and when R10 is an
aromatic hydrocarbon group other than a phenyl group, an aliphatic hydrocarbon group or an alicyclic
group, this group has at least one substituent selected from a fluorine atom and a fluorine
atom-containitity group; 2969 R14rtocR 14 ntay BE the sante ercdifferent landtaré eachna dydrogen atom,
a halogen atom, a halogen-containing group, a hydrocarbon group, a hydrocarbon-substituted silyl
group, an dXygerlcshtaifing groups a ritrogeaontaifingegrotpor asulfarcéntaining group, R15 is a
halogen atom, a halogen-containing group, a hydrocarbon group or a hydrocarbon-substituted sily!
group, n is &iTurhber safistyimyta Gakneé of M and X iSanexar)eh-ad i, @ikydragen atom, a halogen
atom, a hydrocarbon group, an oxygen-containing group, a sulfur- containing group, a
mnogencoﬁﬁﬁﬁﬁéiﬁoéﬁﬂTb%nﬁ%uorl“e atom and a fluorine-containing

group, & phenyl group having, at least one position of the
3-position, the 4-position and the 5-position, at least one
substituent selected from a fluorine-containing group
having one carbon atom and not more than two fluorine
atoms, a fluorine-containing group having two or more
carbeon atoms, an aromatic hydrocarbon group other than a
phenyl group having at least cone substituent selected from
a fluorine atom and a fluorine-containing group, an
aliphatic hydrocarbon group having at least one substituent
selected from a fluorine atom and a fluorine-containing
group, and an alicyclic hydrocarbon group having at least
one substltuent selected from a fluorine atom and a

fiuorine-containing group.



containing group, an aluminum-containing group, a phosphorus-containing group, a
halogen-containing group, a heterocyclic compound residue, a silicon-containing group, a
germanium-containing group or a tin-containing group, and when n is 2 or greater, plural groups
indicated by X may be the same or different, and plural groups indicated by X may be bonded to form
aring. 11. The process for preparing an olefin pol gaer as claimed in claim 10, wherein the transition
metal compound is a compound of the aforesaid Tormula (IIl) wherein, when the position of the
carbon atom bonded to nitrogen is the 1- position, R70 is a fluorine-containing 297 hydrocarbon group
of 1 to 30 carbon atoms selected from a phenyl group having, at least one position of the 2- position
and the 6-position, one or more substituents selected from a fluorine atom and a fluorine-containing
group, a phehyl-gbupthadng, atdeastonepaositior of the: Bipogitidthe 4positipneand the 5-position,
at least one substituent selected from a fluorine-containing group having one carbon atom and not
more than two fiudriries atems, afiiofine comtaihig grotprivaving o oredrel tariorgatoms, an
aromatic hydrocarbon group other than a phenyl group having at least one substituent selected from
a fluorine aforfanda flubfife-cBhtaing GrétFFan 2/ » and optionally, the

following step (3} of an arbitrary number of times, to



aliphatic hydrocarbon group having at least one substituent selected from a fluorine atom and a
fluorine-containing group, and an alicyclic hydrocarbon group having at least one substituent selected
from a fluorine atom and a fluorine-containing group. 298 12. A process for preparing an olefin
polymer of any one of claims 1, 2 and 3, comprising conducting the following step (1), the following
step (2), and optionally, the following step (3) of Y rbitrary number of times, to 299 prepare a block
copolymer having a structure wherein plural polymer blocks are bonded; (1) a step of polymerizing at
least one olefin selected from olefins of 2 to 20 carbon atoms in the presence of an olefin

polymerizatiorecatalyst coinprisingcithé transitionvmetal compound.afeaanyhene of claimss/ito 11 to
prepare a polymer block, (2) a step of polymerizing at least one olefin selected from olefins of 2 to 20
carbon atorns intiser présence efrtherpuolyenér block prepared in the step (1) to prepare a polymer
block which is different from the polymer block prepared in the step (1), and (3) a step of polymerlzmg
at least one olefin (Selected¥tem cléfims o2 ed 20caFbon aterms in e olefin

selected from olefins of 2 to 20 carbon atoms in the
presence cf an clefin polymerization catalyst comprising
the transition metal compound of any one of claims 7 to
11 to prepare a polymer block,

