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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 patrticularly, the
invention relates to an olefin polymer having an extremely narrow
molecular weight distribution, an olefin pplymer 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. BACKGRQUND ART 15 Polymers
having narrow molecular weight distribution and specific molecular
weight, palyrers kavingmr famctiopabgrosp intreducedtat thesterminal and
block polymers having different 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 viewpoint. It is generally

well known that in the productiotE&EBalders Havihg such specific

structures, living polymerijzation wherein neither termination reaction nor

2 chain tratsféreattion SiBS@tiay kes pice-Qufing the polymers and

po%@%%@@@%@i%%ﬁegﬁéﬁaring the same. MWore particularly, the
invention relates to an olefin polymer having an
extremely narrow-moleéular‘ﬁeight distribution, an oclefin
polymer containing two kinds of specific polymer 5locks,
the above-mentioned olefin polymers having a functional
group at the terminal, a block copolymer, and processes

for preparing these olefin polymers.

BACKGROUND ART

Polymers having narrow molecular weighﬁ distribution
and specific melecular weight, polymers having a
functional group introduced at the terminal and block
polymers having different segments bonded to eaéh other
exhibit various useful properties, so that they are very
important from not only the academic viewpoint but also
N
the industrial viewpoint.

It is generally well known that in the production of

polymers having such specific structures, living

polymerization wheresin neither termination reaction nor
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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 made clear by

analyses of molecular weight distribution, composition distribution, etc.
thiat wheniz bleCk copelymerds inténdeshtoibel syntbesized sing aknowhg
catalyst system, a mixture of homopolymer and random copolymer is
proflueed 1B(Bbor, U Zisgler NaftaeCatalyst and Polymerization”,

Academic Press Co., 1979). Under such circumstances, some researches
of living PtyiRérization-GFolefins have bakh tepérte ¢ eFariexhmple, Nirg
%%Igg&erigation of %o ylene 20 using a specific vanadium catalyst has

been Teporsd by D, 8tal MAcfohidietaleS Va1 165 5886, 1986). In
this rocessrovieyer, 4o extienely low pelymarlzation. temperature sueh,

as a temperature of -78C to -40C is necessary, and H1Séepo ymerlnza(ﬁ%ﬁ
aetivityds severab25 ans gspolymer/mmalMh %W&%?E%a'%%
satisfactory. Further, the polymer type which can be synthesized is
EbﬂﬂﬂGdﬁ@p@@ﬁﬂX@&ﬁMﬁOﬂaes, chain transfer reactions of
the glowing polyﬁer’chains freguently take place, and it

is wvery difficult to produce olefin polymers by living

polymerization. For examplé, it has besn made clear by

- analyses of molecular weight distribution, compositiocn

distribution, etc. that when a block copolymer 1is
intended to be synthesized using a known catalyst systen,
a mixture of homopelymer and random copolymer is produced
(Boor, "Ziegler-Natta Catalyst and Polymerization",
Academic Press Co., 1979).

Under such circumstances, some researches of living
polymerization of olefins have been.reported.

For example, living polymerization of propylene
%sing a specific vanadium catalyst has been reported by
Doi, et al. (Macromolecules, vol. 19, p. 28%¢, 1986). In
this process, however, an extremely low polymerization
temperature such as a temperature of -78°C to -40°C is
necessary, and the pelymerization activity is several

tens g-polymer/mmol-M-h and is not commercially
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propylene/ethylene copolymer having a low ethylene content (not more
than 50 % by mol), and it i-s 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 polypropﬁene, and hence this process is
industrially insufficient. 10 Brookhart, et al. and McConvill, et al. have
reported living polymerization of higher a-olefins such as propylene and
1-heRkéné With-specific hickelesmpléxco titarivm dormplexitdournakof be
American Chemical Society, vol. 118, p. 11664, 1996, Journal of
AmEitah Therfiical f5 Sotlety SW6I91 18, B 0008 Y96 AISE ifthis

process, gg\l{{\teem@%ralure polgmoe{lzatlon at a temperature of not_ higher

thaR OC 1 Necessany in many taseg "Sid te” 18Sulfing PBIyRTerHES18n
atagtic, suycture, paving no stereotegularity. Moreover, itis difficultio. .,
(I 3 ?)gnoe p(% i mefization” "

produce 20 polyethylene or an ethy ymer by living polymer

using the-pigkekcermplex.Qrithe tifaniyme: complex, 3ega Shiong, etals, 1 e ne

have studied living polymerization of propylene using a metallocene

catalyst, 12mbutirtthis processpan extemedyt lovntemperaidre-such-as4e is

a temperature of -78C to -60C is necessary, and the levels of

polymerizaticrr activitcand riolesulacweight of (racemic diad: not mere
than 0.8) of thelresulting polypropylene, and hence this
process is industrially insufficient.

Brookhart, et al. and McConvill, et al. have
réyorted living polymerization of higher a-olefins such
as propylene and l-hexene with specific nickel compléx or
titanium complex {Journal of American Chemical Society,
vol. 118, p. 11664, 1%%56, Journal of American Chemical
Society, vol. 118, p. 10008, 1929%6y. 2Also in this pfocess,
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
stersoregularity. Moreover, it is difficult td produce
polyethylene or an ethylene polymer by living
N
polymerization using the nickel complex or the titanium
complex.

Soga, Shicno, et al. have studied living

polymerization of propylene using a metallocens catalyst,

but in this process, an extremely low temperature such as
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the resulting polymer are low (Macromolecule, vol. 31, p. 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 reported 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
polyethytere istlimitedbtd abiltA00:000; @hd cepelymesization ofind the
comonomers other than ethylene is 15 infeasible (Journal of American
ChenigalsSedietyovoinda bz pt 10993, c998) tAS arsyntivesisiof ableeki. ght of
polymer having different_segments bonded to each other, a process, of

usingta Speeificimetalodeniecatal3t hay bekn Fepsited 20 ntefationall , p -
Paégi%t Publi§ation W091/12285, W094/21700) _In this process, however,

the’ aétivity is fow, dNBToWS terfip8ratureiotymERZ&tich CE6E 0C) s - 20/ 2
es%%n]tial. gover, it is described that the blocking efficiency is

decreased to less than 10 % by increasing the 25 polymerization

temperat 19 1016, n. s ageoynts Sopiopstion of & blogiycopolymer
y

‘at an industrially usually used polymerization temperature (50T to 75C) is

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
reported a process of using & samarium complex. In thesze
p%?cesses, however, there are defects that the activity
is low, the molecular weight of the resulting |
polyethylene is-limited to about 100,000, and
copolymerizaticon of comonomers éther than eth?lene is
infeasible (Journal of American Chemical Society, wvol.
115, p. 09390, 1983).

A5 a synthesis of a block polymer having different
segments bonded to each other, a process, of using a
specific metallocene catalyst has been reported
(International Patent Publication WO91/12285, W094/21700).
N
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

polymerization temperature to 10°C. On this account,



impossible. Also in case of low-temperature 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 Ii\éing polymerization sufficiently

controlled. 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 dastriat Pésthctiohs? ALcordingly  dFelopmet of & Prasass: 11y

wherein living polymerization of olefins can be carried out at a
FVallabie oAt :

induslfﬁglﬁ/“
dystrially;yery great yalug, Under syeh fg&u@g&%rgcegtgqe present

applicant has found, as novel olefin polymerization c

of in

15
ABIE g LBt At With 1BR SeETization ackiviy & C) 12

talysts, 50 transition

metaheompeunds having a-salicylaldimine Jigand gnd hasalso.found thaty,, /1,
when a transition metal compound having a specific structure selected

ffom the ttrainsition methl compeaunds Havirigha saticylaldiming ligang js of the
used, living polymerization proceeds at an 25 industrially available high
temperdtbre With @ttty 6 iextrarneyafighéhthanthdtokhitherto knownarrow,
Iivingggo%rge{izaéion, and production of polyolefins having high

10

this polymerization is not living pelymerization
sufficiently controlled. Therefore, most of the products
contain large amounts of non-block polymérs as by~

products, and fractionation to remove the unnecessary

r

- polymers 1s essential as a post treatment. Thus, there
1
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are many industrial restrictions.

Accordingly, development of a process wherein living
polymerization of olefins can be carried ocut at an
industrially available high temperature with high
polymerization activity is of industrially very great
value.

Under such circumstances, the present applicant has
found, as novel olefin polymerization catalysts,
transition metal compounds having a salicylaldimine
N
ligand, and has zalso found that when a transiﬁion metal
compound having a specific structure selected from the
transitioh'metal compounds having a salicyvlaldimine

ligand is used, living polymerization proceeds at an

industrially available high temperature with activity
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molecular weight and narrow molecular weight distribution and polyolefins
or block copolymers having functional 5 groups quantitatively introduced
at the terminals is feasible. Based on the finding, the present invention
has been accomplished.. The present applicant has furthermore found a
process for efficiently producing such pblymers, 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

narovemaleculdrveight distribtition and ispesifie:melesylar wejght, a
polymer having a functional group introduced at the terminal and a block )
IBpolyraek having different segmentsihonded tocsaehiether sItis. anether, ; o
object of the invention to provide processes for preparing these olefin
pORIRERS: ftlis e horiHer Bbfbct oF feinvehtion e providesprocesses fasut 5 on

efficiently. preparing such polymers. 20 DISCLOSURE OF THE
|ﬁ{‘/é|\i‘ﬁ/bpﬁ? J?ﬁéld%éﬁr?ﬁo%%? 4 cCSTafg tePth® iRvaTiten i§an polymmerlof
al gn@u%jgfgg selected.from otlefin of 2 to 20 carbon atoms and has
anumber-average molecular 25 waight SFitotlés< Han 5ot akd Mw/vin

(e sveight-average:7 Jnolecular weight, M number-average molecular
weight) of not more than 1.5. Such a polymer is sémetimes referrad ~°n
has been accompldished.. The present applicant has
furthermore founa a process for efficiently producing
such polymers, and accomplished the present inventidn.
It is an cbiect of the invention fo provide olefin
p?}ymers exhibiting various useful propértieé, such as a
polyvmer having a narrow molecular weight distribution and
a specific molecular weight, a polymer having a
functional group introduced at the terminal and a block
polymer having different segments bonded to éach other.
It is another object of the invention to provide
processes for preparing these olefin polymers. It is a

further object of the invention to provide processes for

efficiently preparing such polymers,

DISCLOSURE OF THE INVENTION

The clefin polymer according to the invention is a
polymer cof at least one olefin selected from olefins of 2
to 20 carbon atoms and has a number-average moi@cular

weight of not less than 500 and Mw/Mn (Mw: weight-average
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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 4 to 20 carbon atoms,

dienes and cyeloolefifts: Thermonedisperse polyolefingfhthe inventionisy ¢
for example, a polymer of ethylene, which has a number 15 average
mofeculanaveightefndt.léss titan:11Q,000 and: MwMnr: of 80t moge thatk v raq
1.5, or a polymer of at least one olefin selected from olefins of 3 to 20

carbén atoras, WHiek has armimberlaverage mioleeulat mefghtof not less

than 500, Mn/Mn of not more than 1.5 and a melting point 20 of not lower

than 70C.Fife MOHSHSHFSS BolyBIelRA bt tHe irRentibA i, Tor Bxanmplé,s, for

an olefin_polymer which is.a polymer of propylene or butane and has a
racemic. é%%’(rf%%?ﬁ%é’é%%c? b;}ﬁ@:bﬁﬁi/ﬁsolf%tﬁ’é’gé’tﬁ%ﬁ%?or a

o PN A T cens

aceording te the ventionds,rea to as "LLDPE" hereinafter),
polybutens, a coﬁolymer cf ethylene and at least one
olefin selected from olefins éf 4 to 20 carbon atoms,
dienes and cycloolefins, or a copolymer of propylene and
aF‘least one olefin selected frem olefins of 4 to 20
carbon atoms; dienes and cycloolefins.

The menodisperse polyolefin.of the inventicon is, for
example, a pclymer of ethylene, which has a number—
average molecular welght of not less than 110,000 and
Mw/Mn of not more tﬁan 1.5, or a polymer of at least one
olefin selected from olefins 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

of not lower than 70°C,

LN

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

measured by 13C—NMR, of not less than 0.8%5, or a polymer
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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 and is a tapered
polymer containing a segment wherein composition of two or more
monomers continuously changes in thg 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 less than 30 % by mol are also

anailable sThe olefin.polymer asegrding.to-thednvention.is, forexample,
an olefin copolymer which comprises a 15 monomer unit Ml derived from

anrojefimef 2 tm26:carkhan ratemis=and atleastone monaraer. unit M2 that
is different from the monomer unit Ml, and has the following properties:
[M1'MZIH# I fM2- 2], sl and:-[M 2] as 200measuredrby 1 BEaNMR,
satisfy the following relations: I>[MI'M21/(2x[MI]x[M2])

EIMIsme UM MIBERRiv 2D avhstein [} isha frfolamfradtoniof the
monomer unit M, Ezaz ] is a molar fraction of the monomer unit M2,

ARAZ Y ™55 is A notarfraction-6ta GHit infhichethe TheRomeP inkt-ge fAns
@dih & [nonpmer. | nit Maz %rrgsadjgcent to & ﬁ other EMl M%r] |§ %)\ﬁlar
?ractlon ofaunitinw ICh %h rhonomer un anda%e monomer un
fe adiacent 195+ 1ess than 500 and is a tapered polymer
containing a segment wherein composition of two or more
monomers continucously changes in the polymer chain. &
tapered polymer having Mw/Mn of not more than 2.5 and a
tapered polymer having an sthylene content of not less
than 3¢ % by mol are alsc available.

The olefin polymer according to the invention is,

for example, an olefin copolymer which comprises a

monomer unit M3 derived from an olefin of 2 to 20 carbon
atoms and at least one monémer unit M2 thet is different
from the monomer unit Mj1, and has the following
properties:

(M1-M2l, (M1-M1), [M2-M2], [M1] and [M2], as

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

w

>[M1-Mz2]/(2x[M1ix[M2])
1>[M1-M212/ (4x M1 -M1Ix (M2 M2])
wherein [{M1] is a molar fraction of the monomer unit M7,

[M2] is a molar fraction of the monomer unit Mz, [M31-M2]

is a molar fracticon of a unit in which the monomer unit
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each other, and [M2-M2] is a molar fraction of a unit in 5 which the
monomer unit M2 and the monomer unit M2 are adjacent to each other.
The olefin polymer according to the invention is, for example, a polymer
satisfying the above relations and havjng 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 monomer units Ml are both detected in the
polymer chai%l %/ means of 13C-NMR, or an olefin ,copolymer wherein a
W

Sequithice ot BRtiftodS Moridmér anfte MIGHY a Seqtidhte of ffrée
ore continuous 15 mopomer.units MI are bath detected in the polymer
((:)[lr%aln Eﬁ\?mjésang oIP?ng {Nﬁfﬁ.cl%ﬁﬁg a(%:%vae puorfﬁ"rge%ﬁ tﬁtél"h(‘fgnétrlﬂsgr unit
MbisoREsferably ap £thylene Woit, A0 glefin copqlymer whereln & ..« ¢
sequence of two or more continuous methylene groups is 20 d)etecteEl by
rmeans of $3€;NMRiand 2 sequense ofiwos eortinuaus-methyleng groups,
and a sequence of three or more continuous methylene groups are both
datectedtis calsoavaitablenAnother ambadiment obtte-olefinpolymer of
the 25 invention is an olefin block copolymer comprising: 10 (i) a polymer
l5l6cle obtained-fremcat leabteone olefin selected from olefins of 2 to 20
carbongtoms, and (ii) a polymer block that is obtained from at least

he 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

wherein an isclated monomer unit M1 and a sequence of two

*0r more continuous monomer units M1 are both detescted in

¥

the polymer chain by means of 13C-NMR, or an olefin

copolymer wherein a sequence of two continuous monomer

units M1 and a sequence of three or more continuous
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 sequenée of two or more ceontinucus methylene groups is
Qetected by means of 13C~NMR and a sequence of two
continuous methylene groups and a seguence of three or
more continuous methylene groups are both detected is
alsc availlable.

Another embodiment of the colefin polymer of the

invention is an olefin block copolymer comprising:
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one 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 800 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 1.85, an plefirmsolymepwhictbisza. triiblock-eapalymes gemprising 15
three polymer blocks and has Mw/Mn of less than 1.80, or a polymer
s & FriditbiBek E6pBlyATer Thnmprising fowr 8P mozelpolymerblocks: rd
and ha iIYIw/Mn of less than 2.00. The above olefin block copolymer is, for

example.d poliner WierSihGach Polymar bRickas sefeciadfront 20 cast
e e, Lé_ PE, a copalymer of ethylene and at least one-
By eaea Hoie fE:fO R0l 28 chla%sonmgat me” didheSeampn atoms

olefin selected from olefins o

syeloolefins atactic pobyugpylgne (refarred t9,as jataspolypropylene”

hereinafter), isotactic polypropylene (referred to as "iso 25 polypropylene"

hereinafter)glsyhtiiotactic-polyprapylene-1l {refegeddeas.1 .,
"syn-polypropylene" hereinafter); a copolymer of propylene and at least
PREBIERN SelERTed fram Dlsfinsof®to:20 cathen-atons; kienesiand e n -

polymer blocks of which are different from each other,
and having a number-average molecular welight of not less.
than SQO and Mw/Mn of not mere than 2.5.

N The olefin block copolymer is, for example, an
clefin polymer which is a diblock copolymer comprising
two polilymer blocks and has Mw/Mn of less than 1.35, an
olefin polymer which is a triblock copolymer comprisiﬁg
three polymer blocks and has Mw/Mn of less than 1.80, or
a polymer which is a multiblock copolymer comprising four
or more polymer blocks and has Mw/Mn of less than 2.00.

The a@bove olefin block copolymer is, for sxample, a
polymer wherein each polymer block is seiected from
Eolyethylene, HDPE, LLDPE, a copolymer of ethylene and at
least one olefin selected from clefins of 3 to 20 carbon
atoms, dienes and cycloolefine, atactic polypropylene
(referred to as "ata-polypropylene" hereinafter),

isotactic polypropylene (referred to as "iso-

polypropylene” hereinafter), syndicotactic polypropylene
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cycloolefins, and the aforesaid tapered polymer. 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 ethylene/octene copolynier, 10.. ata-polypropylene,
syn-polypropylene, a propylene/butene copolymer and a
propylene/hexene copolymer. The polymer block (i) and the polymer block
(i) (aref each Setected fromyfeperample; the fellowing polysrer= blocks (a),
(b) and (c): 15 (a) a polymer block obtained from ethylene, (b) a polymer
blsekreBtaived frémiotiera-olefin setected frons a-olefing dE3 1o 20:carbond

atoms, and (c) a polymer block obtained from two or more a olefins
select8u froft alblefins 6f 590 20 CarBEAGHST 20 THeBlefinBlgck

copolymer.is, for example, olymer containing at least one of the
ORI EIOGE (5 W hAE S AARBER A0 e e T VTR of

110,000 fo, 10,000,090;and M/ 'é{'”a‘?fbrkoécrﬂoﬁgotha{‘ L2 Afurther ., oy

. . [} er O .
embodiment of the olefin polymer according 2 fo the invention is an ‘
olefirppalymer havingadunctionab2 ygwoup-atdhe teuminal gf thesmain,

chain of the aforesaid monodisperse polyolefin, tapered polymer, olefin
copolyyserrorlalefin blogkicopayiRer. an ethylene/propylene
copolymer, an etﬁylene/butene copolymer, an
éthylene/hexene copolymer, an ethylene/octeﬁe copolymer,
ata~polypropylene, syn-polypropylene, a propylene/butene
c?polymer and a propylene/hexene copolymer.
The polymer block (i) and tﬂe polymer block (ii) are
-each selected froﬁ, for example, the follbwing polymer
blocks (a), (b} and (c):
(a) & polymer block obtained from ethylene,
(b} a polymer block obtained from one g—clefin
selected from a-colefins of 3 to 20 carbon atoms, and
(c) a polymer block obtained from two or more o-
clefins selected from e-clefins of 2 to 20 carbon atoms.
. The olefin block copolymer is, for example, a
polymer containing at least one of the polymer block (a)
which has a number-average molecular weight of 110,000 to
10,000,000 and Mw/Mn of not more than 1.5.

4 further embodiment of the olefin polymer according

to the invention is an olefin polymer having a functional
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" 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 oqu' polymerization catalyst
comprising a transition metal compound which is represented by the
following formula (1) and has properties that, in a p-agostic structure of a

c &i%nj coEnpllgx Whegein one of X in the 15 formula (1) i§ re| laced with a .
n- ropg;l éﬂroup, 6sezatiiaestnrﬁ?tﬁrie Bg(an}r%e%%ﬁpedcgf 5ﬂde?1“sity%§ncﬁlo%%1?sald

methad,; the.disia %wggmtwebsg%&o@&orpowﬁh%}ha%ﬂgﬂ@ct bond

to the central metal M and is nearest to the central metal M, and

hydsegeal:the P-positiam issneidrore than 4@ 3.0 A and the electrostatic
energy is not more than 10 kJ/mol, to prepare the monodisperse

polyolefith thewcdlefinl copalymet, thedapetedpalymer=or the eiafirchlock

copolymer; LmMXn (1) 13 wherein M is a transition metal atom selected

freRTEFOGS 53 3 §rolp Préktreiperiddie Yadle finis dilintégerofdcio 5, n

iSp%Tgrrnnebre,r S‘?lgigfyénlge%iyglegggoolfy'\r/lnér or the olefin block
copelymer.

The process‘for preparing an clefin polymer
according teo the invention comprises polymerizing an
clefin of 2 to 20 carbon atoms in the presence of an
o%gfin polymerization catalyst comprising a transition
metal compound which is represented by ﬁhe following
formula (i) and hés properties that, in a P-agostic
structure of a cationic complex wherein one of ¥ in the
formula (I) is feplaced with a n-propyl group, said
structure being measured by a density functional method,
the distance between the heterocatom, which has no direct
bond to the central metal M and is nearest to the central
metal M, and hydrogen at the f-position is not more than
%.O A and the electrostatic energy is not more than 10
ki/mol, to prepare the monodisperse polyolefin, the
olefin copolymer, the tapered polymer or the clefin block
copolymer;

LpM¥Xn _ (1)



5L is a ligand coordinated to the central metal M 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
nitrogen-containing group, a boron-contaihihg group, an
aluminum-containing group, a phosphorus-containing group, a
“halogen-containing group, a heterocyclic compound residue, a
silicorilcorftdining groap ta germanium-vehtaininggrosp be@ted from Group
tin-containing 15 group, and when n is 2 or greater, plural groups
indicated®by*X By be thé saife BEdiHe?ert, A8 pural groups indicated
by X may be bonded tp form a ring. The transition metal compound is, for
example, a trarsifion ﬁﬁlé:tspg&nﬁ%u&d répresented by the following 20

formula (1I-g) ar (Iléb)r;l@llbgie& MI.Y,n W _1la) R4 2514 wherein M1is a
transition metaISatom selecfedsf?orﬁ Gg%h%g 3ﬁo%ro%%cfl Bf ther periodic

- @ble, mis an integen otk #0:5co0rdinated 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?Fonncontaining group, an aluminumwcontaining group, a
phosphorus-centaining 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
'iﬁdicated by X may be the same or different, and plural
groups indicated by X may be bonded to form a ring.

The transition metal compound is, for axample, a
transition metal compound represented by the following

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

L {II-a)

25
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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, Rl is a hydrocarbon group having one or more 10
heteroatoms or a hydrocarbon group having one or more
heteroatom-containing groups, R2 to Ra 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 group, a phosphorus-containing group, a

halegen:rcantaining:groum & Reterocyelic compoyndesidug.a s, Group
silicon-containing group, a germanium-containing group or 20 a :
tih-&ontaining gidup; tworer mere oliR2 to RS may be bonded to form a
ring, and when m is 2 or greater, Rls, R2s, Ras, R4s and R5s may be the
same dof differ@ht, ‘dHeE e group of R2%to R5 contained in one ligand and
one group Sof R2 to R5 contained in other ligands may be 25 bonded, 15

. e f =) Y : :
n is a numbersatisking 2Valente 6INE, ARd KRSt etsdme mearing as
thataf. X in the aforesaid formula (I); R

A is an oxygen atom, a sulfur atom, a selenium atom
or a nitrogen atom having a substituent RS,

Rl is a hydrocarbon group having one or more
hetercatoms or a hydrocarbon group having one or more
hetercatom~containing groups,

R? to RS may be the same or different and are each a
hydrocarbon group, & halogen atom, a hydrogen atom, a
nydrocarbon-substituted silyl group, an oxygen-centaining
group, a nitrogen—conﬁaining 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
% tin-containing group, two or more of RZ to R may be
bonded to form a ring, and when m is 2 or greater, Ris,
st, R3s, s znd RO9s may be the same or different, and
one group of RZ to RS contained in one ligand and one

group of RZ to RS contained in other ligands may be

bonded,
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5t N.,, UMIX, Y Il b) S=T 10 wherein N1 is a transition metal atom
selected from Group 3 to Group 11 of the periodic table, m is an integer
of 1to 5, 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, & 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
nitrogerratom ar ayphosphests atomnR1aneR6,te RS are@ach the same
atom or group as described with respect to Rl and R2 to R5 in the formula
(I-a), ard Whenthds aaregreateri Ris,:R6s$, ' RTs, R8s 25-anthR9s may:he i o
the same or different, and one group of R6 16 to R9 contained in one
lig5RE"AhA offel group of R6 to R9 contained in other ligands may be
bonded, .

wherein M1 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 a nitrogen atom or a phosphorus atom,

U is a carbon atom having a substituent RE, a
nitrogen atom or a phosphorus atom,

Q0 is a carbon atom having a substituent R7,

o

nitrogen atom or a phosphorus atom,
S 1s a carbon atom having a substituent r8, a
nitrogen atom or a phosphorus atom,

T is a carbon atom having a substituent RY,

&

N

nitrogen atom or a phosphorus atom,

Rl and R® to RY are each the same atom or grdup as
described with respect ﬁo RY and RZ to RY in the formula
(II-a), and when m is 2 or greater, Rls, R6s, R7s, R8s

and R may be the same or different, and one group of RP
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n is a number satisfying a valence of Ml, and X has the same meaning as
that of X in the aforesaid 5 formula (I). Similarly to the transition metal
compound represented by the formula (1), the transition metal compound
represented by the formula (I1-a) or (Il-ﬂg 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 metal M, and hydrogen at
the G-position is not more than 3.0 A and the electrostatic energy is not
nﬁ&reﬂﬁaﬁ%‘%ﬁ%ﬁ% THe FansitioAHhetat eEmpotind tepresehtéd byth&”
15 foJrCmuIa I-zg.) or g}ﬁ-b) is.preferably a compound wherein R1 is an
afoMatic hydrocarSon Group, SR BifpHaic Rgd%%%ﬂ?&ﬁ group or an
alicyclic_hydrocarbon;group, .se from a phenyl gro aving,.at at
least Oﬁ% %s%ioﬁ%@tt%g 2?6‘%%%% %%18 the %%%ﬁt%{gn,cvﬁ]%ﬁg thé %8
positionyofithe carhon atem honded fo nitregen is;the,l-pOSiton, one A 5 1 o
more substituents selected from a heteroatom and a

heterealam-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 ZBiffem vhaterddtent othes tvdra fluotingé atorpafigorine 17
containing group having one carbon atom and not more than two fluorine

al6in5 28 fliofine ROntdifing“gBapthaling the transition metal
compound represented by the formula (II-a) or (II-b)
preferably has properties that the distance between the
hetercatom, which has no direct bond to the central metal
M and is nearest to the central metal M, and hydrogen at
tﬁé f-position is not more than 3.0 A and the
electrostatic energy 1s not more than 10 kJ/mol.

The transition metal compound represented by the
formula (iI—a} or (IIfb)‘is preferably a compgund wherein
Rl is an aromatic hydreocarbon 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 tﬁé 6—posi£ion, when the
pesition of the carbon atom bonded to nitrogen is the 1~
éosition, one or more substituents selected from a
hetercatom and a hetercatom-containing group, or has, at
at least one position of the 3-pusition, the 4-position
and the 5-position, at least one substituent selected

from a hetercatom other than a fluorine atom, a fluorine-
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two or more carbon atoms, and a group containing a heteroatom other
than a fluorine atom, and when R1 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 heteroatom and a heteroatom-contaihing group. In the transition metal
compound represented by the 10 formula (II-a) or (II-b), when the position
of the carbon atom bonded to nitrogen is the 1-position, Rl is preferably a
hafgenicortainiig hydioeation groupcef:bto: 30 carbondatoms seleeteghan
from a phenyl group having, at at least one position of the 2-position and
a8 1§lb18§?ﬁ6‘ﬁ, e BEmote StBSHtRAtS seleated fromsa chalogery atam
d a halogen-containing group, a phenyl group having, at at least one
Sggﬁioﬁrof%ﬁg %-Sgsrlggn, %{Ceog%osﬁ% and te'B-poitic, sitiéast one
S i ected.fro uqQrine-containing group 20 having ong
cgfgtﬂ%é%]ygt%tﬁ%!ng%%]g%%tﬂa% tr\]/l've%)uff)u%lhlh% gaorlﬁé, 5o iﬂ%gic&nfaihﬁga“

gr@Um BaYIngHWO-TJHPER IEaEhen AtoIPS .2 CE‘i%[H‘eaaéﬂ%ﬁ romine
‘ ro

atom, an iodine atom, a chlorine-containing group, a mine-c’ontalﬁi’ngan
grddprhad an odihescentaining: group, &N arpnaatic-25 hydracarbon group

other than a phenyl group having at 18 least one substituent selected
ffon? dFhalbgert attifdahd'a shaldgérr-containingegrospi analiphatit e cted
hygg%xgbgggggggtoﬁ and a hetercatom-containin

ning group.

In the transition metal compound represented by the
formula (II-a) or (II-b), when the position of ths carben
a?Qm bonded to nitrogen is the l-position, RY is
preferably a halogen—containing hydrocarbon group of 1 o
30 carbon atoms selected from a phenyl group having, at
ét least cne position of the 2—position and the 6-
position, one or more substitﬁents selected from a
‘halogen atom and a halogen~containiﬁg group, a phenyl
group having, at at least one position of the 3-position,
the 4-position and the S-position, at least one
substituent selected from za fluorine~containing group
Qaving one carbon atom and not more than two fluoriﬁe
atoms, a fluorine-containing group havihg twe 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 having at
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having at least one substituent selected from a halogen atom and a
halogen-containing group, and an alicyclic 5 hydrocarbon group having at
least one substituent selected from a halogen atom and a
halogen-containing group. The transition metal compound is, for example,
a transition metal compound represengd by the following 10 formula

(1: RTO { R" N---- -mix, R'20 Ri 3 R15 15 R14 MM (lll} wherein Nl is a
transition metal atom selected from Group 4 to Group S of the periodic
table,=m is 40220 R10 s, anarematichyeregarbongroup-an aliphatic; -
hydrocarbon group or an alicyclic hydrocarbon group, when R1lis a
phedylgroup and:the positipreofthe carbon atern: bonded e akkgeNds oup
the 1-position, this phenyl group has, at at least one position of the
2i705itch afid H9e 25 6pesitiohsénd oenfore substir@nfs selegtéd:fromea

19 heteroatom and a heteroatom-containing group, or has, at
atom and a halogen-containing group, and an alicyclie

hydrocarbon group having at least one substituent
selected from a halogen atom‘amd a halogen~containing
group.

The transition metal compound is, for example, a
transition metal compound represented by the following

formula (IXI):

L UITE

wherein Ml is a transition metal atom selected from Group
4 tb Group o of the periodic table, |

ﬁ is 1 or 2,

rR10 is an aromatic hydrecarbon group, an aliphatic
hydrocarbon group or an alicyclic hydrocarbon group, when
Rl is a 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

6-position, one or more substituents selectad from a
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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, a fluorine-containing group having two or more
carbon atoms, and a group containing a8heteroatom other than a fluorine
atom, and when R10 is an aromatic hydrocarbon group other than a
phenyl group, an 10 aliphatic hydrocarbon group or an alicyclic group, this
grouphias-atdeastene substiventselectedfrom an heferoatomanda s, at
heteroatom-containing group, R11 to p,14 may be the same or different
arikareceach arhydrogeniatony @ halegén mtonmf adalogeénr-contairing 16n
group, a hydrocarbon group, a hydrocarbon-substituted silyl group, an
oxygenteBhtainitig § o} a AitrogéAséontaiinggisdbrat selected
su fur-containing group, R15 is a halogen atom, a halogen-containing

grotia *hytrocarson group 61 a hydrbcarbortSabSttutdd Sityl 2ofgrBap tre
is I tisfying.a lf of I\/é, ndr C:Jhnasat&he sam rH%(;&nirrrll as an

that of X'in the a orm n the transition: maer%al compoun

repiesented by.the .25 darmula £l when the position-of the carben atgm

20 bonded to nitrogen is the 1-position, R10 is preferably a
two or more carbon atems, and a group containing a
hetercatom otherlthan a fluorine atom, and when R1i0 is an
arcmatic hydrocarbon group other than a phenyl group, an
aliphatié hydrocarbon group or an alicyclic group, this
group has at least one substituent sslected from a
heteroatom,and & hetercatom-containing group,

Rl to R14 may be the séme or different and are each.
a hydrogen atom, a halogen atom, a halogen-containing
group, a hydreccarbon group, a hydrocarbon-substituted
silyl group, an oxygen-containing group, a nitrogen-—
containing group'or a sulfur-containing group,

R1S is a nalogen atom, a halogen-containing group, a
hydrocarbon group or a hydrocarbonwsubstitﬁted silvyl
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

formula (III), when the position of the carbon atom
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halogen-containing hydrocarbon group of 1 to 30 carbon atoms selected
from a phenyl group having, at at least one position of the 2-position and
the 6-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-positictland the 5-position, at 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

hawing:tve or mare«carhon atems, a chlosine algm, @1 broming atom.,.an .
iodine atom, a chlorine-containing group, a bromine-containing group and
e iodirre:containing groupy anaramatis hydeegarbon greup other:thana
phenyl group 15 having at least one substituent selected from a halogen
&bRTENS & iidégen coraininggroup, araliphaticr hydrocarban greup«
having at least one substituent selected from a halogen atom_and a
FAGg&R-Eontdifing” grotfp, SrkiPan AiG/elie g dFdtarboR grdlis havingrat o
least 20 one supstituent selected from a halogen_atom and a

o Eh g ounc o5 ThE Sb0eoate. R B, o 2
monadisperss, polyalefin ,gtpgﬁigpergdﬁ%%ggr or the olefin block

e

copolymer can be preparéd. 21 Another odimerit or}afﬁé" rﬁ)?écéis% for
m@@aﬂngﬁﬁl@eﬁmixwﬂneﬁa@%§d®gﬂeéhgﬂBﬁ¥“@HéxHﬂB@§§%ion and
the S-position, ét least one substituent selected Ffrom a
fluorine-containing group having one carbon atom and not
mcre 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 iodinewcontaining group,
an aromatic hydrocarbon group other than a phenyl group
having at least one substituent selected from a halogen
atom and a halogen-containing group, an aliphatic
hydrocarbon grou? having at least one substituent
selected from a halogen atom and a halogen-containing
group, and an alibyclic hydrocarbon groﬁp having at least
?ne substituent sélected from a halogen atom and a
halogen-containing group.

By the above process, for example, the nmonodisparse

polyolefin, the tapered polymer or the olefin block

copolymer can be prepared.



polymerizing an olefin of 2 to 20 carbon atoms in the 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 olefin
polymer having a functional group at the &fminal. 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 2tb @0 ¢arbeniatomsearid hdve different polymetizatiotparing an
reactivities, in the presence of an olefin polymerization catalyst
compri§ingthe abBvemeRtsHed- 15 tlansitioh retalrcomourit prepare
a tapeé?g}lggllymer containing a segment wherein composition of two or

more ‘Mohomers 28ntiudlisly cRafges: A Stiff furfisréibdirfent ot thge
procg$%g%rngée%afirclgna% Ieeii{lnpolgq]era accor( in% to the invention 20
ri i % ing 1), the ToNowing

comprises conducting the following stép step (2 ahgrising

sptionally . thefollpwing step. (3).Qf a arbitraryhumber of times, 1o,

prepare an olefin block copolymer comprising plural polymer blocks; ;(]f)efare
stepofpolymetizingat teast aneiolefing25 selestadfrtom olefips 0f 21020 it n

carbon atoms in the 22 presence of an olefin polymerization catalyst
compridiig Cthecaloved ifeitioned traisitian metalcompoundtepreparan
clefin polymer héving a functional group at the terminal.
A further embodiment of the process for preparing an
10 oclefin polymer according to thé invention comprises
p?;ymerizing at least two clefins which are selected from
olefins of 2 to 20 carbon atoms and have different
- pelymerization reactivities, in the presence of an olefin
polyﬁerization catalyst comprising the above-mentioned
16  transition metal compound to prepare a tapered polymer
containing a segment wherein composition of two or more
monomers continuously changes.
A still further embodiment of the process for
preparing an olefin polymer according to the invention
290 qpmprises conducting the following step (1), the
following step {2}, and optiocnally, the following step
{3} of an arbitrary number of times, to prepare an olefin
block copolymer comprising plural polymer blocks;
(1) & step of pelymerizing at least one olefin

25 selected from clefins of 2 to 20 carbon atoms in the
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a polymer block, (2) a 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 prepared in the st§|% (1), and (3) a step of polymerizing
at least one olefin 10 selected from 6lefins of 2 to 20 carbon atoms in the
presence of the polymer block prepared in the step (1) and the polymer
block pre ared in the step (2) to prepare a polymer block which is
Hifferen %:o -t polymer bIBEKS Brephféd ifthereviousistepmes Asstilly
rther odiment of the process for preparing an olefin polymer
%tl:(é:o%)i%g%o t %%%/gﬁt?gn Pcloarﬁps r%ézelsoﬁf;erﬁ%ﬁﬁ A CAPRTET Polynérsig e

Plefin block eopolymer by the above process and then bringing the
resulting (co)polymer into contact with a functional 20 group-containing

compound to preparea tapereskpalymey ok an elefin blaek copalymer
having a functional group at the terminal. A still further embodiment of the

processfor fpreparing Sivelefid polymeraccasding-todhenvention 25
comprises polymerizing an olefin in the presence of a 23 polymerization
RR&IFEWhich profmotes iRg polymierizatiorn okdn olefihand ferther: ) to

conductin% oIefif L .
prepare polymer block which is different from the

polymer block prepared in the step (1}, and

(3) a step of polymérizing at least one olefin
sélected from olefins of 2 to 20 carbon atoms in the
p;esence of the polymer block prepated in the step (1)
aﬁé the polymer block prepared in the step (2) to prepare
& polymer block which is different from the polymer
blocks prepared in the previous step.

A still further embodiment of the process for
preparing an olefin polymer according'to the invention
cbmprises preparing a tapered polymef or an olefin biock
copolymer by the above process and then bringing the
resulting (co)polymer into contact with & functional
gfoup~containing compound to prepare a tépered 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

comprises polymerizing an olefin in the presence of a
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polymerization by the use 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 one compound selected from, for
example, hydrogen, an organoalumin@® compound, an organoboron 10
compound, an organozinc compound, an organosilicon compound, an
organocadmium compound and an organolead compound. The olefin
pelymerizatien catalystuserinthe ebevey pracess ds,1for example, an
olefin polymerization 15 catalyst comprising the above-mentioned
trardition netak compouri Thesdalymen praducedkin theraboveiprocess: fin
is, for example, the monodisperse polyolefin, the olefin copolymer, the
tapered BENATE GIIthBDISMTDIbER EdpdlymEady it thoprotess féry

preparing an olefin polymer, it is preferable that the olefin polymer
obthTaH Bifore THA GHANT T ARSFer réactith Helor the et Boljmer

ine

ol%tgibnae gfgertpg in sferr céipo is the monodisperse polyolefin,
the olefii]rgl] copglymg%?%heyzgg?%ér%% o?r} er or ?ﬁ}éa&%f%p%léﬁckgny lef

cepplymerandit is-24 -motre preferable that the olefin polymer obtained
before the chain transfer reaction and the olefin polymer

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
compound, an corganozinc compound, an organosilicon
c?mpoumd, an organocadmium compound and an organolead
compound.

The olefin peclymerization catalyst used in the above
process is, for example, an clefin polymerization
catalyst comprising the above-mentioned transition metal
compound} The polymer produced in the above process is,
for examplé, the monodisperse polyolefin, the olefin
copolymer, the tapered polymer cor the olefin block
copolymer.

N In the process for preparing an clefin 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
monodisperse polyclefin, the olefin copolymer, the

tapered polymer or the olefin block copolymer, and it is
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obtained after the chain transfer reaction are each the monodisperse
polyolefin, the olefin copolymer; 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

MB@@ﬁQBe%%§§§iéW€H¥%F§NéCEﬁ%%XH“Q&?HJéQ*Eé@&%@i@9§é9@?%

olefin polymers according to the invention and “the processes for
preparing the-pelymess are-descriieding detadl hereipafter, Sihg meaning
of the term "polymerization” used herein 20 is not limited to
Sharmbpelynadrizationt buthwaircomprehead icopolyimerizationt aAlsos the
meaning of the term "polymer" used herein is not limited to "homopolymer
BobtHay eehiteReAd cespolymeth T he lotétim pelynver (rroriodisperse
gggolefi 1) in one 25 embodiment of the invention is a polymer of at least
n

e GI&HH EBIB T o018 372 B 26 £ arEIP Ai6TRS -(soThEtimes
reewed toas pleins’ herinatien), This olefin palymer may be a polymer
' to r 56

of one olefin selected from olefins o carbon atoms or ﬁﬁy b-e a
f@RdoMen and the. olefin polymer obtained after the chain

transfer reaction may be the same as esach other.

BRIEF DESCRIPTION OF THE DRAWING

. Fig. 1 is an explanatory view showing steps for

preparing an olefin polymerization catalyst which is

occasicnally used in the present invention.

BEST MODE FOR CARRYING QUT THE INVENTION

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

The meaning of the terﬁ "poiymerization"™ used herein
ﬁs not. limited to "homopolymeriéation" but may ccmprehend'
"copolymerization"., Alsc, the meaning of the term
"polymer" used herein is not limited to "homopolymer™ but
may comprehend "copolymer”.

The olefin polymer (monodisperse polvelefin) in one

embodiment of the invention is a polymer of at least one



10

15

20

25

ng 9]
- mentioned; Examplas of stic

11155 &h)&lﬁl@rz%f’egtaﬁ% ]cgipoef %digngil,&%entadiene,

5 copolymer or a block copolymer of two or more olefins selected from
olefins of 2 to 20 carbon atoms. 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, I-butene, 1- pentene,
3-methyl-l-butene, 1-hexene, 4-methyREpentene, 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
atdra$ L sucteas cayelopientene, eyclohepiene, narbomene; 5-methyl:2:
norbornene, tetracyclododecene and 2-methyl-1,4,5,8-

dirhetiingre 2, 3,4 45 88a-octahylirdreafhthalener Vimyayclohexans, <
dienes and polyenes are also 20 employable as the olefins of 2 to 20 -
CAron- tdine VAR thB dieriSs 8r felpBlgenes, cyitic of ehiaim compouns

hgg!}nng %fg 0 carb%n gtgcmséa&d two or more double bonds can be
cSRPOGRIS PR Buthsienes isopraneiomn

exadiene. 26 1.4-hexadiehe. 1. 3-hexadiene, 13-d&tadieféefans

cotadiene il brogladiene; A H-getagdieng, dy7-octadiene,. gthylidene
norbornene, vinyl norbornene, dicyclopentadiene,

. 7-methylxk8rdctadienerdethylidenes of 2 to 20 carbon atoms

include:

straight-chain or branched a~clefins of 2 to 20
carbon atoms, such as ethylene, propyvlene, I-butene, 1-
péptene, 3~methyl-1~butene, l—héxene, 4-methyl-l-pentene,
3-methyl-l-pentene, l-octene, 1—deceﬁe, l-dodecene, 1-
tetradecene, l-hexadecene, l-octadecene and l-eicosene;
and

cycloolefins of 3 to 20 carbon atoms, such as
cyclopentene, cycloheptene, nerbornene, 5~methyl~2;
norbornene, tetracyclododecene and Z-methyl-1,4,5, 8~
dimethanoMl,2,3,4,4a,5,8,8a—octahydronaphthalene.

Vinylcyclohexane, dienes and péiyenes are also
%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 menticned. Examples of such
compounds include butadiene, isoprene, 4-methyl-1, 3~

pentadiene, 1,3-pentadiene, l,4-pentadiene, 1,5-hexadiene,
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5 8-methyl-l,7-nonadiene and 5,9-dimethyl-1,4,E-decatriene. 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, 3-3ghenylpropylene, 4-phenyipropylene

" and a-methylstyrene. The above olefins can be used singly or in

combination of two or more kinds. As the olefins, monomers having atoms
ather than: 15 eaghon and hydrogemare also-empleyabledn the dnvention.
Examples of such monomers include: a,13-unsaturated carboxylic acids,
sutheas aowylic lacidp methiaemylic adide fumakc acics maleit-anthydiidene ,
itaconic acid and itaconic anhydride, cycloolefin 20-carboxylic acids or
antiydiitestReFEOfPSUCHEAS ity R, 22y Bestefe-2,3-dicarboxylic
acid, and metallic salts thereof, such as sodium salts, potassium salts,

fthfaHT SERSAfE SERS magREIINT Salts and Catdififtrsalfs thehdr 277
Fhnsaiyatel cabexuiceston, ueh as rellu) genete, eliyl acid'e,,.

n-propyl acrylate, isopropyl acrylate, h-butyl acrylate, iSobutyl acrylate,
tent-bupyl acrylate 2ethyihenyl acylates methylmethackylate, S.ethyl

methacrylate, n-propyl methacrylate, isopropyl

olefins, and examples thereof include mono or
polyalkylstyreneé, such as styrene, o-methylstyrene, m-
methylstyrene, p-methylstyrene, o,p-dimethylstyrene, o-
ethylstyrene, m-ethylstyrene and p-ethylstyrene, 3-
p%@nylpropylene, i~phenylpropylene and m—methylstyfene.

The above colefins can be used simgly; or in
combination of two or more kinds.

As the olefins, monomers having atoms other than
carbon and hydrogen are alsc employable in the invention.

- Examples of such monomers include:

o, f-unsaturated carboxylic acids, such as acrylic
acid,'methacrylic acid, fumaric acid, maleic anhydride,
itaconic acid and itaéonic anhydride, cycloolefin
carboxylic acids or anhydrides therecf, such as
N .
bicyclo(2,2,1)-5-heptene-2,3-dicarboxylic acid, and
metallic sazlts thereof, such as sodium salts, potassium

salts, lithium salts, zinc salts, magnesium salts and

calclum salts thereof;



10

16

20

25

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 acrvlonitrile and

methacrylonitrile; ansaturated amides, such as.acrylamide, JREEERn Y]

.methacrylamide and N,N-dimethylacrylamide; 20 unsaturated ketones,

suchray Virtyt methyhKetane ang vinyhethyb ketones: yﬁgwqtegs%ggrgp vl
such as methyl vinyl ether and ethyl vinyl ether; functional
grotpreortaming styrené derivaiivess 25 suth agImethoxySyEeN8a r+ byt
ethoxystyrene, vinyl benzoate, 28 methylvinyl benzoate, vinylbenzyl
acétate) Hydroxystfrené! i Ehlbrastyieht p-chiotdshirenetamtrylate,
divg% elnzmener}and vinyl group-containing heterocyclic compounds, such

as Novinylpyrrolidond.: NavinyleaPioole: afd vitdfgyriding.. 5iAQBasrare

m%ﬂ@éﬁ$%§9§§%¥vt%§8g¥§§ methacrylate and isobutyl
methacrylate; |
vinyl ester;, such as vinyl acetate, vinyl
propionate, vinyl caproate, vinyl caprate, vinyl laurate,
vinyl stearate and vinyl trifluoroacetate;
- unsgturated glycidyls, such as glycidyl acrylate,
glycidyl methacrylatg and monoglycidyl itaconate;
halogenated olefins, such as vinyl fluoride, wvinyl -
chloride, vinylidene chloride, vinvl bromide and vinyl
iodide:;
unsaturated cyano compounds, such as acrylenitrile
and methacrylonitrile;
unsaturated amides, such as acrylamide,
methacrylamide and N,N-dimethylacrylamide;
. unsaturated ketones, such as vinyl methyl ketone and
vinyl ethyl ketone;
unsaturated ethers, such as methyl vinyl ether and
ethyl vinyllether;

functional group-containing styrene derivatives,

such as methoxystyrene, ethoxystyrene, vinyl benzoate,
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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 dhe 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-case of v for example.can elefip.polymer composadetplural Palymer , ren e,
blocks, the olefin consisting of only carbon and hydrogen may be
cantained:in anyane: of the pdlymerhioeks. Eheimonedisperse polyolefin.g
desirably has a number- 20 average molecular weight of not less than

500, preferably 8§00 107,006,000 nore preferalsly 150001 6,000;00Guch
and Mw/Mn of not more than 1.5, preferably not more than 1.3. The
weightlavéragerbiectidngight! ikercaveiagel o5 #clesdmy Weightdine .
and Mw/Mn (Mw: weight-average molecular 29_weight, Mn: .
number-%g:/eraegaés%oﬁg’c%Ié)rlv%gl%%t)sfrger%tég ureeh an® ctefins

orthedichiorohenzene solventat 140C by means of: GPC (gel permeation

chromatography) . The polymer molecular weight obtained is converted to
a syalgcuarbaveightintesmspipolystyeene by ajiniversat method.

limitaticn on thé guantity ratio of the olefiin consisting
of only carbon and hydrogen to the whole colefins, but for
example, the ratic is not less than‘S % by mol and not
more than 100 % by mol basead on thé whole olefins. By
the expression Tat leaét one clefin" is meant that.at
least one kind of an blefin consigting of only carbon and
ﬁydrogen is contained in the whole olefin polymer of the
invention, 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 one
cf the polymer blocks.

lThe monodisperse polyélefin desirably has a number-—
?verage 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 mcolecular weight, number-average

molecular weight and Mw/Mn (Mw: welght-average molecular
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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 termsgof polypropylene. The parameters
used are as follows. Polystyrene standard sample: K=0.000137, a=0.686
Polyethylene: K=0.000326, a=0.77 15 Polypropylene: K=0.0001, a=0.8

T@@iragl&ingmginm&m@ge§ugi99§e0'w%é&f@%a}% gdn a stream of sured
m la

nitrogen under the heating rate conditions of I0C/min-using A'differen

staneingoealpdmeian (863,20 Thed3G-NMRmeasyrement and. , ;-
analysis can be carried out in accordance with a method hitherto known.
Literatureslopthent3CiNMR measurement and analysisare ygiven below.
1) L.P. Lindeman, J.Q. Adams, Anal. Chem., 43, 1245 25 (1971) 30 2)
FIR I B6Vey MG 1SatchbAa Zaatbells Macromolecules, 2 762 61974) B)
J.C..Rg@dall, Macromolecules, 11, 33 (1978) 4) A. Zambelli, P. Locatelli,
G B0 5 Macromidlectley 125 1EAFE§78)y 2 universal method.

When the resulting polymer is monodisperée polyethylene
Or a moncdisperse ethylene/preopylens copolymer, the
molecular weightlis calculated in terms of polyethylene,
and when the resulting polymer is another polymer
{tapered polymer,loiefin block copolymer), the molecular
weight is calculated in terms of polypropylene. The
parameters ussd are as follows.

Polystyrene standard sample: K=G.000137, a=0.686

Polyethylene: K=0.000326, a=0.77

Polypropylene: K=0.0001, 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 (DSCYH.

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

{1971
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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. Tsutsuli,
A. Mizuno, N. Kashiwa, Polymer, 30, 428 (1989) 9) T. Tsutsui, N.
Ishimaru, A. Mizuno, A. Toyota, N. Kastiwa, Polymer, 30, 1350 (1989) 15
Preferred examples of the monodisperse polyolefins according to the
invention include polyethylene, HDPE, LLDPE, polypropylene,

polybutene, @ homepelymenofd- penteng,, 1-hexerert-pctene, 1-decene
or the like, a copolymer of ethylene and propylene, a copolymer of 20
ethylenerand aniodefin 6f, 4 16 20 (ca¥bon atoms, and a copolymer of
propylene and an olefin of 4 to 20 carbon atoms. In these examples,
polyethydene’is‘an EBthytenel pdianephavingd esmohbmericonténtof less
than 0. 01 % by mol, HDPE is an ethylene copol mer containing as a 25
comonofer‘c on‘?ﬁéﬁé‘?&]aﬁ’olgﬁn%‘?%aﬁeécérb -atomi< 31 preferably
pr&)é(lene %a:ne or%; hei<§nedn9 amount of not less than 0.01 %
Bss

by mol Omd Yan 3 by moI LDPE is an ethylene copolymer

contamngg ag a Iggmor}@g&qromggggggan plefingf:3 1 §-La@rbon atoms,

5 preferably propylene 1-butene or 1-hexene, in an amount
6) N. Kashiwa, B. Mizuno, S$. Minami, Polym. Bull.,

12, 105 (1984}

7) P. Rmmendola, L. Cliva; G. Gianotti, A. Zambelli,

Macromoliecules, 18, 1407 {1985} |
. g} T. Tsutsui, A. Mizuno, N. Kashiwa, Polymer,‘BO,
428 (1989) |

2) T. Tsutsui, N¥. Ishimaru, A. Mizuno, A. Toyota,‘N.
Kashiwa, Polymer, 30, 1350 (1988)

Preferred examples of the monodisperse polyolefins
according to the invention include polyethyléne, HDPE,
LLDPE, polypropylene, polybutene; a homopolymer of 1-
pentene, l-hexene, l-octene, l-decene cor the like, a
copolymer of ethylené and propylene, a copolymer of
ethylene and an olefin of 4 to 20 carbon atoms, and a
copolymer of propylene and an olefin of 4 to 20 carbon
atoms. In these examples, polyethylene is an ethylene
polymer having a comoncmexr content of less than 0.01 % by

mol, HDPE is an ethylene copolymer containing as a

comonomer cemponent an olefin of 3 to 8 carben atoms,
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of not less than 3 % by mal 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- octane and 1-decene; dienes, such as butadiene,
isoprene, 10 1,4-pentadiene, 1,5-hexadiene and 1,7-octadiene; aromatic
vinyl compounds, such as styrene; and-tycloolefin 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 dessetitan 12 18,9 by:mol, angir othergases; the.ecemongmer content.
is not less than 0.01 % by mol. Of the above examples, the copolymers
rdy tontair sene temofofer orimayrcOntaintiwe: 6 MOt COMANAers: 1 ,
Of the-above polyolefins, preferable are 20 polyethylene, HDPE, LLDPE,
gl bropyiehel poRButdiey ban ettyferal propyleredopgalymer zan a

ethylene/butane, copolymer and an ethylene/hexene copolymer, an
h%ll /b I d_an ethylene/h I d

particaiany préfdrasiB dré HoPR ! EEBPES hol ptepyieré Fpskbateries an

hylepe/propylene copolymer, an 32 ethylene/butene copolymer and an
ghylene/hexgeng cggcg)%r%{é'r. %%to%%%igp%rze DTSN OF thE inGaRiBH

Is Prederably-a pehimerofetiylene which has anumber- 5 average, .
molecular weight of not less than 110,000, preferably 110,000 to
000,000, morerprefelaldly 150800 to 20 carbon atoms include
ax-clefins, such as l-butene, l-pentene, l-hexene, 1-

octene and l-decene; disnes, such as butadiene, isoprene,

~1,4-pentadiene, 1,5-hexadiene and 1,7~octadiene; aromatic

vinyl cempounds, such as styrens; and cycloclefin
. .

compounds, such as tetracyclododecene, norbornene and

~methyl norbornene. When the comonomer is an olefin of 3

te 8 carbon atoms, the comonomer content is not less than
1C % by mol, and in other cases, the comonomer content is
not less than 0.01 % by mol.

Of the above examples, the copolymers may contain
one comonomer or may contain two or more comonomers.

Of the above polyolefins, preferable are
Qolyethylene, HDPE, LLDPE, polypropylene, pelybutene, an
ethylene/propylene copolymer, an ethylene/butenes.
copolymer and an ethylene/hexene copolymer, and
particularly preferable are HDPE, LLDPE, polypropylene,

poiybutene, an ethylene/propylene copolymer, an



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 1.5, jeferably 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-ofinol dess:than-500 preferably=500 t0n16,000,000: margene
preferably 1,000 to 5,000,000, Mw/Mn of not more than 1.5, preferably
not mgre tlvare 4.3, and 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
ethylene/pFopyIERE eBpolAiEr thie Bifiylehé Boffertis piafarably Abt less
than 60 % by mol, more preferably not less than 70 % by mol. The

monRUdiSFErsE polyolEfirt dF fife iMbefitith hiaifbd ™25 Bofided fo BHer® =~
struggyg@ parts_within limits no detrimental.to the gbjects of t

invention. he%ﬁf:c))j[yerﬁ}al;L ao% the %rgve%ti%% nqgﬁ;' béeaS Sra%%r%w%d?fﬁe%’%?lgmer.
Theglefin palymenaccosding:tg the Imventionds, fenrexameles2an1y 150, 000
copolymer of at least two olefins selected 5 from olefins of 2 to 20 carbon
atoms, whichhasia nuarenavatage moeleculapweightaf not lessthaerably
500, preferably = :

not more than 1.3, or a polymer of at least cne olefin

[45]

selected from olefins of 3 to 20 carbon atoms which has a
10 number-average molecular weight of not less than 500,
p%gferably 500 to 10,000,000, more preferably 1,000 to
5,000,000, Mw/Mn of not more than 1.5, preferably not

mere than 1.3, and a melting point of not lower than 70°C.

In case of a polymer of propylene or l-butene, this

15 polymer preferably has a number-average molecular weight

of not less than 500, preferably 500 to 14,000,000, more
preferably 1,000 to 5,000,000, Mw/Mn of not more than 1.5,
preferably net more than 1.3, and a racemic diad {(z), as
measured by L3C-NMR, of not less than 0.85, preferably

20  not 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 nonodlisperse polyolefin of the invention may be

25 bonded to cther structural parts within limits not
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500 to 10,000,00,0, 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 herein is a polymer in which the comonomer composition gradually
changes from one end to the other end38f the polymer chain. This
polymer can be synthesized by polymerizing two or more 15 monomers
(e.g., ethylene and propylene) in a perfect living polymerization system
whréinitherchain transfer rgaition does not substantially take PIACE; ¢ 1 yme
When the living properties of the polymerization system is insufficient,
obtainibré i$ ot Apsrfect tapéredapolyrnét 204t Simikturslofieapolymers
having di{fgrent compositions. The living properties of the polymerization
system is jidged by'a Motelldr iSiGRE BistbutontiMwiMrEstther is,

resulting po er. When the living praperties of the polymerization
system is high arid a pce(?f)e%??’an.beé%rled)%gaﬁol et is produces tirvalaéorted

MwiMp is peaferably, pob 3¢ mege than,2.5, mare preferably not more th ger— |

1.8, still more preferably not more than 1.5 In the’above polymer, the
oraweresmenoniers are rselecteddram olefins)ef2 ta 20.carhen atlams. S ,p1

Specifically, they are preferably selected from ethylene, propylene,

1-Bltenes 1)periefe (lhexeneslheplensbid 1, 600 to 5,000,000,
and which is a 3§—called tapered polymer containing a
segment wherein composition of two or more monomers
continuocusly changes.

. The "tapered polymer" used hereiﬁ is a polymer in
thch the comonomer composition gradually changes frém
one end to the other end of the polymer'chain; This
polymer can be synthesizéd by polymerizing two or more
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 1is
insufficient,-obtainable is not a perfect tapered polymer
%ut a mixture of copolymers having different compositiéns.
The living properties of the polymerization system 1is
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

polymer is produced, the value of Mw/Mn is preferably not
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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 o.by mol.
Examples of the tapered polymers include an ethylene/propylene tapered
polymer, an ethylene/butene tapered pdlymer, an ethylene/hexene
tapered polymer, a propylene/butene tapered polymer and a
propylene/hexene 15 tapered polymer. The tapered polymer of the
imvertiontmay bethondetk to otherstriciurad pars within imits mot g 111

-detrimental to the objects of the invention, with the proviso that it has the

above spruefigeaThe polymerotthehiaweiticn 20 may be a graft modified
polymer. The olefin polymer according to the invention is, . for example, .
the folloWing polyiRer Arrelefinggolyrade which igta polymerceonsistingaafe
two or more kinds of monomer units, i.e., a monomer unit 25 Ml derived

Hom SR SIS bF3 15 20 darbofiat6ms? r%oat‘@?qgasta&ﬁ@?nonomer unit

t ) ntf m th omer u dw as the
ﬁ%v}%gipgggeg |es{F Iyleée[ RV ﬁ%é’k/lﬁ aE!&Fﬁzfan I ethyle”e’
rpaasured by 13CiINMR;, satisty the fellowing relations: 51 he
I>[MI'M2]/(2x[M1IX[M2]) (A) 1>[M1'M2]2/(4x[MI- MI]X[MZ M2]) (B)

l-octene, and they are more preferably selected from

Etene and

ethylene, propyléne and i1-butene. OCne of the monomers is
still more preferably ethylene, and the ethylene content
is particularly preferably not less than 30 % by mol.

. Examples of‘theltapered polymers include an
ethylene/propylene tapered polymer, an ethylens/butene
tapered‘poiymer, an ethylene/hexene tapered polymer, a
propylene/butene tapered polymer and az propylene/hexene
tapered polynmar.

The tapered polymer of the invention may be bondad
to other structural parts within limits not detrimental
to the objects of the invention, with the provise that it
has the above structure. The polymer of the invention
Tay be a graft modified polymer.

The olefin pelymer according to the inventien 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

M1 derived from an clefin of 2 to 20 carbon atoms and at
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wherein [M1] is a molar fraction of the monomer unit Ml, [M2] is a molar
fraction of the monomer unit M2, [M1M2] is a molar fraction of a unit in
which the monomer unit 10 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 M1 are adjaggnt to each other, and [M2.-M2] 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 the proviso that [MI]+[M2]=1.0

and B2k IMEMEEHM2iM2]51.0. When the manamer, unit ML and, the
monomer unit M2 are contained in the polymer chain at statistically
remneons, - theiprobability of oseureencezaf [MiM2) becomes 20 2xEMIx[M2]
The reason of multiplication by 2 is that [M1-M2] is strictly a molar fraction
of unitst8f.thé2 totall SFLHE INII-MPZ4imitszand thé:V2ahd uhits.) The srelation
(A) indicates that the units wherein the monomer unit M1 and the
RioRTa LMt M2 sretidjaceritare 0% dortaified inamauntssmakerdhan

those in.the case wheyre hey are contained at statistically random.
Cang SR A prion o i

This means ]Thall? 3ntent of the monGier units Ml and a
portiomef high,gontent of H‘}ﬁ nﬂmgzu@it&s] IYIZ coexist in gne polymer

chain, and this phenomenon is 5 observed’in a tapered polymer or a block
palymein The;struciuee pbthe-olefin capelymer of the nonomer un it M1,
[M2]1 is a molar fraction of the monomer unit Mg, [M7-Mp]
is a molar fraction of 2 unit in which the monomer unit
M7 and the monomer unit Mz are adjacent to each other,
[gllmlj is a meolar fraction of a unit in whick the
monomer unit M1 and the monomer unit M1 are adjacent to
ééch other, and [M2-¥M2] is a molar fraction of a unit in
which the monomer unit M2 and the monomer unit M2 are
adjacent to each other, with the proviso that
[M1]+[M2]=1.C and [M1-Mp]+[M]-M1]+[Mp-Mp)=1.0.

When the monomer unit Mi and the monomer unit M7 are
contained in the polymer chain at statistically random,
the probability of occurrence of [Mj-Mp] becomes
%f[Mljx[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-M71 units. The
relation (A) indicates that the units wherein the monomer

unit Mi and the monomer unit My are adjacent are

contained in amounts smaller than those in the case where

+
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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 1.6, 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 sagsfying the relation (A) is intended
to be synthesized by the 15 prior technique, there is a possibility that a
polymer apparently satisfying the relation (A) can be synthesized by
changing-thefeed1atie between the monemerunitMi-and the monomers
unit M2 with time during the polymerization. In this case, however, the 20
pohymierzatiornt: fectivifie’ bf the moromercdnit VL avvd cthe:monomer Whit
M2 are different from each other, and consequently the reactivities of the
féet nforitfmérsehahige’ With fiABEAS A feSultRE SHEIPSte Ut Mw/N is
not obtained, differently from the present invention. 37 On the other
haREWhEn'd pBRaoraNtal vt isTRtendet e prafred by the
prlgr technlque the feed ra%)o b een the 2 monamer, un|t | and the
monomer unﬂ’lﬂ/lfi needs 16 be l?eﬁmcl:ons?ant durlng “the po ymerlzatlon in
5 order {, prevent change of the, reactivities of he feed ;mgromers with
time, so that the probability of occurrence of [MIM2] becomes equal to
2xMIbMP2ds angd i-beeamesy controlled, sc that the Mw/Mn of

the copolymer iskusually not more than 2.5, preferably
not more than 2.0, more preferably not more than 1.8,
still more preferably not more than 1.6, particuiarly
p?gferably not more than 1.5, most preferably not more
than 1.3.

When a tapered polymer or a block polymer satisfying
the felation (B) is intended to be synthesized by tThe

prior technique, there is a poésibility that a polymer

appareﬁtly satisfying the relation (A} can be synthesized

by changing the feed ratic between the monomer unit M1

and the monomer unit Mp with time during the

polymerization. In this case, however, the

polymerization reactivities of the monomer unit Mj; and
N

the monomer unit My 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

obtalned, differently from the present invention.
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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), more preferably the following relation (A-3).
0.95zjMI-M2]J/(2x[MI]x[M21) (A-2) 15 790Z[MI.M2]/(2x[MI]x[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-M2T is-&tricty amokni20, fradtion of ynits,afthedeotabof the M1M2 .
Unlts and the M2-Ml units, so that the probability of occurrence of the
MASRIE Gt ﬁ/ﬂe%nEﬁ@ﬂ?@?ﬁﬁnéb’uﬁlﬂﬂI@ﬁcﬁlloww:bylﬂmﬂnom@r@elf@@l&

M2-and the probability of occurrence of the M2-MI unit wherein the
monomer unit M2 |£}§ollov§e(§>%ylihe S5 MohofTE? UMtV BECHMmET M2

MIsM2142, e terminal %8 0 th oI er is the monomer unit Ml
and after th\lggm%%]%?ngél?}l%t etmgfhlomrg rﬁﬁw%ﬁﬂﬁ%@ﬁbﬁéﬁ@%mwz

isrinserted tg pradupe ai-MLunit or a MEM2 unit and beside when the

polymerization proceeds at statistically 5 random, t e ratio D w%%n eed
bevarrences ot thosemmjtssagraestwith the ratiobetyveen [Mil and [M2L. |

Jeatjs, {pgmolat factions satisly ihe folowing relation (6-0-
2!, and it becomes
impossible to satisfy the relation (A).

in the present invention, it is possible to
precisely géntrol the polymer structure even when the
r?gctivities‘of the feed monomers change with time. The
relation (A) is preferably the following relation (A-2),
more preferably the following.relation (A-3).

0-952[M1‘M21/(2X[M1]¥iM23) (B-2}

0.902 (M1 *Mp1/ (2% [M1]i%[M2]) (A-3)

The relation (B) is a relation to verify the
contents described with respect to the relation (&) with
muich higher accuracy.

As described above, [M1-M>] is strictly a molar
fraction of units of the total of the Mi-M7 units and the
M2~M1Iuﬁits, 80 that the probability of occurrence of the
'Ml—Mg unit wherein the monomer unit M1 is followed by the
meonomer unit M2 and the probability of occurrence of the

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

monemer unit M7 bhoth become {M1-M2}/2. When the terminal
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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 and after this monomer
unit the monomer unit Ml or the monomer unit M2 is inserted to produce
a M2-Ml unit or a M2-M2 unit and besides when the polymerization
proceeds at statistically random, the 18&atio between occurrences of
those units agrees with the ratio between [MI] and [M2]. That is, the molar
fractions satisfy the following relation (B-0-2).

([ M2]2)M2M21=[MEL|AMR ] :(B:B:2): :That is, when the polymerization

. proceeds at 20 statistically random, the following relation (B-0) wherein

botsides ofthd rélatons (BH0:1) and (BM-2pare ultipliedis giveni t M2
1=[MI'M2]2/(4x[MI'MIIX[M2'M2]) (B-0) The aforesaid relation (B) indicates
thiat tHé BiRits 2% Wheri tHE tndhoMerinit Vi and tiie HHonemeririt e
are 39 adjacent are contained in amounts smaller than those in the case
whgfe fiiey dreprodifcet atStastically FandRC IS nidansthit fHet cally
pﬁ%)r?(?”@ﬁy o{gongjggq%s glg’gﬁti%% oéct:rée I;@mehkind of comonomers at the
terminal of the 5 ponFLner 5 an%er than the G|c'):iflo‘bea%ilﬁy of w?s%?ti&?bfts
differentkinds of camongmeysratihe terminahofthe pelymer end thata
tapered polymer or a block polymer can

the molar fractions satisfy the following relation (B-(0~-

1.
([M1-Mp] /2y / (M3-M1l=(M2]/(M]1] (B-0-1)
On the other hand, when the terminal of the polymer

is the mconomer unit My and after this monomer unit the
T

monomer unit M3 or the monomer unit M2 is inserted to

produce a Mz-M1 unit or a Mz2-M2 unit and besides when the
polymerization proceeds at statistically random, the
ratio betwesen occurrences of those units agrees with the
ratio between [M31] and [M2]. That is, the molar
fractions satisfy the following relation (B-0-2).

((M1-M21/2)/[M2-Mzl=[M1]/[M2] (B-0-2)

That is, when the polymerization procseds at
gﬁatistically random, the following relation (B-0)
wherein both sides of the relations (B-0-1) and (RB—-0-2)
are multiplied 1s given.

1=[M1-M2] 2/ (4x[M1 M1Ix[Mp-M2]) (B-0)

The aforesaid relation (B} indicates that the units

wherein the monomer unit M7 and the monomer unit M2 are
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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 the copolymer is usually not more than 2.5, preferably not
more than 2.0, more preferably not more than 1.8, still more preferably
not more than 1.6, particularly prefer@8ly not more than 1.5, most
preferably not more 15 than 1.4. The relation (B) is preferably the
following relation (B-2), more preferably the following relation (B-3), still
fbré praferably the following réfationdBr4)s mueh mare-preferablysthe;
fallowing relation (B-5), particularly preferably the following relation (B-6),
50 MG& Prefdtably thedlicWingreRtions®-7) statistically random.
95>[M1'M2]2/(4x[MI'MNx[M2'M2]), (B-2)
8Qﬁﬁ{mﬁﬁﬁﬁ2é:ﬂ:|$ﬁ%q @B% %§y of continucus insertion

9@%&4'%’&%@’&%%WX@%%%’%%%B%%ESW@ terminal of the

0.80>[M1M212/(4x[M1'M1]x[M

bt -M2] 2/ (A MFEMIEVI2}M2]) éﬂﬁgﬁlity of insertion of

0.70>[MIM2]2/(4x[MI-MI]x[M2-M2]) (B-7) The reason why a polymer

Havifgeesimal MawAVin Vatuenandsatisfying the-relation (B); syeh asthe

tapered polymer of the invention, cannot be produced by the prior 5
RAtAetdsiiie astheseasbrrwhyre polymer satisfying therelation n

1()%) cannat by produced. It is detected by 13C-NMR that in the tapered

synthesized with precisely controlling the structure.

| The structure of the olefin copolymer of the
invention is precisely controlled, so that the Mw/Mn of
t?g copolymer is usually not more than 2.5, preferably

not mere 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 preferably not more
than 1.4. The re;ation (B) is preferably the-fdllowing
relation {(B-2), more preferably the following relation
{B~3), still more preferably the following relétion (B-4y,
much more preferably the following relation (B-5),

particularly preferably the following relation (B-6),

most preferably the following relation (B-7).
&

0.95>[M1-M2)2/ (4x[M1-M1]1x[M2-Mo]) (B-2)
0.90> (M1 Mp12/ (4% (M1 M1]x (M2 M2]) (B-3)
0.85>[M1-M2]4/ (dx M1 M1]x[M2 Mp]) (B-1)
0.80>[M1-M2]2/ (4x[M1-M1]x[Mg-Mp]) (B-5)

0.75>[M1-M212/ (4x[M]-M1]x{M2 Mp]) (B-6}



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 sequence of two or more continuous monomer units Ml are both
present in the polymer chain. Such a tapered polymer structure was not
analyzed by 13C-NMR in the prior art, and 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 polymer-the isglated mangmer upit Ml s hot; detected but qnly a

sequence of two or more continuous monomer units Ml is detected. 20 In

the tapered:palymes stiyctue made eleas byithe s present invention farthe, | o

first time, it is preferable that a sequence of two continuous monomer
unitsaMband a1 séguencecakthree ot inore @ONfiNEOLUE naenemer tajs Mig

are detected. That is, it is preferable that three units of 25 an isolated
mon&neYiaE ML atiit composéd ot twe Al otohtingousimononier urits prior
%/II and a unijt composed of three or more monomer units Ml are detected

By 13ENMREEheSsafe FABSTRE nidiforhEfaAR MBhEtHeemBoRBEer

unit-M2, are 5 derived from the monomers previously given as examples of
tleS %e relation 1?%«53 annot %}%t%ﬁ&ﬁ?&erably

] 3]
the ofeaflns onZTL tog2 carbon atoms. monomer,
derived from+ is detected by 13C-NMR that in the tapered

éolym@r out of the olefin copolymers satisfying the
relations (A) and (B) and having Mw/Mn of not more than
10 2.5, an isclated monomer unit M1 and a sequence of two or
more continucus monomer units M1 are both present in the
polymer chain. Such a tapsred polymer structure was not
analyzed by 13Cc-nMR in the prior art, and it has been
made clear for the first time by the technique of the
16 . present invention which is capable of promoting extremely
precise polymerization.
On the other hand, in the block polymer the isolated
monomer unit Mi is not detected but only a seguence of

two or more continuous monomer units M7 is detected.

20 . In the tapered polymer structure made clear by the

present inventicn for the first time, it is preferable

that a sequence of two continuous monomer units M1 and a

sequence of three or more continuous monomer units M3 are

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

25 an isolated monomer unit M1, a unit composed of two
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ethylene, propylene, 1-butene, 1-pentene, 1-hexene, 1- heptene or
1-octene, and is more preferably derived from 10 ethylene. The monomer
unit M2 is preferably derived from propylene, 1-butene, 1-pentene,
1-hexene, 1-heptene or 1- octene, and is more preferably derived from
propylene or 1-butene. When the mofromer unit Ml is an ethylene unit, it
is 15 preferable that three units of an isolated monomer unit M1, a unit
composed of two continuous monomer units Ml and a unit composed of

three bnmare menomer unitstMl are detected by 13C;NMR at the sgm; e
time. Itis also preferable that an isolated monomer unit M2 and a unit 0
Eempesed bPtwoor moretcotinuans menemee ynits M2 argrdetgeted;at
the same time. That is, it is preferable that a sequence of two or more
EGftmubUBamethylene groups is detected by 13C-NMR and sequences of

one, t thlglee, four, five, and six or more methylene groups are 25 all
detected. Tt IS MOTE prétérable hattHe Mislar2apoRastons of Hie are

sequences of one, two, three, four, five and six or more methylene groups
arg cji%t%gtefgr%“ difterdiiAITES TReTACNMIR MEasirehentaneles of

analysiscan-he carried 5 gyt in.accordance with a method hitherto
known, as previously descrlbed?f e olefin ,copolymer can be favorably
used f@the moncomer unit M] is preferably derived from
gthylene, propyléne, i-butene, Il~pentene, I~hexsne, 1-
heptene or l-octene, and is more preferably derived from
ethylene. The monomer unit Mp is preferably-derifed from
propylens, i—butene, i-pentene, I-hexene, l-heptene or 1-
octene, and is more preferably derived from propylene or
1-butene. |

When the monomer unit M1 is an ethylene unit, it is
preferable that three units of an iselated monomer unit
Mi, 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 isclated monomer unit M2 and a unit
?omposed of two 0r more contiguous monomer units My are
detected at the same time. That is, iﬁ is preferable
that a sequence of two or more continuous methylenes
groups 1is detected by +3C-NMR and sequences of one, two,

three, four, five and six or more methylene groups are

all detected. It is more preferable that the molar
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various molding materials for films, sheets and blow molded products,
various additives such. as 10 compatibilizing agent and modifier, coating
materials and adhesives. The use application will be described later. The
process for preparing the olefin copolymer of the invention will be
described later. The olefin copolymer 4 the invention may have a 15
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 40 ire rohjectspidhe dnvention, with:the provisedhatihas theve
above structure. The polymer of the invention may be 20 a graft modified
poelymer Astherfunetioradllgrbapean avomatie 1y driecarbbadgroup, a
halogen atom, an oxygen-containing group, a nitrogen-containing group,
£sdifuricontaiifng §foup, a phosphorus-containing group, a metal
atom-containi@%gS roup or the like is preferable. 43 Examples of the
aromatic Hydrotarbon groaps iidiGae pABRYIZRApKET, ORI Biph&RyIyEed
andiantnd._ Examples of the,nalogen, alams,inglude flyring, chigrine.
bromine and iodine. 5 The oxygen-containing group Is, for exampﬁe, a

QEQUR; scantaining. 1 4o Sxygen atoms, but the later-described
heterocyclic compound residue is not included in this

The clefin copolymer can be favorably used for
varicus molding ﬁat@rials for films, sheets and blow
ﬁolded products, various additives such as
compatibilizing agent and modifier, coating materials and
a?besives. The use application will be described later.

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

The olefin copclymer of the invention may have a
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
obhjects of the invention, with the proviso that it has

the above structure. The polymer of the inventicn may be

graft modified polymer.

r

Az the functional greup, an aromatic hydrocarbon
group, a halogen atom, an coxygen-—containing group, &
nitrogen-containing group, a sulfur~containing group, a
phosphorus-containing group, a metal atom-containing

group or the like is preferable.



10

15

20

25

group. A group containing a nitrogen atom, a sulfur atom, a phosphorus
atom or a halogen atom, said atom being 10 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,
propoxy and butoxy; aryloxy groups, sééh as phenoxy, methylphenoxy,
dimethylphenoxy and naphthoxy; arylalkoxy 15 groups, such as
phenylmethoxy and phenylethoxy; acetoxy group; carbonyl group;
carboxyFgripi ester Yroup; antbracetyl grodpoMhemsthesroups include
oxygen-containing group contains carbon atom, the number of carbon
at%)glr?é‘%%n tﬂé%%@éf lof Useraly 1 izt goreferablntite:20h2Q The
nitrogen-contai insg %hrfoup is, for example, a group containing 1to 5

el

nitrogen Atons, but the [atér- YeSCABEd hetdtBcydliclesiipblnd Yasidue is

n@ﬂ@g@gqg’ irb@g}sm%oup F&(agmo@%é)f the nitrogen-containing groups
include amino group; a?ky?amino groups, such as 25 methylamino,

dimethylanaing -othylamino: propylaming, 44 butylaming and

cyclohexylamino; and arylamino groups, such as phenﬁgﬁlﬁ&ﬁblﬁarﬁﬁ%‘“}p

anemaphthidamino: The sulfurecondaining, gioup isnfor examnlg.a groun.

containing 1 to 5 sulfur atoms, but the later described 5 heterocyclic
cOmpBtAEYesiHBeds NP ifudedindiis groupe Examplesof the, +hi s
sulfur-containin% groups include sulfonato groups., such as
n%§ﬁﬁ%uﬁoﬁm%,oup containing a nitrogen atom, a sulfur atom,

a phosphorus atom or a nalogen atom, said atom being
directly bonded to the oxygen atom, is not included
e%?her. Examples of the orygen-containing groups include
hydroxyl group; alkoxy groups, such as methoxy, athoxy,
propoxy and butoxy: aryloxy groups, such as phenoxy,
methylphenoxy, dimethylphénoxy and naphthoxy; érylalkoxy
groups, such as phenylmethoxy and phénylethoxy; acetoxny
group; carbonyl group; carboxyl.group; estér group; and
acetyl group. When the oxygen-containing group contains
carbov atom, the number of carbon atoms is in the range
of usually 1 to 30, rreferably 1 tb 20.

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

groups include amino group; alkylamino groups, suéh as

methylamino, dimethylamino, ethylamino, propylamineo,
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trifluromethanesulfonato, phenylsulfonato, benzylsulfonato,
p-toluenesulfinato, 10 trimethylbenzenesulfonato,
triisobutylbenzenesulfonato, p-chlorobenzenesulfonato and
pentafluorobenzenesulfonato; sulfinato groups, such as methylsulfinato,
phenylsulfinato, benzylsulfinato, p-toluéfesulfinato,
trimethylbenzenesulfinato and pentaflurobenzenesulfinato; 15 alkylthio
groups; and arylthio groups. When the sulfur- containing group contains
canbonlatoim the mimbyerlef-earhoaratoms is:ia the yangg ahusually.k to
30, preferably 1 to 20. The phosphorus-containing group is, for example,
as2@yrégp ebatamiag Nt 5 phosphoruscatems, aadrexaniplesnthereof
include trialkylphosphine groups, such as trimethylphosphine,
tributylphoSpHine ki HHEYcioexy i oapine: riaryishGSpHITE grolsy roup
su%qlgsitriphewlphosghine} nd tritolgl hosphi+ne4“; phosphite 25 groups
(phosphido groups) such™2e histhyipRoEphits: 45~ sthyIphESphites ard 2ed
phemypbesphite; phasphanie acid sgroup; and phosphinic, agid,group, The
metal atom-containing group is, for example, a” group containifiig ah atom
of;silieen, akuminums bosen <5 zing.ormmageesivay of ametal. atom; sych as,
lithium, and examples thereof include a silicon-containing group, an
akidibanstontaining groww,c beron:zeantaining fooi, 8,

trifluromethanesﬁlfonato, phenylsulfonato,
benzylsulfonato, p-toluenesulfonato,
trimethylbenzenesulfonato, triisoEutylbenzenesulfonato,
pfghlorobenzenesulfonato and pentafluorchbenzenesul fonzto;
sulfinate groups, such as methylsulfinato,
phenylsulfinato, benzylsulfinato, p-toluenesulfinato,
trimethylbenzenesulfinato and pentaflurobenzenesulfinato;

alkylthic groups; and arylithic groups. When the suifurm

- containing group contains carben atom, the number of

carbon atoms is in the range of usually 1 %o 30,
preferably 1 to 20.

The phosphorus~containing group is, for example, a
'%roup_containing 1 to 5 phosphorus atoms, and examples
thereof include trialkylphosphine groups, such as'
triméthylphosphine, tributylphosphine and
tricyclohexylphosphine; triarylphosphine groups, such as

triphenylphosphine and tritolylphosphine; phosphite

groups (phosphido groups), such as methylphosphite,
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zinc-containing group, a magnesium-containing group and a lithium atom.
10. The silicon-containing group 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, tripropylsilyki45 tricyclohexylsilyl, triphenylsilyl,
tritolylsilyl, trinaphthylsilyl and methyldiphenylsilyl; alkyl- substituted silyl
ether groups, such as trimethylsilyl ether; silicon-substituted alkyl groups,
suctyas Hrimethyisilylmetbyk silicpn-supstituted an greups, 20.such as
trimethysilylphenyl; and hydrocarbon-substituted siloxy groups, such as
winsathylsHogy rOftheh hydrocarbon-substituted silyl groups, trialkylsilyl
groups, such as trimethylsilyl, tripropylsilyl and tricyclohexylsilyl, are
preferablé &6 “Phe &RPAINGRTESHRIINY Growris] for exampleaamgreyp =
containing 1.10.5 aluminum atoms. An example of the
dumihum-E5RGINIRG gFoup IPTATR? Grous iR is HydFRdgenarbakgn

roup, | hich_may have.a 5 substituent, a halogen atom or
%%e?ﬂ?\%%%%%%%wéhtaﬁﬁin% &%ESJl‘s,afic—’)?ré‘xg%%?e,aasg?o]u%“%‘dﬁtairﬁﬁ@i
&4 pdironaloms, An:examale of the poraR- confaining group is -BR2
group (R is hydrogen, an alkyl

aluminum-containing group, = boron-containing group, a

zinc-containing group, a magnesium-containing group and

0

Lithium atom.

The silicon—containing grﬁup is, for example, a
group containing 1 to 5 silicon atoms. Examples of the
silicon-containing groups include hydrocarben-substituted
silyl groups, such as phenylsilyl, diphenylsilyl,
trimethylsilyl, triethylsilyl, tripropylsilvl,
tricyclohexylsilyl, triphenylsilyl, tritolylsilyl,”
trinaphthylsilyl and methyldiphenylsilyi; alkyl~
substituted'si;yl ether groups, such as trimethylsilyl
ether; silicon-substituted alkyl groups, such as
trimethylsilylmethyl; silicon-substituted arvl groups,
%uch as trimethysilylphenyl; and hydrocarbon-substituted
siloxy groups, such as trimethylsiloxy. OFf thes
hydrocarbon-substituted silyl groups, trialkylsilyl
groups, such as trimethylsilyl, tripropylsilyl and

tricyclohexylsilyl, are preferable.
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group, an aryl group whicli may have a substituent, a 10 halogen atom or
the like). The zinc-containing group is, for example, a group 11 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, a 15 halogen atom or thetlike). 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, Eearyt groupwhich-may-have & subglityent, 8-20 balogen.atom or
the like). Examples of the olefin polymers having a functional group at the
termipal-ofithe mainchhirt includd polymers shaving a halogematdm, ar

Ehenyl group, a hydroxyl group, an alkoxy grogg, a carbonyl group, a

AFboXyIGrotip an5-astet oy, AP acety , 2htkylafids group, a
47 trialkylsilyl group, a trimethylsiloxy group, a dialkylaluminum group, a
AiliRyIB6TON @’%uﬁ%?f RIKZIRE * grotip® fithiurfi 57 Hhe iké Gt tHE Yerhnals @

ol palveinylene. HOPE. LLQPE, pabvpronylens, polybutene, a 5
h 1

omopolymer of 1-penterie, l-ﬁexene, 1-octéene, I-decene or the like, a

copolymer of ethylene and:propylene, ascorolymer of ethylene and an ..
olefin of 4 to 20 carbon atoms (e.g., a-olefins, such as 1-butene,

tpentenejdyg 1 to 5 boren atoms. An example of the boron-
containing group‘is -BR2 group (R is hydrogen, an alkyl
group, an aryl group which may have a substituent, a
halogen atom or the like).

; The zinc~containin§ group is, for example, a group
containing 1 ﬁo 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, a
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, =z
q§logen atom or the-like).

Examples.of the oclefin peclymers having a functional
group at the terminal of the main chain include polymers
having a halogen atom, a phenyl group, a hydroxyl group,
an alkoxy group, a carbonyl group, a carboxyl group, &n

ester group, an acetyl group, an alkylamino group, a
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hexene, 1-octene and 1-decene; dienes, such as butadiene, 10 isoprene,
1,4-pentadiene, 1,5-hexadiene and 1,7- octadiene; aromatic vinyl
compounds, such as styrene; cycloolefin compounds, such as
tetracyclododecene, norbornene and methyl norbornene), a copolymer of
propylene and the above-mentioned olafin 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

hydroxyligroup oF Bralkyizincgroup-at the teymingls of polyethylene,
HDPE, LLDPE, polypropylene, polybutene, an 20 ethylene/propylene

cepalyrhet, anethylenefbutene copelymerand an.ethyleag/hexeng kyizinc
copolymer. The olefin polymer having a functional group at the terminal of
theTfEpy chaii lcarrbecfavorably bsed 46r vardots addities suth as
com%atibilizing agent and 48 modifier, coating materials and adhesives.

THE UEE *apdiiction bt tie poliierwillberdesttibetnaterP Theprocass. a

for preparing the olefin polymer having  a functional group at the terminal
ot {7 i ehain Wil ' BS destibed Hir- THe' ol Polfifer i ARGHAEF o

erpRadiment ofdhe.ueqin isan glalip-lack capolymat comprising: ()
a polymer block obtained from at least one olefin selectedfrom dlefins of 2
toc2@ carpepatoms@ndiene and an olefin of ¢ to 20 carbon
atoms (e.g., a—oiefins, such as l-butene, l-pentene, 1-
hexene, l-octene and l—decéne; dienes, such as butadiene,
isoprene, 1,4-pentadiene, 1,5-hexadiene and 1,7-
og?adiene; aromatic vinyl compounds, such as styrene;
éycloolefin compounds, such as tetracyclododecene,
norbornene and methyl norbornene), a copolymer of
propylene and the abovemmentioned olefin of 4 to 20
carbon atoms, and the afgresaid tapered polymer.

Of these, particularly preferable are polymers
having a chlorine atom, a bromine atom, an iodine atom, a
hydroxzyl group or an alkylzinc group at the terminals of
polyethylene, HDPE, LLDPE, polypropylene, polybutene, an
%thylene/propylene copolymer, an ethylens/butene
copolymer 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



10 (ii) a polymer block that is obtained from at least one olefin selected
from olefins of 2 to 20 carbon atoms 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 comfpidsition, 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 20iaarben atemswarrgaybes tandon capalymeriofdwo ormorese
olefins selected from olefins of 2 to 20 carbon atoms. The olefin block
copaiymecmayfurthér have singlenar phirbl pblyntersslocks (i lintaddition
to the polymer block (i) and the polymer block (ii) In this case, the 25
block copalyfet f2Es°S forft oP Whierein¥d His a‘?‘nli‘ﬁ?édbrﬁﬁllyﬁf%o}ﬁ@vmg
prefer%%%/ 1108, rjgore referabI%/ 1 to 3, and t %|acent mer blacks

aredi

ACABI eadhGtRer The' ﬁolyﬁlzérpﬁpoc may ba” Bo%?ezrrbfwul

50ne.3 olefin selected.fram olefins of 2 to 20 carbon atoms or may be a
random copolymer of two or more olefins selected from olefins of 2 to 20

carbon atemps. Withe olefin black copelyamer: the-pelymrriklesk (i) ;and;the

polymer block (ii) are each preferably a polymer
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25

invention is an olefin block copolymer comprising:

(i) a polymer block obtained from at least one
olefin selected from olefins of Z to 20 carbon atéms, and

(ii) a polymer hklock that is obtained from at least
ong olefin selected from clefins of 2 to 20U carbon atoms
and is different from the polvmer block (i).

The polymer blocks different from each other are
those different in at least cne of primary structures of
polymers, such as moncmer type, éomonomer.type, Comonomer
compositicon, comonoﬁer content, comeonomer configuration
and sterecregularity.

The polymer bhlocks (i) and (1i) may be ea;h a
polymer of cone olefin selected from olefins of 2 to 20
Earbon atoms or may be a random copolymer of two or more
olefins selected from olefins of 2 to 20 carbon atoms.

The olefin block copelymer may further have single
or plural polymer blocks {iii} in addition to the polymer
block (i) and the polymer bleock (ii}. In this case, the

block copolvmer takes a form of (i)~(ii}~(iiiln, wherein



.10

15

20

25

10 block selected from the following polymer blocks (a), (b) 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 polyme#Block (b) is preferably a block of a
homopolymer of propylene, 1-butene, 1-hexene or 1-octene. The polymer
block (c) is preferably a block of an 20 ethylene/propylene copolymer, an
ethylenef1-buteneecopdlyer ramethylene/t-hexene copotymer, oman e
ethylene/1-octene copolymer. In the present invention, at least one
pBiErBIBEK (h) obtainedtrort ethyiéhe isseontamedrandithe polyraer
25 black (a) desirably has a number-average molecular weight 50 of not

€5 thah T 10,666 preférabR 166,000 to 10,000,000, more preferably

150,000,105 00$ 000 Mw/Mn of not more than 1.5, preferably not
more than 1.3, F@ A c?\?rgorﬁ}ént!\gnleld oféfin g%?yrﬁeP %ﬂ%geerxaor%p "% a

‘pelymrerwhereln anarbitrary Humaer.of polymer, b%kéa%@éﬁ%da%%@ %té

least one olefin selected from olefins of 2 to 20 carbon atoms are bonde
thespumbes-average: roolesularaveight (M) of:theavhkole PolyMers:isnot: - 4

less than 500, preferably 500 to 10,000,000, more preferably
from olefins of 2 to 20 carbon atoms.

In the olefin block copeolymer, the polymer block (i)
and the polymer block (ii) are each preferably a polymer
block selected from the following polymer blocks {a), (b)
a?@ {c):

{a) a polymer block cobtained from ethylene,

{b) & polymer block obtained from one g-oclefin
selected fﬁom a-olefins of 3 to 20 carbon atoms, and

{c) a polvmer block obtained from two or more o=
clefins selected from e-clefins 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 {(c) 1s preferably a block of an
%thlene/propylene copolymer, an ethylene/l-butene
copelymer, an ethylene/l-hexene copolymer or an
ethylene/l-octene copolymer.

In the present invention, at least one polymer block

(a) obtained from ethylene is contained, and the polvmer

block (a) desirably has a number-average moclecular weight
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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 gdlymer 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/ N is peeferdlily fesslthahtl 35 p 20fmoreopreferably le&sithan 1.30. In
case of a triblock polymer in which the number of polymer blocks is 3,
MM s Préterdisty fesstthaR™EBOY more préferablytless thdd 450254

In case of a multiblock polymer jn which the number of polymer blocks is 4
OF HaYB, Wi\ i€ Bretorabiy s thaFF2.b: ROt referABt fesd tan: -

1.80. Indine ahowe.olgfin blagk conolypers. gach polvmer 5f%|1(]');lé>ic%mple:

preferably selected from polyethylene, HD LDPE, a copolymer o

ethyleneand an.elefin-selectedrfrom:olefinggf, 3.0 20 ¢UPORAOMS )

(including dienes and cycloolefins), ata-polypropylene, iso-polypropylene,
syhspalypropylene, atcdpalymenokprapylene ard adnesomesd 0geletiad
from olefins of 4 to 20 carbon atoms (including dienes and cycloolefins),
ahél the BfordSafdpetedtons are bonded, the number-average

molecular weight (Mn) of the whole polymers is not less
than 500, preferably 500 te 10,000,000, more preferably
1,000 to 5,006,000, adjacent polvmer blocks are different
f;qm each other, the number-average molecular weight‘of
each polymer block is not less than 100, preferably 100
to 9,999,9§O, more préferably 500 to 4,989,500, and Mw/Mn
of each polymer block is not more than 2.5.

In the present invention, the number of polymer
blecks iz an integer of 2 or more, usually 2 to 16,
preferably Z 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,
more preferably less than 1.30.