(2} a step of polymerizing at least one olefin
selected from olefins of 2 to 20 carbon atoms in the
presence of the polymer block prepared in the step (1) to
prepare a polymer block which is different from the polymer
block prepared in the step (1), and

{3) a step of polymerizing at least. one olefin
selected from clefins of 2 te 20 carbon atoms in the
presence of the polymerrblock prepared in the siep (1) and
the polymer block prepared in the step (2) to prepare a
polymer block which is different from the polymer blocks

prepared 1n the previous step.



presence of the polymer block prepared in the step (1) and the polymer block prepared in the step (2)
to prepare a polymer block which is different from the polymer blocks prepared in the previous step.
300 13. A process for preparing an olefin polymer of any one of claims 1, 2 and 3, comprising
polymerizing an olefin in the presence of a polymerization catalyst which is the catalyst of any one of
claims 7 to 11 promotes living polymerization of lefin and further conducting olefin 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 reaction. 14. The process for preparing an
olefin polymer as claimed in claim 13, wherein the chain transfer reaction is promoted by the use of at
least one compound selected from hydrogen, an organoaluminum compound, an organoboron
compound, ahZorganozinceampgaund; @rperaangsidicon ledhmpound,are organocadminm compound
and an organolead compound. 301 15. The process for preparing an olefin polymer as claimed in
claim 13, whérein- atleast ené polmer of:thecaléfin ngolymeyobtdined beforecthe Thain. transfer

reaction and the
the presence of a polymerization catalyst which is the

catalyst of any one of claims 7 to 11 promotes living
polymerization of an clefin and further conducting olefin
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

reaction.

14. The process for preparing an clefin polymer as claimed
in <¢laim 13, whereiln the chain transfer reaction is
promoted by the use of at least one compound selected from
hydrogen, an organcaluminum compound, an corganchboron
compound, an organczinc compound, an organosiliceon
compound, an organocadmium compound and an organolead

compound.



olefin polymer obtained after the chain transfer reaction is the olefin block copolymer of claim 1, 2 or
3. 16. The process for preparing an olefin polymer as claimed in claim 13, wherein the olefin polymer
obtained before the chain transfer reaction and the olefin polymer obtained after the chain transfer
reaction are each the olefin block copolymer of claim 1, 2 or 3. 302 17. An olefin polymer having
Mw/Mn (Mw: weight- average molecular weight, Mg; number-average molecular weight) of less than
1.35, which is a diblock copolymer comprising two different polymer blocks selected from the group
consisting of polyethylene, linear low-density polyethylene, an ethylene/butene copolymer, an
ethylene/hexene copolymer, an ethylene/octene copolymer, atactic polypropylene, syndiotactic
polypropylene, a propylene/butene copolymer and a propylene/hexene copolymer. 18. An olefin
polymer havihg -MWNN{NREaRSightraverage molecalar weighth Mre riomatrer=averagérmdlecular
weight) of less than 1.50, which is a triblock copolymer comprising three polymer blocks selected from
the group cdhsistiyof polyetiyferiel findar RRdensiiE303 Lodigathylenel anethylene/propylene

copolymer, an , ‘ .
polymer obtained before the chain transfer reaction and the

olefin polymer cbtained after the chain transfer reaction

is the clefin block copolymer of claim 1, 2 or 3.

15, The process for preparing an clefin polymer as
claimed in claim 13, wherein the clefin polymer cbtained
before the chain transfer reaction and the olefin polymer
obtained after the chain transfer reaction are each the

olefin block copolymer of claim 1, 2 or 3.



ethylene/butene copolymer, an ethylene/hexene copolymer, an ethylene/octene copolymer, atactic
polypropylene, syndiotactic polypropylene, a propylene/butene copolymer and a propylene/hexene
copolymer, and adjacent polymer blocks of which are different from each other. 19. The olefin polymer
as claimed in any one of claims 17 and 18, which has a functional group at the terminal of the main
chain, wherein the functional group is selected frg the group consisting of a chlorine atom, a
bromine atom, an iodine atom, a hydroxyl group and an alkylzinc group. 20. A molded product
comprising the olefin polymer of any one of claims 17 and 18. 21. A process for preparing the olefin
polymer of any one of claims 17 and 18, comprising polymerizing an olefin of 2 to 20 carbon atoms in
the presence of an olefin polymerization catalyst comprising a transition metal compound which is
represented by the following fdrmiula (Hoayn804hRY L= Ky RB:mixwR' weight-