In case of a triblock polvmer in which the number of
polymer blocks is 3, Mw/Mn is preferably less than 1.80,

more preferably less than 1.50.
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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 2d propylene/butene copolymer, a
propylene/hexene copolymer, and the 20 aforesaid tapered polymer.
Examples of the block polymers are given below. In the following
examples: polysthylene-HDPE: ineans groolefia rblogkweopelymer.wherein. .
a polyethylene block and a HDPE block are bonded, and if the polymer

bOLKTS BYE6olfHer 55 oftwh ot meremoniomes, suclbasiirably less
egp/é%ne//%cboylene 52 copolymer, its monomer configuration may be that
0

a raridom copofymér ora taperéd PofyméRapoleftfylene-HDPE,

polyeth)ﬂgngﬂé_[%@é olyethylene-ethylene/propylene copolymer, 5 )
poIyethylene-ethyleng%u%ﬁg%gpgl%nce)ﬁr, Cp%%étﬁ?f%ﬁ%ﬁet?@@heﬂ‘i’é)@ﬁ%f

cepelymers polvetbylanecetbylenelactene copglymer -
polyethylene-ata-polypropylene, polyethylene-%3(%/ri:-;}peof[)i;iSfr%)Tf)i}fae’nefflDl‘%L d

pblyetiyleneqropylenetbuiene €BROYME z na an clefin selected
polyethylene-propylene/hexene copolymer,

from olefins of 3 to 20 carbon atoms (including dienes
and cycloolefins), ata-polypropylene, iso-peolyprepylene,
syn-polypropylene, a copolymer of propylene and a monecmex

selected from olefins of 4 to 20 carbon atoms (including

dienes £ ' ' 1d € i
& and cycloolefins), and the aforesaid tapered

polymer.

Particularly preferable is a diblock polymer or a
triblock polymer in which each polymer block is selected
from polyethylene, HDPE, LLDPE, an ethylene/propylens
copolymer, an ethylene/butene copolymer, an
ethylene/hexene copolymer, an ethylene/octene copolymer,
étampolypropylene, syn-polypropylene, a propylene/butene
copolymer, a propylene/hexene copolymer, and the

%foresaid 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

of twe or more monomers, such as an ethylene/propylene



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, LL@?’E-etherne /prop ylene
copolymer, LLDPE-ethylene/butene copolymer, 20
LLDPE-ethylene/hexene copolymer, LLDPE-ethylene/octene copolymer,
LLOPRatadpdlypropylefe! THDPESYAsolysropylerieay be that of a
LLDPE-propylene/butene copolymer, LLDPE-propylene/hexene

copbRHTEr” etRRENeIPTdpyiEné chbpBhTst-éthyidREfuutene copolymer, 25

R D T o 53

ethylen ene copolymér-e ene copolymer,

ethylene/prapylene copplasizaia:polyprapylens, -gttylene/propylene

copolymer-syn-polypropylene, ethylene/propylene

5copplymer-propyleneibutene-copslyaes S-ethylepedpropylene
copolymer-propylene/hexene copolymer, ethylene/butene

" coppiyhyertéthy lenefhéxene cogblymer: ethylerdetbatene
copolymer-ethylene/octene copolymer, ethylene/butene

copBRM& ARl FaG pfogitertd ethRyEREMAUTSIRS L yme T,
corsimsn g Jocherehuere
copglymeseRropyleneljexena copolymer,, .

10  polyethylene~propylene/butene copolymer,
p?;yethylenefpropylene/hexene copolymer,

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

HDPE-ethylene/hexene copolymer,

15 HDPE-ethylene/octene copolymer, HDPE-ata-polypropylens,
HDPE-syn-polypropylene, HDPE~propylene/butens copolymer,
HDPE~propylene/hexene copolymer,
LLDPE~-ethylene/propylene copolymer,

LLDPE-ethylene/butene copclymer,

20 %LDPE~ethylene/hexene copolymer,

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

ethylene/propylene copolymer-ethylene/butene copolymer,

25 ethylene/propylene copolymer-ethylene/hexene copolymer,
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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 copolyni&t, ethylene/octene
copolymer-ata-polypropylene, ethylene/octene
copolymer-syn-polypropylene, ethylene/octene
Cﬁ%bW%aaeﬁﬁxwhﬂkﬁmﬂeﬂ@gﬂﬁ¥ﬁﬂﬂe@Q@yﬂ@ﬁ@W@%@gﬁgecopdlymer,
copolymer-propylene/hexene copolymer,

dta ol BPYIERB VAR pRop\ETRe; ~ 2t a ~polypropylene,

ene-propylene/butene copolymer,

atg—rpojryepro I
ata-po yp%ZéEﬁ@ydr%?IeﬁWﬁ%fCoﬁbmé%YPIOPY lene,
lypr 2Ne-Pro Iecrclje/b tene copolymer, 25 )
s%y%%gr%g%}irg ggrorg%lené?ﬁg%gﬁﬁ & CHPGINHET 54 Siiobie Remrdenes T
Ak X lymer '
Poyelhylene HEPE poyetyione. oyl STRSLT B R ARpRRET S

polyethylene-HDPE-polyethylené, poly
puiyethylenesethylenelpropylenerconalymerpolyethylene, o1 e o

polyethylene-ethylene/butene copolymer-polyethylene,
FoIyethylené-ethglenetrexenencopelymer-palyetiylens, copolymer,
pol eth%lene-ethylene'/octene copolymer-polyethylene,

SOl Ethy IR aEp6ly Fropiems poRyBipera ey lene,,

lyethylene-syn-polypropylene-polyethylene,
Stk G G

@@M§ﬁ%$%¥%ﬁ%gﬁgﬂgggg§?%%fgg@¥g§ié¥%#g9¥§£§’copolymer,

ephylene/butene copolymer-propylene/hexene copolymear,
ethylene/hexene copolymer—ethylene/octene copolymer,
ethylene/hexene copolymer—ata-polypropylene, |
ethylene/hexene copolymer—synmpolypropylene,
ethylene/hexene copolymer—-propylene/butene copolymer,
ethylena/hexene copolymer-propylene/hexene copolymer,
ethylene/octene copolymerwata—polypropylene,
ethylene/octene copolymermsyn—polypropylene,
ethylene/octene copolymer—~propylene/butene copolymer,
fthylene/cctene copolymermpropylene/hexene‘copoiymer,
ata“polypropylene-syn—polypropylene,
ata-polypropylene-propylene/butene copolymer,
ata—polypropylenEHpropylene/hexehe copolymer,

syn-polypropylene-propylene/butene copolymer,

syn—polypropylene-propylene/hexene cepolymer,



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-gyn-polypropylene-HDPE,
HDPE-propylene/butene copolymer-HDPE, 20 HDPE-propylene/hexene
copolymer-HDPE, LLDPE-polyethylene-LLDPE, LLDPE-HDPE-LLDPE,
LLORE-sifplene/piapyiaae copalymerLLDBE, NP alhyencluegs. .,
copolymer-LLDPE, LLDPE-ethylene/hexene copolymer-LLDPE, 25
LLDPE-ethylene/octene copolymer-LLDPE, 55
LLDPE-ata-polypropylene-LLDPE, LLDPE-syn-polypropylene-LLDPE,
LLDPEYREpylREAUERE copdlyaianitlDRE, LLDPE-propylene/hexene
copolymer-LLDPE, 5 ethﬁlgnne/propylene copolymer-polyethylene-

ethilen&fpropyIeREe copbRimer ensidnd/rspylene

-HDPE-ethylene/pi I I , ethylene/propylene
o P o S e T e OBy B
copgbimer-athylene/butene conalymers ethylene/propylene copolymer,

polyethylene~ethylene/hexene copolymer-polyethylene,

()]

polyethylene—eth?lene/octene copolymer-polyethylene,
polyethylene—ata—polypropylene—polyethylenef

10 polyethylene—syn—polypropyléne—polyethylene,
p?}yethylehe—propylene/butene copolymer~polyethylene,
polyethylene~-propylene/hexene copolymer-polyethylene,
HDPE-polyethylene-~HDPE, HD?EMLLDPEfHDPE,
HDPE—ethylene/pxoﬁylene copolymer~HDEE,

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

HDPE~ethylene/octene copolymer-HDPE,

HDPE-ata-polypropylene-HDPE, HDPE-syn-polypropylene-HEDPE,

BDPE-propylene/butene copolymer-HDPE,

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

25 LLDPE-ethylene/octene copolymer-LLDPE,
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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 copohimer-syn-polypropylene 20
ethylene/propylene copolymer, ethylene/propylene

copol

mer-propylene/butene copolymer- ethylene/propylene copolymer,

ethylené/propylens spalyrer-gropyiene/hexene copolymer-

hylene/propylene copo
‘?@B%Emé’ﬁﬁa%tﬁ%ﬂ@y

'mer-HDPE-ethylene/butene copolymer, ethylene/butene
EgB@gnggr?tDB} SE%T%W%%@M&SH@ cOPBIMEP Eithylene/butene

copo y

Ig[g:er, 25 ethylene/butene
Yreneiblitene 56 copolymer, ethylene/butene

copoelymersethylene/propylene C()é)o%%nng& 5 ethylene/butene copolymer,

ethylene/butene copolymer-etﬁ:ﬁ ne

exeﬁ%lé Pcﬁjlymer- ethylene/butene

copolyraer/ eityfiene/butens conelupereihylene/ogtene copolymer-

ethylene/butene copolymer, 10 ethylene/butene

Topohimeratacpolypropytens: Bihdene/butene copolymer,
ethylene/butene copolymer-syn-polypropylene-

copolymer,

ethylene/propylene
copolymer,

e?@yl@ne/propyiene
ethylene/propylens
ethylene/propylene
ethylene/propylene
ethylene/propylene
ethylene/propylene
ethylene/propylene
ethylene/propylene
ethylene/propylene
%thylene/propylene
ethyléne/propylene
ethylene/propylens

ethylene/propylene

ethylene/propylene

.ethylene/propylene copolymer*HDPE—ethylene/propylene

copolymer—LLDPEmethylene/propylene

copélymer~ethylene/butene copolymer—
copolymef,

copolymer-ethylene/hexene copolymer~
copolymer,

copolymer-ethylene/octens copolymer-—
copolymer,
copolymer—ata—poiypropylene—
copolymer,
copolymer—syn—polypropylene—
copolymer,

cepolymer-propylene/butene copolymer—
copolvmer,

copoiymer—propylene/hexene copolymer~

copolymer,

ethy}ene/butene copolymer—polyethylene—ethyiene/butene
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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, 20
ethylene/hexene copolymer-HDPE-ethylefe/hexene copolymer,
ethylene/hexene copolymer-LLDPE-ethylene/hexene copolymer,
ethylene/hexene copolymer-ethylene/propylene copolymer-
eth?l@‘:ﬁ@ﬁéﬁ@ﬁe copolymer ethylene/hexene copolymer-ethylene/butene
copolymer- 25 e lene/hexene copolymer, 57 ethylene/hexene

copolyHerBihyk Bmeﬁ%%WﬁeH%ﬁyléﬁémémmeppélym er,
ethylene hexene 0 olymera propylene- ethylene/hexene
X‘Teh {L qf)e er J%g%%%/ rjngf}/ §n9p é‘%ﬁ?l %ﬁene copolymer,

copolymer, yren y

eth%@@?i@@%@%@%&f%g”e/%%{]‘jﬁgr{g[ﬁ%%1 ene 'c%%} ymer-

copolymer-propylene/butene copo ymer- ne copo

ethyleneihexenewcepolymeppiopyene/hexene copolymer- 10
ethylene/hexene copolymer, ethylene/octene

copuiymerpelietinderc-ethyleneoctent: LOPOYMEkens copolymer-
ethylene/butene copolymer, |

ethylene/butene éopolymer—ethylene/octene copolymern-
ethylene/butene copolynmer,

ethylene/butene copolymer-ata-polypropyvlens—
e?@ylene/butene copolymer,

ethylene/butene copolymer-syn~polypropylene-—
ethylene/butene copolymer,

ethylene/butene copolymer-propylene/butene copolymer-
ethylehe/butene copolymer, |
ethylene/butene copolymer-propylene/hexene copolymer-
ethylene/butene copolymer,

ethylene/hexens copolymer-polyethylene-ethylene/hexene
copolymer,

%thlene/hexene copolymer-HDPE-ethylene/hexene copolymer,
ethylene/hexene copolymer-LLDPE~ethylene/hexene copolymer,
ethylene/hexens copolymer~ethylene/propylene copolymer-
ethylene/hexene copolymer,

ethylene/hexene copolymer-ethylens/butene copolymer-—

ethylene/hexene copolymer,
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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/octene copolymer-ethylene/butene
copolymer- ethylene/octene copolymeb, %ethylene/octene
copolymer-ethylene/hexene copolymer- 20 ethylene/octene copolymer,

ethylene/octene copolymer-ata-polypropylene- ethylene/octene
cEpdIyAer céthtenietoctene topelymersyrepolyprapyenecpo 1 yme r -
ethylene/octene copolymer, 25 ethylene/octene

COPOy M HBpyRNE /iR EBPSlymer 58 ethylene/octene copolymer,

edpit

I
copo

ata-polypx -HDPE-ata-polypropylene,
ata—pglypr%gﬁg%%%?ﬁgf?é?ﬁ%%

olymer-propylene/hexene copolymer- ethylene/octene

%’1%99%'&%0 2 vl
mer, ata-polypropyiene pofyetiyiehe-atpeRiptépaene, 5

Ypropylene,

eta-polyprepylenerethylene/piarylens copolymer:-atas pglypropylene,

ata-polypropylene-ethylene/butene copolymer-at-a-"10 polypropylene,
atd-polyprepylenesethylene/hexene copolymer-ata- polypropylene,

ethylene/hexens copolymer-propylene/butene copolymer-
ethylene/hexene éopolymer,
ethylene/hexene copolymer~propylens/hexene copolymer-
ethylene/hexene copolymer, |
thylene/octane copolymerwpolyethylene—ethylene/cctene
copolymer, -
ethylene/octene copolymer~BDPE—ethylene/octene copolymer,
ethylene/octene copolymer—LLDPE-ethylene/octena copolymer,
ethylene/octene copolymer—ethyiene/prbpylene copolymer—
ethylene/octene copolymer,
ethylene/octene copolymerhethylene/buténe copclymser-
ethylene/octene copolymer, |
ethylene/octene copelymer~ethylene/hexene copolymer-—
%thylene/octene copolymer,
ethylene/octene copolymer~ata-polypropylene-

- ethylene/octene copolymer,
ethylene/octene copolymer-syn-polypropylens-
ethylene/octene copolymer,
ethylene/octene copolymer-propylene/butene copdlymer—
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ata-polypropylene-ethylene/octene copolymer-ata- polypropylene, 15
ata-polypropylene-syn-polypropylene-ata-polypropylene,
ata-polypropylene-propylene/butene copolymer-ata- polypropylene,
ata-polypropylene-propylene/hexene copolymer-ata- polypropylene, 20
syn-polypropylene-polyethylene-syn-pa8/propylene,
syn-polypropylene-HDPE-syn-polypropylene,
syn-polypropylene-LLDPE-syn-polypropylene,
syhipblyprepyleherathylenelpropylene copolymer-syn- polypropylene, 25
syn-polypropylene=ethylene/butene copolymer-syn 59 polypropylene,
SGhiBONBIBPYhEISths R UTERENE EBPGH TG Lyek polypropylenss & -
S ypropylene-ethylene/octene copolymer-syn- 5 polypropylene,
s%gkpojl%rogé e%eé “Sta X p6lypropyfene-syn- polypropylene

. ne/buten I lene,
sgpaa%)éqrppy p;ggy%; ?hl%%r/]eco olymer- Syn Epf% ﬁsﬁ%ﬁ ene

syn-polypropylene-prop Ccopo yme%J syH Spylene,
riepylepedniens coapalymespalyethylensxnropyleng Jbut ene copolymer,
ata—polypropylene—LLDPEwata~po1ypropylene,
ata—polypropylene~ethylene/propylene copolymer—-ata-—
polypropylene, |

ataMpolypropylene—ethyienefbutene copolymer-ata-
rolypropylene,

'apgwpolypropylene—ethylene/hexene copolymer-ata-
polyprop?lene, |
ata—polyp:opyleHEMethylene/pctene copolymer~ata-
polypropylene,
éta~polypropylene~syn—polypropylene—ata—polypropylene;

ata~polypropylene~propylene/butene copolymer-ata-

_ polypropylgne,

ata-pclypropylene~propylene/hexene copolymer-ata-
pelypropylene,
%yn~polypropylene—polyethylene—syn—polypropylene,
syn-polypropylene-HDPE-syn-polypropylene,
syn-polypropylene-LLDPE-syn-polypropylene,
syn-polypropylene-ethylene/propylene copoelymer~syn—
polypropylene,

syn-polypropylene-ethylene /butene copolymer—syn~
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propylene/butene copolymer-HDPE-propylene/butene copolymer, 15
propylene/butene copolymer-LLDPE-propylene/butene copolymer,
propylene/butene copolymer-ethylene/propylene copolymer-
propylene/butene copolymer, propylene/butene
copolymer-ethylene/butene copolymerg 20 propylene/butene copolymer,
propylene/butene copolymer-ethylene/hexene copolymer-
propylene/butene copolymer, propylene/butene
copolyimeryathylene/octene copolymer- propylene/butene copolymer, 25
propylene/butene copolymer-ata-polypropylene 60 propylene/butene
Topolymien, propylene/butenel eoRONTBRESEN-PONPTIORYIENE 1, -
propylene/butene copolymer, propylene/butene :
e pRIpYlene/hexene copolymer- 5 propylene/butene copolymer,

Jrop lene/hexene copolymer-polyethylene-propylene/hexene copolymer,
oy lengMeXaHL FopoR AP BFoyierRekes "copaymer, 10
pQ!?Q}S'?Qﬁ”B%SQe copolymer-LLDPE-propylene/hexene copolymer,
propylene%exené copolymer-ethylene/propylene copolymer-

syn—polypropylene—ata—polypropylene—synmpolypropylene,

syn-polypropylene-propylene/butenea copolymer-syn—

polyproépylene,

syn~polypropylene—~propvlene/hexens copolymer—-syn-—

pol?pxopylene,
p;ppylene/butene
copélymer,
propylene/butene

copolymer,

propylene/butens

copolymer,

propylene/butene
propylene/butene
propylene/butene

propylene/butene
.,

" propylene/butene

propylene/butene
propylene/butene
propylene/butene

propylens/butene

copolymer—polyethylene-propylene/butene
copolymer—-HDPE-propylene/butene
copolymeruLLDPEﬂpropylene/butene

copolymer—ethylene/propyvlene copolymer—
copolymer,

copolymer—ethylene/butene copolymer-
copolymer,

copolymer—ethylene/hexene copolymer—
copclymer,

copo;ymexuethylene/octene copolymer—
copolymer,

copolymer—-ata-polypropylene~



propylene/hexene copolymer, propylene/hexene
copolymer-ethylene/butene copolymer- 15 propylene/hexene copolymer,
propylene/hexene copolymer-ethylene/hexene copolymer-
propylene/hexene copolymer, propylene/hexene
copolymer-ethylene/octene copolymer- prégylene/hexene copolymer, . 20
propylene/hexene copolymer- at a-polypropylene- propylene/hexene
copolymer, propylene/hexene copolymer-syn-polypropylene-
propyenehexend icopelymers; prapytene/hexene
copolymer-propylene/butene copolymer- 25 propylene/hexene copolymer,
61 pBietiyiens-HDPRENL DRED polyethyleme-HDREsthylenakpropylene
copolymer, polyethylene-HDPE-ethylene/but_ene copolymer,
polydthyiBHe HIBPRIG R ferethevereccopolymer, 5 :
polyetr%len?-HDPE-%tgxlene/oct ne copolymer

polye%hylgﬁe%ﬁ%?ata-peo

1yBFop

%F~propyiene/hexene copolymer-

polygthyleneHRPE:gy;po Y
polyg%hylgge-HDIZ%%%E)%Ie%%%%t)elﬁ%%’opolymer,

polyetliyiene-HRPERrapyleng/hexene-copolyety 10n. —ropyiene /hexene
polyethylene-LLDPE-HDPE, polyethylene-LLDPE-ethylene/propylene
copofyrierl yalyethylene-LLDPE-ethylene/butene copolymer,
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propylene/hexene
copolymer;

propylene/hexene
c?polymer,

propyvlene/hexene
pfopylene/hexene
propylene/hexene
propylene/hexéne
propylene/hexene
propyvlene/hexene
propylene/hexene
propylene/hexene
gropylene/hexene
propylene/hexene
propylene/hexene

propylene/hexene

"propylene/hexene

propylene/hexene

copolymer-HDPE-propylene/hexene

copolymer~LLDPE-propylene/hexene

copolymer-ethylene/propylene copolymer-
copolymer,

copolymer-ethylene/butene copolymer-
copclymer,

copolymer-ethylene/hexene copolymer-
copoclymer,

COpolymermethylene/octene copolymer-
copolymer, |
copolymer-ata-polypropylene-
copclymer,
copolymer-syn-polypropylene-
copolymer,

copolymer-propylene/buteans copelymer-

copolymer,
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polvethylene-LLDPE-ethylene/hexene copolymer,
polyethylene-LLDPE-ethylene/octene copolymer, 15
polyethylene-LLDPE-ata-polypropylene,
polyethylene-LLDPE-syn-polypropylene,
polyethylene-LLDPE-propylene/buteneggopolymer,
polyethylene-LLDPE-propylene/hexene copolymer,
polyethylene-ethylene/propylene copolymer-HDPE, 20

polyethylenerethylenefpropylene copolymer-LLDPE,

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

palyethylene:ethylenetfpropylenecepalymer-etindene/pexene copolymer,

25 polyethylene-ethylene/propylene copolymer-ethylene/octene 62

cdpolyragh polyethyleAe-ethilehelprdpylene copotymersata-
polypropglene, polyethylene-ethylene/propylene copolymer-syn= 5

palyIropyienes plyEtisféuihyierévrspyiens copbiyntar-
aBieelulets cnplrrer poheib/ene styenciropne
Palvetpvianc elilensiutene copplel-inED
polyethylene-ethylene/butene copo mer-L SBE polyethylene-ethylene
Ibgtene-copolymer-gtiniene/Propens onylene,
polyethylenewHDPﬁ~propylene/butene copolymer,
polyethylene~HDPEmﬁropylene/hexene copolymer,
polyethylene~LLDPE~HDPE,
p?%yethylene—LLDPEwethylene/propylene copolymer,
polyethylene~LLDPE-ethylene/butene copolymer,
polyethylene-LLDPE-ethylene/hexens copolymer,
polyéthyienePLLDPE—ethylene/Qctene copolymer,
polyethyiene-~LLDPE~ata~polypropylene,
polyethylene~LLDPE~syn—polypropylene,
polyethylene-LLDPE~-propylene/butene copolymer,
polyethylene-LLDPE~propylene/hexene copolymer,

polyethylene-ethylene/propylene copolymer-HDPE,

polyethylene-ethylene/propylene copolymer-LLDPE,
AN

polyethylene~ethylene/propylene copolymer-ethylene/butene

copolymer,

polyethylene-ethylene/propylene copolymer-sthylene/hexene

copolymer,

polyethylene-ethylene/propylene copolymer—ethylene/octene



copolymer, polyethylene-ethylene/butene copolymer-ethylene/hexene 15
copolymer, polyethylene-ethylene/butene copolymer-ethylene/octene
copolymer, polyethylene-ethylene/butene copolymer-ata-polypropylene,
polyethylene-ethylene/butene copolymer-syn-polypropylene, 20
polyethvlene-ethylene/butene copolynfé?-propylene/butene copolymer,
polyethylene-ethylene/butene copolymer-propylene/hexene copolymer,
polyethylene-ethylene/hexene copolymer-HDPE, 25
polyethylerre-ethylene/hexene copolymer-LLDPE, 63
polyethylene-ethylene/hexene copolymer-ethylene/propylene copolymer,
pEIgetryienet stk eridnesene espslyhfacethyienéiutens twopolymer, 5
pol_gﬁth Iene-gthgllene/hexene copolymer-ethylene/octene  copolymer,
p&ye fetie! %y?éne/hexene copolymer-ata-polypropylene,

p -ethyle xene copolymer-syn-polypropylene,
e el SR ed 10
cepalymerRalyethylene-ethylene/hexene copolymer-propylene/hexene
copolymer,

polyethylene~ethylene/propylene copolymer-

propylene/butene:copolymer,
polyethylenewethﬁlene/propylene copolymer-
propylene/hexene copolymer,

polyethylene—ethylene/butene copolymer~HDPE,
p?;yethylene—ethylene/butene copolymer-LLDPE,
polyethylene~ethylene/butene copolymer-ethylene/propylene
copolymner, |

polyethylene-ethylene/butene copolymér—ethylene/hexene
copolymer,

polyethylene-sthylene/butene copolymer—ethylene/odtene
copolymer,

polyethylene—ethylené/butene copolymer-ata-polypropylene,
polyethylenewethylene/butenercopolymer“synmpolypropyléne,
Qolyethylene?ethylene/butene copolymer-propylene/butens
copolymer,

poelyethylene-ethylene/butene copolymer—propylene/hexene
copolymer,

polyethyleneuethyiene/hexane copolymer-HDPE,

polyethylene-ethylene/hexene copolymer-LLDPE,
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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,
polyethylene-ethylene/octene copoly%r-ethylene/hexene 20 copolymer,
polyethylene-ethylene/octene copolymer-ata-polypropylene,
polyethylene-ethylene/octene copolymer-syn-polypropylene,

PoOREHNIERE N AERE et e E5FSIFMeTisrdpyie Aefbltene neofyolymer, 25
gglgvoelfh Igge-ethylene/octene copolymer-propylene/hexene 64

copolymer, polyethylene-ata-polypropylene-HDPE,

| -ata- | -LLDP
198}%&%9&8@&@@9%8% ?steﬂ%

polyethylene-ata-polypropylene-et

gb olymer- utene
eneipropyiene & eSS aier

popethylene-ata-polypropylene-ethylene/butene copolymer,
polyethylene-ata-polypropylene-ethylene/hexene copolymer,
polyethylenersatapalyropylene-ethylens/octene 0RO M. /octene
polyethylene-ata-polypropylene-syn-polypropylene, 10
PoRRthyIeRe-ata-polypropylene-propylene/butene copolymer,
olyethylene-ata-polypropylene-propylene/hexene copolymer,

%%?ﬁé@ﬁ@%ﬁ%%ﬁﬁb?féﬁﬂ@@?mlYmef‘ata"polyprOPylene,

polyethylene—ethﬁlene/hexene
polyethylenewethylene/hexené
copolyner,
po%yethylenenethylene/hexene
copolymer,
polyethylene—éthylene/octene

polyethylene~-ethylene/octene

polyethylene—ethylene/octene

copolymer,

polyethylene~ethylene/octene

- cepolymer,

polyethylene~ethylene/octeane
copolymer,

.
polyethylene-athylene/octene
polyethylene-ethylene/octene
polyethylene-ethylene/octene

copolymer,

polyethylene~ethylene/octene

copolymer-syn-polypropylene,

copolymer-propylene/butene
copolymer-propylens/hexene
copelymer-HDPE,

cepel ymer-LLDPE,
copolymer-ethylene/propylens
copolymer-ethylene/butene
copolymer-ethylene/hexene
copolymer-ata-polypropylens,
copolymer-syn-polypropylene,

copolymer-propylene/butene

copolymer-propylene/hexene



10

15

20

25

polyethylene-syn.-polypropylene-LLDPE,
polyethylene-syn-polypropylene-ethylene/propylene 15 copolymer,
polyethylene-syn-polypropylene-ethylene/butene copolymer,
polyethylene-syn-polypropylene-ethylene/hexene copolymer,
polyethylene-syn-polypropylene-ethyleg#e/octene copolymer,
polyethylene-syn-polypropylene-ata-polypropylene, 20
Rolyethylene-syn-polypropylene-propylene/butene copolymer,
pelysthylene-syn-polypropylene-propylene/hexene copolymer,
polyethylene-propylene/butene copolymer-HDPE,
polyethyiene-prapyene/putenercopolymer i DEIRE,
polyethylene-propylene/butene copolymer 25 ethylene/propylene
casolyrier 85 nsolyéthylehbyprofiylerritisufehBopolymer-ethylene/butene
copolymer, polyethylene-propylene/butene copolymer-ethylene/hexene
coBOIyMEr Y5 pofjetiyisRe-propyiBHe titelic CEp6hy et sthyikfefoctene
co 00| mer,epolyethylene-propylene/butene copolymer-ate-polypropylene,
po ygéﬁé“ner-bropylene/butene copolymer- syn-polypropylene,

polyethylenerprenylene/butene. copolymer-propUene/Mexens .10 .01 yrer,

copolymer, polyethylene-propylene/hexene copolymer-HDPE,

_polyethyienerpropyiens/bexens-cppalymerddiDREne /hexene copolymer,

polyetﬁylene—ata—polypropylene—ethylene/octene copolymer,
polyethylenEWatawpdlypxopylene»synmpolypropylene,
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
copolymer,

.polyethylene-syn-polypropylene~ethylene /butense copolymer,
polyethylene—éyn—polypropylene—ethylene/hexene copolymer,
polyethylene-syn-polypropylene-ethylene/octene copolymer,
polyethylene~syn—polypropylene—ata—pol?propylene,
Qolyethylene—syn—polypropyleﬁe—propylene/butene copcelymer,
polyethylene-syn-polypropylene-propylene/hexene copolymer,
polyethylene-propylene/butene copolymer-HDPE,
polyethylene~propylene/butene copolymer-LLDPE,
polyethylene-propylene/butene copolymer-

ethylene/propylene copelymer,
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polyethylene-propylene/hexene copolymer- ethylene/propylene
copolymer, 15 polyethylene-propylene/hexene copolymer-ethylene/butene
copolymer, polyethylene-propylene/hexene copolymer-ethylene/hexene
copolymer, polyethylene-propylene/hexene copolymer-ethylene/octene
20 copolymer, polyethylene-propylengfexene
copolymer-ata-polypropylene, polyethylene-propylene/hexene
copolymer-syn-polypropylene, polyethylene-propylene/hexene

copolynterprapylenefiitene /copolyraes2tipRE-potyethylener) LDRE,

66 HDPE-polyethylene-e'hylene/propylene copolymer,

HDRE yoiethylene-ethylene/butene copolymer,

HDPE-polyethylene-ethylene/hexene copolymer,

RIOPE PO EtRIeRESstiyRe/SttaRe eopBRmefnsr —ethylene /hexene

HDPE-polyethylene-ate-polypropylene,
%%%fe’thylen'e-syn-polypropylene,

; _
E@@E eg%'eg@awﬂxk?@%%ﬁ%Ceep%%(yﬂ%%jﬁrfemylme/octén@

-polyethylene-propylene/hexene co
HRRE-LLBPE-ethylene/propylene copolymer, 10 HDPE-LLDPE-ethylene
/but ene copolymer, HDPE-LLDPE-ethylene/hexene copolymer,

HURE4LL DREetylepg/loetendoopolymespolymer-ata-polypropylene,
polyethylene—probylene/butene copolymer-syn-polypropylene,
polyethylene~propylene/butene copolymer-propylene/hexene
copolymer, |
polyethylene-propylene/hexene copolymer—HDPE,
polygthylene~yropylene/hexeme copolymer-LLDPE,
pelyethylene-propylene/hexene copolymer—
ethylene/propylene copolymer, |
polyethylene-propvlene/hexene copolymer—ethylene/butene
copoclymer,

polyethylene-propylene/hexene copolymer-ethylene/hexene
copolymer,

polyethylene-propylene/hexene copolymer-ethylene/octene
%opolymer,

polyethyvlene-propylene/hexene copolymer-ata-polypropylene,
polyvethylene~propylene/hexens copolymer-syn-polypropylene,
polyethylene-propylena/hexene copolymer-propylene/butene
copolymer,

HDPE-pelyethylene-LLDPE,



HDPE-LLDPE-ata-polypropylene, HDPE-LLDPE-syn-polypropylene, 15
HDPE-LLDPE-propylene/but ene copolymer,
HDPE-LLDPE-propylene/hexene copolymer, HDPE-ethylene/propylene
copolymer-LLDPE, HDPE-ethylene/propylene copolymer-ethylene/butene
copolymer, 20 HDPE-ethylene/propyles@ copolymer-ethylene/hexene
copolymer, HDPE-ethylene/propylene copolymer-ethylene/octene
copolymer, HDPE-ethylene/propylene copolymer-ata-polypropylene, 25

HDRE-ethylepelpropylene opolmer-syrpolypropylene 64 - ,
HDPE-ethylene/propylene copolymer-propylene/butene copolymer,

HORE-ethylenelpropylene Gopolymeitpropyte nefipexene: copolymer, 5
HDPE-ethylene/butene copolymer-LLDPE, HDPE-ethylene/butene
cOpEy et ethyierefsropylens. essolimer nd DPEethyiere/butene

al -mer-ethglene/hexene copolymer, HDPE-ethylene/butene

(o{0]
copolymEtethyidherdtiefic RBpEN e C 1P ADBER S IERe/butene

copalimer-ajasnalypropyiens. HAREelylencibutene
copolymer-syn-p Iypropy?ene, H%eﬁﬁene/butene
copelymesspropylens/utene copolymelyviene,
HDPE-polyethylene-propylens/butens copolymer,
HDPE—polyethylené—propylene/hexene copolymer,
HDPE~-LLDPE-ethylene/propylene copolymer,
HDPE~LLDPE~ethylene/butene copolymer,
HDPE-LLDPE-ethylene/hexene copolymer;
HDPE-LLDPE-ethylene/octene copolymer,
HDPE-LLDPE-ata-polypropylens,
HDPE~-LLDPE-syn-pelypropyleaene,
HDPE~-LLDPE~propylene/butene copolymer,
HDPE-LLDPE-propylene/hexene copclymer,
HDPEweﬁhylene/propylene copolymer-LLDPE,
HDPE-ethylene/propylene copolymer~ethylene/butene
copolymer, |

%DPEwethylene/propylene copolymer-ethylens/hexene
copelymer,

HDPE—eﬁhylene/propylene copolymerﬂethylene/octeﬁe
copolymer,

HDPE-ethylene/propylene copolymer-ata-polypropylene,

HDPE-ethylene/propylene copolymer-syn-polypropylene,
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HDPE-ethylene/butene copolymer-propylene/hexene copolymer,
HDPE-ethylene/hexene copolymer-LLDPE, 15 HDPE-ethylene/hexene
copalymer-ethylene/propylene copolymer, HDPE-ethylene/hexene
copolymer-ethylene/butene copolymer, HDPE-ethylene/hexene
copolymer-ethylene/octene copolymeg 7HDPE-ethylene/hexene
copolymer-ata-polypropylene, 20 HDPE-ethylene/hexene
copolymer-syn-polypropylene, HDPE-ethylene/hexene

copolyraenpropylens/butene-copalymer,HDPE-e

leng/hexens .

copolymer-propylene/hexene copolymer, HDPE-ethylene/octene
copotyiwerklL.DPE, HDPE-ethylene/octene copolymer-ethylene/propylene
25 copolymer, 68 HDPE-ethylene/octene copolymer-ethylene/butene
copolymaér; YH BPE.ethylferigloctenecopohamerethyleneihexenene
copolymer, HDPE-ethylene/octene copolymer-ata-polypropylene,
KOPELetR§eneloctene copolymer-syn-polypropylene, 5

- lene/ I
BB E-N N ToAEnS capo

mer-propylene/butene copolymer,

é%?é:}r}&%%l_e%%ﬂ?&’ene copolymer,

HipBE-alerpalypropylenesLLREE, 1';91%?5?—“8%%%%0)9 %egr}]?te}b ;err‘r])’él,e“e

/propylene copolymer, HDPE-ata-polypropyle

e-ethylen

copelymers 10 HDPE-ata-polypropylene-ethylene/hexene copolymer,
HDPE-ata-polypropylene-ethylene/octene copolymer,

HIDPE=-atabpdlypropylenessympolyproptere hylene /hexene copolymer,

HDPE-ethylene/butans
HPPE-ethylene/butene

HDPE-ethylene/butene

- HDPE-ethylene/butene

HDPE-ethylene/butene
HDPE~ethy1ene/hexene
HOPE~ethylene/hexene
copolymer,

HDPE~ethylene/hexene
HDPE-ethylene/hexens
HDPE~ethylene/hexene
%DPE—ethylene/hexene
HDPE-ethylene/hexene
HDPE-ethylene/hexene
HDPE-ethylene/octene
HbPE~ethylaene/octens

copolymer,

copolymer-ethylene/octene copolymer,
copolymer—ata—polypropylene,
copclymer-syn~polypropvlene,
copolymer-propylene/butene copolymer,
copolymer~propylene7hexene copolymer,
copolymer-LLDPE,

copolymer-ethylene/propylene

copolymer-ethylene/butene copolymer,
copoclymer-ethylens/octene copolymer,
copolymer-ata~polypropylene,
copolymer-syn~polypropylene,
copolymer-propylene/butene copclymer,
copolymer-propylene/hexene copolymer,
copdlymer—LLDPE,

copolymer~ethylene/propylens
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HDPE-ata-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/but &g copolymer,
HDPE-syn-polypropylene-ethylene/hexene copolymer,
HDPE-syn-polypropylene-ethylene/octene copolymer, 20

HDREByaqolpropylene«ata-palyropylenes thylene /butene copolymer,
HDPE-syn-polypropylene-propylene/butene copolymer,

HORESyaipalysropylenespropylenelhexenescopalymerhe xene copolymer,
HDPE:pro;gé/?lene/butene copolymer-LLDPE, HDPE-propylene/butene
copOlymet EtHBREARPEHYIBRe 2P eopBIyHTET L 69P0 L ypropylene,

H -propylene/butene copolymer-ethylene/butene copolymer,
H gE)E?Brg pég Egl%%ér?e“ ESFolGiRT-eRVIERE R XEAS BOTORhBRE

HRREPrapylenelbutena copolymer-ethylene/octene copplymer,
HDPE-propngne/butene copol;%r% ﬁgygﬁgly%%ﬁﬁeﬁg,%%&ene copolymer,

|4Qﬁ@ﬂ”@@ﬂ?m@&@?ﬂﬁi@%@ﬂﬂ856§¥%é¥mﬂ¥88¥@8§efhexene copolymer,
HDPE-propylene/butene copolymer-propylene/hexene copolymer,

HDPEpreprene/hexene copobrmartteDPE, HDPE-propylene/hexene
copolymer-ethylene/propylene 10 copolymer, HDPE-propylene/hexene

copelyfiettetnyiehBiRened espolyiier} HIBPExpepyiere/hexedgmer,

Coggygﬁggghgggggﬁgggﬁégg&gﬁgggene/butene.copolymer,
HDPE—atawpo1yprbpylene—ethylena/hexene éopolymer,
HQEE»ata—polypropylene—ethylene/obtene copolymer,
HDPE—ata—polypropyiene*syn—polypropylene,
HDPE—ata~polypropylene~propy1ene/butene copolymer,
HDPEﬁata—polypropylene—propylene/hegene copolymer,
HBPE-syn-polypropylene-LLDPE,
HOPE-~syn-polypropylene-ethylene/propylene copolymer,
HDPE-syn-polypropylene-ethylene/butene copolymer;
HDPE-syn-polypropylene-ethylene/hexene copolymer,
HDPE—syanolypropylene—ethylene/octéne copolymer,
%DPE—synmpolypropylene—ata—polypIOpylene,
HOPE-syn-polypropylene-propylene/butene copolymer,
HDPE~syn-polypropylene-propylene/hexene copolymer,
HDPE-propylene/butene copolymer-LLDPE,

' HDPE-propylene/butene copolymer~ethylene/propylene

copolymer,
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HDPE-propylene/hexene copolymer-ethylene/octene copolymer,
HDPE-propylene/hexene copolymer-ata-polypropylene, 15
HDPE-propylene/hexene copolymer-syn-polypropylene,
HDPE-propylene/hexene copolymer-propylene/butene copolymer,
LLDPE-polyethylene-ethylene/propylepe copolymer,
LLDPE-polyethylene-ethylene/butene copolymer, 20
LLDPE-polyethylene-ethylene/hexene copolymer,
LﬁﬁwﬁipﬁbﬁﬁhgQ@eﬁﬁhﬂﬁee@@g%my%g¥mﬂgg9lene/butene copolymer
LLDPE-polyethylene-ata-polypropylene,
LEDPE-polyetiylendisyn=pelypropylen@er-ethylene /hexene copolymer,
LLDPE-polyethylene-propylene/butene copolymer, 25 _
LEPPE-poRithyieae propylenahesénecopelymers768 /octene copolymer,
L%DPE-HDPE-etherne/properne copolymer,

LLDPERISPE SR§IgneA5ItEnE Sopolffer ata-polypropylene,

L —- E-ethylene/hexene copolymer,

B OB h o tend SO AR syn-polypropylene,

L DRE- A= ropyl PE-HDPE-syn- ropylene,
LLDPEHOPE propyienautons sopblymer. v LEHEr HEA2RE
LEBRE-HBPE-propylene/hexene copolymer, LLDPE-ethylene/propylene
copolymer-ethylene/butene 10 copolymer, LLDPE-ethylene/propylene
copBiymraeethyfare/hexare coppohyiyerr~LLDPE,

HDPE-propylene/hexene copolymer-ethylene/propylene

r

copolymer,

H??E~propylene/hexene copolymer-ethylene/butene copolymer,
HDPE-propylene/hexene copolymer-ethylene/hexene copolymer,
HDPE-propylene/hexene copolymer-ethylene/octene copolymer,
HDPE-propylene/hexene ceopolymer-ata-polypropylene,
HDPE-propylene/hexene copolymer~syn-polypropylene,
HDPEwpropylene/hexene copolymer-propylene/butenes

copolymer, |
LLDPE-polyethylene-ethylene/propylense copolymer,
LLDPE-polyethylene-ethylene/butene copolymer, |
%LDPE—polyethylene—ethylene/hexene copolymer,
LLDPE~polyethylene-ethylene/octene copolymer,
LLDPE-polyethylens~ata-polypropylene,
LLDPE-polyethylene-syn-polypropylene,
LLDPE-polyethylene-propylene/butene copolymer,

LLDPE-peclyethylene-propylene/hexene copclymer,
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LLDPE-ethylene/propylene copolymer-ethylene/octene copolymer, 15
LLDPE-ethylene/propylene copolymer-ata-polypropylene,
LLDPE-ethylene/propylene copolymer-syn-polypropylene,
LLDPE-ethylene/propylene copolymer-propylene/butene copolymer,
LLDPE-ethylene/propylene copolymer{fropylene/hexene 20 copolymer,
LLDPE-ethylene/butene copolymer-ethylene/propylene copolymer,
LLDPE-ethylene/butene copolymer-ethylene/hexene copolymer,
LLDPE-efiiiéne/butee copolymei-etiylenglottemercopolymer, 25
LLDPE-ethylene/butene copolymer-ata-polypropylene, 71

LE PP eiinigns/blte e EopomisyAsohprepylene,
LLDPE-ethylene/butene copolymer-propylene butene copolymer,
LEWE—E%%EEH&/BW&%“@&?%W—p?&%ﬂéﬁ’énﬁéxene 5 copolymer,

L]':P&’%'?ﬁ%%ﬂ%’ﬁgg%%&98‘8:'%’&“11%"9&%'(?1‘2’?@50'[’3"e”e copolymer,

LLDPE-ethylene/hexene copolymer-ethylen Uténe copolymer,

LLDRE-etiene/hexena sopelymessathylene/octene copolymer, 10

. LLDPE-ethylene/hexene copolymer-ata-polypropylene,

LLDRPE-etinfenra/hexend copelyniet-syn-polypropylene,
LLDPE-ethylene/hexene copolymer-propylene butene
LLDPE-HDPE-prepylene/butene copolymer,
LLDPE«HDPE—propyiene/hexene copolymer,
LLDPE-ethylene/propylene copclymer-ethylene/butens
copolymer,

'L%p?E—ethylene/propylene copolymer~ethylene/hexene
copoelymer,

LLDPE-ethylene/propylene copolymer—-ethylene/occtene
copolymer,

LLDPE~ethylene/propylene copolymer-ata-polypropylene,
LLDPEmethylene/propyleﬁe copolymer-syn-polypropylene,
LLDPE—ethylene/pfopylene copolymer-propylene/butene
copolymer,

LLDPE_ethylené/propylene copolymer-propylene/hexene
Eopolymer,

LLDPE~ethylene/butene copolymer-ethylene/propylene

copolymer,

LLDPE~ethylene/butene copolymer—ethylene/hexene copolymer,

" LLDPE-ethylena/butene copolymer—ethylene/octens copolymer,

LLDPE~ethylene/butene copolymer~ata-polypropylens,
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copolymer, LLDPE-ethylene/hexene copolymer-propylene hexene 15
copolymer, LLDPE-ethylene/octene copolymer-ethylene/propylene
copolymer, LLDPE-ethylene/octene copolymer-ethylene/butene
copolymer, LLDPE-ethylene/octene copo lymer-ethylene/hexene
copolymer, 20 LLDPE-ethylene/octeng.copolymer-ata-polypropylene,
LLDPE-ethylene/octene copolymer-syn-polypropylene,
LLDPE-ethylene/octene copolymer-propylene butene copolymer,
LiDRE-ethylen % I -p l%e_ hexene 25 copolymer, 72
LLDPE-ata—p%l%?gp%%?ﬁggggﬁﬁg% en?gogglyﬁ%f?p ' “Xe’
LLEEHE@@%@@@@m@pwa@@ﬁghﬂ@g@byggyigygg Ehe butens
LLDPE-ata-polypropylene-ethylene/hexene copolymer,

Lt DPE-ate-polypropylene-ethylene/octene copolymer, 5
LLDPE-ata-polypropylene-syn-polypropylene,

Lt PBEra ol pyiehesropylens butenecopolymet, hexene

"LLDP -aﬂtgpoIypropylene-propylene hexene copolymer,

LT -Béyn-piolypropylene-ethylene/propylene copolymer,
LLDRE-syp:polypropylene-eth Iene{)‘gf%eng copolymer, 10
LLDPE-syn%yproﬁ%?e%eer}gth%epﬁ% SXenett gf propylene
lddREmya-polypropylene-ethylene/octene copolymer,
LLDPE-syn-polypropylene-ata-polypropylene,

LLDPE-ethylene/hexene copolymer-ethylene/butens copolymer,

LLDPE-ethylene/hexene copolymer-ethylene/octens copolymer,
LLDPE-ethylene/hexene copclymer-ata-polypropylene,
L%QPE—ethylene/hexene coﬁ@lymermsyn*polypropylene,
LLDPE-ethylene/hexene copolymer-propylene butene
copolymer,

LLDPE-ethylene/hexane copolymér—propyiene hexene
copolymer,

LLDPE-ethyvlene/octene copolymer—-ethylene/propylene.
copolymer,

LLDPE~ethylene/octene copolymer—-ethylene/butene copolymer,
LLDPE-~ethylene/octene copolyme:methylene/hexene copolymer,
%}DPEmethylene/octene copolymer-ata-polypropylene,
LLDPE~ethylene/octene copelymer~syn-polypropylene,
LLDPE—ethyiene/octene coepolymer-propylene butene
copolymer,

LLDPE-ethylene/octene copolymer-propylene hexene

copolymer,
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LLDPE-syn-polypropylene-propylene butene copolymer,
LLDPE-syn-polypropylene-propylene hexene copolymer, 15
LLDPE-propylene/butene copolymer-ethylene/propylene copolymer,
LLDPE-propylene/butene copolymer-ethylene/butene copolymer,
LLDPE-propylene/butene copolymer-etllylene/hexene 20 copolymer,
LLDPE-propylene/butene copolymer-ethylene/octene copolymer,
LLDPE-propylene/butene copolymer-ata-polypropylene,

LLDPE=propylenel/butene, copolymer-syr-polypropyleng: 25 polymer,
LLDPE-propylene/butene copolymer-propylene hexene 73 copolymer,

L LDPE=propyterelexens tepalymenethylenbilpropylenepcipolymer,
LLDPE-propylene/hexene copolymer-ethylene/butene 5 copolymer,
LE@ﬁﬁﬁpﬁﬁﬁkﬂﬁﬁﬁ@%ﬂﬂyé@ﬁﬁyﬁﬁﬁ&iﬁ%@ﬁéﬁﬁ&%ﬁeC@Q&ﬂyW%{f
LLDPE-propylene/hexene copolymer-ethylene/octene copollymer, 10
LEDPE propyIetie/RExShe cEp8lymer-ata polypropyfensoro Lymer .
LE@@EE*EE?PX%“O%Rg’%%%?‘i%%%{y@gﬁ 01l Og'¥%r° iene,

L -propylene/hexene copolymer-propylene butene
ILDPE-ata-polyvpropylene-propylene butene copolymer,
LLDPE~ata-polypropylene-propylene hexene copolymer,
LLDPE-syn-polypropyvlene—ethyvliens/propylene copolymer,
LLDPE-syn-polypropylene-ethylene/butene copolymer,
LLDPE-syn-polypropylene-ethvlene/hexene copolymer,
LLDPE-syn-polypropylene-ethylene/octene copolymer,
LLDPE-syn-polypropylene-ata-polypropylene,
LLDPE~syn-polypropylene-propylene butene copolymer,
LLDPE-syn-polypropylene-propylene hexens copolymer,
LLDPE-propylene/butene copolymer-ethylene/propylene
copolymer,

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

LLDPE~propylene/butene copolymer—ethylene/hexene
copolymer,

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

LLDPE-propylene/butene copolymer-ata-polypropylene,

LLDPE-propylene/butene copolymer-syn-polypropylene,

LLDPE-propylene/butene copclymer-propylene hexene
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copolymer, ethylene/butene copolymer-polyethylene-ethylene/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-polyethylere-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

capobyner-HRRE sya/pelypropylens, l%&@@@ﬂ@@ﬁe/Fropylene

copolymer-HDPE-propylene/butene copolymer, ethylene/butene
copatyrherdtDPE-propylene/hexene copolymer, 5 ethylene/butene
copolymer-LLDPE-ethylene/hexene copolymer, ethylene/butene
cc}%ﬁ%‘?r%émz@spl@é yiefigloeterercopahaner tathiterie/buterres
copolymer-LLDPE-ata-polypropylene, ethylene/butene

copolymer-t L DPE-syn-polypropylene, ethylene/butene

cafobpner LLRRE:popvieng/bulens 10,copolymer, ettylene/bytene

copolymer-LLDPE-propylene/hexene (Yopoymer,
copolymer,
LLDPE—propylene/ﬁexene copolymer—ethylene/octene
copolymer,
LLDPE~-propylene/haxens copolymer-ata-polypropylene,
LP@PE—propyiene/hexene copolymer—-syn-polypropylene,
LLDPE~propylene/hexene copolymer~propylene butene
copolymer,
éthylene/butene copolymer—po1yethylenemethylene/héxene
copoelymer,
ethylene/butene copolymer-polyethylene-ethylene/cctene
copolymer,
ethylene/butene copolymer-polyethylene-ata-polypropylene,
ethylene/butene copolymer-polyethylene~syn-polypropylene,
%thylene/butene copolymerwpolyethylenewpropylene/butene
copolymer,
ethylene/butene.copolymer~polyethylene~propylene/héxene
copolymer,
ethylene/butene copolymer-HDPE-ethylene/hexene copolymer,

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



10

15

20

25

ethylene/butene copolymer-ethylene/propylene copolymer-
ethylene/hexene copolymer, 15 ethylene/butene
copolymer-ethylene/propylene copolymer- ethylene/octene copolymer,
ethylene/butene copolymer-ethylene/propylene copolymer-
ate-polypropylene, ethylene/butene copblymer-ethylene/propylene
copolymer- 20 syn-polypropylene, ethylene/butene :
copolymer-ethylene/propylene copolymer- propylene/butene copolymer,

ethylenetbute ne copelymernethylenel/prapydens sopelymeliviene,
propylene/hexene copolymer, 25 ethylene/butene
cGpolyrmeretinignshesene kopolyrieP 5 sethylenkigctens tepelymer,
eg%llene/butene copolymer-ethylene/hexene copolymer-ata-

p

PropyIshe? etfiylenéibifend espbiyRTeTraiRylishe/tokensene copolyner,
copalymer-syn- 5 polypropylene, ethylene/butene
et SR koG CPBh T hra N R SRl fare L vme =,
e dbutene capolymerselylene/ %é%nﬁe%%rggxmgﬁheme copolymer,

propylene/hexene copolymer, 10 ethylene/bute

CQQMyE@ﬁ@ﬂbﬂ@@@@C@%ﬁﬁ%ﬁ%@ﬂﬂﬁﬁﬂﬁ@¥g¥ﬁ§T@ﬁ%¥%g¥§H¥mg%polymer,
ethylene/butene copolymer-ethylene/octene copolymer-ata-
ethylene/butene copolymer~LLDPE-ata-polypropylene,
ethyleﬁe/butene éopolymer—LLDPE—syn—polypropylene,
ethylene/butene copolymer-LLDPE-propylens/butene
copelymer,
ethylene/butene copolymer—-LLDPE~propylene/hexene
copolymer,
ethylene/butene copolymer—~ethylene/propylene copolymer-—
ethylene/hexene copolymer,
ethylene/butene copolymer—ethylene/propylene copelymer-—
ethylene/octene copolymer,
ethylene/butene copolymer~ethylene/propylene copolymer—
ata-polypropylene, |
ethylene/butene copolymer—ethylene/propylene copolymer-
gyn—polypropylene, |
ethylene/butene copolymer-ethylene/propylene copolymer-
propylene/butene copolymer, |
ethylene/butene copolymer—-ethylene/propylens copolymer—-

propylene/hexene copolymer,

ethylene/butene copolymer—-ethylene/hexene copolymer-



10

15

20

25

polypropylene, ethylene/butene copolymer-ethylene/octene
copolymer-syn- 15 polypropylene, ethylene/butene
copolymer-ethylene/octene copolymer- propylene/butene copolymer,
ethylené/butene copolymer-ethylene/octene copolymer- propylene/hexene
copolymer, 20 ethylene/butene cop er-ata-polypropylene-
ethylene/hexene copolymer, ethylene/butene
copolymer-ata-polypropylene- ethylene/octene copolymer,

@SWJ?QQ/@%%Q%g_gpglgg:ﬁ%g-lpoIypropyle_ne-syn-_ 25 polypropylene, 76

ethylene/butene copolymer-ata-golypropylene- propylene/butene

sopelwner;athygnelb &@Ed¥%ﬁ?fg§gwm@§88geggbo1ymerhataw

propylene/hexene copolymer, 5 ethylene/butene

eopalymer:syr-pplypropylene ethylene/hexene copolymer,
ethylene/butene copolymer-syn-polypropylene- ethylene/octene

Copohyner, ethyleneboterie vepolymiersynepolypropyleng-ateydd: - s yn -
polypropylene, ethylene/butene copolymer-syn-polypropylene-
SrbpyenieltiBRe copolymer,

ethylene/butene copolymer-ethylene/hexene copolymer—
propylene/butene. copolymer,

ethylens/butene éopolymer—ethylene/hexene copolymer—
propylene/hexene copolymer,

ethylene/butene copolymer-ethylene/octene copolymer—
ephylene/hexene copblymer,

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

ethylene/butene copolymer-ethylene/octene copolymer—syn-—
polypropylene, | |
ethylene/butene copolymer-ethylene/octene copolymer—
ptopylene/butene copolymer,

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

%ﬁhylene/butene copolymer-ata-polypropylene-—
ethylene/hexene copoclymer,

ethylene/butene copolymer-ata-polypropylene-
ethylene/octene copolymer, ‘

ethylene/butene copolymer-ata-polypropylene-syn-

polypropylene,



5

10

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-gta- 20 polypropylene,
ethylene/butene copolymer-propylene/butene copolymer-syn-
polypropylene; ethylene/butene copolymer-propylene/butene copolymer-
DYOBﬂEQ%}%PBQ&QPQ%B%%@Py?%%?%rop lene-
copolymer-propylene/hexene copolymer 7 ethylene/%exene copolymer,
ethylenelnitene saopelymerjyropylene/hexene copolymer- ethylene/octene
copolymer, ethylene/butene copolymer-propylene/hexene copolymer-ata-

5 pélyptopytene Bthylenetnténe eopelymer<propylenelexene
copolymer-syn- polypropylene, ethylene/butene
COpORARELH Réxérme edpdigmer- propylene/butene copolymer, 10

ethylene/hexene copolymer-polyethylene-ethylene/octene. copolymer,
%tgyfgne/but nglcopgl¥megcsyn~pg&ypropylene~p Y

ethylene/hexene copolymer,

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

ethylene/butene copolymer-syn-polypropylene-ata- .
polypropylene,

e@bylene/buéene copolymer-syn—polypropylene—
propylene/butene copolymer,

ethylene/butene copolymerﬁsyn—polypropylené—

propylene/hexene copolymer,

15 ethylene/butene copolymer-propylene/butene copolymer-

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

ethylene/butene copolymer-propylene/butene copolymer-ata-—

20 polypropylene,
-

25

ethylene/butene copolymer-propylene/butens copolymer-syn-
polypropylene,

ethylene/butenelcopolymer—propylene/butene copolymer-
propylene/hexene copolymer,

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

~ ethylene/hexene copolymer-HDPE-ata-polypropylene, ethylene/hexene

copolymer-HDPE-syn-polypropylene, ethylene/hexene :
C%lexﬁmgf;ér@@géq{gpg@@gi%g@g copolymer, ethylene/hexene

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

cepolymert LRRE-ethylepe/peiene-gopalymen 2o ethylene/bexens - r -
copolymer-LLDPE-ata-polypropylene, 78 ethylene/hexene

cepalymert l DPEsyn<palypropytene, ethylene/hexene

copolymer-LLDPE-propylene/butene copolymer, ethylene/hexene
c6pdymeit L DPERRopyiEA HBRENE IDRBHEIyMEr: sthyenaihexener-ata -
copalymer-ethylene/propylene copolymer- ethylene/octene copolymer,
e%@%%?ﬁgﬁé%“&polymer-ethylene/propylene copolymer-

ate-polypropylene, 10 ethylene/hexene copolymer-ethylene/propylene }
copolgg/mer- %/gf-p%?fprgg I%ﬁ%{ugfﬁﬁe%@%%nee%exe%e 2Ep et s yn-
cepolymerefhygae/propylene copolymer-

ethylene/butene copolymer-propylene/hexene copolymer-

propylene/butene copolymer,

ethylene/hexene copolymer-polyethylene-ethylene/octens
copolymer,

ethyvlene/hexene copolymermpolyethylene—ata—polypropyiene,
ethylene/hexene copolymer*polyeﬁhylena—syn—polypropylene;
ethylene/hexene copolymer-polyethylene-propylene/butens
copclymer,

ethylene/hexene copolyﬁer~po1yethylene—propylene/hexene
copolymer,

ethylene/hexene copolymer-HDPE-ethylene/octene copolymer,
§thylene/hexene copolymer-HDPE-ata-polypropylene,

ethylene/hexene copolymer-HDPE~syn-polypropylene,

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

ethylene/hexene copolymer-LLDPE-ata-polypropylene,
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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 ethyléne/hexene
copolymer-ethylene/butene copolymer-syn- polypropylene,
ethylene/hexene copolymer-ethylene/butene copolymer- propylene/butene
copdlyAereethylate?hexend gopolymeieihyienetbulene opgalymer- 25
propylene/hexene copolymer, 79 ethylene/hexene
copoWnierethiereiodtens Eapsiymerata-palypidpyiendutene
etéplleorle/hgéene copolymer-ethylene/octene copolymer-syn-

po y%ro;%/r?ené, 5 ethylene/hexene copolymer-ethylene/octene copolymer-

D e e e Pl elyigneloctene

copolymer- propylene/hexené copol hex

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

gthylene/octene copolymer,

ethylene/hexene copolymer-ethylene/propylene copolymer-
afa—polypropylene,

ethylene/hexene copolymer—ethyleﬁe/propylene copolymer—
syn—polypropylene,

ethylene/hexene copolymer—ethylene/propylenc copolymer-—
prepylene/butene copolymer,

ethylene/hexeﬁe copolymer—ethylene/propylene ﬁopolymerw
propylene/hexene copolymer, |

ethylene/hexene copolymer—ethylene/butene copoliymer-
ethylene/octene copolymer,

ethylene/hexesne copolymer—ethylene/butene copolymer-ata-—
polypropylene,

%thylene/hexene copolymer—ethylene/butene copolymer—syn~
polypropylene,

ethylene/hexens copolymerwethylene/butené copolymer—
propylene/butene copolymer,

ethylene/hexene copolymer-ethylene/butene copolymer -

propylene/hexene copolymer,



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-polypropypdene-ata- 20 polypropylene,

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

copolymer, ethylene/hexene copolymer-syn-polypropylene-
rwomﬁmyﬂba@wM%g@m@y@ggog§@ggdgyyygég@9OCten copolymer-ata-
copolymer-polypropylene/butene copolymer 80 ethylene/octene
copalyinerrethylenethexene copolymer-polypropylene/butene copolymer-
eta-polypropylene, ethylene/hexene copolymer-polypropylene/butene
copBlyhers5 syhspotysropylenky rethyleneiiexentoctene copol yme r- Syn—
copoxlﬁ/ er-polypropylene/butene copolymer-

AEhERENE &Bpolymer, ethylene/hexene

props g]

SCOPQIQH}%F- qlypropylene/hexene copolymer- ethylene/octene copolymer,

10
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20
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10 ethylene exene copofyorﬁeor-

SIS propylene/Re<erd BBpokARsH e r -

ataﬁgw%@ﬂg%ﬁgxlgng@w% e‘c:Lo’ponmer-ponpropyIene/ hexene

copolymer-

ethylene/hexene copolymer—-ethylene/octene copolymér—

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

ethylene/octene copolymer,

e?bylene/hexene copolymerwatawpolypropylenemsynw

polypropylene,

ethylene/hexens copoiymer—ata—polypropylene?
propylene/butene copolymer,

ethylene/hexene copolymer%éta—polypropylene—
propylene/hexene copolymer,

ethylene/hexene copolymer-syn-polypropylene-

ethylene/octene copolymer,

ethylene/hexene copolymer-syn-polypropylens-ata~

Qolyproleene,

@thyléne/hexene copelymer-syn~polypropylene-
propylene/butene copolymer,

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

ethylene/hexene copolymer-polypropylens/butene

copolymer-
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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/octene

copolymer-polyethylene-propylene/bggene copolymer, 20 ethylene/octene
copolymer-polyethylene-propylene/hexene copolymer, ethylene/octene
copolymer-HDPE-ata-polypropylene, ethylene/octene

& g#y&%rilgggegzgy%-gog roB¥Iene, ethylene/octene

copolymer-H prop ene/butene copolymer, 25 ethylene/octene
copolymer/HDEE-propylene/hexene eopolymer 81 elhylene/oclens e -
copolymer-LLDPE-ata-polypropylene, ethylene/octene

Lopepymen-liRP Eesyd-polypropylene, ethylene/octene
copolymer-LLDPE-propylene/butene copolymer, 5 ethylene/octene

copplygner/bEBPEspropyteheffiexenel vopolyniem ettivlerel/octaneo 1 yme r -

. copolymer-ethylene/propylene copolymer- ate-polypropylene,

SiRylBReIGeTSH é6ptlymer-ethylene/propylene copolymer- 10
e B S RPN s e
propylene/hexene.copolymer,

ethylene/hexens éoﬁolymer—polypropylene/hexene copolymer-
ethylene/octene copclymer,

ethylene/hexene copolymer-polypropylene/hexene copolymer-

atg-polypropylene,

ethylene/hexene copolymer-polypropylene/hexene copolymer-

syn—-polypropylene,

ethylene/hexene copolymer-polypropylene/hexene copolymer-—
propylene/butene copolymer,

ethyiene/octene copolymer-polyethylene~ata-polypropylene,
éthylene/octene copolymer—polyethyleﬁe—syn—polypropylene,
ethylene/octene copolymer-polyethylene-propylene/butene
copolymer,

gﬁhylene/octene copoiymer*pp1yethylene—propylene/hexene
copolymer, | |

ethylene/octene copolymer—HDPE~ata—po;ypp0pylene,
ethylene/octene copolymer-HDPE-syn-polypropylene,
ethylene/octene copolymer-HDPE-propylene/butene copolymer,

ethylene/octene copolymer-HDPE~-propylene/hexene copolymer,
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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-
polypropylene, ethylene/octene copolygner-ethylene/butene copolymer- 20
propylene/butene copolymer, ethylene/octene copolymer-ethylene/butene
copolymer- propylene/hexene copolymer, ethylene/octene

copalymer-ethyleneiexepe capolymerata- nolypropylene, 2b.. .

ethylene/octene copolymer-ethylene/hexene copolymer-syn 82

potypropyleriecethyteneigetene.copolymer-ethylens/hexens cepelymer-

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

copbolhrar 59stbpylenefhexereccopoliier ethylehefoeténg ene
copoly}mer-ata-polypropylene-syn- polypropylene, ethylene/octene
copoliyniéizata-polypropylene- propylene/butene copolymer, 10

S S el T e
copolymer, ‘ ‘
ethylene/octene copolymer-ethylene/propylene copolymer—
ata—polypropylené,

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

e?hylene/octene copolymer-ethylene/propylene copolymer-
propylene/butene copolymer,

ethylene/octéne copolymer-ethylene/propylene copolymer-—
propylene/hexene copolymer,

ethylene/octene copolymer-ethylene/butene copolymer-ata-
polypropylene,
ethylene/octene copolymer-ethylene/butene éopolymar—synw
polypropylene,

ethylene/octene copolymer-ethylene/butene copolymer-
Qropylene/butene copolymer,

ethylene/cctene copolymer—-ethylene/butene copolymexr-
propylene/hexene copolymer, |

ethylene/octene copolymer—-ethylene/hexene copolymer-ata-
pclypropylene,

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



polypropylene, ethylene/octene copolymer-syn-polypropylene- 15
propylene/butene copolymer, ethylene/octene
copolymer-syn-polypropylene- propylene/hexene copolymer,
ethylene/octéne copolymer-propylene/butene copolymer-ata-
polypropylene, 20 ethylene/octene copolygper-propylene/butene
copolymer-syn- polypropylene, ethylene/octene
copolymer-propylene/butene copolymer- propylene/hexene copolymer,

ethy&ggﬂ%qgg%fggglymer-propylene/hexene copolymer-ata- 25
polypropylene, 83 e'fhylene/octene copolymer-propylene/hexene

copalymet-sya-/Relypropylens, ethyeneloctans e /rexene copolymer-
copolymer-propylene/hexene copolymer- propylene/butene copolymer, 5

ata-palypropyleng-pelyethylene-syr-polypropylene,
ata-polypropylene-polyethylene-propylene/butene copolymer,

ata-poiypropylenecpelyethylore-propytend/hiéxerne tepalymeropol yme r -
ata-polypropylene-HDPE-syn-polypropylene, 10
Ata-pOErObY RN ABPE proAenEBitene copolymer,

ata-palypropylene-HDPE-propylene/hexene copolymer,
ata-ﬁotlég rg%§f§e/r1%9éct%§%n%?£ BB Copolym é’r9§;Y 2ropylene-syn-

polypropylene,
ethylene/cctene éopolymér—ata—polypropylenEW
propylené/butene copolymer,

10 ethyigne/octene copolymer~ata—polyprop§lenem
propylene/hexene copolymer,
ethylene/octene copolymer-syn-pclypropylene-ata-
poiypropylene,
ethylene/octene copolymer-syn—-polypropylene-

15 propvlene/butene copolymer,
ethYlene/octehe copolymer~syn—polypropylene-
propylene/hexene copolymer, |
ethylene/octene copolymer-prdpylene/bgtene copolymer—ata~
bolypropylene, |

ZQ ?thylene/octene copolymer-propylene/butene §Opolymer—syﬁ—
polypropylene, |
ethylene/octene copolymer-propylene/butens copolymer-—
propylene/hesxene copolymer,
ethylene/octene copolymer-propylene/hexene copclymer-ata-

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

-ata-polypropylene-ethylene/propylene copolymer-syn- polypropylene, 20

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

copelyster,syie 25-polypropylene. 84; ala-palypronvene-ethylene/butene
copolymer- propylene/butene copolymer, - il
ata-polypropydere-ethylene/butene copolymer- propylene/hexene
copolymer, 5 ata-polypropylene-ethylene/hexene copolymer-syn-
polyprepyiIéne tatacpelypropyienc-ethylenefhexéne: copolymes: pre r -
ropylene/butene copolymer, ata-polypropylene-ethylene/hexene

BRBN RO Broth feréIReX&RE Eopolymer, '

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

atawpo1ypropylenewpolyethylenewsyn—polypropylene,
ata—polypropylene—polyethylene~propylene/butene copeclymer,
ata—polypropylené—polyethyiene—propylene/hexena copolymer,
ata—polypropylene—HDPEwsyn—polypropylene,
ata—polypropylenewﬂDPE—propylene/butene copolymer,
a@@—polypropylene—HDPE*propyiene/hexene copolymer,
ata-polypropylene-ethylene/octene éopolymer—syn~
polypropylene,

ata~polypropyleneQéthylene/octene conolymer-
prepylene/butene copolymer,
ata—polypropylene—ethylﬂne/octene copolymer-
propylene/hexene copolymer, |
ata-polypropylene-ethylene/propylene copolymer-syn-—
polypropylene,

éta~polypropyiene—ethylene/propylﬁne copolymer~
propylene/butene copolymer,
ata-polypropylene-ethylene/propylene copolymer—
propylene/hexene copolymer,
ata-polypropylene-ethylene/butene co@oiymer~synh

polypropylene,
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ata-polypropylene-ethylene/octene copolymer- propylene/butene
copolymer, 15 ata-polypropylene-ethylene/octene copolymer-
propylene/hexene copolymer,
ata-polypropylene-syn-polypropylene-propylene/butene copolymer,
ata-polypropylene-syn-polypropylene-pgapylene/hexene 20 copolymer,
ata-polypropylene-propylene/butene copolymer-syn- polypropylene,
ata-polypropylene-propylene/butene copolymer- propylene/hexene

COQQQ/ ni!}%rl 22 yﬁ‘?JXQroe?%%zr@ propyleng/ihexene eopolymer-syn 85

polypropylene, ata-polypropyléne-propylene/hexene copolymer-

prepylene/butens €opelymgio ymer,
syn-polypropylene-polyethylene-propylene/butehe copolymer 5

syaspolypropylenespelyethyiene-prapitens/hexeng copolymer,
syn-polypropylene-HDPE-propylene/butene copolymer,

SyRsaNBropylere: HIDP Epropyesa/hexene copolymer,

syn-polypropylene-LLDPE-propylene/butene copolymer,
syR{FoyropyEtRerL EE%E@Ejr‘bﬁi//Féh%/ REEHS copBgmarefo syn-

syg& @ne ethylene/propylene copolymer- propylene/butene
copo y?ry%g s%/n polypropylene -ethylene/propylene copolymer-

atarpolypropylene-ethylene/hexene copolymer-—
propylene/butene.copolymer,
ata-polypropylene-ethylene/hexene copolymer-
propylens/hexene copolymer,
ata-polypropylene-ethylene/octene copolymer-syn—l
‘polypropylene,

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

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

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

ata-polypropylene-propylene/hexene copolymer-syn-
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propylene/hexene copolymer, syn-polypropylene-ethylene/butene
copolymer 15 propylene/butene copolymer,
syn-polypropylene-ethylene/butene copolymer- propylene/hexene
copolymer, syn-polypropylene-ethylene/hexene copolymer-
propylene/butene copolymer, 20 sympolypropylene-ethylene/hexene
‘copolymer- propylene/hexene copolymer,
syn-polypropylene-ethylene/octene copolymer- propylene/butene

©OPelIer; 1 syh-polypropylene-ethylene/octene copolymer 25
propylene/hexene copolymer, 86

syn-pelypropytene:ata-polypropylene-propylensibutens :copolymer,
syn-polypropylene-ata-polypropylene-propylene/hexene copolymer, 5

myRRpelgpropyleres propyterietbatene copolymer- propylene/hexene
copolymer syn golypropylene-propylene/hexene copolymer-

%ﬁﬁpﬁ%ﬁgﬂﬁﬂgﬁ %@%5@@%§6?ﬁ5&ﬁ§ﬁ€@ﬁﬁgﬁ;ene/butehe copolymer,
Scor[? er-p Ehé/lene %é’pi{] ne/hexene 10 copolymer,
ﬁeng e Copolv B opy IS hBRERG S5 BlynTs o yme T,
syn—polypropylenemﬂDPE—propylene/butene.copolymer,
syn-polypropylene~HDPE-propylene/hexene copolymer,
synmpolypropylené—LLDPEMprOpyleneXbﬂtene copolymer,
syn-pelypropylene-LLDPE-propyvlene/hexene copolymer,
syn—polypropylenewethylane/propylene copolymer-
propylene/butene copolymer,
syn—polypropylenewethylene]propylene copolymer—
propylene/hexene copolymer,
syn-polypropylene-ethylene/butene copolymer-
propylene/butéﬁe copolymer,
syn-polypropylene-ethylene/butens copolymer-
propylense/hexene copolymer,
syn-polypropylene-ethylene/hexene copolymer-
propylene/butene copolymer,
gynwpolypropylene—ethylene/hexene copolymer-
propylene/hexene copolymer,
syn-pelypropylene-ethylene/octene copolymer-
propylene/butene copolymer,
syn-polypropylene~-ethylene/cctene copolymer-

propylene/hexene copolymer,
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propylene/butene copolymer-LLDPE-propylene/hexene copolymer, 15
propylene/butene copolymer-ethylene/propylene copolymer-
propylene/hexene copolymer, propylene/butene
copolymer-ethylene/butene copolymer- propylene/hexene copolymer,
propylene/butene copolymer-ethylenegbexene copolymer-. 20 .
propylene/hexene copolymer, propylene/butene
copolymer-ethylene/octene copolymer- propylene/hexene copolymer,
propylene/butene copolymer-ata-polypropylene- propylene/hexene
ke S ep s el
Propy gxene copolymer.. Of these block copolymers, particularly
preferable are polyethylene-polypropylene, 5
pelyethyleng-ethylena/ipropylens eopelymel ene-propylens /hexene
polyethylene-ethylene/propylene copolymer-polypropylene,
palyethylene=ethylene/propylene copolymer-LLDPE,
polyethylene-ethylene/butene copolymer, polyethylene-ethylene/butene
copolymel-Y DEE L gobrepyiehe-8thylsnée/ptopyléiaespolymer, and
polyethylene-LLDPE-HDPE, polyethylene-LLDPE. The olefin block
cOpolyHier BRHETHTB AL GA MTay B~ -

syn~polypropylene~propylene/hexene copolymer-—
propylene/buteﬁe copolymer,

propylens/putene copolymez-polyethylenewpropyleﬂe/hgxene
cépolymer,

propylene/butene copolvmer-HDPE-propylene/hexene
copolymer, |
propylene/butene copolymer-LLDPE-propylene/hexene

copolymer,

propylene/butene copolymer—ethylene/propylene copolymer—

propylene/hexene copoclymer,

oropylene/butene copolymer-ethylene/butene copolymer-
propylene/hexene copoiymer,

propylene/butene copolymer-ethylene/hexene copolymer-— .
Qropyl@ne/h@xene copolymer,

‘propylene/butene copolymer-ethyiene/octene copolymer-
propylene/hexene copolymer,

propylene/butene copolymer-ata-polypropylene-
propylene/hexens copolymer, and

propylene/butene copolymer-syn-polypropylene-
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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 for various molding materials for films,
sheets and blow molded products, vd#ibus additives such as 20
compatibilizing agent and modifier, coating materials and adhesives. The
use application will be described later. The process for preparing the
atefirpbloek €Opalymer afdthelinwention will be described later. The olefin
block copolymer of the invention may have 25 a functional group at the
terminaPéf theewairrelvall. 88PEXamples ofthetfunotiendl grpups incitde:
the same groups as previously described. The olefin block copolymer
havfhg a functional group at the terminal of the main chain can be
fangrabIé/ usled 5 for various additives such as compatibilizing agent and
[

modifier, ¢

c%aﬁﬁaﬁgtle}figfsogﬁ 8dResives. The use application will, be

desgrbed {ater, The process for.prepating the alefip block copolymer

having a functional gréup at the terminal of the main 10’chain will be
described {atenNexththe-process fon preparingan Qefin Rolymel s vl ene,

according to the invention is described.
pelyethylene-ethylene/propylene copolymer~LLDPE,
polyethylene—eth?iene/butene copolymer,
polyéthylene~ethylene/butene copolyvmer~LLDPE,
polypropylene-ethylene/propylene copolymer, and
pglyeéhylene—LLDPE—HDPE, ﬁolyeﬁhylenemLLDPE.

The olefin block copelymer of the invention may be
bonded to other structural parts within Iimits not

detrimental to the objects of the invention, with the

proviso that it has the above structure. The polymer of

" the invention may be a graft modified polymer.

The c¢lefin copolymer can be favorably used for
various molding materials for films, sheets and blow
molded products, various additives such as
gompatibilizing agent and modifier, coating materials and
adhesives. The use application will be described later,

The process for preparing the olefin block copolymer
of the invention will be described later.
| The olefin block cbpolymer of the invention may have

a functional group at the terminal of the main chain.
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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 sefdtted from: (B-1) an organometallic
compound, (B-2) an organoaluminum oxy-compound, and (B-3) a
compound which reacts with the transition metal compound (A) to form an
iDnaraid 89 Firstthe tonmponerms ferfonping thelolefin polymearzationoup s
catalyst used in the invention are described. (A) Transition metal
CompoERd B The trARgRibALHEELal compound (A) for use in the invention is

acom undghiﬁh IS r;bpresented by the following formula (I) and has

propertiGS AT H'E Agostié sHURiUrE ™St a Batioric cBmprECwhersih XaFrup

the &@“@@é&ﬂg ﬁplg%e%ylveithm%[ %eiﬁ%k rlggé)hsgig ]fo strugg%J e being

measured by a density functiona istance (‘?Y/%ﬁje CINEER

the:-heteraalom (Aq which: hasna,direct band.to;the central metal. M and,

is nearest to the central metal li, and hydrogen at the Q-position is
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
chain will be described later.

! Next, the process for preparing an olefin poclymer
according to the invention is described.

The process for preparing an olefin polymer
according to the invention uses an olefin polymerization
catalyst comprising the below-described transition metal
compound (A), preferably an oiefin polymerization
catalyst comprising:

(A} the below-described transition metal compound,
and |

{B] at least one compound selected from:

(B-1) an organometallic compound,
(B~2) an organoaluminum oxy-compound, and

{B~3) a compound which reacts with the

transition metal compound (&) to form an ion pair.
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not more than 3.0 A and the electrostatic energy is not 15 more than 10
kJ/mot. 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 the home 20 Rage (htn#9/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; andha functon of Deublerzeta typeis used fareather atoms,
25 however, in the electrostatic energy evaluation, a 90 function of
DEbIEZE & 3P addad Wit a pekeization Hunclionds tsed fersther
atoms. The basis function is used also for the single-point calculation of
{R& BPtihiif - structure obtained by structural calculation.- In 5 calculations

other than the structyral calculation, corrections of Pauli's relativistic
(f a STQ O megaﬂ Com oung
potentials are made}é%wjel%cﬁoﬁagveﬁefgﬁre%ﬁsﬂﬁ electrostatic

energy hetwaer,ydrogen;al the (3-pasition andhineearest heterogigm.

More specifically, the electrostatic energy 10 is an interatomic
electsostatie interactionhasacon thecelacironie state obtaingd byt e

assigning electrons obtained by the complex calculation to those two
atomnse Thexeléctron lefetr‘éﬁd torliereimss pachatedteon population & $-
agostic structure of é catioﬁic complex wherein X in the
formula (I) is replaced with a n-propyl group, said
structure being measured by a density functional method,
the distance (r value) between the hetercatom (Z), which
has no dirsct bqnd to the central metal M and is nearest
to the central metal M, and hydrogen at the PB-position is
not more than 3.0 A and the elecfrostatic energy is not
more than 10 kJ/mol.

The "density functional method"” means calculation
using a program ADEF2000.01 (developed by SCM Co.
(Netherlands], obtained by making a license contract with
SCMVCO. and then downloading the program from fhe home
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 functiom of
Triple zeta type is used for the central metal, and a

function of Double zeta type is used for other atoms,

however, in the electrostatic energy evaluation, a
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of s, p, d orbitals of the two atoms obtained by the 15 complex calculation
(single-point calculation in the (3- agostic optimum structure obtained after
the structural calculation). LmMXn (I) In the formula (1), M is a transition
metal atom 20 selected from Group 3 to Group 11 of the periodic table,
preferably a transition metal atom selegigd. from Group 4 to Group 5,
more preferably a transition metal atom of Group 4, specifically titanium,
zirconium or hafnium, particularly preferably titanium. 25 m is an integer

oftL:619% Lis adigand onordinatgektothe cenjral metal M-and is.an

organic or inorganic ligand having at least one heteroatom (Z) which has

nd divettibond to the=aerisal metalMa Solxamples ofligand skelstons,, ;.
include cyclopentadienyl skeleton, acetylacetonato skeleton, phenoxy
skeietdnz affidé skeldten sihfidd skeletortand Jligaretskeletofi whieh dgrmsum
the later-described transition metal compound represented by the formula

(1B OF-b) O (D" FHe Tigand SKERISH fepresentdtBythe fdrmula (II-

a)cinfl&g §’éi§§QQ s{,)kc%letgnt?{atge f?%rgulaél‘%gg wherein Rlisa“

hydrocarbon group and any one of K3 &h Higt calculation,
corrections of Pauli's relativistic potentials are made.
The "electrostatic energy"” means an electrostatic energy
hetween hydrogen.at the P-position and the nearest
‘heteroatom. More specifically, the electrostatic energy
is an interatomicrelectrostatic inferaction based on the
é%ectrqﬁic state obtalined by aésigning 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
complex calculation (single-point calculation in the $-
agostic optimum structure obtained after the structural
calculation).

LmM¥ (1)

In the formula (I), M is a transition metal atom
gelected from Group 3 to Group 11 of the periecdic table,
preferably a transition metal atom selected from Group 4
to Group 5, more preferably a transition metal atom of
Group 4, specifically titanium, zircenium or hafnium,

particularly preferably titanium.

m is an integer of 1 to 6.
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the later-described heteroatom or heteroatom-containing 15 group,
namely, ligand skeleton wherein at least one of R1, R3 and R4 has the
later-described heteroatom or heteroatom-containing group. The ligand
skeleton represented by the formula (lI- b) includes ligand skeleton of the
formula (1l-b) wherein 20 R1 is a hydrétarbon group and any one of R6,
R7, R8 and R9 has the later-described heteroatom or heteroatom-
containing group, namely, ligand skeleton wherein at least one of R1, R6,
R7, R8 dndiR9+asitherldtercdesdribed:heteroatbm 0Ent ral metal M and
heteroatom-containing group. 92 The ligand skeleton represented by the
fofruRP(IPFinghieesdigant-skeietdn of thie fornula (1 wherbamR10cissa
hydrocarbon group and any one of R11 R12, R13, R14 and R15 has the
|atbr deseribed hé% roAtom oristeFSatei’s Ebntirifig igrotip enamelyr a 1
ligand skeleton wherein at . least one of R11, R12, R13, R14 and R15
has the later- described heteroatom or heteroatom-containing group. The

heteroatorisd aangletalaigm othet than,g carbon algm and a hydrogen

atom, and examples thereot 10 include atoms o 'é})ogen, nitrogen,
oxygens pbaspharsy Suiue and.seleniuay: fiig srwmber satisfying.a

valence of M, X is an oxygen atom, a hydrogen atom, a halogen atom, a
hydresarhionsgrolpan-oxygerdcontainmgogrouppado skeleton and
ligand skeleton thch forms the later-described
transition metal compound represented by the formula (11—
a), (II-b) or (III).
‘ The ligand skeleton represented by the formula (Iiw
a} includes ligand skeleton of the formula (IT-a&) wherein
Rl is a hydrocarbon group and any one of R3 and R4 has
the later-described hetercatom or hetercatom-containing
group, namely, ligand skeleton wherein at least one of RI,
k3 and R4rhas the later-described heteroatom or
heterocatom-containing group.
The li§and skeleton represented by the formula (II-
) includes ligand skeleton of the tormula (II-b} wherein
51 is a hydrocarbon group and any one of RO, R7, RS and
R has the later—&escribed hetercatom or hetercatom-
containing group, namely, ligand skeleton wherein at

ieast one of Rl, RG, R7, R8 and RY has the later-

described hetercatom or hetervatom-containing group.
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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 cjroup. Plgral groups indicated by X may be
bonded to form a ring. When n is 2 or greater, plural groups indicated by
X may be the same or different. Examples of the halogen atoms include
fluoriney 25 chigring; bramine and.iodine: 83 Examplesof thermuiz (1171
hydrocarbon groups include alkyl groups, such as methyl, ethyl, propyl,
bty hexyd, oetykmbnykadodesyl arfid gicosyl aycloalkyt groups:ef-a ito 110
30 carbon atoms, such as cyclopentyl, cyclbhexyl, 5 norbornyl and
a@ammlyﬁam@ﬂwtg?@usgogﬁcwag Vi, propeniyl Bhd cytichexehyl; =14
aryIaIk groups, such as benz , phenylethyl and phenylpropyl; and aryl
sg Sudifds Eﬁ@nylafcﬁﬁl ﬁﬁ&tﬁﬁﬁ%n F?ﬁrﬁ%ﬂﬁﬁﬁ‘hé}ﬁyl eterodtom-

g/%er}}/l Eﬁo&%lggg;yh y henyl httgiyl }1{9i :[n%th h?ﬁl antbryl

enan [5carbon olps, halagenated hydrocarbons,

5%@9@ groups vherein at leaskoae hydrogenjisyeplaced with & halogen

in hydrocarbon groups 'of 1 to 20 carbon atoms, are also included.
described hetercatom or hetercatom-containing group.

The hetercatom is a nonmétal atom other than a
carbon atom and a hydrogen atom, and examples thereof
include atoms of halogen, nitrogen, oxygen, phosphorus,
sulfur and selenium.

n is a number satisfying a wvalence of M.

X‘is an oxygen atom, a hydrogen atom,‘a halogen atom,
a hydfocarbon group, an oxygen-containing group, a
sul fur-containing group, a nitrogen-containing group, a
boron—-containing group, an aluminum-containing group, a
phosphorus-containing greoup, a halogen—-containing group,
a heterocyclic compound residue, a silicon-containing
group, a germanium-containing group or a tin-containing
group. Plural groups indicated by X may be bonded to
form a fing.

When n is 2 or greater, plural groups.indicated by X
may be the same or different.

Examples cof the halogen atoms include fluorine,

chlorine, bromine and iodine.



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 afot, is not included either.
~ Examples of the oxygen-containing groups include hydroxyl group; alkoxy
groups, such as methoxy, ethoxy, propoxy and butoxy; aryloxy groups,
such a§phenesy, methyishenuidedithylphenoxy andalaphthexy 25
arylalkoxy groups, such as phenylmethoxy and 94 phenylethoxy; acetoxy
g%ﬁ&pfnd 8élrrf}%n§/Fng%fphWher?ttHé ‘oxygERGhtaiRmegroupseantains
carhon atom, the number of carbon atoms is in the range of usually 1 to
S%EQ referggﬁfyf to 585‘%3‘%‘% sf’tﬂ%r%%%?ﬁiﬁi#\é JrétpIE for exdrmpies of 3

OFQUP; (COMAIRING ;ggéss,ulfy& @glorg§, p;lﬂ;ctbgé%tgx-dfscribeqfo%etgg}oic’yclic

compound residue is not included in this group. E?(lampfgsco the

sulfut-contalning gradpsinciude; sulfQBAtMOrgURSLSUCaS: a5 vinyl,
methylsulfonato, 10 trifluromethanesulfonato, phenylsulfonatc, :

behgylaifonate; petotierntesutfondto, drimethiybenzenesufonata;h as
triisobuglbenzenesulfonato, p-chlorobenzenesulfonato and

pRAEAY ro%ﬁ%ﬁé@ﬁ‘ﬁd&até?%uﬁmémkﬂcﬁ@@ raethylsutfingte,

such as Qhenyl,.tolyl, dimethylphenyl, trimethylphenyl,
ethylphenyl, propylphenyl, biphenvyl, naphthyl,
methylnaphthyl, anthryl and phenanthryl. In the
hydrocarbon groups, halogenatéd hydrocarbong, such as
groups wherein at least one hydrogen is replaced with =a
halogen in hydrocarbon dgroups of 1 to 20 carbon atoms,
are also included.

Thé 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,
& phesphorus atom, a halogen atom or a silicon atom, saild
§tom being directly bonded to the oxygen atom; 15 not
included either. Examples of the oxygen—containing
groups include hydroxyl group: alkoxy groups, such as
methoxy, ethoxy, Propoxy and butoxy; aryloxy groups, such
as phenoxy, methylphenoxy, dimethylphenoxy and naphthoxy;

arylalkoxy groups, such as phenylmethoxy and
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15 phenylsulfinato, benzylsulfinato, p-toluenesulfinato,
trimethylbenzenesulfinato and pentalurobenzenesulfinato; 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 preferably 1 to 20. The nitrogep4ontaining 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
NHFRGEN-CONAININgQreuRs 25Jnelude amino group;alkylaming groyps.,
such as 95 met:hylamino, dimethylamino, diethylaminc, dipropylamino
andedibutylamino;rdieyotdhexylamine; andasylamine o calkylegylaming
groups, such as phenylamino, diphenylamino, ditolylamino,

diEptethy faimine drermetisiphenylaminoh s Thenlgeronfcontamidg gloupe 30,
is, for example, a group containing 1 to 5 boron atoms, but the
|BeFdestribéd théteradclic compound residue is not included in this

group. example of the boron-containing group is BR4 élj? is hydrogen,

an alky?gfeouspu%%uarry@ foup Which riay “t0 h&ve a¥upsh r%ﬁ?t,e a halogen P
aorraeie). The sluminy-cqniaining,grun s, farexample; 2-9ioup
containing 1 to 5 aluminum atoms. An example of the

ateminiing seantaining-grouRds A RA(Reisihy dregen, A aliod graupan

aryl group which may have a substituent, o

group. Examples of the sulfur-containing groups include

sulfonato groups, such as methylsulfonato,
trifluromethanesulfonato, phenvylsulfonato,
benzylsulfonato, p—toluénesulfonato,
trimethylbenzenesulfqnato, triisobutylbenzenesulfonato,

p-chlorobenzenesulfonato and pentafluorobenzenesul fonato;

~sulfinato groups, such as methylsulfinato,

phenylsulfinato, benzylsulfinato, p-toluenesulfinato,
trimethylbenzenesulfinate and pentaflurcbenzenesulfinato;
alkylthic groups; and arvlthic groups. When the sulfur-
containing group contains carbon atom, the number of
carbon atoms is in the range of usually 1 tc 30,
Qreferably 1 to 20.

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

include amino group; alkylaminoe groups, such as
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15 a halogen atom or the like). The phosphorus-containing group is, for
example, a group containing | to 5 phosphorus atoms, but the later-
described heterocyclic compound residue is not included in this croup.
Examples of the phosphorus-containing 20 groups include
trialkylphosphine groups, such as trimgghylphosphine, tributylphosphine
and tricyclohexylphosphine; triarylphosphine groups, such as
tripheylphosphine and tritolylphosphine; phosphite groups (phosphido

greups), stieh-as, methylphosphite, 96 gthyl jteand, =
pheny%hosphite; phospho%i% acid group; an psé%gggﬁihigdaé}léoggg&&mmo

Exanaplestafihe dialegen-gontaining groups include. fluosipe-coniaining,
groups, such as FF6 and BF4; 5 chlorine-containing groups, such as

C204 ahdSHEI6] andgiodinescostaining grattps; sueh ascl,04d Exasplesnino,
of,.the heterocyclic compound residues include residues of
niftbgen-cortaifing Groupaisteniasbyerole Dyridine; iyimmisiberguimoline

and triazjne; 10 residues of oxygen-containing groups such as furan and

pyran; residués F SuIfiii-Contiinfity §rSUps stich 48 thRHeRecand G oup

AT ENGH i SUbSitse kS SLah 2 Bty arouse of 11 50 GufboR o2

atoms; preferably 1tgnlh 20-carban @lams o Alkoxy GIOURSy i tris
group. An example of the boron-containing group is BRyg
{R 1s hydrogen, an alkyl group, an aryl group which may
have a substituent, a halogen atom or the 1ike).

.+ The asluminum-containing group is, for éxample, a
group containing 1 to 5 aluminum atoms. An example of
the aluminum-containing group is AlRs4 (R is hydrogen, an
alkyl group, an aryl group which may havé a substituent,
a halogen atém or the like).

The phosphorus-containing group is, for example, a
group containing 1 to 5 phosphorus atoms, but the later-
described heterocyclic compound residue ié not included
in this group. Examples of the phosphorus~containing
qroups incliude trialkylphosphine groups, such as
trimethylphosphine, tributylphosphine and
tricyclohexylphosphine; triarylphesphine groups, such as
tripheylphosphine and tritolylphosphine; phosphite groups

{phosphido groups), such as methylphosphite,
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The silicon-containing group 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, 20
trimethylsilyl, triethylsilyl, tripropylsilyl, tricyclohexylsilyl, triphenylsilyl,
methyldiphenylsilyl, tritolyisilyl and triggphthylsilyl; hydrocarbon-
substituted silyl ether groups, such as trimethylsilyl ether;
silicon-substituted alkyl groups, such as 25 trimethylsilylmethyl; and

slieag-substitad and.grouns. 97 sieh.a3 Vimethylsiipneny!l. Waen the
silicon- containing group contains gar on atom, tﬁe number o carlbon

apmss, inthe rangs:of uspally 1119 30, preferably 1 to 20. 5 Examples of
the germanium-containing groups include “groups wherein silicon is
replaced withrgermariuntia thel abeve-mentionedsilicon-coataiRing ude
groups. Examples of the tin-containing groups include groups wherein

sthitoR Ts- Rp1aced WithifivirPihe atfoveSYG erftidied silicoriBentaining
groups, As the transjtion metal compound (A) for use in the invention, a

compoLnd represead By tHE tokcwing fomftia (h3 dth-b)1S adaildbie.

1§J$£Ae—containing groups, such as 104.

Examples of. the ﬁeterocyclic compound residues
include residuesiof nitrogen-containing groups such as
pyrrole; pyridine, pyrimidine, guincline and triazine;

residues of oxygen-containing groups such as furan and

- pyran; residues of sulfur-containing groups such as
i .

thicophene; and groups wherein these heterocyclic compound
residues are further substituted with substitusnts such
as alkyl groups of 1 to 30 carbon atoms, preferably 1 to
20 carbeon atoms, or alkoxy groups.