average molecular weight, Mn: number-average molecular
welght} of less than 1.35, which is & diblock copolymer
comprising twe different polymer blocks selected from the
group consisting of polyethylene, linear low-density
polyethylene, an ethylene/butene copolymer, an
ethylene/hexene copolymer, an ethylene/octene copolymer,
atactic polypropylene, syndiotactic polypropvlene, a
propy;ene/buténe cepolymer and a propyvlene/hexene

copolymer.

18. An colefin polymer having Mw/Mn (Mw: weight-
average molecular weight, Mn: number-average molecular
welght) of less than 1.50, which is a tribleck copolymer
comprising three polymer blocks selected from the group

consisting of polyethylene, linear low-density



wherein Ml is a titanium atom, m is an integer of 1 to 5, Q is a nitrogen atom or a carbon atom having
a substituent R2, A is an oxygen atom, a sulfur atom, a selenium atom or a nitrogen atom having a
substituent R5, R1 is a hydrocarbon group having one or more fluorine atoms or a hydrocarbon group
having one or more fluorine atom-containing groups, R2 to R5 may be the same or different and are
each a hydrogen atom, a halogen atom, a hydroggrbon group, a hydrocarbon-substituted silyl group,
an oxygen-containing group, a nitrogen-containing group, a sulfur-containing group, a
boron-containing group, an aluminum-containing group, a phosphorus-containing group, a
halogen-containingh gicup: a keterddyelie corpoundlresiduesrcsilicor: coataining group, a
germanium-containing group or a tin- containing group, two or more of R2 to R5 may be bonded to
form a ring AR Wheh/ s 276r greafery RS, R23) Ras) R45130% carid:R5s dRay: bedhe same or
different, and one group of R2 to R5 contained in one Ilgand and one group of R2 to R5 contained in
other Ilganﬁs*ﬁ%y@é@l%ﬁ&@@“n i$°2 RbHTRT satiSRftg a Vafernte SFME Bl X is an oxygen atom, a

hydrogen atom a halogen atom,
ndiotactic polypropylene, a propylene/butene copolymer

and a propylene/hexene copolymer, and adjacent polymer

blocks of which are different from each other.

19. The olefin polymer as claimed in any one of
claims 17 and 18, which has a functional group at the
terminal of the mein chain, wherein the functional group is
selected from the greoup consisting of a chlorine atom, a
bromine atom, an lodine atom, a hydroxyl group and an

alkylzinc group.

20. A molded product comprising the olefin polymer of

any one of claims 17 and 18.

21. A process for preparing the olefin polymer of any
one cf claims 17 and 18, comprising polymerizing an olefin
of 2 to 20 carbon atoms in the presence of an colefin
polymerization catalyst comprising a transition metal
compound which i1s represented by the fcllowing formula (II-

al:



a hydrocarbon group, an oxygen-containing group, a sulfur- containing group, a nitrogen-containing
group, a boron- containing group, an aluminum-containing group, a phosphorus-containing group, a
halogen-containing group, a heterocyclic compound residue, a silicon-containing group, a
germanium-containing group or a tin-containing group, and when n is 2 or greater, plural groups
indicated by X may be the same or different, andqglural groups indicated by X may be bonded to form
a ring, wherein said catalyst has the properties that, in a E- agostic structure of a cationic complex
wherein one of X in the formula (ll-a) is replaced with a n-propyl group, said structure being
measured by,a density firctional method in which a function of the triple zeta type is used for the
central metaf and a{%@dtio of double zeta type is used for the other atoms, the distance between the
heteroatom vghic s ho- irect bond to the central metal M and is nearest to the central metal M,
and hydrogeff 7e\C 306 itfen is not more than 3.0 A and the electrostatic energy is not more
than -10 kJAmol. 22 ocess in accordance with claim 21 for preparing an olefin polymer,
comprising polymgeizing ap_olefin of 2 to 20 carbon atoms in the presence of an olefin polymerization
catalyst comprising a transiflon metal - - - {11-a)

wherein ML is a titanium atom,

m is an integer of 1 to &5,

¢ is a nitrogen atom or a carbon atom having a
substituent RZ,

A is an éxygen atom, a sulfur atom, a selenium atom or

a nitrogen atom having a substituent R,

RY is a hydrocarbon group having cne c¢r more fluorine
atoms or a hydrocarbon group having one or more fluorine
atom-containing groups,

RZ to RO may be the same or different and are each a
hydrogen atom, a halogen atom, a hydrocarbon group, a
hyvdrocarbon-subsgstituted silyl group, an oxygen-containing
group, a nitrogen-containing group, a sulfur-containing
group, a boron-contailning group, an aluminum-containing
group, a phosphorus-containing group, a halogen-containing
group, a heterocyclic compound residue, a silicon-
containing group, & germanium-containing group or a tin-
containing group, two or more of RZ to R may be bonded to

form a ring, and when m is 2 or greater, Rls, st, R3s, R4s



compound which is represented by the aforesaid formula (II- a) wherein Rl is an aromatic hydrocarbon
group, an aliphatic hydrocarbon group or an alicyclic hydrocarbon group, selected from a phenyl
group having, at least one position of the 2-position and the 6-position, when the position of the
carbon atom bonded to nitrogen is the 1- position, one or more substituents selected from a fluorine
atom and a fluorine-containing group, or a phenylsggoup having, at least one position of the 3-position,
the 4-position and the 5-position, at least one substituent selected from a fluorine-containing group
having one carbon atom and not more than two fluorine atoms, a fluorine- containing group having

two or more;garbenatems, @ arematig hydrocarber geoup othes than aphenyl groyehaving at least
one substituent selected from a fluorine atom and a fluorine-containing group, an aliphatic

hydrocarbon greep chaving at least ongsupsilyent selected from. g fluoring237, atem and a

fluorine-containing group, or an alicyclic hydrocarbon group having at least one substituent selected

from a fluoring\atom and a-fluerine-containing qgglz;p.b@.b%ggg@ss in accordance with claim 21 for
preparing an olefin polymer, comprising polymerizing an olefin of 2 to 20 carbon atoms in the

presence of an olefin polymerization.catalyst camprising a fransitipnymetal ,

X 1s an oxygen atom, a hydrogen atom, a halogen atom,
.a hydrocarbon group, an oxygen-containing group, a sulfur-
containing group, & nitrogen-containing group, a boron-
containing group, an aluminum-~containing group, &
phosphorus-containing group, a halogen-containing group, a
heterocyclic compeund residue, a silicon-containing group,
a germanium-containing group or a tin-containing group, and
when n is 2 or greater, plural groups indicated by X may be
the same or different, and plural groups indicated by X may
be bonded te form a ring,
wherein sald catalyst has the properties that, in a 0O~
agostic structure of a cationic complex wherein cne of X in
the formula (II-a) is replaced with a n-propyl group, said
structure being measured by a density functional method in
which a function of the triple zeta type is used for the
central metal and a function of double zeta type is used
for the other atoms, the distance between the hgteroatom,

which has no direct bond to the central metal M and is

nearest to the central metal M, and hydrogen at the O-



compound which is represented by the aforesaid formula (II- a) wherein, when the position of the
carbon atom bonded to nitrogen is the 1-position, R1 is a fluorine-containing hydrocarbon group of 1
to 30 carbon atoms selected from a phenyl group having, at least one position of the 2- position and
the 6-position, one or more substituents selected from a fluorine atom and a fluorine-containing
group, a phenyl group having, at least one positiogo%f the 3- position, the 4-position and the S-position,
at least one substituent selected from a fluorine-containing group having one carbon atom and not
more than two fluorine atoms, a fluorine-containing group having two or more carbon atoms, 308 an
aromatic hyedescarbon greup othercthan @pheriyl §réup havingsatd @asttones sabstituent selected from a
fluorine atom and a fluorine-containing group, an aliphatic hydrocarbon group having at least one
substituent Sefegted frénna fludfine atbarand & fludrinel eontaining group, and an alicyclic
hydrocarbon group having at least one substituent selected from a fluorine atom and a fluorine-
containing group. 24. A process for preparing the olefin polymer of any