The silicon-containing group is, for example, a
group containing 1 to 5 silicon atoms. Examples of the
silipon—cpntaining groups include hydrocarbon—substitut@d
silyl groups, such as phenylsilyl, diphenylsilyl,
Erimethylsilyl, triethylsilyl, triprolesilyl,
tricyclohexylsilyl, triphenylsilyl, methyldiphenylsilyl,
tritolylsilyl and trinaphthylsilyl; hydrocarbon-
substituted silyl ether groups, such as trimethylsilyl
ether; silicon-substituted alkyl groups, such as

trimethylsilylmethyl; and silicon-substituted aryl groups,
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‘RS

R3- NI1Xn \J\-A R4 m ...(ll-a) 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 G¥bup 5, 98 specifically titanium,
zirconium, hafnium, vanadium, niobium, tantalum or the like, more
preferably a transition metal atom of Group 4, specifically titanium,
Zirconium br hafhitm] still igre preferabiititaniune. 5 Qliscawnitrogen atom
or a carbon atom having a substituent R2 (-C(R2)=) A is an oxygen atom,
Q8L atd, alsefehiGRT AR or@ hitroyeh @Bm RavingEnsebstiafent
R5 23 RSI Is a hydro%arbon group having at least one 10 heteroatom

N
%?Jé%-?ydrg ABon’Grotip hating Af' 8astdné Sétardatom=Containing group.

gﬁ%th@ Iggteﬁgatoms include atoms of halogen, nitrogen, oxygen,
phosphorus, sulfur and selenium. The heteroatom-containing group is a

group gQRtgiNiag aronmetal atem-othar than.a carbon 15 atom and.a 5.
hydrogen atom, and examples thereof include an oxygen-containing
groupsa Ritrogens=containing:groupr @>laced 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-
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 fIIwb) is available.

e (IT-a)

ghexein Nemm M1 generally means thatf they are coordinated
Lo 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,

preferably a transition metal atom of Group 4 to Group 5,
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sulfur-containing group, a phosphorus-containing group, a halogen
atom-containing group and a heterocyclic compound 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 includg 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
hygregen is-keplaced with:halogen in-the 99 hydregarhon groupsof 1 to
30 carbon atoms, preferably 1 to 20 carbon atoms, such as alkyl groups
(enghpmisthyl, tethylz propylcoutyk hexyk ochd.rromytededecyl and
eicosyl), cycloalkyl groups of 3 to 30 carbon atoms (e.g., 5 cyclopentyl,
cyeratiesdyt, irorbowriyd andtadamanthy)o wikeny| greupst (gl vinyli tanium,
propenyl and cyclohexenyl), arylalkyl groups (e.g., benzyl, phenylethyl
arfd PHERGHTopYI) }éﬁﬁnergroin’s i&‘oﬁﬁeﬁﬁﬂema h‘]e*EH’;FlﬁﬁéﬁW

trimethylphenyl ethylphe l, 10§ropﬁphgr¥ E'cghen&/m réé) % .
ry o

methyln pﬁtﬁy an-~ ryP dprhenan pecific examp
groupsdnclyde trifkmromethyl, perfluoroethyl, pentafluorophenyl,

perfluorohexyl, trlchloromethyl perchloroethyl, pentachlorophenyl and
perchlorohexylalb Riyigareteradly a halogen-alembaoniiRBgeni um atom

hydrocarbon group of 1:to 30 carbon atoms, particularly
or q nitrogen aztom having a substituent RO (—N(R5)—).

RY is a hydrocarbon group having at least one
heterocatom or a hy&ﬁocarbon group having at least one
hetercastom-containing group. Examples of the heteroatoms
include atoms of halogen, nitrogen, oxygen, phosphorus,
suifur and selenium. The hetercatom-containing group is
a group coqtaining a nonmetal atom other than a carbon
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
Qitrogenwcontaining groups, the sulfur-containing groups,
the phosphecrus-centaining groups and the heterocyclic
compound residues include the same groups as previously
described with respect to X in the formula (I). Examples

cf the halogen-containing groups include groups wherein

at least cone hydrogen is replaced with halcogen in the
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preferably a fluorine-containing hydrocarbon group of 1 to 30 carbon
atoms. Specifically, R1 is trifluromethyl, perfluoroethyl, 20 perfluoropropyl,
perfluorobutyl, perfluoropentyl, perfluorohexyl, perfluoroheptyl,
perfluorooctyl, perfluorodecyl, 1H,1H-perfluoropropyl, 1H, IH-
perfluorobutyl, 1H,IH-perfluoropenty&4H,1H- perfluorohexyl,
IH,IH-perfluoroheptyl, 1H,1H 25 perfluorooctyl, 1H,1H-perfluorodecyl,

perfluorocyclohexyl, 100 trifluoromethylcyclohexyl,

jsitriftioromethyd)eysclohexyl, trifluponsethylluosecy@iohexybreraniy 1
monofluorophenyl, difluorophenyl, trifluorophenyl, tetrafluorophenyl,
pentafluorophenylL (riffuoronséthyhpentaftlomphenyl, B2 . 9., methyl,

(trifluoromethyl)fluorophenyl, trifluoromethylphenyl,

it dre iyl shenyt tri@rifidoroffethiyl)phetiyy L, dodecyl and

tetrakis rifluoronlegh

eplé?ﬁljsafroéfhy(fﬁ’ﬁenﬁ,

Dphenyl, pentakis(trifluoromethyl)phenyl,
Xg?)fs péllrffffé?@etﬁyl)aﬁeﬁ/l,%Oerﬁﬁ&%ﬁ?oﬁﬁﬁﬁlényi,@k@ "

Aerfugrobutylph é&%%@'ggﬁqp%ﬁgggg' paexﬁ‘E%U%ngl%%x'@{‘e yl,

bis(perfluorohexyl)phenyl, perfluoronaphthyl, per fluorop

enantHryl,

Perfuaroapthiyi (triftugromethyl)tetrafluerophenylorthe Jike, R240:R% ) |

may be the same or different and are each a 15 hydrogen atom; a

group, an 0xygen-co
phenyvlpropyl) an

dimethylphenyl,

ntaining

. #rajdgerkatony, @ hydrotarbon graup; w hydreaayhensubsttuted silyl

d aryl groups (e.g., phenyl, tolyl,

trimethylphenyl, ethyvlphenyl,

propylphenyl, biphenylyl, naphthyl, methylnaphthyl,

~anthryl and phenanthryl). Specific examples of such

groups include trifluoromethyl, perfluorcethyl,

pentafluorophenyl, perfluorchexvyl,

trichloromethyl,

perchloroethyl, pentachlorophenyl and perchlorohexyl.

rl is preferably a halogen atom-containing

hydrocarbon group of 1 to 30 carbon atoms, particularly

preferably a fluorine-containing hydrocarbon group of 1

to 30 carbon atoms.

Specifically, RL is trifluromethyl, perfluoroethyl,

Eerfluoropropyl, perfluorobutyl, perfluoropentyl,

perfluorohexyl,
perfliucrodecyl,
perfluorchutyl,
perfluorohexyl,

perfluorcoctyl,

perflucroheptyl, perfluorococtyl,

1H, tH-perfluoropropyl,
1H, 1H-perflucropentyl,
1H, 1H-perflucroheptyl,

1H, I1H~perfliuorcdecyl,

1H,1H~
1H, 14~
1H, 18-

perfluorocyclohexyl,
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group, a nitrogen-containing group, a sulfur-containing group, a
boron-containing group, an aluminum-containing group, a
phosphorus-caontaining group, a halogen 20 containing group, a
heterocyclic compound residue, a silicon-containing group, a
germanium-containing group or a tin-t@#taining group. Two or more of p2
to R5 may be bonded to form a ring. Examples of the boron-containing
groups, the 25 aluminum-containing groups, the phosphorus-containing
10t idrbupsetie haldgenicontaining graups, the heteroayelic, compote 1
residues, the silicon-containing groups, the germanium-containing groups
and tHe Bncortaning grovpec indicated by R2to RbLinclhule theydame
groups as 5 previously described with respect to X in the formula (1).

E ér%p‘l@s%?fh%“ﬁ&logéﬁ%ﬁfﬁﬁﬁ'@h&% s indicaret By RPI¢ RS include

the same-groups .as previously. described with_respect to Rl in the formula
('Ipers%. %?(%%ﬁ)ﬁle of 1tﬁ’eﬁl‘ly r%%%r fc})notﬁ IQOT?J%%H d &3%&" By P2 1DRORS -
inelude-those of- 10,39 earbon,atoms,, Spegifically, there.can

mentioned straight}-%]hain or bragnchezll alkyl groups of 1 to 3% c%ﬁ%gﬁf Lo
atotas, frefarablyor-tor20l carbematoms: sueh asmethyhrethyl, Drpiopyl 1
isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, 15 neopentyl and n-hexyl;
strgighe-thaintor branched-itkenyl rgrewps of 2 to 30 carbon atoms,

preferably 2 to 20 carbon
pentakis (trifiuoromethyl)phenyl, perfluoroethylphenvl,

r

bis(perflucrcethyl)phenyl, perfluoropropylphenyl,
perfluorcbutylphenvl, perfluoropentylpﬁenyl,
-pggfluorohexylphenyl, bis (perfliucrohexyl)phenyl;
perfluoronaphthyl, perfluorophenanthryl, perfluoroanthryl,
{trifluocromethyl)tetrafluorophenyl or £he Like.

RZ to RY may be the same or different and are each a
‘hydrogen atom; & halogen atom, a hydrocarbon group, a
hydrocarbon-substituted silyl group, an oxygen—containing
group, & nitreogen-containing group, a éulfuzmcontaining
group, a boron-containing group, an aluminum-containing
group, a phosphorus-containing group, a halogen-
Eontaining group, a hetérocyclic compound residue, a
silicon-containing group, a germanium—containing group or
a tin-containing group. Two or more of R? to RO nay be
bonded to form a ring.

Examples of the boron-containing groups, the

aluminum-containing groups, the phosphorus-containing
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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
3to 30 carbon atoms, preferably 3 to20 carbon atoms, such as
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and adamantyl; cyclic
unsaturated hydrocarbon groups of 5to 30 carbon atoms, such as

yclopentadienyl, it ¥ luorenyl: aryl groups of 6 to 30 carbon
gtomsB, 102 prefe?ggé%g]tgé%%c%rlb%%ngto%s?é%%ch ags%hghe;}i,ebé)%,hc

nam@myh@iwﬁweae,rp%@ylxiipheaaﬂ%ﬂt_ﬁé&%fﬁéh%lj@“& the
alkyl-substituted aryl groups, such as tolyl, iso-propylph nyf,l o

Bbardphienytodimethylphenyhanddi-t butylphetyl- Ihet 2 i ning groups
above-mentioned hydrocarbon groups may be substituted with other  ~
hydrocarseh grodiss, andiexarmplas def such graupsdndude adlgy/! groups
subs}ituted with aryl groﬁt%gs such as benzyl and cumyl. 10 Examples of

I Ry drotatb s SabhGed iy g rotiRe fdicared by RZtepSinvlude (1) .

those %&]‘aﬁ% ggscaébon %[og]asjts : ee;g:iﬂficall , there can be mentioned
methylsily!, -dimetfylsilyt. trifie ﬁ£5|lyl?8fh>§/ﬁs}l§}ﬁ%‘?etﬂﬂgﬁﬁ? tHehyrsiyE
siphenvimetylsibl, riphendsibl o dmelylphenvisivl . ..,
dimethyl-t-butylsilyl and dimethyl(pentatluo ophenyﬁsw. 8?516/3& _
peeferdliled with respect to Rl in the formula (IZ-a).
Examples of the hydrocarbon groups indicated by RZ
to R include those of 1 te 30 carbon atoms.
Specifically, there can be mentioned straight-chain or
branched alkyl groups of 1 to 30 carbon atoms, praferably
1 to 20 carbon atoms, such as methyl, ethyl, n-propyl,
isopropyl, n-butyl, iscbutyl, sec-butyl, tert-butyl,
neopentyl and n-hexyl; straight-chain or branched alkenyl
groups of 2 to 30 carbon atoms, preferébly 2 te 20 carbon
atoms, such as vinyl, allyl and isopropenyl; straight-
chain or branched alkynyl groups of 2 to 30 carbon atoms,
preferably 2 te 20 carbon atom, such as ethynyl and
propargyl; cyclic saturated hydrocarbon groups of 3 to 30

LY
carbon atoms, preferably 3 to 20 carbon atoms, such as

.cyclopreopyl, cyclebutvl, cyclopentyl, cyclohexyl and

adamantyl; cyclic unsaturated hydrocarbon groups of 5 to
30 carbon atoms, such as cyclopentadienyl, indenyl and

fluorenyl; aryl groups of 6 to 30 carbon atoms,
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are methylsilyl, dimethylsilyl, trimethylsilyl, ethylsilyl, diethylsilyl,

triethylsilyl, dimethylphenylsilyl and triphenylsilyl. Particularly 20

preferable are trimethylsilyl, triethylsilyl, triphenylsilyl and
dimethylphenylsilyl. Examples of the ox% en-containing groups indicated

by p2 to R5 include the same groups ab %reviously described with respect
to X in the formula (I). 103 Examples of the nitrogen-containing groups
indicated by R2 to R5 include the same groups as previously described
Wi%%%%%%){jgd{ Xin the TOMTRARP" Examigles B the sulfuredntainingnzyl,
groups. . indjcated 5 b R5 include the same groups as previously
e B X s Har 4 RO RS TS G
preferably s hyudiooen ajom. o, haloagnalod, y hudigearbon.raup.a )

hydrocarbon- substituted silyl group, an oxyge ta roup, a

nittegen-eoptaipngrgroyp@a-skituFGONRINING GrOMPORA b henyl and di-t-
halogen-containing group, more preferably a hydrogen atom, "a halogen

atomt admydrogarbon group, a hydrocarbon- substituted silyl group or a
halogen-containing group. Examples of the halogen atoms and the

halogen 1B%cottamigigisuperiadichtetiby R R5 includerthe same

atomg and %)rtou s as greviously described with respect to Rl in the

foﬁnu%aﬁga ed wi :other hydreccarbon groups, and examples

of such groups include alkyl groups substituted with aryl
groups such as benzyl and cumyl.

Examples‘of the hydrocarbon—substituted silyl groups
indicated by RZ to R® include those of 1 to 30 carbon
aéoms. Speéifically, there can 5@ mentioned methylsilyl,
dimethylsilyl, trimethylsilyl, ethylsilyl, diethylsilyl,
triethylsilyl, diphenylmethylsilyl, triphenylsilyl,
dimethylphenylsilyl, dimethyl-t-butylsilyl and
dim@thyl{pentafluorophényl)silyl. Of these, preferable
are methylsilyl, dimethylsilyl, Trimethylsilyl, |
ethylsilyl, diethylsilyl, triethylsilyl,
dimethylphenylsilyl and triphenylsilyl. Particularly
preferable are trimethylsilyl, triethylsilyl,
griphenylsilyl and dimethylphenylsilyl.

Examples of the oxygen-containing groups indicated
by RZ to R® include the same groups as previously

described with respect to X in the formula (I).
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n is a number satisfying a valence of M, 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, C? (pé)ron-containing group, an
aluminum-containing group, a phosphorus-containing group, a
halogen-containing group, 25 a heterocyclic compound residue, a

silicon-gontaining 104 group, a germanium containing group or a
tin- contalnm}% grgoup ampﬁealsE of 8GCh atomE and grotips fhdude e atead

samgatemsand groyps.as.prev ly described with respect to X in the
formula (1). 5 When n is 2 or gregt)%qf pliiral groups indicaed by may be

thessamet differentanskplural groups, indicated by X may be bonded to
formaring. R1 G 10 MIX t A ...(li-b) S=T M wherein-N---M1 generally

meansithakthieysarefcoordinated d5-to-eachiother, butdnthe present, |

mvenEon the are not always coordinated. In the formula (li-b), M1 is a
ﬁén&tloﬁomgtal a6t Iseletied fromGoupdto Gsoupditiofitbeperiodic

g%scwibed with respect t¢ ¥ in the formula (I).

RZ to RS are each preferably a hydrogen atom, a
halogen atom, a hvdrocarbon group, a hydrocarbon-
substituted silyl group, en oxygenhcohtaining groug, a
nitrogen—cmntaining group, .a sulfurwcentaining group or a

— o 1 - ;-
halogen contalning group, more preferably a hydrogen atom
r

1

a halogen atom, a hydrocarbon group, a hydrocarbon-—
substituted silyl group or a halogen-containing group.

Ekamples of the halogen atoms and the halogen—
containing groups indicated by R? to RO include the‘same
atoms and groups as previously described W1th respect to
Rl in the formula (II ay.

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

X is an oxygen atom, a hydrogen atom, a halogen atom,
g\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,

& heterocyclic compound residue, a silicon-containing
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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, specifically titanium,
zirconium or hafnium, still more preferably titanium. m is an integer of 1 to
5, preferably 2 to 4, more 25 preferadi§2. 105 A is a 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
sabStittent R7EEARY, 528 hitiogerratbrroraphosphbrusatarm i$ isa
cagn%%n atorEl havirl%a} substituent R8 (-C(R8)=), a nitrogen atom or a
phosphorus atom. T fs 4 calbioh aforfi haviia SaBshtiehl R.CEERY)S), a
| n, 0 horus atom. 1Q Rl is a hydrocarbon group having
gééq%f mg%%%he%éqroga on(gl)g%sf a Rydrocar %Lﬁsglr%uget‘?ﬁﬁﬁg %ﬁe"ﬁ‘rtr%ore

hetesieatom:containing-groups,-And has the same meaning as that of Rl'in
the formula (II-a). R6 to R9 may be the same or different and are each a

15 hydrégen atorhs ahalegerr atarara hydracarben groub. & di cated by X
hydrocarbon-substituted silyl group, an oxygen-containing group, a ;

ARGy et chhririAggroup & SGkuecontaining group,la POsOR-CONtRINIBG L e d

ggou% an aluminum-containin
Y may be bonded to form a ring.

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

In the formula (II-b), M+ 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 §,
specifically titanium, zirconium, hafnium, vanadium,
ﬂiobium, tantalum or the like, morse preferably a
transition metal atom of Group 4, specifically titanium,
zirconium or hafnium, still more preferably titanium.

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

preferably 2.



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. Examples of the
hydrocarbon groups and the hydrocarbaon-substituted silyl groups include
the same groups as previously describédwith 25 respect to R2 to R5in
the formula (II-a). Examples of 106 the oxygen-containing groups, the
nitrogen-containin ,%roups, the sulfur-containing groups, the nitrogen-
containirtg group, gfe bofen cartaiiry groups Cfid afinhirfinifeontaining
groups, the phosphorus-containing 5 groups, the halpgen-containing
groups,[{héﬁe%er%a%c%%n c%qrﬁ%%l:}r? ‘Fgﬁﬁugs,sﬁg%ﬂ ‘% E’-’t?(?rntﬁﬁ'lin(g"c (R} =),
grgugg,ggggg%rrg%w%gogtaggg% g[]%wsa%dtghe tin-containing groups

i

include the same groups as previously descri ed with respect to X in the

formulaq(l); 10R&to-Rorare@achieterably ahydrogenatemza halogen, .
atom, a hydrocarbon group, a hydrocarbon- substituted silyl group, an !
0X§/ gehicontainingtgroups az nittogenicontainigegroup, a sulfur-containing
group or a_halogen-containing group, more preferably a hydrogen atom,

15 a hatogeh atoft B Rydraeamonajieng, & hytlocaittorprsulistituted sityl) =) |,
group or a halogen-containing group. Two or more of R6 to R9 may be
bé%é%ﬁ%%?%ﬁﬁ;fﬁﬁ&;pf & phosphorus atom.

[#]

T is a carbon atom having a substituent R? (-C(RT) =),
a nitrogen atom or a phosphorus atom.

Rl is =& hydrocarbon group having one or more
heteroatpms or a hydrocarbon group having cne or more
hé&eroatgm—containing groups, and has the same meaning as
that of Rl in the formula (¥I-a).

R® to RY may be the same or different and are =sach a
hydrogen atom, a halogeén atom, a hydrocarbon group, a
hydroéaibonﬂsubstituted siiyl 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-~ |
containing group, a heterocyclic compound residue, a
gilicon—containing group, a germanium-ceontaining group or
a tin-containing group. Examples of the hydrcocarbon
groups and the hydrocarbon-substituted silyl groups

. include the same groups as previously described with

respect to RZ to RS in the formula (IT-a). Examples of
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and when m is 2 or greater, RIs, R6s, R7s, R8s and R9s may be the

same or different, and one group of R6 to R9 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 M1. X is an oxygen atom, a hydrogen
atom, a halogen atom, a hydrocarbon dié@ip, an oxygen-containing group,
a 25 sulfur-containing group, a nitrogen-containing group, a 107
boron-containing group, an aluminum-containing group, a
phoSpRORISLBERMEINIAG FFoup Ja halogen-cortaining-grow, -& beteroayicli
compound residue, a silicon-containing group, a germanium-containing
grodp OF&’tin-Coftaiming 5 grotp: Exarisled 6P Géh atdifs ahigroaps
inclggg tgg same atoms ar]cqlgr ups as previously described with respect
to X in the formala (1), When'his—2 bF Greatsr: praral §réligs Rdicatdttby X
ma ifferent, ral groups indicated 10 by X may be
bo%ﬁ%ﬁ%&ﬁﬁ%@nﬁﬁary tot g'tra%qs%iti r%r%%%g}oc%ﬁpgfr%{&amyng
represensed byrbe {amayla- () dxe Fansition mefal COMPRUNLIAY-o eyl ic
represented by the formula (I1-a) or (lI-b) preferably has properties that

the distance betweentise 15theteroatdmemwhicinhas nardirest bapd fo thes
central metal M and is nearest to the central metal M, and hydrogen at

the FE-PBRItONIS Tot hidrelthan B 0 Wand@tise the tin-containing groups

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

R to RY are each preferably a hydrogen atom, a
halogen atom, a hydrocarbon group, a hydrocarbon—
sdbstitutéd s5ilyl group, an oxygén—containing_group, a
nitrogen-containing group, a sulfurwcontaining group or a
balogen—containing group, more preferably a hydrogen atoﬁ,
a halogen atom, a hydrocarbon group, a hydroﬁarbon~
substituted silyl group or a halogen—contaiﬁing group.

Two or more of R® to RS may be bonded to form a ring,
and when m is 2 or greater, Rls, RGS, R7s, r8s and R9%s
méy be the same or different, and one group of R® to R?

Ll

contained in one ligand and one group of RO to RO
ggntained in other ligands may be bonded.

n is a number satisfying a valence of M1,

X 1s 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
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electrostatic energy is not more than 10 kJ/mol. Of the transition metal
compounds represented by the 20 formula (II-a) or (lI-b), a transition
metal compound represented by the following formula (ll-a") or (lI-b") and
having the following structure as R1 is preferable as the transition metal
compound (A) for use in the invention”25 R1 | RR4 108 wherein N---M1
generally means that they are coordinated 5 to each other, but in the
Qgggggt_igggnﬂ%nn&h%/ are not always coordinated. i[‘ the formula (11 &),
M1is a transition metal“afoH ‘seféctéd ffoh BfoGp 3t iGisup 1t ofthe o

iodlig, table, preferahly a transition metal atom of Group 4 to 10 Group
g%pecifically titanium; zﬁ?gni%nc},%a’fniﬁrﬁa ATadiuft higHitm fastakig

ar thedikeompre prefergbly @ tansition nggtacliatso% of Group 4 sPecificaIIy

titanium, zirconium or hafnium, still more preferably titanium. ig'a e
ritrogen atomeora:cariendaion having & -n.substituentiR2 (GRAZ). A

IS an oxygen atom, a sulfur atom, a selenium atom or a nitrogen atom
Keilg a stibstiteentRS {-G(RS)-j; Rivis @ phenylgrosp havingiat least
one substituent

Same atoms and groups as previcusly described with
‘respect to X in the formula (I).

When n is 2 ‘or greater, plural groups indicated by ¥
may be the same or different, and plural groups indicated
by ¥ may be bonded to form a ring.

Similarly to the transition metal compound
répresented by the forﬁula {I}, the transition metal
cempound (A} represented by the formula (IT-a) or {IT~b)
'preferably has properties that the distance between the
heteroatpm, which has no direct bond fo the central metal
M and is nearest to the central metal M, and hydrogen at
the B-position is not more than 3.0 A and the
electrostatic energy is not more than 10 kJ/mol.

Cf the tranéition metal compounds represented by the
formula (II-a) or (II-b), a transition metal compound
r;presented by the following formula (II-a'} or (II-b)
énd having the following structure as RI is preferable as

the transition metal compound () for use in the

invention.
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selected from a heteroatom and a heteroatom-containing 20 groups, 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 1-position, the phenyl grodP8esirably has, at at 25 least one
position of the 2-position and the 6-position, 109 at least one substituent
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 5 fluorine atom, a
fluorine-containing group containing one carbon atdmarid' Aot more than
two fluorine atoms, a fluorine-containing group containing two or more
carbon atoms and a heteroatom-containing group having a heteroatom
otherdham fluoting alom WheryRhds an 10, gromalic hydiocarbon group
other than a phenyl group, an aliphatic hydrocarbon §roup oran alclicy%ﬁ ©
hydeocarbonogioup, thisgroup fias Qne-gempre substituents selected. .
from heteroatoms and heteroatom-containing groups. Examples of the
hetefbatoms ameitheaiet8roatom 15 containing groups indicated by R1

. include the same atoms and g:“(e)ups as pﬁeviously described with respect
; ;

to R1 in tfe FOFmdig{isha In the tRansitibn mistak corposhtirepresentad
bXJpgm selected from Group 3 to Group 11 of the periodic
table, prefe;ably'a transition metal atom of Group 4 to
Group 5, specifically titanium, zirconium, hafnium,
v??adium,'niobium, tagtalum.o: the like, more preferagly
& 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 atom, a sulfur atom, a selenium atom
or a nitrogen atom having a substituent RD (—C{RS)—}.
| Rl is a phenyl group having at least one substituent
selected from a hetercatom and a heteroatomwcbntaining
groups, an aromatic hydrocarbon group other than a phenyl
.
group, an aliphatic hydrocarbon group or an alicyclic
hydrocarbon group. When RI 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 Z-position and the t-position,
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formula (II-a"), when the position of the carbon atom 20 bonded to a
nitrogen atom is the 1-position, R1 is preferably a fluorine-containing
hydrocarbon group of 1 to 30 carbon atoms which is selected from a
phenyl group having, at at least one ppgdfion of the 2-position and the
6-position, at least one substituent selected from a 25 fluorine atom and a
fluorine atom-containing group, a 110 phenyl group having, at the

3-positien sthe-4-positi 5:positi tleast gne substituent 1
selected from a ﬁufgfgiiggjﬁﬁlgsgg)%%gﬁg\iégr %Iﬁeaca?frggﬁ Aom-Ang e =
nGtemenecthamtwockiionine; aloms-and a Byorne;5 contaiping-aroup; . . .
containing two or more carbon atoms, an aromatic hydrocarbon group™ '
othéethares phehyhgroup having-atdeastione substituentselgsted from a
fluorine atom and a fluorine-containing group, an aliphatic hydrocarbon
grotp Having at lesat 8RE 2dbstiviens 10setectet from ehiiuorineatom and

a gg%gr%%-gontaining %ro§, and an alicyclic hydrocarbon group having at
least” one substituent Sefectéd rofT a4fiioiie dBnyaA containing one

fluotinescontaining groyp. .Such a transition metal compound is preferable
from the viewpoints of activity 15 ari ?ﬁ]olégﬁa%v&le?ﬁﬁf%f thet8sultifig

palymer.1 SpesificallyrRhg trfluoromethyl, %Eféwfgﬁéhy#:: berluoroprapyl,
perfluorobutyl, perfluoropentyl, perfluorohexyl, perfluoro eptﬁ,
perflosroootyl, a heteroatom-containing group having a

hetercatom other than a fluorine atom. When RY is an

aromatic hydrocarbon group other than a phenyl group, an
aliphatic hydrbcarbon group or an alicyclic hydrocarbon
géoup, this group has one or more substituents selected.
from heteroatoms and heteroétom~containing groups.

.Examples of the heteroatoms and the heterocatom-
containing groups indicated by R1 include the same atoms
and groups as previously described with respect to R1 i#
the formula (II-a).

In the transition metal compound represented by the
formula (II-a'), when the position éf the carbon atom
bonded to a nitrogen atom is the l-positiocn, RY is
ﬁfeferably a fluorine—containing.hydrocarbon group of 1
to 30 carbon atoms which is selected from a phenyl group
having, at at least one position of the Z2-position and

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

flucrine atom and & fluorine atom-containing group, a
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perfluorodecyl, iH,IH-perfluoropropyl, 1H,IH 20 perfluorobutyl,
1H,IH-perfluoropentyl, 1H,IH- perfluorohexyl, 1H,IH-perfluoroheptyl, 1H,IH-
perfluorooctyl, 1H,1H-perfluorodecyl, perfluorocyclohexyl,
trifluoromethylcyclohexyl, bis(trifluoromethyl)cyclohexyl, )
trifluoromethylfluorocyclohexyl, monofluorophenyl, 25 difluorophenyl,
trifluorophenyl, tetrafluorophenyl, 111 pentafluorophenyl,
Ry R Al R e (O IR Mo s 50

trifluoromethylphenyl, bit(trifluoromethy

trisftriflugremetiyliphenyl,  tetrakis(rifluoromethylohenyL 5 ce1ccteq
pentakis(triluoromethyl)phenyl, perfluoroethylphenyl,

bis{perfluoraetiyl) pherylo pediuarepropytahienyh v pedlusrebulylahenyh c o
perfluoropentylphenyl, perfluorohexylphenyl, bis(perfluorohexyl)phenyl,

petfidbrofaphthyt perfinofophehanthryhperflusroantityl: 101 uorine-
(trifluoromethyl)tetrafluorophenyl or the like. R1 is preferably a
fluSRREONtAIRINg - ah i hydFotarb iy §rétp BP3 %o S8%EboR =omS, an
ancg exal glgshtrgreof include 1H 1H-%e fluor%ro yl, 1H,IH-

perfiuorobutyl, T+ ,ﬁ?—ﬁ%gﬁi)unorgﬁgr%l TR 15 Perffudtbfaxyl, Iroup

1H, 36 perflueronepty, IhLIH: perfluqrooglyl apd 1H.1k-perluorodecyl,
Also preferable are aromatic hydrocarbon groups of 6 to 30 carbon ators <
substituted with fitiorine; ard/os fluaine-CONAIBING, an aliphatic
hydrocarbon group having at leasﬁ one substifuent
selected from a fluorine atom and a fluorine~containing
group, and an'alicyclic hydrocarbon group havingrat least
oge substituent sglected from a fluorine atom and a
fluorine-containing group. Such a transition méfal
compound is preferable from the viewpoints of activity
and moleéular weight of the resulting @olymer.
Specifically, R is'trifluoxomethyl, perfludroéthyl,
perfluoropropyl, perfluorobutyl, perflucropentyl,
perfluorochexyl, perflucroheptyl, perfluorcoctyl,
perflucrodecyl, LH,lH—perfluoropropyi, 1H, 1H-
perfluorobutyl, 1H,lH-perfluoropentyl, 1H,1H-
éérfluorohexyl, 1H,lH-perfluorcheptyl, IH,1H~
perfiuorooctyl, 1H,lH-perfluorodecyl, perflucrocyclohexyl,
trifluoromethylcyclohexyl, bis(triflvoromethyl)cyclohexyl,

trifluorcemethylfluorocyclohexyl, monofluorophenyl,

difluorophenyl, trifluorophenyl, tetraflucrophenyl,
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hydrocarbon, such as monofluorophenyl, difluorophenyl, 20
trifluorophenyl, tetrafluorophenyl, pentafluorophenyl,
(trifluoromethyl)pentafluorophenyl, (trifluoromethyl)fluorophenyl,
trifluoromethylphenyl, bis(trifluoromettm)}phenyl,
tris(trifiuoromethyl)phenyl, tetrakis(trifflubromethyl)phenyl, 25
pentakis(trifl.uoromethyl)phenyl, perfluoroethylphenyl, 112
bis(perfluoroethyl)phenyl, perfluoropropylphenyl, perfluorobutylphenyl,
p&%&ér%%%?yﬁ é/ﬁ)égﬁﬂ Y %erfﬁ GorohER§pHERYI Bis(BeFldfohexyphenyl .

perflyor. h perfluoro hreon nthryl, perflyoroanthryl 5 and .
(i amaty ST aTGs RS O I Sbobs ETue el

preferableias Ry luor nyl, difluo. nyl, trifluorophenyl,
R

tetrafluorophenyl, pentafluorophenyl, (trifluoromet y)pentgfu
anck LM HiEY petfiiloroeetyb 2 19 RSImay be the same or different and
are each a hydrogen atom, a halogen atom, a hydrocarbon group, a
hyidrbearben substitutedesilyt groups aerngrygepecatalnng (rouphany 1 ,
nitrogen-containing group, a sulfur-containing 15 group, a
bSTbN-EHHIAHRY §FUD; g)r?&%ﬁﬁﬁu mPegrtainingmronplahenyl,
pg%slpmrus-cgnttairﬂi 8%roi|p, a halogen- containing group, a heterocyclic
compou itido

nd residud; & Silidori-cBRitaiming Tass, & germarium-containing
RPN uorohexylpheényl, bis(perfluorohexyl}phenyl,
perfluorcnaphthyl, perfluofophenanthryl, perfluocrcanthryl,
(trifluoromethyl)tetrafluorophenyi or the iike.

Rl is preferably a fluorine—containing aliphatic
hydrocarbon group of 3 to 30 carbon atoms, and examples
thereof include 1H,1H—pe;fluoropropyl, 1H, 1H-
perilucrobutyl, 1H, lH-perfluoropentyl, 1H,1H-
perfluorochexyl, lH,lH—perfluoroheptyl, iH, 1H-
perfluorooctyl and iH, lH-perfluorodecyl. Alsc preferable
are aromatic hydrocarhbon gréups of 6 to 30 carbon atoms
substituted with fluorine and/or fluorine~containing
hydrocarbon, such as monofiucrophenyl, difluorophenyl,
triflucrophenyl, tetraflucrophenyl, pentafluorophenvyl,
Ftrifluoromethyl)pentafluorophenyl,
(trifluoromethyl)fluorophenyl, trifluoromethylphenyl,
bis{triflucromethyl)phenyl, tris{trifivoromethyl)phenyl,

tetrakis{trifluoromethyl) phenyl,

pentakis(trifluoromethyl)phenyl, perfluoroethylphenyl,
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_saturate
© CREDON-3OMS; SHEBAS] | pentafluorophenyl,

a tin-containing group. Two or more of R2 to R5 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 hetero,fzyglic compound residues, the
silicon-containing groups, the 25 germarnium-containing groups and the
tin-containing groups 113 indicated by R2 to p5 include the same groups
as, .previously described with respect to X in the formula (1) Examples of
th%éﬁaﬁgséﬁ-llc%%fa“iﬁi‘ﬁgyg%aBE riﬁ%i(':at%ﬁr by 7 &P ReAe kiR 1HE same

g@pgl%gggy]ip&ﬁ pdescribed with respect to Ri in the formula (l1-a).
Examples of the hydy(Foca oh ﬁ%ﬁgg‘?ﬁdﬁcgt%%%ﬁ’ylﬁbe%’ﬁ‘s include those

obk i B0carhen atorms, Specifically,theye, | mentioned
straight-chain or ﬁrg{r?ch%%glkyl grg%’gs o¥%§%83%%§£gé?§tgo ls’,

peeterabhy 101at0h20: earbopeatoms; sushas-met1ethh NepRPYbarnhry 1
isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, neopentyl and n-hexyl;
strRight-ehaih croiamehad blkeryt agfdups op B<o330. carbon atoms,

preferably 2 to 20 carbon atoms, such as vinyl, alkyl and isopropenyl;

straight 15 cHan BP Brancheaikeifyl greeps 6723580 carbbnmtoms, as R1
S0 20 Shon o, Sy e S B e
(trifluoromethyl)pentafluorophenyl and lH,1H¥
perfluorooctyl.

RZ to RO may be the same or different and are each a
h&drogen atom, & halogen atom, a hydrocarbon group, a
‘hydrocarbon—substituted ;ilyl group, an oxygen-containing
group, a nit;ogen—containing‘group, a sulfur~containing
group, a boron-containing group, an aluminum-containing
groug, a phoSphorﬁs—containing group, a halogen-
containing group, a heterocyclic compound residue, a
silicon—cqntaining group, a germanium-containing group or
a tin—containing group. Tﬁo Or more of R2 to §5 may be
bonded to form a ring.

) Examples ¢f 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

germanium-containing groups and the tin-containing greoups
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cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and 20 adamantyl; cyclic

unsaturated hydrocarbon groups of 5 to 30 carbon atoms, such as

cyclopentadienyl, indenyl and fluorenyl; aryl groups of 6 to 30 carbon

atoms, preferably 6 to 20 carbon ato 1S, such as phenyl, benzyl,

naphthyl, biphenylyl, terphenylyl, phenanthryl and 25 anthryl; and

alkyl-substituted aryl groups, such as tolyl, 114 iso-propylphenyl,

t-buéylphenyl, dimetoiphengI and di-t- butylphenyl. The above-mentioned

hydfocarbon groups may e’ stibalitied With sthee hydrogasben groups,
examples 5 of such groups include alkyl groups substituted with aryl

Skggﬁpéaéggl&?gs eeﬁ‘iffl%%cﬁcgﬁw EXarples ofthet in the formula (I).

hydrocagggglgy‘pgi%eq ggylr%[gggl%ynigggcﬁ%% EYSR‘% é?ﬁ R5 include ‘tho?gt,e? .

of 1 to 30 carbon atoms. Speci , there can'o

10dintethyisitl, trimethylsilyh ethylsill diethylsiyl, triethylsiyl,
diphenylmethyilsilyl, triphenylsilyl, dime yIphenyIsn)/?, dﬁme?hﬁi’[ybUMSlM
affes dithithy| (pentafivesophenyd)silyll Ofthese, preferable afe methylsilyl,
dimethylsilyl, trimethylsilyl, 15 ethylsilyl, diethylsilyl, triethylsilyl,
dimethyiB5RERYISiFy| aRd tHphenyisit=Particulartyupseferableared by =2
iegtyisiyl, iethylsiyl viphenylsi and dimethylpheny/isiyt
Specifically, there can be mentioned straight~chain or
branched alkyl groups of 1 te 30 carbon atoms, preferably
1 to 20 carbon atoms, such as methyl, ethyl, n-propyl,
i??propyl, n-butyl, isobutyl; sec~butyl, tert-butyl,
neopentyl and n-hexyl; straight-chain or branched alkenyl
groups of 2 to 30 carkon atomé, preferably 2 to 20 carbon
atoms, such as wvinyl, allyl and isopropenyl; straight-
chain or branched alkynyl groups of 2 to 30 carbon atoms,
breferably 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
cyélopropyl, cyclobutyl, cyclopentyl, cyclohexyl and |
%éamantyl; cyclic unsaturated hydrocarbon groups of 5 to
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, benzvl,

naphthyl, biphenylyl, terphenylyl, phenanthryl and

anthryl; and alkyl-substituted aryl groups, such és tolyl,



Examples of the oxygen-containing groups indicated 20 by R2 to R5
include the same groups as previously described with respect to X in the

formula (1). Examples of the nitrogen-containing groups indicated by R2
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20

to R5 include the same groups as previ_?aj ly described with respect to X

in the formula (1). 115 Examples of the sulfur-containing groups indicated

by R2 to R5 include the same groups as previously described with

respect to )é in Eh%gor{nﬁula@ Examples of the halogen atoms and the
halogen 5 contaming yroups ilﬁaltc‘é%é’&‘ﬁﬁ}ﬁz (FRBSHEdB e Bannd di-t-
grmm@;{&oy;sly described with respect to R1 in the formula (IlI-a). R2

to R5 are each preferably a hydrogen atom, a halogen atom, a

hydrocarbmnsgeaup, a-hydiecarhon 1Q,substituied silyl.group,

I, b
oxygen-containing group, a nitrogen-containing group, a sulfur-gontgining

group-ortd thelegen-containing grovp rmede preferably aydiogen atom, -
a halogen atom, a hydrocarbon group, a hydrocarbon substituted silyl

grotip & hafbgerccontaming graud v15 griserumber satisfyiag avith aryl
valence of Ml, specifically an integer of 2 to 4, preferably 2. X is an

oxygen Biont % hy8rbgeir i, 3 Ral6gBk atom, a hydrocarbon group,

ﬁ%ggi%ig%%ﬁ%%%%gﬁ%ﬁ?gﬁahﬁgggggggggﬂégg%g%gted silyl groups
indicated by R? to RY include those of 1 to 30 carbon
atoms. BSpecifically, there can be mentioned methylsilyl,
dimethylsilyl, trimethylsilyl, ethylsilyl, diethylsilyl,

riethylsilyl, diphenyImethylsilyl, triphenylsilyl, |
dimethylpheﬁylsilyl, dimethyl—t—butylsilyl and
dimethyl (pentafluorophenyl)silyl. OFf these, preferable
are methylsilyl, dimethylsilyl, triﬁethylsilyl,
ethylsilyl, diethylsilyl, triethylsilyl, |
dimethylphenylsilyl and triphenylsilyl. Particularly
preferable are trimethylsilyl, triethylsilyl,
triphenylsilyl and dimethylphenylsilyl.
Examples of the oxygen-containing groups indicated

by‘R2 to R® include the same groups as previously

%

described with respect to X in the formula {Iy.
Examples of the nitrogen-containing groups indicated
by R to RY include the same groups as previously

described with respect to X in the formula {I).
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20 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. Exa{q[%les of such atoms and groups
include the 116 same atoms and groups as previously described with
respect to X in the formula (I). When n is 2 or greater, plural groups
indicat ay.be the sa g]oggiffergng, and plural groups indicated
5 by Xgnggg/y %éet%‘)n%égckﬁof?mﬂa‘ﬁﬁg.cﬁﬁaLfIK‘/Ii‘”)?n IT8YP i T WharsiA
Hy--M1 generally means.that they are %Q:%r\gﬂé@?% to each %tsh r, butin
the present invention they are not always coor inated. I the fofmula
b)) Mieis atransitionmetal b atom sejected, fram Groyp 3 to Group

11 of the periodic table, preferably a transition metal atom of Group 4 to

Group; spetificathy titaniumazisconiue; hafivmg vanadium, gighium,
tantalum or the like, more preferably
containing groups indicated by R2 to R® include the sSame
groups as previcusly described with respect te R in the
formula (II-a).

RZ to RY are each preferably a hydrogen atom, a
halogen atom, a hydrocarbon group, a hydrocarbon-

substituted silyl group, an oxygen-contalining group, a

nitregen-containing group, a sulfur—containing group or a

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.

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

X is an oxygen atom, a hydrogen atom, a halogen atom,
& hydrocarbon group, an oxygen—containing group, a
sulfur-containing group, a nitrogen-containing group, a
boron-containing group, an aluminum-containing group, a
gﬁosphorus—containing group, a halogen-containing group,
a heterocyclic compound residue, a silicon-containing
group, a germanium-containing group or a tin-containing

group. Examples of such atoms and groups include the



a transition metal atom of Group 4, specifically titanium, 20 zirconium or
hafnium, still 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. L' is

a carbon atom having a substituent R§ {#£>(R6)=), 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

hawi substit -C(R8)7), iftogen,atom or a gphosphorus
ato\ﬁ?gSa'?' is a cﬁ){gn%é\% h%v%r?g %%s% %ﬁfﬁéﬁ R%e@&fﬁp@)e: , "4 hitrogen
atosy pe aphosphoius atem.sRlisa hydrecarbon group having one or

more heteroatoms or a hydrocarbon group having one or more
heteroaéhsoontaining graups;cantehas the:same freaningas:10 thatof .,
Rl in the formula (lI-a"). R5 to R9 may be the same or different and are

e8EH abRydriogehament A WEl5§en atom, ahsidrdcarban growp,sa indicated
hydrogarbon-substituted silyl group, an oxygen-containing group, a
nl\%r%g%n{[baéﬁtgﬁﬁin%o&%%%, g%ﬁ%?%oﬁtﬁﬁiﬂ@ 15 group, a

boron-containing group, an aluminum-containing group, a
phosphorus-containing®group, a halogen- containing group, a heterocyclic
compound residue, a sjlic&n-containing group, a germanium-containing
group or =

SAII-b"

10

(S

wherein N---M1 generally means that they are coordinated

'

to each other, but in the present invention they are not
always coordinated. |
In the formulsa (II—b'); ML is a transition metal
15  atom selected frqm Grdup43 to Group 11 of the periodic
table, preferably a transition metal afom of Group 4 to
Group 5, specifically titanium, zircgniﬁm, hafnium,
vanadium, niobium, tantalum or the like, more preferably
a transition metal atom of Group ¢, specifically titanium,
20 zirconium or hafnium, stiil more prefefably titanium.

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

preferably 2.
A 1s a nitrogen atom or a phosphorus atom.
U is a carbon ztom having a substituent RE {wC(R6)=),

25 a2 nitrogen atom or a phosphorus atom.
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a tin-containing group. Examples of the hydrocarbon 20 groups and the
hydrocarbon-substituted silyl groups include the same groups as
previously described with respect to R2 to R5 in the formula (lI-a).
Examples of the oxygen-containing g{gups, the nitrogen-containing
groups, the sulfur-containing groups, the nitrogen 25 containing group, the
boron-containing groups, the 118 aluminum-containing groups, the
phosphaqrus-containing groups, the halogen-containing groups, the
heter%cg}cﬁicacgr‘?”ljf)%%rr?d%Tégfﬁputégfftﬁg%iIi%oﬁ%?ﬁéiﬁﬂﬁ’g“ﬁro‘fu%s,( the(R7) =),
geﬁg@@@&-gogt@ggingrgrqouggggdgge&in-caog{g%ining groups 5 include the
same groups as previously describe with respéct to X in the formula (1).
R6 tsR9 are eaghipseferably a.ydrogen alom..a; halogen atom, 2 g, _,
hydrocarbon group, a hydrocarbon- substituted silyl group, an ; f
DXygén-containingigrotpa afli-Ritrpgen-contairing group, a.
sulfur-containing group or a halogen-containing group, more preferably a
hydrdgerFatént; = a%3/rodaroh gviuy; ehydibsarbonesubstitutedssilyle ) - |
%roug, a halogen atom or a halogen-containing group. Two or more of R6

o RomayBe Bohbied to forfiaTinge 5 afd When m is 2 or greater, RIs,
R6s, RS, &SSaagd R9scarln%be the sanf or different, and one group of

R6 to R9 confained in 6hé igand andonegrolp Fs tF Recsntained in

therligandadmay be bonded. - 11,0, group having one or more

hetercatom-containing groups, and has the same meaning as
that of Rl in the formula (II-a').

. RS to RY may be.the same or-different‘and are each a
bydrogen atom, a halogen atom, a hydrocarbon group, a

hydrocarbon—substituted silyl grdup, an oxygen-containing

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

‘group, a boron-containing group, an aluminum~containimg

group, a phosphorus~containing grdup,_a halogen-
Containinq group; a heterocyclic compound residue, a
silicon~containing group, a germanium-containing group or
a tin—co§§aining group. IExamples of the hydrocarbon
?roups and the hydrocarbon-substituted silyl groups
include the same groups as previcusly described with.
respect to R? to RS in the formula {II;a)._ Examples of
the oxygen~containing groups, the nitrogen-containing

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

containing group, the boron-containing groups, the
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n is a number satisfying a valence of MI. 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 boron-containing group, an1ai minum-containing group., a
phosphorus-containing group, a halogen-containing group, 25 a
heterocyclic compound residue, a silicon-containing 119 group, a _
gae{riprgﬂi}%m;%oong%ianin%groug%Jvoga th-containing group. Examples of such
atoms and groups include the “saime b Groupsasprevicdshy o

ibed with. r to X.in the.formula (). 5 When n is 2 or greater,
s e By X TR B (i <Ammatar it Sl

grenps indicated: by mayrhe bonded o form.a ring, As the transitjon.
metal compound (A) for use in the invention, there can be also mentioned
aransitionimetah 0 eampoyndigpresentadby the,following farmula (), -
and having properties that, in a (3-agostic structure of a cationic complex
wherbhienélot Xerrthedformpka @) isreeplaced withssr-propyl group,

said structure being measured by a density functional method, the

di&ARce 15 Betveln thesheterdatésm, Which has no direct bond to the

central Jaet | M.and is nearest to the central metal M, and hydrogen at
the p-positigﬁl\i/é no??neorg?%n BG AT 5tﬁ’e I8t USTRR e idf s hot

mene:than 10 kd/mal. nydrocarbon group, a hydrocarbon-
substituted silyl group, an oxygen-containing group, a
nitrogenfﬁontaining group, & sulfur-containing group or a

halqgen~containing group, more preferably a hydrogen atom

L
¥

a hydrocarbon group, a hydrocarbon-substituted silyl
group, a halogen atomzo: a halogen~containing group.

Two or more of RE to RY may be bonded to form a ring,
and when m is 2 or greater, Rls, RSS, R7s, R8s and R9s
may be the same or different, and one group of R® to RS
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 MLl.

X is an oxygen atom, a hydrogen atom, a halogen atom,
. i
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
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20 Rio | R N---- --- M1ly,, R12 O R13 R1s (lll) R14 120 wherein N---MI
generally means that they are coordinated to each other, but in the
present invention they are not always coordinated. In the formula (lIl), M1
is a transition-metal atom 5 selected frpgn 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 ifically_titapium, zirconiym . or. hafnium, more preferably titanium, 10
mgaeﬁgr'z, prgt%%gﬁggﬁm%ggg h%/arno arbon’ grotip Raving a ?825 ohe"

hetesaatornear-a.Rydrocaran, group having akleast ane : -1 u4e «he
heteroatom-containing group. Examples of the heteroatoms include

atoms of balogean aitpgen, oxygen,RRosphorys,dbssulfy-and; sebenium.
The heteroatom-containing group is a group containing a nonmetal atom
ottfetithah atcarbonnatohe afd znmidrogéh atom, and examples thereof
include gn oxygen-containing group, a nitrogen-containing group; a

ihen v is 2 or greater, plural groups indicated by X

may be the same or different, and plural groups indicated

by ¥ may bs bonded to form a ring.
As the transition metal compound (A) for use in the
invention, there can be also mentioned a transition metal
compound represented by the following formula (ILXI) and
having properties that, in & B-agostic structure of a
|

cationic complex wherein one of ¥ in the formula {(ITT)

replaced with a_n4propyl group, said structure being

| measured by & density functional method, the distance

between the hetercatom, which has no direct bond to the

central metal M and i1s nearest to the central metal M,

and hydrogen at the P-position is not more than 3.0 A and

the electrostatic energy is noﬁ more than 10 kd/mol.

R‘HJ
S 11 ]
RY Ny
R12 O

. {III
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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 phosphHdlis-containing groups and the
heterocyclic compound residues include the same groups as previously
25 described with respect to X in the formula (I). Examples 121 of the

halegen-containing greups include groups-wherein -at least ane hydrogen
is replaced with halogen in hydrocarbon groups of 1 to 30 carbon atoms,

preferably bh<20, carbon atoms: speh asralkyl greups (. gsHaethvk S et
ethyl, propyl, butyl, hexyl, octyl, nonyl, dodecyl and eicosyl), cycloalkyl
groups of 810130l carbed -atoms (e.g., cyclopentyl, cyclohexyl, norbornyl
and adamantly), alkenyl groups (e.qg., vinyl, propenyl and cyclohexenyl),

arylalkytgréiiss g0 bknzyll bhenyléthyland 0 pReAYIbrRopyIEanAd afton

roups (e.q., phenyl, tolyl, dimethylphenyl, trimethylphenyl, ethylphenyl,
RO shryt. Ry oAy My aByT e aRFRyand FooL.
Renaniy anediic exampies. oty grouRs nelide, visliarametti

perfluoroethyl, 15 pentafluorophenyl, perfluorohexyl, trichloromeﬂﬁ[}’
pereblorasthyk pentachlerephgayhand perchlorobexyl, R1Q is,preferably

a halogen atom-containing hydrocarbon group of 1 to 30 carbon atoms,
partiedladyom of Group 4, specifically titanium, zirconium
or hafnium, more preferably titanium.

m is 1 or 2, preferzbly 2.

RLO 45 & hydrdcarbon grouprhaving at léast one
heterocatom or a'hydrocarbon group having at least bne
ﬁeteroatom—contéining group; Examples cof the hetercatoms
include atoms of halogen, nitrogen, oxygen, phosphérus,
sulfur and‘seléniumd The'heteroatommcontaining group is
a group containing a nonmetal atom other than a carbon
atom and a hydrogen atom, and examples therecf include an
cxygen-containing group, a nitrogen—containing group,; a
sulfur-containing group, a phosphorus-containing group, a
halogeh atom-containing group and a heterocyclic compound
. ‘
residue. Examples of the oxygen-—containing groups, the
nitrogen—containing grouﬁs, the sulfur-containing groups,
the phospherus-containing groups and the heterocyclic

compound residues include the same groups as previously

described with respect to ¥ in the formula (I). Examples
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preferably a fluorine-containing hydrocarbon group of 1 20 to 30 carbon
atoms. Specifically, R10 is trifluromethyl, perfluoroethyl, perfluoropropyl,
perfluorobutyl, perfluoropentyl, perfllorohexyl, perfluoroheptyl,
perfluorooctyl, perfluorodecyl, 1H,1H-pgsfluoropropyl, 1H,IH 25
perfluorobutyl, 1H,IH-perfluoropentyl, 1H,IH 122 perfluorohexyl,
1H,IH-periuoroheptyl, 1H,1H- perfluorooctyl, 1H,IH-perfluorodecyi,
perfluorocyclohexyi., trifluoromethylcyclohexyl ‘
oo e I o et s SoRBayES vherein
mepofluarophenyl, o difluoraphenyl, tifluorophenyl, teirafluoraphenyl,
pentafluorophenyl, (trifluoromethyl)pentafluorophenyl,
(triflunromethyifluorephenyd striflueeomethyiphenylatoms, preferably 1
bis(trifluoromethyl)phenyl, tris(trifluoromethyl)phenyl,
tetrakisftrileaoromethytiphenylindd pentakis(tiiflgorongethyBphenylrethy 1,
perfluoroethylphenyl, bis(perfluoroethyl)phenyl, perfluoropropylphenyl,
pé&rhtidlobutyiphEnyl, Peifiibropéntyibhedyt Yperfiorohexylstramyl and

bis(perflugrohexyl)phenyl, perfluoronaphthyl, perfluorophenanthryl,
peer(rﬁ)tj’&'soﬁn)thryf,¥1gg&ﬁmgn%ﬁﬁﬁétraﬁuéogﬁeﬁgl Srthe ke R %0 (& 9-
RLGDp0e e Samp-oLARAN anddie a3 AQvdiegen.aton, &

haldgen atom; a halogen-containing group, a hydrocarbon group, a
hydroearbonssustiduted . ., vinyl, propenyl and cyclohexenyl),

arylalkyl groups (e.g., benzyl, phenylethyl and
phenylpropyl) and aryl groups {(e.g., phenyl, tolyl,
dimethylphenyl, trimethylphenyl, ethylphenyl,

propylphenyl, biphenylyl, naphthvl, methvlnaphthyl,

anthryl and phenanthryl). Specific examples of such

groups ilnclude trifluorométhyl, perfluorgethyl,
pentadfluorophenyl, perflucrochexyl, trichiofomethyl,
perchloroethyl,.pentachlorophenyl and perchiorochexvyl.

R10 is preferably a halogen ato&—containing
hydrocarbon group of 1 to 30 carbon atoms, particularly
preferably a fluorinewéontaining hydrccarbon group of 1
to 30 carbon atoms.

) Specifically, R10 is triflurcmethyl, perfluorosethyl,
perfluoropropyl, perfluorobutyl, perflucropentyl,
perfluorohexyl, perfluorcheptyl, perfluocrooctyl,

perflucrodecyl, IH,leperfluoropropyl, 1H, 1H-

perfluorobutyl, 1H,lH-perfluorcopentyl, 1H,1H-
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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
RS in the formula (II-a). R15 is a halogen atom, a halogen-containing
group, a 25 hydrocarbon group or a?@%rocarbon-substituted silyl 123
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
(23 EXanahes of the Rydibcarsdn: groiriemticated By RIS 5 include

thé’%@ff&lto 3QCczilrb05kgggmﬁs. Preferred examples thereof include .
straight-chain SIGE GFOUSE 6FF6Y30 calbbh AtBRRSYC Lohexyl,

Oroaoc
“chainorbranc

t . h. thyl, ethyl, n- |
Rreferaply. 11 %Qﬁﬁi%%%ﬁ o Qg‘é% 5‘;‘[%1'%‘5( %%y??agr ﬁfpkﬁ@ g%ﬁ’e%%c LRenyl,

isopropyl, n- butyl; isobutyl, se tyl, tert- n-penty e
and pihexyb-udiocarben.ceyps Having, alicyglicskelstop:and having 3 to

30 carbon atoms, preferably 3 to 20 carbon atoms, such as cyclopropyl,

ciicfabutyb oyelopentyl raytlahexyh inatbarnyt and = adamantylzaryl groups

of 6 to 30 carbon atoms, 15 preferably 6 to 20 carbon atoms, such as

prierivi SBenAppnaphithyl, BiphdAyiylr eistenylyl sfucreAyl antioiyt ad |
phenanthryl; and groups wherein these groups are further substituted
with B3Ry %‘aﬁyc}f.?frb%e%%w&tonwfluorometnylphenyl,

bis(trifluorometﬁyl)phenyl, tris{trifiuoromethyl)phenyl,
tetrakis(trifluofomethyl)phenyl,
pentakis (triflvoromethyl)phenyl, perfluoroethylphenyl,
bis (perfluoroethyl)phenvyl, perfluoropropylphenyl,
pérfluorobutylphenfl, perflucropentylphenyl,
perflucrohexylphenyl, bis{perfluorohexyl}phenyl,
perfluoronaphthyl, perfluorophenanthryl, perflucroanthryl,
(trifluoromethyl)tetrafluorophenyl or %he like.

rll to.R14 may be the samehor different and zre each
a hydrogen étom, a halogen atem, a halogen-containing
group, a hydrocarboﬁ group, a hydrocarbon-substituted
silyl gréup, an oxygen—containing group, & nitrogen-
containing group or a sulfur-containing group. Examples
gf such atoms and groﬁps include the same atoms and
groups as previously described with respect to RZ to RZ
in the'formula (II-a).

RIS is 2 halogen atom, a halogen-containing group, a

hydrocarbon group or a hydrocarbon-substituted silyl
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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 glrg ps as previously described with
respect to R2 to R5 in the formula (lI- )u5 124 Examples of the
heteroatoms and the heteroatom containing groups indicated by R15
include the same atoms_ and groups as previously described with respect
T R1En the BTS (%) BR1G ERERFI o RIBHRAY bBThE $anic'6r
ifferent, and twa. or more of them may be bonded to farm aring. nis a
%%Trﬁ eart%%rtrféfy?nngda%%?élr? Ce 6f M7 es%%%ﬁ?c%ﬁy %%Siﬁt%g%? bf ‘ﬁltgbﬂ,
peafsiably 2048 an.oxygen,ajom. ahydrpgen atom, a halogen atom, 10
a hydrocarbon group, an oxygen-containing group, a sulfur-containing
group, Ex:aieYen-eantaiing group: - Herorreentaining BeUR..aN 1y r1S
aluminum-containing group, a phosphorus-containing group, a
haloyerecdritairing §roup, caHeterackclic earapeundaesitiver ad

silicon-containing 15 group, a germanium-containing group or a

fHaoMt&Ring §FGR. EXanmpis sfistrhdtbmeharid: groupstinsitidedhe L kyl
same atoms and gr$%p's as_previously described with respect to X in the
[ -S

Formtta (- whetn s’ 2 G gr85tet “giiral droapS fritlicated byex 20 carbon

‘atoms, such as méthyl, ethyl, n-propyl, iscpropyl, n-

butyli, isobutyl, sec-butyl, tert-butyl, n-pentyl,

~neopentyl and n-hexyl; hydrocarbon groups having

alicyciic skeleton and having 3 to 30 carbon atoms,

it

preferably 3 to 20 carbon atoms, such as cyclopropyl,

cyclobutyl, cyclopentyl, cyclohexyl, norbornyl and

adamantyl; aryl groups of 6 to 30 carbon atoms,

preferably ¢ to 20 carbon atoms, such as phenyl, benzyl,
naphthyl, biphenylyl, triphenyljl, fluofenyl, anthryl and
phenanthryl;.and groups wherein these groups are further
substituted with an alkyl group of 1 to 30 carbon atons,
preferakly 1 to 20 carbon atoms, or an aryl group of § to
30 carbon atoms, preferably 6 to 20 carbon atoms. Of
ghese, tert-butyl is more preferable.

BExamples of the hydrocarbon-substituted silyl groups

indicated by RIS include the same groups as previously

described with respect to RZ to R in the formula (II-a),.



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 (III') and having the following 25 structure as R10. 125 Rio R"
N---- - M'’X n Rig o R13 Rr5 Rig m III") wWiérein N---MI generally means
that they are coordinated to each other, but in the present invention they
are not always coordinated. 10 In the above formula, M1, m, R11 to p,14,
RI5, n andEXHEethedanté dehings as thsse bf M m, Rt RIat RT5,
n and X in the formula (ll1). R10 is a phenyl group having at least one

subStitliGAt Se1BEed ot hétetSatbiitafd a heterdHiont a5 Entaiffiify atoms
gro n.aromatic_hydrocarbon group other.than a phenyl grou Lan
"%B’K? r&ggs 2 QL2GAIDG s%%'l"@ ﬁiCrhlED 1 & PREny %u%:_gvhet RLoin

aliphatic hy arbon group or an alicyclic hydrocarbon gro nN"R10
is aphenyl.graup. and the position of the carbon atom bonded to nitrogen
is the 1-position, this phenyl group has, at at least one

5 R10 and rII to RIS may be the same or different, and
two or more of them may be bonded to form a ring.
n is a numbgr satisfying a valence of MI, °
specifically an integer of 2 to 4, preferably 2.
¥ is an oxygen atom, a hydrogen atom, a halogen atom,

10  a hydrocarbon group, an oxygen-containing group, a
sulfur—coﬁtaining groﬁp,.a nitrogen-containing group, a
b;ronwcontaining grbup, an-aluminum—containing group, a
phosphorus-containing group, a haleogen-containing group,
a heterocyclic compound residue, a silicon-containing
15 group, a gérmanium—containiné group or & tin-containing
grouﬁ. E#amples of such atoms and groups include the
same atoms and groups as previcusly described with
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
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 folleowing

25  structure as Ri0,
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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 heteroatq other than a 25 fluorine atom, a
fluorine-containing group having one I26 carbon atom and not more than
two fluorine atoms, a fluorine-containing group having two or more carbon
atoms, and a heteroatom-containing group having a heteroatom other
than a fluorine atom. Wher, R10 is an aromatic 5 hydrocarbon group other
than a phenyl gyoup, an éiip atic hydrocarbon group or an alicyclic group,
this group has /at jgast ore.s _bhskimgnt selected from a heteroatom and a
heteroatom-cgntaining[group, Examples of the heteroatoms and the
heteroatom- ining-grobips include the same atoms and groups as

?nbonded to a nitrogen Atdm is the
1-position, R10 is preferably a fluorine-containing hydrocarbon group of 1

to 30 carbon atoms which is selected from a phenyl group having, at at
sitignof the 2-position and the 6-position, one or more
gﬁg%ﬁggéﬁi&jﬁgegﬁ&%ﬁ%?iy means g%aé)they are coordinated

to each other, but in the present invention they are not
always coordinated.
In the above formula, MlI m, g1l +g R14, RIS, n and

X have the same meanings as those of M1

gt

_R15, n and X in the formula (IIT).

t least one

m

R0 55 a phenyl group having
substituent selected from a hetercatom and a heteroatom-
containiﬁg group; an aromatic hydrocarbon group other
than a phenyl group, an aliphatic hydrocarbon group or an
a;icyclic hydrocarbon group. When R1U is a phenyl group
and the position of the carbon atom bonded to nitrogen is
the 1fposition, this phenyl group has, at at least one
positicn of the 2-position and the 6-position, one or
“
more substituents selected from a hetercatom and a
hetercatom~containing group, or has, at the 3-position,
the 4-position and the 5-position, at least one

substituent selected from a heteroatom other “han a

fluorine atom, a fluorine-containing group having one
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20 heteroatom and a heteroatom-containing group, a phenyl group
having, at the 3-position, the 4-position and the S-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 mdréfcarbon 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,
arf aliphatic: Fyarcearbon groug havirg attleastione substitaent5 selected
from a fluorine atom and a fluorine-containing group, and.an alicyclic

hydrdgartoh Groliphating aflealdp dife’stisstiteht SEISREE fighiaon atoms,
fl%%@eaag)& and a fluorine-containing %rou . Such a transition metal

compotiind is pretérable fron the ViewponTts of ActitF 16 dd-rotscurst
weight of the resulting palymer, s for the, sybsfitgtion position of the

substituent having a heteroatom or a heteroatom-containing group, when

RIQ ds-arommalis thisssubstituent is preferably present-at.the position gfa«; -
carbon atom (carbon atom at 15 the (3-position) adjacent to the carbon
atoytircRa that: issbonged to arnitrbgeyatdm, and whern:Rilssatiphaticias
the substituent is preferably present at the adjacent position or its

aﬁécéﬁﬁﬁiﬂm&?Géqﬁﬁﬂ%ﬁFéﬁV-Eééﬁ@ﬁ%d from a hetercatom and a
heteroatom—containing group.

Examp}es of_the hetercatoms and the heterocatom-
containing groups inclﬁde the same atoms and groups as
previously described with respect to R in the formula
(il%a}.

Iﬁ the transitiqn metal compound represented by the
formula (III), when the position of the carbon atom
bonded to a nitxogenlatom is thé l~position, ri0 is
preferably a fiuorine—containing hydrocarbon group of 1
te 30 carbon atoms which is selected from a phenyl group
having, at at léast one position of the 2-position and
the 6-position, ocone or more substituents selected from a
heterocatom and a hetercatom-containing group, z phenyl
group having, at the 3-position, the 4-position and the
S5-pesition, at least one substituent selected from a
fluorine~-containing group containing one carbon atom and

not more than two fluorine atoms and a fluorine-

containing group containing two or mere carbon atoms, an
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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-congaining group. 25 Examples of R10
include 128 trifluoromethyl, perfluoroethyl, perfluoropropyl,
perfluorobutyl, perfluoropentyl, perfluorohexyl, perfluoroheptyl,

perfiuaroocty.perfluorpdecyl, 14, 1H-perflugropropyl,,
1H,1H-perf|¥33(/)robutyl, 5 1H%’(1ﬁ-r?erfluoropenuﬁt§/ ,Rllf{flj-ﬁggr\"fﬁjo%ﬁélx@l,.

A iHeperfluoeeheptyl; d HsLHperfiuarooctyd, 1kk UA-perfluorodeeyl, . o
perfluorocyclohexyl, trifluoromethylcyclohexyl, bis (trifluoromethyl)

eyclohexyltrfludromethyifluorocy tlo: 1o hexyl; :monefluarophenyt, -
difluorophenyl, trifluorophenyl, tetrafluorophenyl, pentafluorophenyl,
berfiterrhethyIeniafiiorephenyt (fifloromethydflbstopbenyl;
trifluoromethylphenyl, _bis(trifluoromethyl)phenyl,

it ?rﬁﬁ%?(_ﬁ%%?hﬁ)p@éﬁ%lf?te‘i‘r%ﬂ%(ﬁfﬂﬁo?brﬁéﬁ?@ﬁbﬁ@ﬁﬂPmai“ing
E e iy
sesflucropentyinheny. periuprobexylphenyl, histparfiuarohexylphenyl,
fluorine—containing group. Such & transition metal
compound is preferable from the viekpoints of activity
and molecular weight of the resulting polymer.

As for the substitution position of.the substituent
h;viné a heteroatom or a heteroatom-containing group,
when R0 is aromatic, fhis substituent is preferably
present at the pdsition of a carbon atom {carbon atom at
the P-position) adjacent to the carbon atom in R1I0 that
is bonded to a nitrogen atom, and when R10 is aliphatic,
the substituent is preferably present at the adjacent
position or its adjacent position (P-position or Y-
posiﬁion).

Examples of the hetercatoms and the hetercatom-—
ébntaining groups include the same atoms and groups as
previously described. Particulariy, fluorine is
preferable as the heterocatom, and a flucrine-containing

group 1s preferable as the heterocatom-containing group.

Examples of RY® include
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20 perfluoronaphthyi, perfluorophenanthryl, perfluoroanthryl and
(trifluoromethyl)tetrafluorophenyl. R10 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 129 containinbgr%/drocarbon such as
1H,1H-perfluoropropyl, 1H,IH-perfiuorobutyl, 1H,IH-perfluoropentyl,
1H,1H-perfluorohexyl, 1H,IH-perfluoroheptyl, 1H,1H-perfluorooctyl, 5

iH: iH-perfucretieeyllor mBRfuGrophERYL difkfoFdpheayp frifliotophenyl,
tetrafluorophenyl, (fentafluorop'henyl, (trifluoromethyl)pentafluorophenvl,

(tfiidrotrethyhfitidropghehyt: BifSromethylpRERyL BoTonexy L,
bis(tri orq,rgeteh Nphenyl %r' (triflugrome hyl)phep |010 e
te‘?éﬁ?s%ﬁﬁruor}oﬁ}:%ﬁ?yl) éeny ,uggnt%%gf#rfﬂu Férlhjg%yﬁfp%enw,’
perflupraetbylphenyl bisearflueroenyiiphenyl, pesflularpropylphenyl,

perfluorobutylphenyl, perfluoropentylphenyl, perfluorohexylphenyl,

bisfnarflupeotieyd)phenyl: 15 perflyarenaphthyl -petflugrophenanthryl,
perfluoroanthryl, and (triflucromethyl)tetrafluorophenyl. R10 is particularly
preferabiy an aromaticapdrocarbon gronp:of Butor3® capdon atoms

substituted with fluorine, an aromatic hydrocarbon group of 8 to 30
1H, lH~perfluorodecyl, perfluorocyclohexyl,

trifluoromethylc?ciohexyl,
bis(trifluoromethyl)cyclohexyltrifiuoromethyifluorocyclo¥
hexvl, monofluorophenyl, difluorophenyl, trifluorophenyl,
tetrafivorophenyl, pentafluorophenyl,
(érifluoromethyl)pentafluorophenyl,
(triflucromethyl) fluorophenyl, trifluoromethylphenyl,
bis(trifluoromethyi)phenyl, tris(txifluoromethyl)phenyl,
tetrakis (trifluoromethyl) phenyl,
pentakis {trifluoromethyl)phenyl, perfluorocethylphenyl,
bis{perfluorcethyl)phenyl, perfiuoropropylphenyl,.
perfiuorobutylphenyl, perfluoropentylphenyl,
perfluorchexyliphenyl, bis(perflubrohexyl)phenyl,
perflucronaphthyl, perfluorophenanthryl,
gerfluoroanthryl and (trifluorcmethyl)tetrafluorophenyl.
R*® is preferably a fluorine-containing aliphatic
hydrocarbon group of 3 to 30 carbon atoms. Examples

include aliphatic hydrocarbon groups of 3 to 30 carbon

atoms substituted with flucrine and/or fluorine-
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20 carbon atoms substituted with a fluorine-containing hydrocarbon of 2 or
more carbon atoms or an aromatic hydrocarbon group of 7 to 30 carbon
atoms substituted with fluorine and a fluorine-containing hydrocarbon
group. Examples include 25 monofluc%r §henyl, difluorophenyl,
trifluorophenyl, 130 tetrafluorophenyl, § ntafluorophenyl,
(trifluoromethyl)pentafluorophenyl, (trifluoromethyl)fluorophenyl,

trifluogqrpeth Iphenyl, tris(trifluoromethyl)phenyl, 5
te(froa%sg(trﬁlhrg?p &éfﬁiﬁfpﬁéﬁ% B&riakigttrifluoromethyl)phenyl,

perfluoroethylphenyl, his(perfluoroethyl)phenyl, perfluoropropylphenyl,.
ieitloedy bl e bl Rt ot ook
disiparfiupihexypheayl. 19 periiorgnapbtbyl, aetfluorophenanthryl,

perfluoroanthryl and (trifluoromethyl)tetrafluorophenyl. these,

patticutarty-preferablesag Rio are 2-fluorpphenyl group-2,6-difluorophenyl
group, 2,4,6-trifluorophenyl group, pentafluorophenyl group, 15
4iHfldoropsethyl2, 8¢5 8<tgtrafluorephenykgrouph2+kiflyoromethylphenyl
group and 1H,IH-perfluorooctyl group. As for the substitution position of
flﬁér%eﬂ,%ﬁéﬂ\%@fé is afomatie TRistrYihe i prafefdbly presentat ,
pentafluoropheny}, {trifluoromethyl)pentaflucrophenyl,
(trifluoromethyl) fluorophenyl, trifiuvoromethylphenvyl,
bis{triiluéromethyi}phenyl, tris(trifluoromethyl)pbenyl,
tetrakis (trifluoromethyl) phenyl,
pentakis (trifluorcmethyl)phenyl, perfluoxoéthylphenyl,
bié{perfluoroethy;)phenyl; perflulorpropylphenyl,
'perfluorobutylphenyl,lperfluoropentylpheﬁyl;
perfluorchexylphenyl, bis(perflucrohexyl)phenyl,
.perfluoronaphthyl, perfluorophenanthryl,
perfluoroanthryl, and (triflucromethyl)tetrafluorophenyl.
R is particularly preferably an aromatic |
hydrocarbon group of 6 to 30 carbon atoms substituted
with flucrine, an aromatic hydrocarbon group of & to 30
carbon atoms substituted with a fluorine-containing
.

hydrocarbon of 2 or more carbon atcoms or an aromatic

hydrocarbon group of 7 to 30 carbon atoms substituted

with fluorine and a flucrine-containing hydrocarbon group.

Examples include

mencfluorophenyl, difluorophenyl, trifluorophenyl,
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20 the position of a carbon atom (carbon atom at the 1 position) adjacent
to the carbon atom in R10 that is- bonded to a nitrogen atom, and when
R10 is aliphatic, the fluorine is preferably present at the adjacent position
or its adjacent position (R-position or y-position) 131 R11 to R14 may be
the same or different and are each a hydfbgen atom, a halogen atom, a
halogen-containing group, a hydrocarbon group, a
hydrocarbon-substituted silyl group, an oxygen-containing group, a
nittGgers 5 containing grouprera sdlfurscomntaiming. group. Examples of
such atoms and groups include the same atoms and groups as previously
deSEfibéd WitFPrespeEt id°R2 S RE G/ W& forifiula (11-a). R15 is a halogen
atom, a%alo%en-containing group, a 10 hydrocarbon group or a

hydrcarbon stibstitifed %rli?loﬁ?éﬂbe. Eampies of SOEREGRE EMFgrotps
include ET{LS, i%%f&%@?hayr# %E%J s@s previously described with respect

to R2 to R5 in the formula( xgr“n’ples of the hydrocarbon groups
indicateghysRA5: 15 nclydethose of449 80 carbon atoms. Preferred
examples thereof include straight-chain or branched alkyl groups of 1 to
3Qearben atams; preferally drip12G-eamen, atoms,1such-as methyleethyl,
n-propyl, isopropyl, n- butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, 20
nevpenBe ahdurhesyh hydedscaryén grsupsiveving ropylphenyl,

perfluorobutylphenyl, perfluocropentylphenyl,
perfluorohexylphenyl, bis(perfluorchexyl)phenyl,
perfluecronaphthyl, perflucrophenanthryl,
pe&fluoroanthryl and (triflucromethyl)tetrafluorophenyl.

| 0Of these, particularly prefeﬁable as RY are
2—fluorophenyl group, 2, 6-diflucrophenyl group,
2,4,6-trifluorophenyl group, pentafluorophenyl group,
d-trifivoromethyl 2,3,5,6~tetraflﬁorophenyl group,
2-trifluoromethylphenyl group and 1H,1H-perfluorooctyl
group. 7

As for the substitution position of fluorine, when
R10 is axomatic, this fluorine is preferably present at
the position of a carbon atom (carbon atqm at fhe B-
gosition) adjacent to the carben atom in R0 that is
- bonded to a nitrogen atom, and when R0 is aliphatic, the

fluorine is preferably present at the adjacent position

or its adjacent position (f-position or y-pesition).
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alicyclic skeleton and having 3 to 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, antijn?ﬂ 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 atens” 6rétféﬁakw 6tto=20searbonatomst ©f cthesen tert-butyd is-n
more preferable. Examples of the hydrocarbon-substituted silyl groups

IndiEaIeP5y RA5GHelude thé 2aRie Gioups as previausly describedwith
rggg%ct to R2 to R5 in the formula (ll-a). 10 Examples of the halogen
Gioms artd the Haloger oty gfolp&inaRat&r by Rim chidesthe
Sae and. gro as previously described with respect to Rl in the
formulzg%?gf P%)gar1éépg(ﬁntoclfgi1 ?r%y‘"gg tiie Safe &r ditfeF&IHeEAd 15
dwiecerimore; obthemy may he bended to form aring, nis a,number.
satisfyling a valenc%i}of MI, specifically an integé?gogf fj ?o%l,gpre e?ﬁﬁ%} 2°%

d§ amotygencatemeachydroges atom; adwlegen atom, ahydrogarbon
group, an oxygen-containing group, a 20 sulfur-containing group, a
HitBHEN TONRAFRG YOG, described with respect to RZ to RS

in the formula (iI—a).

RS i8 2 halogen atom, a halogen-containing group, a
hydrocarbon group or a hydrocarbon—substituted silyl
g%?upf Exampies ol such atoms and groups include the
same atoms and grodps as previously described with
raspect to RZ2 to RY in the formula {II-a).

Examples of the hydrocarbon groups indicated by r1S
include those of 1 to 30 carbon atoms. Preferred
examplies 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, iscbutyl, sec-butyl, tert-butyl, n-pentyl,
q?opemtyl and n-hexyl; hydrocarbon groups having
alicyclic skeleton and having 3 to 30 carbon atoms,
preferably 3 to 20 carbon atoms, such as cyclopropyl,
cyclobutyi, cyclopentyl, cyclohexyl, norbornyl and

adamantyl; aryl groups of 6 to 30 carbon atoms,

preferably & to 20 carbon atoms, such as phenyl, benzyvl,



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 25 group. Examples of such atoms and groups
include the 133 same atoms and group 4s previously described with

respect to X in the formula (). When n is 2 or greater, plural groups

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

5 by3¥Hidl Be bBABEG Y forn atrinky Theansition Hetarcompseand ryl and
repr%sented b tge formulagll-a'), (11-b") or (") preferably has properties

thatt, IR & P-agfostic stict e B catiohic ‘ComplER WHETEFoNE of X it ™

foryla tsreplaced it 102 0-pfopYl group, sqfd strugturg belng . o,

measured by a density functional: method, the distance between

hetgreatopnwihich hag nocdirecthondtothe ceprabmetal N andis, o ¢ «o

nearest to the central metal N, and hydrogen at the p-position is not more
5thaR(B8.0Aand the dh<legtrestatiaenergy is cot merethan 19deHmol. o
Examples of the transition metal compounds represented by the formula

(1), thed e ¢l1-B R X H-a tEib . 5(1 Mrore(l D raréagivént below, without limiting
thereto. 20
Examples of:the hydrocarbon-substituted silyl groups

indicated by RI% include the same groups as previously
described with respect to RZ to RY in the formula {II-aj.
10 Examples of the halogen atoms and the halogen-—
containing groups indicated by RID include the same atoms
agd groups as previcusly described with respect toc R1 in
the formula (IT-a).

RV and rll to RIS may be the same or different, and
16 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 1is an oxygen atom, a hydrogen atom, a halogen atom,
a hydrocarbon group, an oxygen—-containing group, a
20 sulfur-containing group, & nitrogen-containing group, a
gﬁron—containing group, an aluminum-containing group, a
phosphorus-containing group, a halogen-containing group,
a heterccyclic compound residue, a silicon-containing

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

25 group. Examples of such atoms and groups include the
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CH2(CF2)6CF3 N'N-- TiCI2 N'N"1_C1, NN-TiC1 N"N-"TiTiC12 \" | 2
2tBuiSu21~ButBU 2 FF CF3 F\F\%I\‘ F~IFFFN\FFFFFFN
STiCf2 8 )~TiClz N S TiC1z N STiC12 %BU 2 &,BU 2 Bu2 z Bu YFQ1Cl
| 1CF3 CHZ(CFZ)6CF3 T'C12 ~ TIC12 N"iTiC12 N- }iTiC12 iBu2BUt?
\ItBuMs2BJBU FFCF3 F\F\I\F\F FF\FF}\FFFFN)TiClZ&-'N
NEFHFCTo T ~HE1 S KPP EFIAS \ BN 284 ¥ Nigscribed 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
by X may be bonded to form a ring.

The transition metal compound represented by thé
formula (IIma‘),A(II—b*) or (IIT') preferably has
properties that, in a f-agostic structure of a cationic
complex wherein one of ¥ in the formula is replaced with
& n-propyl group, said structure being measured by a
éensity functional method, the distance betwesn the
héteroatom, which has no direct bond to the central metal
M and is nearest to the centrél metél 14, and_hydrogen at
the P-position is not more than 3.0 A and the

electrostatic energy is not more than 10 kJ/mol.

Examples of the transition metal compounds

represented by the formula (I), (II-a}, (II-b}, (IZI-a'),
(II-b'), (III) or (III) are given below, without limiting
thereto.
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cr—‘zcaca CFQ(CFg)zCFS CF2(CRkCFs OF2(CF:CFs
F }TCIZ F }Ts@lz g }TCIQ E }TC[E
GFo(CFCFs CFo(CFCFs CHZCF;CFs GHy(CF)2CFs
NeD
),7"012 2 }TICEE }Tmz }T:CSE
CS: .6/3:0 2 & &
1Bu
CHE(CFE)SCFs CHa CF,):CF5 i CF2sCFs CHa(CF2)s0F,
? }ch ] \3/7"‘312 F }Tuz F }},"r‘cig
CHQ(CF2}7CF3

é }rcza



10

15

20

25

compound (A) is not specifically limited, and for example, the transition
metal compound represented by the formula 10 (Ill) can be synthesized
by allowing a compound (ligand precursor) which becomes a ligand in the
resulting transition metal compound to react with a transition metal
M1-containing compound represented31M1Xk (Ml and X have the same
meanings as those of M1 and X in the 15 formula (lll), and k is a number
satisfying a valence of M1). The ligand precursor is obtained by allowing
a salicylaldehyde compound to react with a primary amine compound
represented by the formula RIO-NH2 (RID has the 20 same meaning as
previoushdésetibaidy vsuchasmhemilirfe: compola er an alkylamines .
compound. More specifically, both of the starting compounds are
dissolved ih &80t S HE the SEIVERtO B soivert usbiafy usedddr suehpaunds
regﬁ;[eiq:% isnerpﬁ]loy‘ab{ed and above %II,,an alcohol solvent 25 such as

methanor or sthanot oF A hydrocarbon SoNEt sUchcL45 ds tideresis other
preferable; Then.the tesulingsolution s sfimed for abou 1 9 100 hours

L h
under the conditions of room temperature to a reflux tempéraﬁﬂlrettoe
obinimvibeneerrespendingdigand pseewsok1la dhesynthesis of the 5 ligand
precursor, an acid catalyst such as formic acid, acetic acid or
toluenestifenicawic: araytbe usedpbisérof niolectlansieves,imagnesium
sulfate or sodium sulfate as
compouncd (A} is not specifically limited, and for example,
the transition metal compound represented by the formula
(III) can be synthesized by allowing a compound (ligand
precurscr) which becomes a ligand in the resulting

[
1

transition metal compound to react with a transition

metal Ml-containing compound represented by M1¥) (M1 and
¥ have the same meanings as those of ML and ¥ in the
formula {III), and k is & number satisfying a valence of
Mly .

The ligand precursor is obtained by allowing a
salicylaldehyde compound to react with a primary amine

compound represented by the formula RlO—NHQ (R10 has the

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 is employable, and above all, an alcohol solvant

-such as methanol cor ethanol or a hydrocarbon solvent such
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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 MI-containing
compound to synthesize the corresponding transition metal compound.
More specifically, the ligand precursortids synthesized is dissolved in a
solvent, and if desired, the solution 15 is contacted with a base to prepare
a phenoxide salt. Then, the solution or the salt is mixed with a metallic
cotfipbundisneh as ameisliic hatide Gireemetallic alitatetatg lewlut ion
temperature and stirred for about 1 to 48 hours at a temperature of -78C

to rooRTteRiSratire Giider 20-thelréfluk eonditiondeAsthe solvehttd ons

sol\%ent usua{g used for such a reactign is employable, and above all, a

polar SGIVant SUEH &8 etfér Srtefrahydrbtiran (HRRSGrE hydfockrbenn the
sqlyentsych, as éuq_rleg gsn[areégeﬁ ahle. As, the basg used forﬁ)reparln%t e

phenoxide salt, a 25 métallic salt such as a lit |um 'Salt (%
buty#triumy) e& ausedium salt (8.9, sedium bydride).or an %f&ﬂm%b%%%d
such as triethylamine or pyridine is preferable. Depending upon the
properties afthe compoundtheud ligand precuisaacandedlioved it e of

~directly react with the transition metal Ml-containing compound without

p@@éﬁﬁkﬁpéfw@qyﬁﬁxmﬁﬁgggﬁﬁ@%yﬁﬂkﬁﬁgﬁﬂﬁ; sodium sulfate as
a dehydrating agént or dehydration by a Dean-Stark method
is effective for the progress of the reaction.

Then, the ligand precursor thus obtained is aliowed
to react with a transition metal lecontaining compound
té synthesize the corresponding transition metal compound.
More specifically, the ligand preéursor thus synthesizeqg
is dissolved in a solvent, and if desired, the solution
is contacted with a base to prepare a phenoxide salt.
Then, the solution or the salt is mixed with a metaiiic
compound such as a metallic halide or a metallic alkyviate
at a low temperature and stirred for about 1 to 48 hours
at a temperature of -78°C to room temperature or under
the reflux conditions. As the solvent, a solvent usually
u;ed for such a reaction is employable, and above all, a
polar solvent such as ether or tetrahydrofuran (THF) or a
hydrocarbon scolvent such as tcluens is preferable. B2s

the base used for preparing the phenoxide salt, a

metallic salt such as a lithium salt (e.g., n-
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~any one of RIC and RILl to Rr1

corresponding transition 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 RIO and
R11 to R1J is H, a substituent other %}aim H may be introduced in any
stage of the synthesis. It is possible1t se the reaction solution of the 15
ligand precursor and the transition metal M1-containing compound as it is
g/vighoﬁ isolating the transition metal compound. A usual process for
Praparing te EomplextisS d8sEibed Also i £P 10085954, 20 Thae) or
g;gnc)sj,:tioannrpcet%l cgypjc&r&d AS) m]:egtigpe above can be used singly or in
combination of two or more kinds.” {B-1 Ofahonetali¢ tomptund®
f=xanaplesof the organometallic compounds (B-1) which 25 are optionally
used in the invention include 144 organometallic compounds containing
metalsefGraup 4, WBraup-2and.Sroup-13 of the 9%@0@&?%%&9%%
those described below. (B-la) Organoaluminum compound represented
byoeed Sifoltowingoformata: RamA@RE)NHp XL wherein Raand Rbmay
be the same or different and are 10 each a hydrocarbon group of 1 to 15
QQﬁbaﬁ%ﬁﬁﬁg}on 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 compoﬁnd with another

transition metal in a conventional way. Further, when

.
= . <
“ 15 H, a 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 lecontaining

compound as it is without isolating the transiticn metal
compound.

A usual process for preparing the complex is
describad also in EP1IQO8595AZ.

"The transition metal compound (A) mentioned above

LY
can be used singly or in combination of two or more kinds.

{(B~1) Organometallic compound

Examples of the organometallic compounds (B-1) which

are optionally used in the invention include
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preferably 1 to 4 carbon atoms; X is a halogen atom; and m, n, p and g
are numbers satisfying the conditions of O<mc3, 0=n<3, Ocp<3, 0cq<3
and m+n+p+q = 3. (B-lb) Alkyl complex compound comprising a metal of
15 Group 1 and aluminum and represented by the following formula:
M2AIRa4 20 wherein M2 is Li, Na or ¥¢4nd Ra is a hydrocarbon group of
1 to 15 carbon atoms, preferably 1 to 4 carbon atoms. (B-1c) Compound
represented by the following formula: 25 RaRbM3 145 wherein Ra and
Ribrmay dresthe isaime ordifferent andnamel mach ankydroearbor:group ¢f, 1
to 15 carbon atoms, preferably 1 to 4 carbon atoms; and M3 is Mg._ 5
Exafiples offiié Granbaluimiptint é6mpdthas {B-1apAcludéigh as those
organoaluminum compound represented by the following formula: 10
HTATORDY3T Wikrein pa and Rb may be the same or different and are
each a r cz?rbcg) ,%%rou of 1 to 15 carbon at ns, %:eferatbel% lbto 4

carbon atoms an IS pre era Iy a 5 number satr% Gfr?ge e conﬁltlon of

155 Msw3nan erganpaluminum compound represented by the
RAGAL (ORP) nHpXg

wherein R® and RP may be the same or different and are
each a hydrocarbon group of 1 te 15 carbon atoms,
preferably 1 to 4 carbon atoﬁs; X is a hélogen atom; and
m: n, p and q are numbers satisfving the conditions of
0¢m=3, 0=n<3, 0=p<3, 0=q<3 and mintprg = 3.

(B~lb) Alkyl complex compound comprising a metal of

Group 1 end aluminum and represented by the following

formula:

| MZA1RE,

wherein M2 is Li, Na or K; and R® is a hydrocarbon group

LS

cf 1 tc 15 carbon atoms, preferably 1 to 4 carbon atoms.
(B-1c) Compound represented by the following

formula:

rapbm3
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following formula: RamAIX3-m 20 wherein Ra 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 O<m<3; 146 an
organoaluminum compound represeni% by the following formula:
RamAIH3-m 5 wherein Ra is a hydrocarbon group of 1 to 15 carbon
atoms, preferably i to 4 carbon atoms, and m is preferably a number
satisfying the condition of 2-5-m<3; and 10 an organoaluminum
compound represented by the following formula: RamAI(ORb)nXq 15

wherein.Raand R may be the same or different and are_each a -
hydrocarbon group of 1 tg %% (%E?bg:? StAS préferanly 1760 4 caftfbn® £e

atarms, X 15, a1aleqon iom. Al Men NG 3 BUIbGYS plslying the
conditions of O<m 3, 0:n<3, 0cq<3 and m+n+q = 3. 20 Particular
epampies: bf theLorganoaltumipum camppeunds, {Bya) include:
Examples of the crgancaluminum compounds {(B-la)
include:

an organoaluminum compound represented by the

following formula:

RE3pAL (ORP) 3-pp

it

wherein ?a‘and rD may be the same or different and are
each a hydrocarbon group of 1 to 15 carbon atoms,
preferably 1 to é carbon atoms, and m is preferably a
number satisfying the condition of 1.5Zmn=3;

an organoaluminum compound represented by the

following formula:

REMAIXI-q

~

wherein R&'is & hydrocarbon group of 1 to 15 carbon atoms,

preferably 1 to 4 carbon atoms, ¥ is a halogen atom, and
m is preferably a number satisfying the condition of

0<m<3;
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tri-n-alkylaluminums, such as trimethylaluminum, triethylaluminum,
tri-n-butylaluminum, tripropylaluminum, tripentylaluminum,
trihexylaluminum, trioctylaluminum and 25 tridecylaluminum; 147
branched-chain trialkylaluminums, such as triisopropylaluminum,
triisobutylaluminum, tri-sec- butylalumigam, tri-tent-butylaluminum, tri-2-
methyibutylaluminum, tri-3-methylhetylaluminum, tri-2 5
methyipentylaluminum, tri-3-methylpentyl aluminum, tri-4-
methylpentylalumisymutri-Z-metydhesdaluminums M8z by the
methylhexylaluminum and tri-2-ethylhexylaluminum;
tricytloatitylaluininumisz such as tricyclohexylaluminum and
tricyclooctylaluminum; 10 triarylaluminums, such as triphenylaluminum
and tritolylaluminum; trialkenylaluminums, e.g., those represented by the
formula h xAly(C5HIO)z (wherein x, y and z are each a positive
number, aﬁ »2%), such as 15 triisoprenylaluminum; alkylaluminum
alkoxides, such as isobutylaluminum methoxide, isobutylaluminum
ethoxide and isobutylaluminum isopropoxide; dialkylaluminum alkoxides,
sug@a@lq;rr@hw@lugnIag@rggmmx@f@wwawr%'aumse@%dg A s
dibutylaluminum butoxi ’
preferably 1 to 4 carbon atoms, and m is preferably a

number satisfying the condition of 2=m<3;

and

an orgénoaigminum,compqund represented by the
following formulas

i
1

R2pAL (ORP) nXg

wherein R? and RP may be the same or different and aﬁe
each a hydrocarbon group of 1 to 15 carbon atoms,
preferably 1 to 4 carbon atoms, X is & halogen atom, and
m, n and g are numbers satisfying the conditions of 0<m=
3, Q§n<3, 0%g<3 and m+n+g = 3.