22. A process 1n accordance with claim 21 for
preparing an clefin polymer, comprising polymerizing an
olefin of 2 te 20 carbon atoms in the presence of an olefin
polvmerization catalyst comprising a transition metal
compound which is represented by the aforesaid formula (II-
a) wherein Rl is an arcmatic hydrocarbon group, an
aliphatic hydrocarbon group or an alicyclic hydrocarbon
group, selected from a phenyl group having, at least one
position of the 2-pesition and the é-position, when the
position of the carbon atom bonded to nitrogen is the 1-
position, one or more substituents selected from a
fluorine atom and a fluorine-containing group, or a phenvl
group having, at least one position of the 3-position, the
d-position and the S~position, at least cne substituent
selected from a flucrine-containing group having one carbon
atom and not more than two fluorine atoms, a fluorine-
containing group having two or more carbon atoms, an
aromatic hydrocarbon group other than a phenyl group having
at least one substituent selected from a flucrine atom and
a fluorine-containing group, an aliphatic hydrocarbon group

having at least cne substituent selected from a fluorine



one of claims 17 and 18, comprising polymerizing an olefin of 2 to 20 carbon atoms in the presence of
an olefin polymerization catalyst comprising a transition metal compound which is represented by the
following formula (111); Rio 1 R11 N--- -MIX, Rig O R13 R15 R14 m ...(lll) wherein Ml is a titanium
atom, mis 1 or 2, 309 RIO is an aromatic hydrocarbon group, an aliphatic hydrocarbon group or an
alicyclic hydrocarbon group, when R7 is a phenylgroup and the position of the carbon atom bonded
to nitrogen is the 1-position, this phenyl group has, at least one position of the 2-position and the 6-
position, one or more substituents selected from a fluorine atom and a fluorine atom-containing group,
or has, at leaseronEgositidn of the 8-positicn, 'the 4-gosition and the 52 pbsitioh; at least one
substituent selected from a fluorine-containing group having one carbon atom and not

hydrocarbon greoup having at least one substituent selected

from a fluorine atom and a fluorine-containing group.

23, A process in accordance with claim 21 for
preparing an clefin polymer, comprising polymerizing an
olefin of Z to 20 carbon atoms in the presence of an olefin
polymerization catalyst comprising a transition metal
compound which 1s represented by the aforesaid formula (II-

a) wherein, when the position of the carbon atom bonded to

nitrogen is the l-position, RL is a fluorine-containing
hydrocarbon group of 1 te 30 carbon atoms selected from a
phenyl group having, at lsast one position of the 2-
position and the 6-position, one or more substituents
selected from a fluorine atom and a flucorine-containing
group,

a phenyl group having, at least one position of the 3-
position, the 4-position and the 5-position, at least one
substituent selected from a flucrine-containing group
having one carbon atom and not more than two fluorine
atoms, a flucrine-containing group having two or more

carpon atoms,



more than two fluorine atoms, a fluorine-containing group having two or more carbon atoms, and
when R10 is an aromatic hydrocarbon group other than a phenyl group, an aliphatic hydrocarbon
group or an alicyclic group, this group has at least one substituent selected from a fluorine atom and
a fluorine atom-containing group, R1i to R14 may be the same or different and are each a hydrogen
atom, a halogen atom, a halogen-containing grouggea hydrocarbon group, a hydrocarbon-substituted
silyl group, an oxygen-containing group, a nitrogen-containing group or a sulfur-containing group,
R15 is a halogen atom, a halogen-containing group, a hydrocarbon group or a
hydrocarbon-substituted silyltgroupy310 oa isoceamumbersatisfying ahatercesbfeMy and X is an oxygen
atom, a hydrogen atom, a halogen atom, a hydrocarbon group, an oxygen-containing group, a sulfur-
containing §rovipy alritfegen-ebniaining groap sabordri-wcortainmhgegroup, dnatuminum-containing
group, a phosphorus-containing group, a halogen-containing group, a heterocyclic compound
residue, a sflicontcortafmiiig gfdtip, 2a GerhanRMT-EORtERME G olp Gt tin-containing group, and
when n is 2 or greater, plu roups indicated by X may be the same or different, and plural groups
indicated by X mafrnbéﬁzmﬂ]ﬂ% 6 b adRRpon group having at least one

gsubstituent selected from a fluorine atem and & fluorine-
containing group,

and an alicyclic hydrocarbon group having at least one
substituent selected from a fluorine atom and a fluorine-

containing group.

24, A process for preparing the clefin polymer of any
ocne of claims 17 and 18, comprising polymerizing an olefin
cf 2 to 20 carbon atoms in the presence of an colefin
polymerization catalyst comprising a transition metal

compound which 1s represented by the following formula

LTI
' 3 . L .
wherein M+ is a titanium atom,

mis 1 or 2,



25. The process for preparing an olefin polymer as claimed in claim 24, wherein the transition metal
compound is a compound of the aforesaid formula (lll) wherein, when the position of the carbon atom
bonded to nitrogen is the 1 position, R10 is a fluorine-containing hydrocarbon group of 1 to 30 carbon
atoms selected from a phenyl group having, at least one position of the 2-position and the 6- position,
one or more substituents selected from a fluorine ;ggpm and a fluorine-containing group, a phenyl
group having, at least one position of the 3-position, the 4- position and the 5-position, at least one
substituent selected from a fluorine-containing group having one carbon 311 atom and not more than
two fluorine atoms; Blflucrines containingcgrowp:having byo F MAre catban afoms.ian aromatic

hydrocarbon group other than a phenyl group having at least one substituent selected from a fluorine
atom and & fldorne-containinggroup, am aliphatic-hydrocarhon-gnatr: havingmat least-one substituent
selected from a fluorine atom and a fluorine-containing group, and an alicyclic hydrocarbon group
having at leas? ope substitient sglested drom aenflugrine atopn and acfleoring-gentaining group. 26. A
process for preparing the olefin polymer of any one of claims 17 and 18, comprising conducting the
following stepr{dkdhe foltowingstep (2), and aptienally,ion, this phenyl group

has, at least one position of the Z-position and the &-

position, one or more substituents selected from a fluorine

atom and a flucrine atem-containing group, o©r has, at least

one position of the 3-position, the 4-position and the 5-

position, at least one substituent selected from a

flucrine-containing group having one carbon atom and not

more than two fluorine atoms, a fluorine-containing group

having two or more carbon atoms, and when R0 is an
aromatic hydrocarbon group other than a phenyl group, an
allphatic hydreocarbon group or an alicyclic group, this
group has at least one substituent selected from a fluorine

atom and a fluorine atom~-containing group,

Rl to R4 may be the same or different and are each a
hydrogen atom, a halogen atom, a halogen-containing group,
a nydrocarbon group, a hydrocarbon-substituted silyl group,
an oxygen-containing group, & nitrogen-containing group or
a sulfur-containing group,

RIS is a halogern atom, a halogen-containing group, a

hydrocarbon group or a hydrocarbon-substituted silyl group,



the following step (3) of an arbitrary number of times, to prepare a block copolymer having a structure
wherein plural polymer blocks are bonded; (1) a step of polymerizing at least one olefin selected from
olefins of 2 to 20 carbon atoms in the presence of an olefin polymerization catalyst comprising the
transition metal compound of any one of claims 21 to 25 to prepare a polymer block, (2) a step of
polymerizing at least one olefin selected from olefips of 2 to 20 carbon atoms in the presence of the
polymer block prepared in the step (1) to 312 prepare a polymer block which is different from the
polymer block prepared in the step (1), and (3) a step of polymerizing at least one olefin selected
from olefins of 2 t&: 20 Tarbomakems i@ the fireésence vitherpolymer Blockyprepared in the step (1) and
the polymer block prepared in the step (2) to prepare a polymer block which is different from the
polymer blocks prepafedin thevgivicus Steps 27 YAsteeass forpreparivid trieslefingolymer of any
one of claims 17 and 18, comprising polymerizing an olefin in the presence of a polymerization
catalyst whit K iE4RE “CaRyRt BFENY ond of CRiRfRNZE £5: 55 Sniprofictes iiv%g%é&%e‘rization of an

olefin and further conducting olefin _ o
contalning group, a nitrogen—-containing group, a boron-

containing group, an aluminum-containing group, a
phosphorus-containing group, a halogen-containing group, a
“heterocvclic compound residue, a silicon-containing group,
a germanium-ccontaining group or a tin-containing group, and
when n is 2 or greater, plural groups indicated by X may be
the same cr different, and plural groups indicated by X may

be bonded to form a ring.