Particular examples of the organcaluminum compounds
{éwla) inclgde:

tri-n-alkylaluminums, such as trimethylaluminum,
triethylaluminum, tri-n-butylaluminum, tripropylaluminum,
tripentylaluminum, trihexylaluminum, trioctylaluminum and

tridecylaluminum;



aikylaluminum sesquialkoxides, such as ethylaluminum sesquiethoxide
and butylaluminum sesquibutoxide; 148 partially alkoxylated
alkylaluminums, such as those having an average composition
represented by Ra2.5AI(ORD)O0.5; diglkylaluminum aryloxides, such as
diethylaluminum 5 phenoxide, diethylaluminum(2,6-di-t-butyl-4-
methylphenoxide), ethylaluminumbis(2,6-di-t-butyl-4- methylphenoxide),

diisobutylalumium(2,6:di-t-butyl=4-jmethylphengxide) and, ..
isobutylaluminumbis(2,6-di-t-butyl- 4-methylphenoxide); 10
dialkylatyrinpn balides; such asidimethylatuminym, ehloride; - se -
diethylaluminum chloride, dibutylaluminum chloride, diethylaluminum
Brofride nd diisobutytalurninum betigride yalkylatuminum-gesquihalides,
such as ethylaluminum 15 sesquichloride, butylaluminum sesquichloride
M- eyt Albi R SESdtibrokiide prirtibiy-halogenatet aikylal umihufs,
eg, aIkL%IaIu{niTug] dipalide such ag ethw]minum gichloride, ,
SropIRITRIRGNT AicRTGHAE Bnd Bty FItiminam Ribrorigergg num, tri-4-

ditioirminuns Dydiden,puct.as elMBUTID, I UIAS G, o3
dibutylaluminum hydride and diisobutylaluntinum hydride; partially
m@&@yﬂﬁﬁ§§ﬁﬂﬂﬁﬂgﬁﬂﬂu@ﬁdeéhi~2—ethylhexylaluminum;
tricycleoalkylaluminums, such as
tricyclohexylaluminum and tricyclooctylaluminum;
triarylaluminums, such as triphenylaluminum and
tritolylaluminum;

<
i

trialkenylaluminums, e.g., thosa represented by the
formula (1-C4Hg)xAly{Cs5H1Q)z (wherein x, y and z are each
a positive number, and z=Z2x), such as
triiscprenylaluminum;

alkylaluminum. alkoxides, such as isobutylaluminum
nethoxide, isobutylaluminum ethoxide and isobutylalumiﬁum
isopropoxide; |

dialkyleluminum alkoxides, such as dimethylaluminum
methoxide, diethylaluminum ethoxide and dibutylaluminum
gﬁtoxide;

alkylaluminum sesquialkoxides, such as ethylaluminum

sesquiethoxide and butylaluminum sesquibutoxide;
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alkylaluminum dihydrides, such as ethylaluminum dihydride 25 and
propylaluminum dihydride; and 149 partially alkoxylated and halogenated
alkylaluminums, such as ethylaluminum ethoxychloride, butylaluminum
butoxychloride and ethylaluminum eth romide. Also employable are
compounds analogous to the 5 organoaluminum compound (B-la). For
example, there can be mentioned organoaluminum compounds wherein

two or more alueg num comﬁ% unds réeé%‘)mbi ed through a nitrogen

5§ HS)2ATR{CRBTAI(CoHE)Z EXAMpIES of tHe! @5 those

aunn,sﬁﬁga§

compouns,(B-1b) include LIAL(C2H5)4, 10.a0d LIAUGTHIE)4. Other

compounds, also employable as the organometallic compo%nds (B-1)
incléde methghithigms ;ethyllithium, propyllithium, butyllithium,
methylmagnesium bromide, methylmagnesium chloride, 15 :
ethylmaghesiting bramide; ethylmeagnesiiun chiarige, zpropyémagnesiumi num
bromide, propylmagnesium chloride, butylmagnesium bromide,
bubylaTaeReSvm Ehivride! adinethyimagnesitin tdietidagnesium,
dibutylmagnesium and butylethylmagnesium. Combinations of
coﬁ%&mfﬁleéﬁgﬁérof%a Ging thée ebbve-eftiched —Lutyl-4-

R e ol i s T
of halagenated slurpinum. aRd AlmagnesiiM numb i s (2, 6~di-t-butyl-
4-methylphenoxide} ;

dialkylaluminum halides, such as dimethylaluminum
chloride, diethylaluminum chloride, dibutylaluminum
céloride, diethylaluminum bromide and diiscbutylaluminum
chioride; | |

alkylaluminum sesquihalides, such as ethylaluminum
sesquichloride,‘butylaluminum sesguichloride and
ethylaluminum sesquibromide,

partially halogenated alkyialuminums, e.qg.,
alkylaluminum dihalide such as ethylaluminum dichloride,
propylaluminum dichloride and butylaluminum dibromide;

dialkylaluminum hydrides, such as diethylaluminum
g&dride, dibutylaluminum hydride and diisobutylaluminum
hydride;

partially hydrogenated alkylaluminums, e.g.,

alkylaluminum dihydrides, such as ethylaluminum dihydride

and prepylaluminum dihydride; and
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are also employable. 1 50 [BY: -------------m-mmmmemm Of the organometallic
compounds (B-1), the organoaluminum compounds are preferable. The
organometallic compounds (B-1) mentioned above are used singly or in
combination of two or more kinds. 5@»2) Organoaluminum
oxy-compound The organoaluminum oxy-compound (B-2) which is
optionally used in the invention may be conventional aluminoxane or a
benzene-soluble organgalimiaur,oxy Lo compound syeh as. 1 . o
exemplified in Japanese Patent Laid-Open Publication No. 7868711990."°
FTheltonventiondl=dluminaxane:can:be prepared by fer, examplethe
following processes, and is generally obtained as a hydrocarbon solvent
Soltfis c18 eIy AR organedluminlmrcdompourichsugtvasmtriatkylaluminum
is added to a hydrocarbon medium suspension of a compound containing

adsorption WIS b7 ¥ 3aft htaiffRRvARTE of efstallization; @.ghe

sium. chloride h dr%teac?ggir sulfate hydrate, aluminum 20 sulfate
hydrate, nickel sulfate Mydrate of'ceréus cHISRdE FyBRE; to-aifove tiean

Seganaaluminim compound,fo; react with the adsorption water orthe
water of crystallization. (2) Water, ice or water vapor is aflowed to
aluminum compoun@s are combined through a nitregen atom,

such as (C2H5) 2AIN{C2H5) AL (C2H5) 2.

Examples of the compounds (B-1b) include LiA1 (CpHg) 4

and LiAI1{C7H15)4.

Other compounds, alsc emplovable as the
oéganometallic compounds (B-l}) include methyllithium,
ethyllithium, propyllithium, butyilithium,
methylmagnesium bromide, methylmagnesium chloride,
ethylmagnesium bromide, ethylmagnesium chloride,
propylmagnesium bromide, propylmagnesium chloride,
butylmagnesium bromide, butylmagnesium chloride,
dimethylmagnesium, diethylmagnesium, dibutylmagnesium and
butyiethylmagnesium. Combinations of compounds
capablé of producing the above-mentiocned crganoaluminum
ébmpounds in the polymerization system, e.g., a
combination of halogenated aluminum and alkyllithium and

a combination of halogenated aluminum and alkylmagnesium,

are also emplovable.
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25 directly act on an organoaluminum compound such as 151
trialkylaluminum in a medium such as benzene, toluene, ethyl ether or
tetrahydrofuran. (3) An organotin oxide such as dimethyltin oxide or
dibutyltin oxide is allowed to react wifpan 5 organoalumigiiyn_corpound. -----
such as trialkylaluminum in a medium such as decane, benzeneor
toluene. The aluminoxane may contain a small amount of an

organemetalic componeatFuthers s posaible hat thesolvent or the

unreacted organoaluminum compound is 10 distilled off from the
secevered aolution ebaluminexane <and-the-remaiader is redissolved in a
solvent or suspended in a poor solvent for aluminoxane. Examples of the
organ8alamimgmrcempelunds usedfonpieparingl thevaluiminaxane include
the same organoaluminum 15 compounds as previously described with
FEEARIE thé BEganGAuATinGeMrEdMpetrg (BFa)t OF thesaopreférabiésare
trialkylaluminums and tricycloalkylaluminums. Particularly preferable is
trimethylaluminum. The organocaluminum compounds are used singly or in
20 combination %t_%) oL g&%%léifg%i%%mgles_g otrQ% s&ll\éents used for
preparing the ammnmnmntludemvmant%dmtm%ons, such as

benzengetaluene; sylens Lumene ang-cymene; aliphatichydrocarbons,
such as pentane, hexane, heptane, octane,

optionally used in the invention may be conventional
aluminoxanes or a benzene~insoluble crganoaluminum oxXy-—
compound such as‘exemplified in Japanese Patent Laid-QOpen
Publication No. 78687/1990.

: The conventional aluminoxane can be prepared by, for
example, the following processes, and is generally
obtained as a hydrocarbon solvent soclution.

(1) An organcaluminum 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.g., magnesium'
chloride hydrate, copper sulfate hydrate, aluminum
sulfafe hydrate, nickel sulfate hydrate or cerous
éhloride hydrate, to allow the organcaluminum compound to
react with the adsorption water or the wéter of
crystallization.

(Z2) Water, ice or water vapor is allowed to

directly act on an organocaluminumn compound such as
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25 decane, dodecane, hexadecane and octadecane; alicyclic 152
hydrocarbons, such as cyclopentane, cyclohexane, cyclooctane and
methylcyclopentane; petroleum fractions, such as gasoline, kerosine and
gas oil; and halogenated. products gfthese aromatic, aliphatic and
alicyclic 5 hydrocarbons (e.g., chlorinated or brominated products thereof)
- Also employable are ethers such as ethyl ether and tetrahydrofuran. Of
thessalvgnts; paricularly preferahie,are aromatic fiydrogarbons jand
aliphatic hydrocarbons 10 The benzene-insoluble organoaluminum "’
exyrgcompoungd for usetindhedpventionis preferably an organoaluminum
oxy-compound containing an Al component which is soluble in benzene
at 60 C{in arramougtobusuallyrietemere-ithan 14):preferably ROLMOR.
than 5 particularly 15 preferably not more than 2 in terms of Al atom. That
e Béhzénéirisdiublé crganoaltminumesxy:cempouad is preferably
insoluble ors aringlg soluble in benzene. The organoaluminum

organca 8m9ﬂ%§qn§§ﬁml?%,ﬁﬁl' &@%%ﬁinum in a

OXy-compounid for u

grganoalumi XY-C ound 20 containing boron and represented by
the followﬁg%?%n%lé e((?v FR22RITR2°N A%—%—%QE)'-AI

The aluminogane may contaln a small amount of an
crganometallic component. Further, it is possible that
the solvent or the gnreacted organoaluminum'compound ig
distilled off from,the recovered solution of aluminoxane
and the remainder is redissolved in a solvent or
s;spended'in a poor solvent for aluminozane.

Examples of the ocrganoaluminum compounds used for
preparing the aluminoxane include the same organocaluminum
compounds as previously described with respect to the
crganoaluminum compound {B-la). OFf these, preferable are
trialkylaluminums and tricyclozlkylaluminums.
Particularly preferable is trimethylaluminum.

The organoaluminum compounds are used singly or in
combination of two or more kinds.

A
Examples of the solvents used for preparing the

. aluminoxane include aromatic hvdrocarbons, such as

benzene, toluene, xylene, cumene and cymene; aliphatic
hydrocarbons, such as pentane, hexane, heptane, octane,

decane, dodecane, hexadecane and octadecane; alicyclic
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R22 R22 (IV) 25 153 wherein R21 is a hydrocarbon group of 1 to 10
carbon atoms; and each p,22 may be the same or different and is a
hydrogen atom, a halogen atom or a hydrocarbon group of 1 to 10 carbon
atoms. 5 The organoaluminum oxy-co und containing boron and
represented by the formula (IV) can be prepared by allowing an
alkylboronic acid represented by the following formula (V): 10

R21: l(%—ggb(})/% s","he{;eci:% RaZSl ig tgfgsaem% group as Cgfsggbgd g{bove, to
an organoaluminum co%po nd i an fnert ‘Solvent at a

teraperatiyeof ;180G to reom e e 15 far QQQB%%Eﬁg%PQH%%onS,

under an inert gas atmosphere. Examples of the alkylboronic acids

represented by dhe foramulady) inglude methylboranic agidi athyIbEGNE <o

acid, isopropylboronic acid, n-propylboronic acid, n- butylboronic acid,
isobutydvoronicdcithrdrexylborenic20 atidpoyclbhexylbordnic acidi ¢
phenylboronic acid, 3,5- difluoroboronic acid, pentafluorophenylboronic
acidEHe St ifl orémetilohehyitcenieradid oot irdsed. pretslables
aretgeyé;g? roni%%aggd, n-bg%/lga%;%nic acid, isobutylboronic acid,

3,5-di uoroé)h’eny SronTe BEIdEN 55 hentarubrophenfiBorshi et ether
and tetrahydrofuran. 0Of the solvents, particularly
preferable are aromatic hydrocarbons and aliphatic
hvdrocarbons.

The benzene-insoluble organocaluminum oxy-compound
for use in the invention is preferably an organcaluminum
oxy-compound containing an Al conponent which is soluble
in benzene at 60 °C, in an amount of usually not more
than 10 %, preferably not more than 5 %, particularly
preferably not more than 2 %, in terms of Al atom. That
is, the benzene-insoluble organocaluminum cxy-compound is
preferably insoluble or sparingly soluble in benzene.

The organcaluminum oxy-compound for use in the
invention is, for example, an organcaluminum oxy—compound'

containing boron and represented by the following formula

{IV):
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154 These alkylboronicaci.ds are used singly or in combination of two or
more kinds. Examples of the organoaluminum compounds to be reacted
with the alkylboronic acid include the same 5 organoaluminum
compounds as previously described with respect to the organoaluminum
compound (B-la). Of these, preferaﬁé are trialkylaluminums and
tricycloalkylaluminums. Particularly preferable are trimethylaluminum,
triethylaluminum and 10 triisobutylaluminum. These organoaluminum
WEMpOUNas are usedrsingly of ib @ompibatioref tweer moreiinds, The
organoaluminum oxy-compounds (B-2) mentioned above are used singly
a¢rom combifationof Rivd oremoke Kihds SEBB-8Y Condgieurst whichireacts
with the transition metal compound (A) to form ion pair The compound
DELSP@ARRCIP feibts Witha f4RSiti6R CMetdl conpslrRFER@fofmcapiont 1
t%aiﬁgrefear}r:%d to as 20 "ionizing ionic compound" hereinafter) , that is
optlona(fly used iﬁ%ﬁén?rivention, includes Lewis acids, an ionic

compeund , ds and.carb ) n%s described.in,
B R S D S D

| BQR036/1989, No. 254790051991, No, 1799064991, No, 207703/1991

and No. _
allowing an alkylboronic acid represented by the

following formmlé (V)

R21-B- (OK) 2 v
wherein RZ1 is the same group as described above,
to react with an organcaluminum compound in an inert
solvent at a ﬁemperature of -80 °C to room temperature
for 1 minute to 24 houts under an inert gas atmosphere.
Examples of the alkylboronic acids.represented by
the formula (V) include methyvlboronic acld, ethylboronic.
acid, isopropylboronic acid, n-propylboronic acid, n-
butylbecronic acid, isobutylboronic acld, n~hexylboronic
acid, cyclohexylboronic acid, phenylborenic acid, 3,5-
.
difluorcboronic acid, pentaflucrophenylborenic acid and
3, 5-bis{trifluoromethyl)phenylboronic acid. Of these,
preferable are methylboronic acid, n-butylboronic acid,

iscbutylboreonic acid, 3,5-difluocrophenylboronic acid and

pentafluorophenylboronic acid.
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155 207704/1.991, and U.S. Patent No. 5,321,106. A heteropoly
compound and an isopoly compound may also be employed. The Lewis
acids are, for example, compounds represented by BR3 (R is fluorine or a
phenyl group which 5 may have a substituent such as fluorine, methyl or
trifluoromethyl). Examples of such coﬂ%unds include trifluoroboron,
triphenylboron, tris (4-fluorophenyl) boron, tris(3,5-difluorophenyl)boron,
tris(4 fluoromethylphenyl) boron, tris(pentafluorophenyl)boron, 10
tris(p-tolyDBdFors k& (ool con aRdstris 5 udirsethyiphenydboron. The
ionic compounds are, for example, compounds represented by the
iSRRG ForhTila V- 18 25 {SHFERSAIBGR25 127 (V) In the above
formula, is HT, carbgonium cation, . 20 oxonium cation, ammonium
cation, g}?ogs% %%?ur%%a%t%%, O&%‘F‘&h%%%ﬁ{?fé%‘fﬁ%&%“ﬁ%‘Pr%éeﬁiﬂn? Cation
havinga dransition. metal or the like, R24 1o, R27,may, be the same or

different and are each an organic group, preferably an aryl group or a 25
substittited anyl gtaup kb Examples of the cabppium Latops include, tri
re$pec£ to the organcaluminum compound {(B~la). Of these,
preferable are trialkylaluminums and
tricycloalkylaluminums. Partiqularly preferable are
trimethylaluminum, tristhylaluminum and
triischutylaluminum. These orgaﬁoaluminum compounds are
used singly or in combination of two or more kinds.

. ~The organcaluminum oxy-compounds {B-2) mentioned

above are used singly or in combination of two or more

kinds.

(B-3) Compound which reacts. with the transition metal

compound (A) to form ion pair

The compound (B-3) which reacts with a trahsition
metal compound (&) to form an ion pair (referred to as
"ionizing ionic compound" hereinafter), that is
o%tionally used in the invention, inci;des Lewls acids,
an lonic compounds, borane compounds and carborane
compounds described in Japanese Patent Laid-Open
Publications No. 501950/1989, No. 502036/198%, No.

172005/19%1, No. 179006/1991, No. 207703/1991 and No.
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substituted carbonium cations, such as triphenylcarbonium cation,
trilmethylphenyl)carbonium cation and tri(dimethylphenyl)carbonium
cation. 5 Examples of the ammonium cations include trial kylammonium
cations, such as trime thylammonium, ¢ation, triethylammonium cation,
tripropylammonium cation, tributylan:h%%nium'cation and
tri(n-butyl)ammonium cation; N,N-dialkylanilinium cations, such as N,N 10

j ylanilinium cation, N,N-diethylanilinium cation and
%m%f,é?pée%am%?ﬁylgniﬁniu?r‘f‘f:ﬁfﬁ?n;l\%ﬁwd tialkylahithonidmisationspo 1y

%&p;l Kisopropyl)ammonium cation and dicyclohexylammonium
cation%%%ém‘%%s% the gﬁgéﬁhocn%%oé’laQ%n@airéi/clflﬁéele & employed.
triarylphasphanium eations, such as riphenylghasphonium, cation,
trilmethylphenyl)phosphonium cation and -
tFxdintethylphenyhpRésphonium cationr R23 is prafesallycarbeaivum i i ch
cation or ammonium cation, particularly preferably triphenylcarbonium
Bgon: 226 Ny Nsdipsathylaailinim catiers of Nihrdiethylaritiniym gation.
Alsp employable as the ionic compound is a trialkyl- substituted
SRrhioGRPESIE Y NI N-diBikRmH iU St ah ditkylarmenianrsaltier a
t{'@{)@pﬁgggkg}onigm salt. 157 Examrgrloes of the trialkyl-substituted ‘
ammonium safts include tRBfyIarmmoRmierAfdHerhpFsR heny 1) boron,

tris(3,S—difluordphenyl)boron, tris{4-

fluoromethylphenyliboron, tris(peﬁtafluorophenyl)boron,
tris(p-tolyliboron, tris(o-tolyl}boron and tris(3, 5-
dimethylphenyl)boron.

The ionic compounds are, for example, compounds

-represented by the following formula (VI):

25
@ R
R23 R24_ I @ 26
B
JQZT (vi)

In the above formula, R23 is HY, carbonium catiocn,
oxonium cation, ammonium cation, phesphonium caticon,
cycloheptyltrienyl cation, ferrocenium cation having a
transition metal, or the like.

RZ4 to R27 may be the same or different and are each
an organic group, preferably an aryl group or a

substituted aryl group.
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tripropylammoniumtetra(phenyl)boron, tri(n- butyl)
ammoniumtetra(phenyl)boron, 5 trimethylammoniumtetra(p-tolyl)boron,
trimethylammoniumtetra(o-tolyl)boron, tri(n-
butyl)ammoniumtetra(pentafluorophenyl)boron,
tripropylammoniumtetra(o,p-dimethylphetiyl)boron, tri(n
butyl)Jammoniumtetra(m,m-dimethylphenyl)boron, tri(n 10
butyl)ammoniumtetra(p-trifluor_omethylphenyl)boron, tri(n-
butyl)ammdaitiefats, Sﬁﬁlfﬁﬁﬁ%’ﬁ\%f-ﬁ%%’rﬁ}%%ﬁ Apgude tri-
trl(n gv)tylﬁm ocgnumt ra(o tolyl)boron Examples of the

mkwan nunnsat5|n&ﬁde ns, such as triphenvicarbonium

N I&add”@tlhyl@thWmtﬁy%%%w)‘bc%%ohlxNﬁjﬁsuatlcn and

diethylaniliniumtetra(phényl)boron and N,N-2,4,6-
pentamethylanHinignteiia(phepyl Porgn. @@Bmes of the

dialkylammonium salts include di(l-

propyl)arﬁm@mwmtetrtaipemtaﬂummnhemyl)bemamd include
dicyclohexylammoniumtetra(phenyl)boron. 20 Further employable as the

|oﬁ€éé%&%%ﬁ@§%ﬁéum cations, such as trimethylammonium
tr|phen}_llcarben|umtetrakls(pentafluorophenyl)borate N,N-

diréthyEhlinh et akiSEPRRE B réfterybotataP T oPy Lammonium cation,
ferrqceniumtelra(pentafluorephen y%l?&f%te

triphenylcarbeniumpentaphenyicyclopentadienyl complé 15gtum cation;

N, N-diethylantiniumpentaphenydeyclopentadienyl.complex and a boron
compound represented by the formula (VII): CF3

dimethylanilinium cation, N,N-diethylanilinium cation and
N,N—Z,4,6—pen£amethylanilinium cation; and
di;lkylammonium cations, such as di{isopropyl)ammonium
cation and dicyclohexylammonium catioﬁ.

Examples of the phosphonium cations include
triarylphosphonium cations, such as triphenylphosphonium
cation, tri(methyliphenyl)phosphonium cation and
tri(dimethylphenyl)phosphonium cation..

RZ3 is preferably carbonium cation or ammonium
cation, particularly preferably triphenylcarbonium cation,
N,N-dimethylanilinium cation or N,N-diethylanilinium

%
cation.

Also employable as the ionic compound is a trialkyl-
substituted ammonium salt, a N,N-~dialkylanilinium salt, a

dialkylammonium salt or a triarylphosphenium salt.
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(BE)-F H(OEt2)2g! 5CF34 (VIZ) wherein Etis an ethyl group, or the
formula (VIII): CF3 10 (r)+ Q Na g (VIIl) CFa 4 Examples of the borane
compounds include 15 salts of metallic carborane anions, such as
tri(n-butyl) ammoniumbis(nonahydridql-l 3-

dicarbanonaborate)cobaltate(lll), tri(n-gatyl)
ammoniumbis(undecahydrido-7,8- dicarbaundecaborate)ferrate(lll), 20
tri(n-butyl) ammoniumbis(undecahydrido-?,8- N ‘
dkxubaéﬁ? %ﬁaﬁgﬁ&ﬁﬁmﬁéﬂﬁﬁkyl'SUbStltUted ammonium salts
tri(g-%qt&lgammorﬂ%m g%ndecah drido-7,8-
dicarbaundecaborate)nickelatet! ?%ﬁ@ggﬂﬁ/ﬁyl)bcmn’
ammeniymbistundecalydida 1.8, 2n disarbaundecahorgte)cuprate(l)

159 tri(n-butyl) ammoniumbis(undecahydri 0-9,8-

butyl)ammoniumtetra {phenyl)boron,

trimethylammoniumtetra (p-tolyl)boron,
trimethylammoniumtetra{OHtolyl)boron, tri{n-
butyl)ammoniumtetra(pentafluorophenyl)boron,
tripropylammoniumtetra(o,p—dimethylphenyl)boron, tri{n-
butyl)ammcniumtetra(m,m»dimethylphenyl)boron, tri{n-
butyl}ammoniumtetra(p—trifluoromethylphenyl)boron, tri{n—
butyl)ammoniumtetra(3,5mditrifluoromethylphenyl)boron and
tti(n—butyl}ammoniumtetra(o—tolyl)boron.

Examples of the N,N-dialkylanilinium salts incliude
N,N-dimethylaniliniumtetra (phenyl)boron, N,HN-
Idiethylaniliniumtetra(phenyl)boron and N,N-2,4,6~-
pentamethylaniliniumtetra (phenyl)boron.

Examples of the dialkylammonium salts include di(1-
propyl)ammoniumtetra (pentafluorophenyl)boron and
dicyclohexylammoniumtetra (phenyl)boron.

Further employable as the ionic compounds are
triphenylcarbeniumtetrakis(pentafluorOphenyl)borate, N, N-
dimethylaniliniumtetrakis(pentafluorophenyl)borate,

ferroceniumtetra(pentafluorophenyl)borate,

triphenylcarbeniumpentaphenylcyclopentadienyl complex,
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dicarbaundecaborate)aurate(lll),
tri(n-butyl)ammoniumbis(nonahydrido-7,8-dimethyl-7,8-
dicarbaundecaborate)ferrate(lll), 5
tri(n-butyl)ammoniumbis(nonahydrido-7,8-dimethyl-7,8-
dicarbaundecaborate)chromate(lll), 168
tri(n-butyl)ammoniumbis(tribromooctahydrido-7,8- dicarbaundecaborate)
cobaltate(lll), tris[tri(n-butyl)lammonium]bis(undecahydrido-7 10
Cghﬁﬂﬂagégﬁﬁﬁﬂ% ﬁﬁﬁﬁﬁgﬁﬂ&aphenylcyclopentadienyl complex
big[gt)g(na-bgglj)ammoniuml]bidc,(undecahg/drid -1- N
car 'aundecélSﬁa%iWa%g%naf&WfSbigﬁﬁg‘n Befyhhe formula (VIT):
ammonium]bis(undecahydrido-7- carbaundecaborate)cobaltate(lll) and 15

carbaundecabor@)nickel@e
an atom of silican, phesperus Y
one or more atoms selected fyom-vanadiym, niobium, molybdenum 20
and tungsten. Examples of such co pou Ads include phosphovanadic
acid, germanovanadic acid, arsenovanadic acid,{FHdsphoniobic acid,
germanoniobic acid, silicomolybdic acid, phosphomolybdic acid,
titanomolybdic acid, germanomolybdic acid, arsenomolybdic acid, 25
stganomalyhdic acid, phosphatungsiig acld, 160 oermanqiungsic acid,

stannotungstic acid,

he he teropoly compound comprises

Examples of the bofane compounds include

salts of metallic carbofane anions, such as
tri(n-butyl)ammoniumbis (nonahydride~1, 3-
dicarbanonaborate)cobaltate {(III),
tri(n-butyl)ammoniumbis {(undecahydride-7, 8-
dicarbaundecaborate) ferrate(III),
tri(nmbutyl)ammoniumbié{undecahydrido—7,8~
gicarbaundecaborate)cobaltate(III),
tri(n-butyl)ammeniumbis {undecahydridoe-7, 8~
dicarbaundecaborateinickelate (I11),
tri{n-butyl)ammoniumbis(undecahydride-7, 8~

dicarbaundecaborate)cuprate (I1I),
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phosphomolybdovanadic acid, phosphotungstovanadic acid,
germanotaungstovanadic acid, phosphomolybdotungstovanadic acid,
germanomolybdotungstovanadic acid, 5 phosphomolybdotungstic acid,
phosphomolybdoniobic acid, metallic salts of these acids, specifically,
salts of these acids, for example wit®¥hetals 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 dpeve hcidgrenehasiwithriptenylethyksal] bat not limited thereto.
The ionizing ionic compounds (B-3) mentioned above may be used singly

St i COMBIREGGT SEfVE OF Gt Kirdst | If the transition metal compound
A) is used as an 15 olefin polymerization catalyst and an
L BRI AT H(ﬁo?tf‘ﬁ?’ 88 hﬁje?ﬁ)élaﬁ,lmiﬂa%ﬁé{ 1S lséd as a

organoalUrinum oxy- compou

&9= caialyst.eamponent in eombination with the compound (A), the olefin

polymerization catalyst exhibits extremely’ high polymerization activity to
olefins. 20 itherpreseRi-pvention dhe dransition metal .campeund ; _
represented by any one of the formulas (1) (II- a), (1I-b) and (Ill) may be
WUsed:singlycas-ai olef e polymerizationraatalyst, or there may be used an
olefin polymerization catalyst comprising: 25 (A) the transition metal
Qfﬁﬁ@@mﬂigﬁkpﬂyppiumbisétribromooctahydrido~7,8w

dicarbaundecaboxét@)cobaltate(EII),
trisitri(n—butyl)ammonium}bis(undecahydridoMT—
carbaundecaborate}chromate (111},
bis[tri(n—bgtyi)ammonium}bis(undecahydrido—7m
c;rbaundecaborate)manganate(IV),
bis{tri(n—butyi)ammonium}bis(undecahydrido~7—
carbaundecaborate)cobaltéte(lii) and
bis{tri(n~butyl)ammonium]bis{undecahydtido—?—
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, molybdénum
and tungsten. Examples of such compounds include
gﬁosphovanadic acid, germanovanadic acid, arsenovanadic
acid, phosphoniobic acid, germanconiobic acid,
silicomolybdic acid, phosphomolybdic acid, titanomolybdic

acid, germanomolybdic acid, arsenomolybdic acid,

stannomolybdic acid, phosphotungstic acid,
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(B) at least one compound selected from: (B-1) an organoaluminum
compound, (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 (I11) is used in combination witi®he component (B), a compound
represented by the following formula (l11-a) is formed in the polymerization
system. 10 Rso R11 N + ,Xr, 'M'R120 Y" Ris Rts R14 m ... (lll-a) 15
Iy thecabova famiulg, R10d0 RIS IV v afid X dvavé the same
meanings as those of RIO to R15, MI, m, n and X in the formula (lIl), and

YRR ES CAR Y Msaie tedidinafidh anfiP PBNAYREFSHAURNETLS, thel<

bogdgxﬁg@egghgggggﬁggfgugg{gaybggguaggg@tggg%graggg@gnadiﬂ
bond. Y18, for e%ample, & WealCSoordination anion -describedan e

"Ghemical Revigw: Mol 88,0, 1405.(1988) s [Chemical Review", vol. 97,
p. 927(1993), or W098/30612,

phosphomolybdotungstic acid, phosphomolybdoniobic acid,
metallic salts of these acids, specifically, salts of
these acids, férzexample with metals of Group 1 or 2 of
the periodic table such as-lithium,‘sodium, potassium,
rubidiuvum, cesium, beryllium, magnesium, calcium,
strontium and barium and organic salts of the above acids
such as with triphenyliesthyl salt, but not limited thereto.
N The ioniziﬁg ionié compounds (B-3) mentioned above
may be used singly oz in combination of two or more kinds.

If the transition metal compéund {A) is used aé an
clefin polymerization catalyst and an crgancaluminum oxy-
compound such as methylaluminoxane is used as a co-
catalyst component in combination with the compound (A},
the clefin polymerization catalyst exhibits extremely
nigh polymex;zation activity‘to olefins.

In the present invention, the transition metal
;ompound represented by any one of the formulas (I), (II-
a), (II-b) and (III) may bé used singly as an olefin
polymerizaetion catalyst, oxr there may be used an olefin

polymerization catalyst comprising:

(&) the transition metal compound, and



162 p. 6, and specific examples thereof include the following

compounds: AIR4- 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 hydr &4rbon group, an alicyclic
hydrocarbon group, a substituent wherein an aliphatic, aromatic or 10
alicyclic hydrocarbon group is substituted with an oxygen atom, a
nitrogen gtom? & pligsphofis: atoriibr alialegen catom, forcarsubstituent
wherein an aliphatic, aromatic or alicyclic hydrocarbon group is
substituted with 3”QJb&ﬂu@ﬁ@ﬁé\ﬁﬁg}%%eﬁoﬁﬁﬁﬁ%itrogen atom, a
15 phosphorus ,aég% ora halo en atom, BR4 wherein eachn% may ge the

. { . or uri num., oXy=Compou g
same or different and is an. 0Xygen atom, a mtro@'en atom, & phosﬁhorus

atom, a halogepzatem, a substituent containing.any of thesg atgms, 20 an

aliphatic hydrocarbon group, an aromatic hydrocarbon group, an alicyclic
hygreearbon-group: a substitsent wherein an aliphatie, aromaticior.

alicyclic hydrocarbon' group is substituted with an oxygen atom, a

nitrogen Bforhtea phesphorusratomicria hatggenraton® jor @esubstituert 25y

wherein an aliphatic, aromatic or alicyclic hydrocarbon
the formula (III) is used 1in combination with the.

component (B), akcompound represented by the following

formula (III-z) is formed in the polymerization systemn.

[ R*
| ;

e {ITTIE)

In the above formula, R0 to R15, Ml, m, n and X
have thé same meanings as those of 10 o R15, Mi, m, n
and # in the formula (IIX), and Y is a so-called weak
coordination anion.

In the fermula (III-a), the bend betweén the metal M
;nd Y 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 (1.988),

"Chemical Review", wvol. 97, p. 927 (1993), or WO98/30612,
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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-dé&cribed organic compound (D), if
necessary, in addition to the transition metal compound (A) and at 10

least one compound (B) (sometimes referred to as a "component (B)"
hereihaftér) Setcted from theroryanoietaltic Compountk(B-13, thellowing
organoaluminum oxy- compound (B-2) and the ionizing ionic compound |
(BYPE S Carrier The carrier (C) optionally used in the invention is an
inorganjlgl%r4qrganic compound in the form of granular or particulate solid.
As the in0rganic compounds, porous oxides, inorganic halides, clay, clay

' rian.20 nge layere poun e hreferable. .
S Ae of e porous ostles e G5 ALSGS. MO, 210, Tio3”

B203; £2Q:2R0, Bal: (Th0Zs angcamplex sompaynds of ajxtures
containing these oxides, such as natural or synthetic zeolite, SIO2-MgO,
SIPZHAA203, Si02:254T102,18512:V2@3n5102-Cr203:-and SiO2<H0Z2=MgOh o
Of these, 164
any of these atoms, an aliphatic hydrocarbon group, an
aromatic hydrocafbon'group, an alicyclic hydrocarbon
group, a substituent wherein an aliphatic, aromaitic or
alicyclic hydrocarbon group is substituted with an oxygen
atom, a nitrogeﬁ atom, & phosphorus atom or & halogen
aéom, or a substituent wherein an aliphatic, aromatic or
alicyclic hydrocarbon group is substituted with a
-substituent having an oxygen atom, a nitrogen atom, a
rhosphorus atom or a halogen atom;

BRY-
wherein each R may be the same or different and is an
oxygen atom, a nitrogen atom, a phosphorus atom, a
halogen atom, a substituent containing any of these atoms,
an aliphatic hydrocarbon group, an aromatic hydrocarbon
group, an allcyclic 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

wherein an aliphatic, aromatic or alicyclic hydrocarbon
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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 Na2CO3,
K2CO3, CaC03, MgCO3, Na2S04, A12(S04)3, BaS0O4, KN03, Mg(N03)2,
AI(NO3)3, Na20, K20 and Li20. Altholi$ 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
1816300 S préfetanly 20 161200 Pr adpecific:sarface atea;ob50 to:ygen
1,000 m2/g,rpreferably 100 to 700 m2/g, and a pore volume of 0.3 to 3.0

cﬁﬁ?g} 'if ReCessany The Tarfer mak e RaRdHeEd at 2006 12008 Bygen
pged‘g;@ply 150 to 700 C, 15 prior to use. Examples of the inorganic halides
employable in the invention include MgC12, MgBr2, MnC12 and MnBr2.
The inorganic halide-may beised.aslLis, o may peused afier
pulverized by, for example, a ball mill or an 20 osci a?lng mill; The
inorgaricdatide May atso be used 4 as fine particles of a obtained by
dissolving the inorganic chloride in a solvent such as alcohol and then
precipitatity gsing rprecipitent. Ere clay emaployabte aspuicarden in the che
invention is 25 generally composed mainly of clay minerals. The ion
invention can contain the fellowing carrier (C) and/or

the later—descr@bed organic compound (D), if necessary,
in addition to the transition metal compound {A) and at
least one compoumdl(g) (sométiﬁes referred to as a
"component (B)" hereinafter) selected from the
oéganometallic compound (B-1), the organocaluminum oxYy-

compound (B-2) and the ionizing ionic compound (B-3) .

{C} Carrier

The carrier () optiénally used in tﬁe invention is
an inorganic or. organic coﬁpound in the form of granular
or particulate sclid. As ﬁhe inorganic compounds, porous
oxides, inorganic halides, clay, clay minerals or ion-
exchange layered compounds are preferable.

) Examples of the porous oxides include 5iCp, Al»o03,
MgG, Zr0, Ti02, BpO3, Cal, ZnC, BaO, ThOz, and complex
compounds or mixtures containing these oxides, such as

natural or synthetic zeolite, $i02-MgQ, S102-R1p03, S5i09-

Ti0z, $5i02-V205, S5i02-Crz03 and S102-Ti02~-MgC. Of these,



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-exchangetfered compounds. The 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 Examplestdfsucheclaynghay minerals: andriongetcliangentayered 101 as
compounds include clay, clay minerals and ion crystalline compounds
havingelayered crystabrstnictures such as hexagonal closest packing type,
antimony type, CdC12 type and Cd12 type. 15. Particular examples of the
clay and tHé &lay  Avisieralstinetideekadimy bertdrite kibushi clays gatrente
clay, allophane, hisin F(};erlte pyrophyllite, mica, montmorillonite,

verfiruhtd Ehiorité A5G6rskiter JG0finAE hACHE SRR WY Iby§ff€h as
sParmL#@bgo examples efihesionexehange-layered %Q'BPQH”?B 'n%g%m,

crystalline acid salts of polyvalent metals, such as'‘a- Zr (HAs

a-ZiiiR04)4g; @rds (KPOAY 21:c3H20, arH(HPOA)2 aad iHASO4) 2H20’

a-Sn(HPO4)2 H20, y- Zr(HP04)2, y-Ti(HPO4)2 and y-Ti (NH4POq)2H20,

166 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 pm,

pr?fe:ably 20 to 200 i, a specific surface area of 50 to

1,000 mé/qg, preferably 100 to 700 m?/g, and a pore volume

of 0.3 to 3.0 cm3®/g. 1If necessary, the carrier may be

calcined at 100 to 1,000 °C, preferably 150 to 700 °C,

18 prior to use.

Examples of the ihorganic halides employable in the

‘invehtion include MgClpz, MgBrz, MnCl2 and MnBrs. The

incrganic halide may be used as it is, or may be used
after pulverized by, for example, a bzll mill or an

20 oscillating mill. The inorganic halide may also be used

;s fine particles of a obtained by dissolving the

inorganic chloride in a sclvent such as alcochol 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-
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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 voltfe is measured on the 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
TEARUIEH oft PBFESIHAHE A FEtiuSBP not fess ehar 20 Azofléss than the
.1 cc/g.is used as the carrier, high polymerization activity tends to be

0.1
hardly obtaindd. ft RRYSrefdrabis that thé ¥Ry AAndiHe Qay T £5 insris

qQ be used ipthe.inyention are subjected to chemical treatments. Any of
Iéurfa\ce treatments, for example, glr%?‘ng\}:e i%ﬁun lesCattiched T hated

§MH§§§§K@E§JHﬁugﬂge§EEQW§EV§§4§UHC%E§Qfﬂgagagtggigt , and

employable. Examples of such chemical treatments include 20 aci

tieatrhent; atkalitieatmerihsakt freatinent and -organici substance ¢
treatment. The acid treatment can contribute to not only removing
Thptiritiés front-thes surface trr disoglutihgcatieds suehas Ak Fe and Mg
%)resent in the crystal structure to increase the surface 25 area. The alkali

redtimeht'Car dektBy LRiStaFstitiduid te7on-exchange layered

compounds employable in the invention are not limited to
natural ones but include synthetic ones.
Examples of such clay, clay minerals and ion-

exchange layered compounds include clay, clay minerals

i
and ion crystalline compounds having layered crystal

structures such as hexagonal closast packing type,
aﬁtimony type, CdClz type and CdIp type.

Particular examples of the clay and the clay
minerals include kaolin, bentonite, kibushi clay, gairome
clay, allophane, hisingerite, pyrophyllite, mica,
montmorillonite, vermiculite, chlorite, palygorskite,
kaolinite, nacrite, dickite and halloysite. Particular

examples of the ion-exchange layered compounds include

LS .
crystalline acid salts of polyvalent metals, such as o-

Zr (HAsO4)2 * H20, w-Zr(HPO4) 2, a-Zr (KPO4) 2 » 3H20, w-
Ti(HPC4) 2, o-Ti(HAs04)? "HpC, o~3n(HPO4)2 * H20, y-

Zr (HPO4} 2, y-Ti(HPO4)2 and y-Ti (NH4PO4) 9 * HoO,
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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 inveh&Bn 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
the dist Bethicen'the 1ayérs. e balky ienplays=a pillardikelrathto:
s#ppqgrt ggie Cla er structure and is %enerally called a "pillar”. Introduction
0

Bther SUbSIANCEE BRtWEER ISt of 2P fay er8d Tonipotinthisacatied =

"iptercalation’, Examples of 15 the guest compounds to be intercalated
include cationic |nofgla%?§08r%p%ﬂ‘%§,sg&é’hla’?§ Ticid etz 4 mbtalfe s

atkexidesg stich asTi(QR)4, (9&@‘&89&9&3 BQE)RQ% (rl‘:x\)oi‘g qess

hydrocarbon group or the like); and metallic hydroxide ions, such as

[ALE304(0H) 24}, [Br4{OHH3 4 200and Re3QHOCOGHI)6: The
compounds mentioned above may be used singly or in combination of
tWé bt idore Kinds Thel imercafationZoftthe tompaundsmaybe catried pult
in the presence of polymers obtained by hydrolysis of 25 metallic

alkKOXIUES SUcH a8 Si(ER) 4 AROR S ARG CHORMLEE 0 20 to 3x104 4
by a mercury penetration method using a mercury
porosimeter.

If a compound having a pore volume, as measured on
pores having a radius of not less than 20 A, of less than
O:l cc/g is used as the carrier, high polymerization
gctivity tends to be hardly obtained.

It is also preferable that the clay and the clay
minerals to be used in the invention are subijected to
chemical treatments. Any of surface treatmenté, for
example, tQ remove impﬁrities attached to the surface and.
to influence on the crystal structure of the clay, are
employable. Examples of such chemical treatments include
acid'treatment, alkalil treatment, salt treatment and
gfganic substance treatment. The acid treatment can
contribute to not only removing impurities from the
surface but also eluting cations such as A1, Fe and Mg

present in the crystal structure to increase the surface

area. The alkali treatment can destroy crystal structure
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(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, clay minerals and ion-excH&ge 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
tiSed 10vaftér they areubjectad torwatémadsorptiom or taehy dsdtiarhunder
heating. The clay, clay minerals and ion-exchange layered compounds
& be UK §iﬁy§Fy SrRE EBBnaton Gftivocsicmpie kindssOf thie

9?8\51’ -rréer%ti%n%d-materials, preferable are 15 clay and clay minerals, and
particularly preferable aré thonfofiisHiR: Sermitidite, Fetstité fenorite

Ahd.synthetic mica. The organic compound is, for example, a granular or
particulate solid clﬁorﬁpound havin% a”pgﬁ"tﬁzléja%lrﬁrg‘t%e%%? 2%’)1 15366 p%“.e

Examples of suchcompoundsdpgludedcolpolymers produced using an
a-olefin of 2 to 14 carbon atoms such as ethylene, propylene, 1-butene or

4-mettiiel{pentene asraymalnr ingredieatx(pe)palymers progducgd+using
vinylcyclohexane or styrene as a main ingredient, 25 and modified
bﬁ&ﬁﬂﬁé?ﬁeﬁﬁﬁlﬁﬁQa layered compound in which the

exchangeable ions between layers have been exchanged with
other large and bulky ions utilizing ion éxchange
properties to enlarge the distance between the layers.
The bulky ion plays a pillar-like roll to support the
layer structure and 1s generally called a "pillar®.
Intreduction of other substances between layers of a

layvered compound is called "intercalation". Examples of

the guest compounds to be intercalated include cationic

inorganic compounds, such as TiCls and ZrCls; metallic

alkoxides, such as Ti(CR)g, Zr (OR} 4, PO(OR}z and 5 (0R)3
(R is a hydrocarbon group or the like); and metallic
hydroxide ions, such as [Al1304(0H}2417%, [4ra(OH)74]2%

and [Fe30{0COCHz)g] ™.

,
The compounds menticned 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

metallic alkoxides such as Si(OR}g4, ABL{OR)3 and Ge (OR}4
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(D) Organic compound component In the present invention, the organic
compound component (D) is optionally used to improve 5 polymerizability
and properties of the resulting polymer. Examples of the organic
compounds include alcohols, phenolic compounds, carboxylic acids,
phosphorus compounds and sulfonat&&8but 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 a halogenated
hydroéarbongréupwfib do 5frearpon atams) atexgenerallyreraploygde serce
Pregerab#’ alcohols are those wherein R28 is a halogenated hydrocarbon
group”P :H%%Eﬁlé pheMolit A5 cSRpeaHas arespretfefably ifise wWhersinles
the ta,g'ﬁpositi ns to the hydroxyl group are substituted with hydrocarbon
groups bt TFtb 20 Carodh-atorfs. &S frescarbBResciag, thosercalation

represented,by R29- COON (R29 | g drocarcson roup.of 1 to 50
carbon atoms. 20 of a halogena e‘dgﬁay} é)%a% rﬁfbgu Fof P15 5B CarssH:

atoas preferably./balogenaled ydroearban group alL g, 50 carbon

atoms) are generally employed. As the phosphorus compounds,

phosphartesacids havirigs P-@:hdaands phesphatesdhiaving POR band o

P=0 bond and 25 phosphine oxide compounds are preferably employed.

17OTH Bdomtes bzeeinthe tevemtipntarethese as they are, or may
be used after théy are subjected to a treatment of ball
milling, sieving or the like. Moreover, they may be used

after they ars subjected to water adsorption or

dehydration under heating. The clay, clay minerals and

bt

ion-exchange layered compounds may be used singly or in
combination of two or more kinds.

© Of the above-menticned materials, preferable are
clay and clay minerals, and part;cularly preferable are
montmorillonite, vermiculite, hecteorite, tenorite and
synthetic mica.

The organic com?ound is, for example, a granular or
particulate solid compound.having a particle diameter of
10 to 300 pym. Examples of such compounds include
eco)polymers produced using an a—olefin of 2 to 14 carbon
atoms such as ethylene, propylene, l~butene or d-methyl-
l-pentene as a main ingredient, {cojpolymers produced
using vinylcyclohexane or styrene as a main ingredient,

and modified products thereof.
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represented by the following formula (1X): 0 51 (Xm.n)-Mm O-S-R30 d
(IX) In the above formula, M is an element of Group 1 to 10 Group 14 of
the periodic table. R30 is hydrogen, a hydrocarbon group of 1 to 20
carbon atoms or a halogenated hydrgearbon 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 group of 1 to 20
carbon atoms. m is an integer of 1 to 7, and 1-nc7. In Fig. 1, an example
of the process for preparing an olefin polymerization catalyst which is
occasionally 20 useg IndB@@ﬁ@&erﬁ@&W}% |§O§gpgy{gsr§ome examples
of the processes are given below, though the méthods to use the
componéntsand-thesender ofi feedingthecom RQneMs are aptionaly
selected. (1) The transition metal compound (A) is singly fed 25 to the
POtz affor! Feadter. k7t ¥2p The transitionaméetal comspound (A) and

the comﬁponerg (B4)L are fed to the polymerization reactor in an ordinary
gde ty and properties of the resulting polymer.

Examples of the organic compounds include alcchels,

phenclic cémpounds, carboxylic acids, phosphorus
compounds and sulfonates, but not limited thereto.

As the alcohois and the phenolic compounds, those
represented by RZ8-0H (r28 g a_hydrocarbon group of 1 to
50 carbon atcms or a halogenated hydrocarbon group of 1
té 50 carbon atoms) are genefally employed.

Preferable alcohols are those wherein R28 315 =
halogenated hydrocarbon group. Preferable phenolic
compounds are preferably those wherein the o, o' -positions
to the hydroxyl group are substituted with hydrocarbon
groups of 1 to 20 carbon atoms.