25, The process for preparing an clefin polymer as
claimed in claim 24, wherein the transition metal compound
is a compound of the aforesaid formula (III) wherein, when
the peosition of the carbon atom bonded to nitrogen is the
l1-position, R10 is a fluorine-containing hvdrocarbon group
of 1 to 30 carbon atoms selected from a phenyl group
having, at least one position of the Z-position and the &6-
position, one or more substituents selected from a fluorine
atom and a fluorine-containing group, a phenyl group
having, at least one position of the 3-position, the 4-
positicon and the 5-position, at least one substituent

selected from a fluorine-containing group having one carbon



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 reaction. 28. The process for
preparing an olefin polymer as claimed in claim 27, wherein the chain transfer reaction is promoted
by the use of at least one compound selected from hydrogen, an organoaluminum compound, an
organoboron compound, an organozinc compou%qqan organosilicon 313 compound, an
organocadmium compound and an organolead compound. 29. The process for preparing an olefin
polymer as claimed in claim 27, wherein at least one polymer of the olefin polymer obtained before
the chain transfer seactiont and:the diefin pelymernobtamed:aftenthe ghaintransfer reaction is the
olefin block copolymer of claim 17 or 18. 30. The process for preparing an olefin polymer as claimed
in claim 27 S@héreim ihw olefin polyras bbtaimed efore thecetidintransferseastion and the olefin

polymer obtained after the chain transfer reaction are each the olefin block copolymer of claim 17 or
18. aromatic hydrocarbon group other than a phenyl group having

at least one substituent selected from a fluorine atom and
a fluorine-containing group, an aliphatic hydrocarbon group
having at lesast one substituent selected from a flucrine
atom and a flucrine-containing group, and an alicyclic
hydreccarben group having at least one substituent selected

from & fluorine atom and a fiuorine-containing group.

26. A process for preparing the clefin polymer of any
one of claims 17 and 18, comprising conducting the
following step (1), the following step (2}, and optionally,
the following step (3) of an arbitrary number of times, to
prepare a block copolymer having a structure wherein plural
polyvmer blocks are bonded;

(1) a step of pelymerizing at leest one olefin
selected from olefi;s of 2 to 20 carbon atoms in the
presence of an olefin polymerization catalyst comprising
tThe ftransition metal compound of any one of claims 21 to 25
to prepare a polymer block,

(2) a step of polymerizing at least one olefin
selected from olefins of 2 to 20 carbon atoms in the

-+

presence of the polymer block prepared in the step (1) to
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prepare a polymer block which is different from the polymer
bilock preparsd in the step (1), and

(3) a step of polymerizing at least one olefin
selected from clefins of 2 to 20 carbon atoms in the
presence of the polymer blcck prepared in the step (1) and
the polymer block prepared in the step (2) to prepare a
polymer block which is different from the polymer blocks

prepared in the previcus step.

27. A process for preparing the olefin polymer of any
one of claims 17 and 18, comprising polymerizing an olefin
in the presence of a polymerization catalyst which i1s the
catalyst of any one of claims 21 to 25 and promotes living
polymerization of an olefin and further conducting olefin
volymerization by the use of catalyst obtained by
cleaving a2 bond produced in the system between the catalyst
and the resulting pclymer chain by means of chain transfer

reaction.

28. The process for preparing an olefin polymer as
claimed in c¢laim 27, wherein the chain transfer reaction i1g
prometed by the use of at least one conmpound selected from
hydrogen, an organcaluminum compound, an organoboron

compound, an organczinc compound, an organosilicon
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compound, an organccadmium compound and an organolead

compound .

29. The process for preparing an olefin polymer as
claimed in claim 27, wherein at least one polymer of the
clefin polymer cbitained before the chain transfer reaction
and the olefin polymer obtained after the chain transfer

reaction 1s the olefin block copolyvmer of claim 17 or 18.

30. The process for preparing an olefin polymer as
claimed in claim 27, wherein the olefin polymer cbhbtained
before the chain transfer reaction and the olefin polymer
obtained after the chain transfer reacticon are each the

olefin block copolymer of claim 17 or 18.