As the carboxylic acids, those represented by RZ28.
COOH (RZ% is & hydrocarbon group of 1 to 50 carbon atoms
or a halogenated hydrocarbon group of 1 to 50 carbon
“
atoms, preferably a halogenated hydrocarbon group of 1 to
50 carbon atoms) are generally emplayed.

As the phosphorus compounds, phosphoric acids having

P-0-H bond, phosphates having P-OR bond or P=0 bond and

phosphine oxide cempounds are preferably employed.
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(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 order. (4) A catalyst component
wherein the component (B) is supporigghon the carrier (C) and the
transition metal 10 compound (A) are fed to the polymerization reactor in
an ordinary order. (5) A catalyst component wherein the transition metal

compoupd (A) and the component (8) afe supported on the carier (C)is

fed to the polymerization reactor. 15 In & above processe"se (2 htos( , at

least, wa of, {Bg cafalyst.companents may, be previpwsly.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 order. In this case, these
components (B) may be the same or differgnt. Onto the solid catalyst
component wherein the transition mgtal comypound (A) is supported on
the carrier 25 (C) @ the-trapsHi gtal-gépound (A) and the 172
component (B) are supported an the karrier , an olefin may be
prepolymerized, and on the thus prepblymerized soﬁitl}"c)atalyst
component, a catalyst component may be

In the above formula, M is an element of Group 1 to
Group 14 of the periodic table.

‘R3Q isg hydrogeh, & hydrocarbon group of 1 to 20
c;rbon atoms or & halogenated hydrocarbon group of 1 to
20.carbon afoms.

X is a hydrogen atom, a halogen atom, a hydrocarbon
group ¢f 1 to 20 carbon atoms cr a halogenated
hydrocarbon group cof 1 to 20 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
~used in the present invention is shown.

) Some examples of the processes are given below,
though the methods to use the components and the crder of
feeding the components are optionally selected.

(1) The transition metal compound (&) is singly fed

to the polymerization reactor.
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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 present invention, the
polymerization can be carried out as any of liquid phase polymerization
such as; jsotution: palymerization Of suspensien polymerization apd gas
phase polymerization. 15 Examples of inert hydrocarbon media used for
dhepliquid phase potymérzatian include-aliphaticz hydracarkens; stichasan
‘propane, butane, pentane, hexane, heptane’, octane, decane, dodecane
HridRérosirte: @igyclic hydrocarbons, such as cyclopentane, cyclohexane
and 20 methylcyclopentane; aromatic hydrocarbons, such as benzene,
toluen&’and x§eha ! H&lbgeRaR Ry drothfons” dueh detiiéden
chloride, chlorobenzene and dichloromethane;. and mixtures of these
et ocs SOhE e Clbri RSB He e A sraggat 153 1 e
felymetization of ag plefin.of:2 to 20 carhon atoms psing the.olefin .
polymerization catalyst, the transition metal compound (A) is used in an
amaunbafi usually $@d2:10 1 mol, preferably 10-10 to 10-2 mol,

(4} A catalyst component wherein the component (B)
is supported on the carrier (C) and the transition metal
compound (A} are fed to the_polymexizatidn reactorlin an
ordinafy order.

¢
1

(5) A catalyst component wherein the transition

~metal compound (A} and the compohent (B)\are supported on

the carrier (C) is fed to the polymerization reactor.

In the above processes (2) to (5), at least two of
the catalyst components may be préviously contacted with
each.other.

In‘the processes {(4) and (5] 1n which the component
{(B) having been supported is used, the component (B)
having beén not supported may be added in an arbitrary
Srdex. In this case, these components (B) may be the
same or different.

Onto the scliid catalyst component wherein the
transition metal compound (A) is supported on the carrier

(C) or the transition metal compound (A) and the
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5 based on 1 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) beco 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 such an amount that the molar ratio ((B-2)/M)
of the compo ent (B-2) to the transjtion metal atom (M) in the transition _

SR RBRbound’ (A) becontes G iyt t6'ts 50b1000° pieferaliy 20165

N - of the _component (B-3), t -3) 4 ed
I Stoh Bt AmoLr AL e sholas ot (B3N of the Sommponent (B3)
ta the transitionynetal aia(M)dn the ansition: metakcarapeund (Al e

becomes usually 1 to 10, preferably 1 20 to S. When the component (D)

- iFused andsthpreompenent (B- 1) is used as the component (B), the

component (D) is used in such an amount that the molar ratio ((D)/(B-1))
becomesiusiiellycd.01 o 10, braferalsig Ol to Br vissrs 25 tee t8Mponent

(E&is used and the component (B-Z%is used 174 as the component (B),
the Eordpoifeht 09y isttisétt MeicH AnfarhBurtthat e ofdratio ©

(D)(G:2) becomes ysualy 0,001 10,2, preferably 0.00519 1, When the
c mp%Tﬁean%B i Used an ¥ﬁe component E&-%)-IS used as

clefin polymerization catalyst to obtain a polymer.
Examples of the olefins of 2 to.20 carbon atoms include
the same olefins as previously described.

In the present invention, the polvmerization can be
cérried out as any of liguid phase polyﬁerization sUCch as
solution polymerization or suspension polymerization and
gas phase polymerization.

Examples of inert hydrocarbon media used for the
liquid phase polymerization incliude aliphatic
hvdrocarbons, such as propane, butane, pentane, hexane,
heptane, octane, decane, dodecane and kerosine; alicyclic
hydrocarbons, such as cyclopentane, cyclohexane and
m@thylcyciopentane; arcmatic hydrocarbons, such as
genzene, toluene and zylene; halogenated hydrocarbons,
such as ethylene chloride, chlorobkenzene and

dichloromethane; and mixtures of these hydrocarbons. The
Y

olefin itself can be used as a sclwvent.
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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 0.1 to

S. In the olefin polymerization using the olefin polymerization catalyst, the
polymerization temperature 10 is in the range of usually -40 to +200C,
preferably O to +100C, and the polyﬁé?’ization pressure is in the range of
usually atmospheric pressure to 100 kg/cm2, preferably atmospheric
pressure to 50 kg/cm2. The polymerization reaction can be carried out by
any one of Patchfise a5 Serhitéentinfuctis arid:Edntimious procééses: itisn
ggssible tq conduct the polymerization in two or more steps under the

iffeFEntYencton tonditiohs” THe iRt Uk WelghFafthe e sultihglefin

Q?'XHE‘%[;:C%Q e modified by controlling the monomer/catalyst ratio 20 or
the polymlerfzgﬁ%%at%g.oglﬁy the' %ro@é)sslos’f tHE Fiverition” af Sigfity pSiymer

Such @3 he @faresaid elefin polymet-baving a nymbers average molecular
weight of not less than 500, preferably 5007to 10,000,000, more ’

preferabiy: 13000 te:5,000,000 15 endMw/ngfnot more than 1.5,
preferably not more than 1.3, is obtained. According to the process of the

inventién, aholefie polymee havingeehigh mbldularneight apdreenarrqw-
5 molecular weight distribution can be obtained with high

1} is used in Su;h an amount that the molar ratio ((B-

1} /M) of the component (B-1) to the pransition metal atom
{M) in the transition metal cempound (A} becomes usually
.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
sdch an amount that the molar ratio ((B-2)/M) of the
compoenent {(B-2) to the transition metal atom (M) in the

transition metal compound (A) becomes usually 10 to

500,000, preferably 20 to 100,000. In the use of the

- component (B-3), the component (B—3)} islﬁsed in such an

amount that the molar ratio ((B-3)/M) of the component
{B-3} to the transition metal atom (M} in the transition
metal compound (A) becomes usually 1 to 10, preferably 1
to 5.
LY

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

the component (D) is used and the component {B-2) is used
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polymerization activity, or an olefin tapered polymer or an olefin block
copolymer precisely controlled in the structure can be obtained with high
polymerization activity. 10 Another embodiment of the process for
preparing an olefin polymer according to the invention comprises
contacting the polymer obtained as alh@ye with a functional
group-containing compound to prepare such an olefin polymer having a
functional group at the terminal 15 as previously described. A compound
capahleofheing -converted, into.a fungtionat groumis inglugesin the sucr
functional group-containing compound. Examples of the functional
gecupTontainitg acompeunds ar the: campounds tapable bkbeings
converted 20 into a functional group include compounds having functional
gtoupsisucPas an drentatichdreeaion Grolips &halbgeriaom,dre
oxygen-containing group, a nitrogen- containing group, a .

HS%B}?&%QFCOWEinﬁ% it ARd a=RfetaPRBREBhtalfing grogp used as
Specifi t can be 25 mentioned an aromatic vinyl compound
io%fi?r%e,(% r?r?eg,g%g jrémzfglée, carbon Itlj%%de@n Jégtelﬁgc%gmﬁ"cl)%nsdf an er
aldebyde compound, acathoxylicacid cgmpoying, oxygen,an. alkylamine
compound, a silicon alkylhalide, an alkylaluminum compound, an
alkylbbror compaunst @an=% alkylzinc eengpound, an alkyllithium compound
and the like. '

In the olefin polymerization using the clefin
polymerization catalyst, the polfmerization temperature
is in the range of usually -40 to +200°C, preferably ¢ to
+100°C, and the polymerization pressure is in the range
oé usually'atmosphexic pressure to 100 kg/cmZ, preferably
atmospheric pressure to 50 kg/cmZ. The poclymerization
reaction can be carried out by any one of batchwise,
semi-continucus and continuoué processes, It is poésible
to conduct the polymerization in two'or more steps under
the different reaction conditions.

The melecular weight of the resulting clefin polymer
can be modified by controlling the monomer/catalyst ratioc
or the pelymerization time.

) By the proceés-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 te 10,000,000, more preferably 1,000 to 5,000,000,
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After the contact with the functional group- containing 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
+300C, preferably -78 to +200C, anti%fe pressure is in the range of
usually atmospheric pressure to 100 kg/cm2, preferably atmospheric
pressure to 50 kg/cm2. The contact time is in the range of 15 usually 1
AfiRUtEMD0Hotet preferalilir 40 minutes to: 24r-holrs. The cantact:ofs
the olefin polymer with the functional group-containing compound can be
Cartied SutCiit4 SBffent or without a solvent. Examples of the 20 solvents
emplo%ahbclz% hg:rLein include aliphatic hydrocarbons, such as propane,

~ butané, pentane, hexane’ Reptare® ditafie, ‘décany’ dodetanedhdol efin

5%'1%%“' 1e; alicygli hydrocarbons, _sueh as cyclopentane, cyclohexene and
ylcy omatic hydr !

a 2 11
met clopentane; aromatic hydrocarbons, such as behZéhe: tofuene

A0d 25:0deneidialpgenatad nydiocarhons such agethylene 177, 1 .y,
chloride, chlorobenzene and dichloromethane; oxygen- containing
poApeendsesucimas digthyketheo andrteirpbydrofuras and mixXives: o
thereof. A further embodiment of the process for preparing an 5 olefin
PolyFISHact ording tothBdAVEIDNICOMBRsdsy controlled in the

structure can be obtained with high polymerization
actiﬁity.

Anothgr embodiment of the process for preparing an
oléfin polymer according to the invention comprises

3

contacting the polymer obtained as above with a

functional group~containing compound to prepare such an

clefin polymer having a functional group at the terminal
as previously described. A 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
into a functional group include compounds having
.
functional groups such as an aromatic nydrocarbon group,
a halogen at&m, an oxygen-containing group, a nitrogen-
containing group, a phosphorus-containing group and a
metal atom-containing group. Specifically, there can be

mentioned an arcmatic vinyl compound, iodine, chlorine,
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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 twof T8 more monomers continuously
changes. As described hereinbefore, the tapered polymer is a polymer in
which the comonomer composition gradually 15 changes from one end to

thecather end:ofitbe polymerchaim This pelymencane synthesized by
polymerizing two or more monomers having different reactivities (e.g.,

ethyfenanand propyleneyinia livinggpolymenzation systerr whetein chain
transfer reaction does not substantially 20 take place. Examples of the
methoddtd feetriReanBRomers indede: amisiide ini®@hichaplural

mfér(]g lers are fed with continuously changing the monomer composition

Ariethod i wHigh Biitdr mohofers BRe R tdg ket i dhe P5 initial
stpged the polymerization.and, ?_'&%i/f{%_rg{'ﬁg Q178 %I\)‘{)mcg riazaitijog he like.

reactivities of the monomers is taken advantage of to 0 t&ina apered
polymetsThe tenaperature: pressure -addition, of the,catalyst and

supporting on the carrier in the polymerization are the 5 same as those
desdribetipreviousiyiund, the functional group can be
converted into another functional group by a known method.
In the contact of the olefin polymer with the
functional group-containing compound, the temperature is
intthe range of ~78 to +300°C, preferably -78 to +200°C,
and the pressure is in the range of usualiy atmospheric
pressure to 100 kg/cn?, preferably atmospheric pressure
to 50 kg/cm?. The contact time is in the range of
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
solvents employable herein include aliphatic hydrocarbons,
.
such as propane, butane, pentane, hexane, heptane, octane,
decane, dodecane and kercsine; alicyclic hydrocarbons,
such as cyclopentane, cyclohexene and methylcyclopentane;

aromatic hydrocarbons, such as benzene, toluene and

xylene; halogenated hydrocarbons, such as ethylene
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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, 1-butene, 1-pentene, 1-hexene, 1-heptene and
1-octene, and they are 10 more preferably selected from ethylene,
propylene and 1- butene. A still furthérf embodiment of the process for
preparing an olefin polymer according to the invention comprises
conducting the following step (1), the 15 following step (2), and optionally,
AheTollGwing-step © (@Yot apiarbithaty hurbererirhas o/ prepage an olefin
block copolymer comprising plural polymer blocks. In the step (1), at least
Ghe 8fe‘?‘i$1 IECHEH HOH SolefiHE bf 2T0DiFE&rbbntbRTs R olymerized in
the 20 pre e of the aforesaid olefin polymerization catalyst to prepare
7;ag %éf‘y%ré%% .algiarﬁﬁf(‘jesmo %g%?é’fi%sng 2 t0 20 carbon atoms include

the same olefins.-as.previoysly, deseribed, and, they can beused singly %fg

in combination of two or more 179 kinds. Examples of the polymer bloc
dheltie thesatme klecks-as previeusly deseribed ikhthesigp 1) dhe

polymerization temperature is in the range of usually -40 to +200C,
norefarabhz0 1y 5#158€sandwhe pohyimerizatiohopresseres islincthe dadgen
of usually agmosEheric pressure to 100 kg/cm2, preferqbly

olefins of 2 to 20 carbon atoms and have different
polymerization réactivities; in the presence of an olefin
polymerization catalyst comprising the aforesaid
transition metal compound (&) to prepare a tapered
polymer containing a segment wherein composition of two
o¥ MOre MOnomers continucusliy chapges.

As described hereinbefore, the tapered polymer is a
polymer in whicﬁ the comonomer composition g;adually
changes from one end to the other end of the polymer
chain. This polymer can be synthesized by polymerizing
two Or MOre MONOmMEers having different reactivities (e.g.,
ethylene and propylene) in a living polymerization system
wherein chain transfer reaction does not substantially
take place.

N

Examples of the methods to feed the monomers include

a method in which plural monomers are fed with

ccontinuously changing the monomer compesition and a

method in which plural monomers are fed together in the

initial stage of the polymerization and a difference of
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atmospheric pressure to 50 kg/cm2. In the step (2), at least one olefin
selected from olefins of 2 to 20 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 different polymer blockif@ans a polymer block which is
different in at least one of primary structures, 15 such as monomer type,
comonomer type, comonomer composition, comonomer content,
eemisoMeErcorfiguration iandtsterearégulasityc Examplesiof the ipdefins of
2 to 20 carbon atoms include the same olefins as previously described;
38226 1AGy Ban e WutrdingR GraRconbinatiomef twoldremore kinds.
ExamepJe§ of thelggl mer blocks obtained in the step (2) include the same

TOCKS a5 previo s’l% G685 ed Arthe Fep ©2)- e polymisatii

ure is_in the range of usually -40 to +200C, preferably 0 to 25

%}1 %%%%%thggpo %éeﬁ%gt%neﬁrejégu%% iﬁcégnr‘%ﬁ%'éz a.f%fomgqc ﬁgﬁalﬁ}]e

aimespheric, pressuyke 1q- 100 ka/cmz2.: preferably atmospheric pressure to
50 kg/cm2. In the step (3), at least one olefin selected from olefins of 2 to

20 carbon atemsds potyreernizediin the hgresence af-thespalymerblocks,
prepared in the step (1) and the polymer block prepared in the step (2) to
Eﬁgpgﬁpresaid olefins of 2 to 20 carbon atoms, they are

preferably selected from ethylene, propylene, l-butens,

l-pentene, l-hexene, l-heptene and l-octene, and they are
more preferably selected from ethyleme, propylene and 1-
butene.

A st;ll further embodiment of the process for
préparing an olefin polymer according to the invention
comprises conducting the following step (1}, the
following step (2), and coptionally, the following step
(3} of an arbitrary number of times, to prepare an olefin
block copolymer comprising plural polymér blocks.

In the step (1), at least one olefin selected from
olefins of 2 to 20 carbon atoms is polymerized in the
presence of the aforesaid olefin polymerization catalyst
ég prepare a polymer block.

bExamples of the clefins of 2 to 20 carbon atoms

include the same olefins as previously described, and

they can be used singly or in combination of twe or more
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a polymer block which is different from the polymer blocks prepared in 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 two or more kinds. Examples of the polymer blocks
obtained in the step (3) include the sa@mM8 blocks as previously described.
In the step (3), the polymerization temperature is 15 in the range of
usually -40 to +200C, preferably O to +150C, and the polymerization
préesadie is irtherangeoéf iduallycatimosphetic pressure todO0ckg/cmne
preferably atmospheric pressure to 50 kg/cm2. The step (3) can be
repeatatt afbitrininas with %ﬁéﬁa)n@éi’ﬁ% types of the olefins,

combina{igntt ereof or ymerization conditions. Through the process of

p"ol .
the invention’ for §§§%pl§§)t‘heta réSaid Biein?BibeR CopBRmferas ure is
ohtainegl. '%%%Qir}gftoutggaqr%es_%f @e iggglaﬂ%g,l %nrglgéiga%%blogk

copolymer having a high molecular weight and a narrow motcular

weight tisfribwtion 6an peahiained:atia, Digh-polymerization femperature, .
with high polymerization activity. In the present invention, the block
copolyies blobtairedsatioveicarrbe contacted withva nctional graiPerabl y

containin% compound to obtain an olefin block copolymer
~atmospheric pressure to 50 kg/cmZ. :

| In the stepi(Z), at least cne olefin selected from
clefins of 2 to 20 carbon atoms is polymerized in the
presehce of the polymer block prepared in the step (1) to
prépare a polymer bleock which is different from the |
poiymer block prepared in the step (1).

The different polymer block means a polymer block
which is diffgrent in at least one of primary structures,
such as monomer type, comonomer type, comonomer
composition, comonomer content, comonomer configuration
and sterecregularity.

Examples of the olefins of 2 to 20 carbon atoms
include the same olefins as previously described, and
they can be used sihgly or in combiﬂation.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 polymerizatiocn temperature is

in the range of usually -40 to +200°C, preferably O to

+150°C, and the polymerization pressure is in the range



having a functional group at the terminal. The contact of the olefin block
copolymer with the functional group-containing compound is carried out in
10 the same manner as previously described. A still further embodiment of
the process for preparing an olefin pdlgmer according to the invention
comprises polymerizing an olefin in the presence of a polymerization
catalyst which promotes living 15 polymerization of an olefin and further

conducting Q?figtﬂglgg}%ilzﬁgoglpégggféset%f el %ta}%S} ain[%g b g rably

cleaving a bond produced in the system between the  ¢atalyst and t

resuiting pohamer-chain bydsneans of hain. fransfer reaction. 20
Promotion of the living polymerization can be confirmed by the narrow

moleculan wgightsdistribufion of the«estlting pobyraee and ¢he incraase-ef;

the molecular weight of the resulting polymer with polymerization time.

Aeedfding t6 the process ofa® mventionsitisfeasibiasitoeptepard; Heor
le, the monodisperse polyolefin, the 182 olefin copolymer, the

teé))(génrgﬁrﬁoefyﬁar br the S Copolfiner &R atiove? T oe6Hir?)
St T A a0 e 0 L onoeiel.
chaprtrapsfer agept: which is different From the polymer
blocks prepared in the previous step.

Examples of the olefins of 2 to 20 carbon atoms
include the same olefins as previously described, and
they can be used singly or in combination or two or mﬁre
kinds. Examples of the polymer blocks obtained in the
step (3) include the same blocks as previously described.

In the step (3), the peclymerization temperature is
in the range of usually ~-40 to +200°C, preferably 0 to
+150°C, and the polymerization pressure is in the ranée
of usually atmospheric pressure to 100 kg/cmZ, preferably
atmosphéric pressure to 50 kg/cmZ.

The step (3) can be repesated arbit:ary times with
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

bicck copolymer having a high molecular weight and a
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To confirm whether the monodisperse polyolefin, the olefin copolymer,
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 cleavinq Oé)eration by the chain transfer
reaction (i.e., the same conditions Xt pt 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

TGroup*a Fetafidtkte E5mpBotnd kit 86lubR nGR cobr ditdtidh Eiorie =
com ounfj Examg%?i]s.ofs ch .catalaysts include tfg)se of the 20 following

Hormulas. KPEaMEXIHCRBIHINEEST TEVCH)2MoR2 A X3 BEs=573] - on
4E-EpM2X4)2X5][BT] 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; £pdeaa ligand:havingweyelopentadigayl:skelaton,, gq y\ﬁ(ggn plural

Cp are contained, they are the same or 5 different, Xl to X5 are each the

«gamee asthelaforesaithXpe contacted with a functional group-
containing compound to obtain an oclefin block cepolymer

having a functioﬁal groﬁp at the terminal.

The contact '¢f the olefin block copolymer with the
functiocnal group-containing compound is carried out in
the same manner as previcusly described.

A still further embodiment of the process for
pééparing an olefin polymer éccording to the invention
comprises polymerizing an olefin in the presence of a
polymerization catalyst which promotes Living
polymerization of an olefin and further conducting olefin
polymerization by the use of a catalyst obtaired by
cleaving a bond produced in the system betﬁeen the
catalyst and the resulting polymer chzin by means of
chain transfer reaction.

. Promotion of the living polymerization can be
ébnfirmed by the narrow molecular weight distribution of
the resulting pelymer and the increase of the molecular
weight of the resulting polymer with polymerization time.

According to the process of the invention, it is feasible

to prepare, for example, the monodisperse polyolefin, the
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L is a Lewis acid, and B' is the aforesaid non-coordination anion. (2) An
olefin polymerization catalyst that is a 10 combination of (YCp)2SmX®6,
Y-CpTaX7 or Y-CpNbX8 (Y and Cp 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 r‘é%?esented by the following formula:
15 R32 Rat/C\C/ R33 CO o 0 20 wherein p,31 to R33 are each a
hydrogen atom, an alkyl group of 1 to 8 carbon atoms or an aryl group,

withTthe " pfoviso At at Iedst oh8R5F IS RPREBTects tbhfe & Rydrdgen

atom but there is no.case Whgre R31 to p,.33 are all hydrogen atoms at
O d abovy

e §ame tirne " 25 Ei)oegmpounderépresented by the following formula:

184 Ra@gq%%h%M§%9§hg%ﬁ@¥:éﬂ%@hiving polymerization

proceeds or not, it is most preferable to polymerize an
olefin under the same conditions except for using no
chain transfer agent.

To confirm Whether the monodisperse polycelefin, the
clefin copolymer, the tapered polymer or the olefin block
copolymer can be prepared or not, it is most preferable
.to polymerize an Olefiﬁ under the séme conditions exéept
for not performing z cleaving operation by thé chain
tgansfer reaction {il.e., the same cénditions except for
usiﬁg nc chain transfer agent).

In this process, the following olefin polymerization
catalysts (1) to (5) are employable.

(1) An dléfin polymexization-catalyst comprising a
Group 4 metallocene compqund and a soluble non-
coordination anionic compound

Examples of such catalysts include those of the

following formulas.

N

[YCpMZX1] [ (C2BoH11) 2C0]

[ (YCp)2M2X2 (L) ] [X3-B(CsF5) 3]

[ (Y-CpM2x4) 2X2] [B']

In the above formulas, MZ is titanium, zirconium or

hafniuvm,
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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 1 to 50 carbon atoms, a halogenated hydrocarbon group of 1 to 50
carbon.atoms, an organic silyl grouﬁ?%r 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
indicatedSy R3446347 Cpreferably aaijacent §Fous, ffayibé bongd to
Ceagg}g other to_form aring. q is an integer of 0 to 4. 20 X9 is a hydrogen

atom?g haaiigé}l(asd atom, a hydrocarbon group of 1 to 20 carbon atoms, a.

halogenated hydiqcarhan, droup of 1 Eoi%rgéﬁ%ba%‘i%tz?{;‘ls’ﬁ‘el

oxygen-containing group, a sulfur-containing group, a sHicon-cSﬁt%Prﬂn@md

- @geup S arnitrogen-coptaining-aroun, When,q is-2 angreater, 25 plural

groups X may be the same or different. 185 (5) Compound represented
bifthe felldwing formula: R36 ((Em)A)n()M4Xtop N 5 Rag

Xt to X5 are each the same as the aforesaid X,

L is a Lewis acid, and

B' is the aforesaid non-coordination anion.

(Z2) An olefin polymerizaticn catalyst that is a
combination of (YCp),Sm¥6, Y-CpTaX’ or Y-CpNpX® (v and cp
are each fhe same as that described abové, and ¥® to x8
afé each the same as the aforesaid X) and

methylaluminoxane

(3} A compound represented by the following formula:

R32

!
R31 C R33

O\\/"C} /3
wherein r31 to R33 are each a hydrogen atom; an alkyl
éfoup 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 R3% to R33 are
all hydrogen atoms at the same time.

(4} Compound represented by the following formula:
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In the above formula, M9 is a transition metal atom of Group 3 to Group 6
of the periodic table, preferably titanium, zirconium or hafnium. 10 R38
and Rag may be the same or different and are each a hydrogen atom, a
hydrocarbon group of | to 50 carbon atoms, a halogenated hydrocarbon
group of 1 to 50 carbon atoms, an o?@ﬁnic 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 S. A is an atom of Group 13 to Group 16 of the periodic
table, specifically boron, carlygt, nitrogen, oxygen, 20 silicon, phosphorus,
sulfur, germanium, sgzlgnium,itin or the like, preferably carbon or silicon.
When n is 2 or greater, A.may be the same or different. E is a
substituent having at leastjone e,Ié?‘Pi&nt 25 selected from carbon,
hydrogen, oxygen, hak n;\r,qjitfogen, 186 sulfur, phosphorus, boron and
silicon. When plural groups ims(;icated by E exist, two of E may be the
same or different, or may bebonded to each other to form a ring p is an
integer of 0 to 4. 5 X10 is a hydrogen atom, a halogen atom, a
hydrocdtbbh Sgrdipist Eerpg tarbdh atoms, & hatogenated hydedcasham

of Group 8 to Grpup 18 of theiperiodic table, preferably

nickel, palladium or platinﬁm.

R34 to R37 may be the same or different and are each
a hydrocarbon group of 1 to 50 carbon atoms, a
halogenated hydrocarbon group of 1 to 50 carbon atoms, an

0t

crganic silyl group, or a hydrocarbon group substituted

‘with a substituent containing at least one element

selected from nitrogeh, oxygen, phosphorus, sulfur and
silicon.

Two or more of the groups indicated by R34 to R37,
preferably adjacent groups, may be boned to each other to
form a ring.

g 1s an integer of 0 to 4.

¥ is a hydrogen atom, a halogen atom, a hydrocarbon
é}oup of 1 to 20 ca;bon atoms, a halogenated hydrocarbon
group cf 1 to 20 carbon atoms, an oxXygen-containing group,
a sulfur-containing group, a silicen~containing group or
& nitrogen-containing group. When ‘g is 2 or greater,

plural groups X may be the same or different.



10

15

20

25

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 X10 may be the same or
different. Examples of the olefin com%gnds 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
3to 20 ig caébon atoms, vin¥|lc_ clohexane, dienes, polyenes and

aromatic vinyl CORTIOUNdsS These bisfins dart BE Used’ BifihForfrmula:
combination or two or more kinds. Also employable as the olefins in the
present invention are mono‘?ﬁ%rs having atoms other than carbon and 20
hydrogen, and examples of guch monomers include a,(3 unsaturated
carboxylic acids, C)((;égg}gﬁﬁ céfp[@%ydg)c acids, anhydrides thereof, metallic
salts thereof, such as soditygrSalts, potassium salts, lithium salts, zinc
salts, magnesium salts and ¢glcium salts thereof, a,(3 25 unsaturated
carboxylic esters, vinyl estefS, unsaturated 187 glycidyls, halogenated
olefins, unsaturated cyano compounds, unsaturated ketones, unsaturated
ethers, functional group-containing styrene derivatives and vinyl
group-containing heterocyclic compaounds. 5 At least one olefin of the
olefinscefr%rﬁgfabﬁg) n ﬁeg?ﬁ\%un fdh i& art dletin CoHsTsting Bt Sty Garor™

and Group 3 to Group & of the periodic table, preferably
titanium, zirconium or hafnium.

R and R* may be the same or different and are each
a hydrogen atom, a hydrocarbon group of 1 to 50 carbeon

it

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,
phosphorus, sulfur and silicon.

m is an integer of 0 or Z, 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,
silicon, phosphorus, sulfur, germanium, selenium, tin or
ghe like, preferablyrcarbon cr silicon.

When n is 2 or greater, plural A may be the same or
different.

E is a substituent having at least one element

selected from carbon, hydrogen, oxygen, halogen, nitrogern,
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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 @é&fin consisting of only carbon and
hydrogen is contained in the whole olefin polymer of the invention, 15 and
in case of, for example, an olefin polymer composed of plural polymer
blodks; the wiefin-tonsistingrofronly = carbonland hydrégem niay:be 1
contained in any of the polymer blocks. In order to polymerize these
SIEfing) thé aidresari 20vcdhditions- are empidydbleaFhé polymerizationo
temperature is in the range of usually -100 to +200C, preferably -78 to

F50C 3 the polyerizatioR pieassrd fARthe taRge of uttally @ ring-

atmospherisc pressure toelr()oO ggécng%, Qreferably atmospheric pressure to
50 kg/c%Zl. 188’ The citain transfer reaction is promoted by maintaining

the temperature, at,g giventemperature at; which,the reaction,praceeds ar, |

by using at least one compound selected from hydrogen, an

ofganpalkminuats Zompotinsh am-erganohorT cEPeURE, N OFrganozing
compound, an organosilicon compound, an organocadmium compound
antban orgaholeaddonypolptd: atoms, an oxygen-containing group,

a sulfur~containing group, a silicon~containing group or
a2 nitrogen-containing group. When p is 2 or greater, |
plural groups X'" may be the same or different.

Examples of the olefin compounds of 1 to 20 carbon
aé@ms 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
carbon atoms, vinyicyclohexane, dienes, polyenes and
aromatic vinyl compounds. These clefins can be used
singly or in combination or two or more kinds.

Also employable-as the clefins in the present
invention are monomers having atoms other than carbon and
hydrogen, and examples of such monomers include o, B~
gﬁsaturated carboxylic acids, cycloclefin carbozylic
écids, anhydrides thereof, metallic salts thereof, such
as sedium salts, potassium salts, lithium salts, zinc

salts, magnesium salts and calcium salts therecf, o, B-

unsaturated carboxylic esters, vinyl esters, unsaturated
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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 pr, ssure 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

referable that the olefin compound is polymerized at a temperature at
3 iéhutﬁi*zsdhd?ﬁ %r%%gfle?%o%sg§o§%$88éeﬁqﬁ8ﬁLﬁﬁé t&MmperatiFe of the

Sonsystem s maintaigeq 2t 3 gien (emperature gt which the chain

C C
20 transfer proceeds to promote ain transfer reéaction, and the

rRelymesization is cpnducted again;ata Jtemperatyre.atwhich the ehain

transfer reaction does not proceed. This operation may be repeated -
garbitrarydimed.\Whentbe chaty transfer seaetionds promoted by the 25

use of at least one compound selected from hydrogen, an 189

orgardaluraitim eompolsti anofganesborbnidompeund cardrganozing. e
.compound, an oraanosilicon compound, an organocadmium compound
“BRE3hStGandledd corfipoiin® ARt feactivndgetit iay bepresantirom
the beginning.of the 5 polymerization or may be added later in any stage.
. %ﬂ%%%ba%ﬁgﬁ %fé%)ar!}/(e)re%pﬁaﬁir%le?(;? HH168% 63BoRner St is

qﬁ%ﬁ%&%@3gééqth%CEﬁE1%ﬁ@%g%aggﬁgygﬂing of only carbon
and hydrogen to the whole olefins, but for 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

.t

least one clefin” is meant that at least one kind of an
clefin consisting of only carbon and hydrogen is
contained in the whole olefin polymer of the invention,
and in case of, for example, an olefin polymer composed
of plural polymer blocks, the oclefin consisting of only
carbon and hydrogen may be contained in any of the
poilymer blocks.

in order to polymerize these olefins, the aforesaid
conditions are employable. The polymerization
gémperature 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.
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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 oraanosilicon compound, an organocadmium compound
and an organolead compound. Specifﬂ:%‘clily, there can be mentioned: 15
an organoaluminum compound represented by the formula:
RamAI(ORb)nHpXqg wherein Ra and Rb may be the same or different,
when plGraf RE'GrBIUFAITRE BFe prsent [ thiey Thay BEREAME 20 kind or
two_or more different kinds, Ra and Rb are each a hydrocarbon group of |

to'15°Carbon atdms  pref&taply 1166 carbéh Siofis, X FEHHAGeT afom,
andinen. RAnC.a areumiers-salislying 1 conditigns of <ne3, 9:0<3,

0<_p<3, 0-g<3 and m+n+p+q=3; 190 an organoboron compoun

reprasestackby the fallowing Jermyla: RamB(QRONERXY. WhereinRe
and Rb may be the same or different, when 5 plural Ra or plural Rb are
presemtpthey, may bertherssme dind orpwant mere different kinds, Ranpound,
and Rb are each a hydrocarbon group of 1 to 15 carbon atoms,

préfer&Blyares bldgrbon aoms X ds adralogen atomsiahdimcampandd) and

an organoliead ccmpound-

The conditions to promote the chain transfer
reaétion may be the same as cor different from the above-
mentioned‘olefin polymerization conditicns. The
temperature is in the range of usually ~100 to +200°C,
péeferably ~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,

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 doss not
proceed, ﬁhen the temperature of the reaction system is
maintained at a given temperature at which.the chain
transfer proceeds to promote the chain transfer reaction,
gnd the polymerization is conducted again at a
temperature at which the chain transfer resaction does not

- proceed. This operation may be repeated arbitrary times.

When the chain transfer reaction is promoted by the

use of at least one compound selected from hydrogen, an
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are numbers satisfying the conditions of 0<m:-3 10 (preferably O<m<_2),
05n<3 (preferably 0Sn<2), 0:-p<3 (preferably 1<-p<3), 0:-q<3 (preferably
0<p<2) and m+n+p+g=3; an organosilicon compound represented by the
following formula: 15 Ramsi(ORb)nHpXq wherein Ra and Rb may be the
same or different, when plural Ra or'B#§ral 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
atoRts) SCisHhaldgeAdiom anhd mInop andaparemumbers satisfying the
conditions,of 0<m~4 (preferably O<m<3), 0Sn<4 (preferably 0Sn<3),
0<p<A (pretérabRFRpLa): oSy 4opreferasly Deep<3pamd undn+pro=4;

rganolead compound represented by the following formula:
]Fce%r%agg?%%%ﬁ %X%O%ge% % R And RETHAP B Thé! sERTE G afferdrity s

when 5:plyral Ra,or pluralRb ent, they may be the same kind or
two or more di%‘ég?ent I%j%;?js, jo'ta%n%é%%b gg%%c rﬂf RfoSAIboR gtoup of

bta ¢heathon atoms.preferably L 4o carbon.atoms, X is.a halogen.
atom, and m, n, p and q are numbers satisfying the condiitions of
@kﬁy@;@@ﬁgﬁ{4pn of 2 tapered polymer or a block copolymer,
it is preferablekto add the chain transfer agent after

the intended polymer is produced in the system.

Examples of the chain transfer agents emplovable in
the invention include hydrogen, an organcaluminum
co?pound, an crganchoron compdund, an organozinc compound,
an organosilicon compound, an organocadmium compound and
an organolead compound. Specifically, there can be
mentioned:

an organoaluminum compound represented by the
formula:

REmAL (ORE) nHp¥q
wherein R2 and RP may be the same or different, when
plural R® or plural RP are present, they may be the same
kind or two or more different kinds, R& aﬁd RP are each s
H}drocarbon group of 1 to 15 carbon atoms, preferably 1
to 6 carbon atoms, ¥ is z halogen atom, and m, n, p and g
are numbers satisfying the conditions of O<m<3, 0Zn<3,

0$p<3, G$q<3 and mEn+tp+g=3;
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10 O<p<4, 0<-g<4 and m+n+p+g=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 15 carbon atoms, preferably 1 to 4 carbon atoms, and M4 is

Zn or Cd. Specific examples of the ah80e compounds include
triakylaluminums, such as trimethylaluminum, triethylaluminum,
tri-b-butylaluminum, trioctylaluminum, 20 tridecylaluminum,
triisopropylatmiium anen trhisobatylstuminura sdiatisdaluminbm Hydritesing
such as_ diethylaluminum hydride, dibutylaluminum hydride and
di€&BUtyFaiuminum hydride, alkylaluminum dihydrides, such as
ethylalugﬁrngbngygl@d% and propylaluminum 25 dihydride, borane,
borane tetrahydrofurar?cgmplex, borane 192 dimethylsulfide complex,
bprane.dimetbylaming:sopplex. borane melyiamine canplex, porane

ra 0[3.3.

trimethylphosphine compleX, thexyl borane, 9-borabicyc Jnonane,

teiathyorarte, drimethylboratie, smenealkysiane, & diglkylsilane, the same
trialkylsilane, diethylzinc, dimethylzinc, diethylcadmium, dimethylcadmium
angriétraphémyllead. malse emplbyabletareicampoaids: by wiich the ehain =
transfer agents are formed in the polymerization system. Of the above
HIDRFISE Brefrabie afd hydicyehd aparbon 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<mi3
(preferably 0<m=2), 0sn<3 ({preferably 0%$n<2), 0<p<3
(preferably 15p<3), 02g<3 (preferably 0<p<2) and
m;ﬁ+p+q:3;

an organosilicon compound represented by the
feillowing formula:

R2pSi (ORD) nHp¥g
wherein R3 and RP may be tThe same or different, when
plural RE or plu;al RP are present, théy may be the same
kind or two or more different kinds, R® and RP are each a
hydrocarbom group of 1 to 15 carbon atoms, preferably 1
to 6 carbon atoms, X is a halogen afom, and m, n, p and g
;re numbers satisfying the conditions of 0<m€4
(preferably 0<m<3), 0<n<4 (preferably 0<n<3), 0<p<4

{(preferably 15p<4), 0sg<4 (preferably 0Sp<2] and

m+n+p+g=4;
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.10 organozinc compound, an organoboron compound and an

organosilicon compound, and particularly preferable are hydrogen,
diethylzinc and a boron hydride compound. The chain transfer agents
mentioned above are used singly og if.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

polymerizatio ion in the present invention is characterized in that
when ?ﬁi %ﬁa%%%%%%r <3(1:ggemrﬁ5|)§l 20 riot Used. progress of i\ﬁng ollowing
pebsnerization is essential, and the chain transfer reaction proceeds by
the addition of the chain transfer agent. The chain transfer agent is used
in suchk &nni6aRY thatthe molar ratio of the chain transfer agent to the
193 transition metal compound becomes usually 0.1 to 10000, preferably
115:3000. FhesoléfiR pohymetizatiorecatatyst used 1t therahave «presess is
preferably an olefin polymerization catalyst 5 containing the transition
?\'}é‘tﬁfl&or%%o%di(k&ra"ﬁd e ProteBs $Giepreparing the:tapérediyiclymene
lgl%glefin co olé)/m% or the olefin block copolymer is preferable.

ccording 10 %he prEEess 6t thé frvehtioht AR lefis pBlnér havig &afih 2
mplecular welohang agarow 10 feolegyla welght distribulien.can,be
obtained with high -
to © carbon atoms, X is a halogen atom, and m, n, p and a
are numbers satisfying the conditions of 0O<m<4, 0<n<4,
02p<4, 0£g<4 and m+n+p+g=4; and
a dialkyl compound of zinc or cadmium, represented
b;hthe following formula:

ragrbpm4
wherein R& and RD 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 M4 is Zn or Cd.

Specific examples .of the above compounds include
triakylaluminums, such as trimethylaluminum,
triethylaluminum, tri-b~butylaluminum, trioctylaluminum,
tridecylaluminum, triisopropylaluminum and |
griisobutylaluminum, dialkylaluminum hydriﬁés, such as
diethylaluminum hydride, dibutylaluminum hydride and
diiscobutylaluminum hydride, alkylaluminum dihydrides,

such as ethylaluminum dihydride and propylaluminum

dihydride, borane, borane tetrahydrofuran complex, bhorane



polymerization activity, or a tapered polymer or an olefin 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 ?fin 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
e A ST U ARG TeraT Gf A Ornega™ Lo
polymers ¢an he:applied 0 varigys uses. 4 composition contajning the .
monodisperse polydlefin. the olélﬁw coﬁolé\rongﬁntﬁesttgﬁgir%%gﬁ?)iﬁr%geﬁptﬂéne
olefirp 25 bloakeopalymer o5& pajymer having-a functional groun at 194

the terminal of any of these polymers can be molded into articles by a .
knowemplding anethodr Of ¢he plefin-polymers of thedpventianthe block
copolymer containing a rigid block and a soft block and 5 the tapered
poNMER have preperties of therivioplastic Blastomers Examptes bftheinc,
uses of the polymers include automobile parts,’ such as side malls,

BURTPerS: WEStherstrifd ™ asy G SRARRe R Bo bR HiftP B duLE 28 oses;
industrigh@%rtgm%%ch a%Backings, mats, belts

oyaple arg compdunas by which the chain

transfer agents are formed in the polymerization systemnm,

0f the above com@ounds, preferable are hydrogen, an
organozinc compound, an organchboron compound and an
. organosilicon compouﬁd, and particularly preferable are
hgdrogen, diethylzinc and a boron hydride compound.
| The chain transfer agents menticned above ars used
singiy or in combinatioﬁ.

When the chain transfer agent is used, this agent is
different from the crganometallic compound used for
forming an clefin polymerization catalyst, because the
polymerization reaction in the present invention is
characterized in that when the chain transfer agent is
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 nmolar ratio of the chain transfer agent to the
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and hoses; electric/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.
15 To the olefin polymers of the invng‘gn, thermoplastic resins, fillers,
nucleating agents and additives usedfor polymers may be added in
arbitrary amounts, and the polymers may be subjected to secondary
dification_such_as crosslinking or blowing. 20 As the thermoplastic
?g%irrfss,c%;gtgl lihe" ﬁii er%%%%s%ﬁ%e?ﬁﬁ%?@ﬁéh 4§ 'polydlefin,‘pdigarmited ¢ .

Qgg@gg@_{m Rolyacetal; and non-crystalline thermoplastic resins, such
as polystyrene, acrylonitrile/butadiene/styrene copolymer (ABS) 25

polycathenate -palyphenylene pxide:and 99'@.@?9@@%9&%%% the abgve

employable. Polyvinyl chloride is also preferably” employed. Examples o
theopelyolefinsineldde anigthylene: palymerca propylene ROlymer 2,

butane polymer, a 4 5 methyl-I-pentene polymer, a 3-methyl-I-butene
Polimerdnitt & hexérepolyrernOhtiese, anmgthylene polymenda « he
%op lene pglymer and a 4-methyl-l-pentene polymer are p_referablg. As

iy ferte polynidt™ an Bthyiérie/pBRE- GFbuPFEcaining vinyb tepalymer
isprsforable- 40 Examples.of the polyesters indlude aromatic. 1.

According to the process of the invention, an olefin
polymer having a high molecular welght and a narrow
molecular weilght distribution can be obtained with high
polyﬁerization activity, or a tapered polymer or an
o;efin block copolymer precisely controlled in the
structure can be obtained with high polymerization
activity.

To the monodisperse polyolefin, the olefin copolymer;
the tapered polymer, the oclefin biock copolymer or a
polymer having a functional group at the terminal of any
of these polymers, various additives may be added.

The monodisperse polyclefin, the olefin copolymer,

the tapered polymer, the olefin block copolymer or a
golymer having a functional group at the terminal of any
of these polymers can be appiied to various uses.

A composition containing the monodisperse polyvolefin,

the olefin copolymer, the tapered polymer, the olefin

block copolymer or a polymer having a functional group at
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polyesters, such as polyethylene 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 nylon-6, nylon-66, nylon-10, ﬂﬁ%n-lz and nylon-46, and aromatic
polyamides prepared from aromatic dicarboxylic acids and aliphatic
z:}jmrnes Of these, nylon-6 is particularly preferable. 20 Examples of the

JacetaldiMtiudé pofyisimraldeRyds (BBioR§metiifenge molded into

Apgy@ggliaéde%de Ig{ol)épropro I erer%/de and polybutylaldehyde. Of these,

polyformalde S par{ cﬁrfary pr efihie 96 The polystyrene may be
a homopelymer th&rﬁne cg @Pg/nger styrene and acryl |tr|I§ Q]OD%P
<k

methyl. methacrylate or a- me ylstyrene. As the'A pre?era 1I'ly u
onemoImarising A0:e; §:35;.asby- mol of eeeetrrue%ua't%%w%‘i bam ong

acrylonitrile, 20 to 30 % by mot of constituent units derived from

bttedisne andU Pt 60446 by=mel ofroprstitiient wiits: deriveehiront 1 ¢

styrene Examples of the polycarbonates include polymers 10 obtained
BEEK“T’Wroxyphenyl)methane, l,I-bis(4- hydroxyphenyl)ethane, 2,

2 bis (4151 dro yphe I) %ropane and 2,2-bis(4-hydroxyphenyl)butane. Of
these, %/c:fr onaf)e e uses of t & pelymers include

automobile parts, such as side malls, bumpers,
weatherstrips, glass run channels, boots and air duc:
hoses; industrial parts, such as packings, mats, belts

and hoses; electric/electronic parts, such as electric

a
|

wires, codes and silencing gears; sporting goods, such as
sport shoes, ski shoes; and civil engineering/building
ﬁaterials, such as gaskets and weter‘barrier sheetg.

To the clefin polymers of the invention,
thermoplastic :esins, 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.

As the thermoplastic resins, erystalline
ghermoplastic resins, such as polyolefin, polyamide,
polyester and polyacetal; and non%crystalline
thermoplastic resins, such as polystyrene,
acrylonitrile/butadiene/styrene éopolymer (ABS),

polycarbonate, polyphenylens oxide and polyacrylate, are
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obtained from 2,2-bis(4-hydroxyphenyl)propane is particularly preferable.
15 As the polyphenylene oxide, poly (2,6-dimethyl-1,4- phenyleneoxide) is
preferably employed. As the polyacrylate, polymethyl methacrylate or
polybutyl acrylate is preferably emplgoyed. The thermoplastic resins
mentioned above may be used 20 si or in combination or two or more
kinds. The olefin block copolymer of the invention may further contain, in
addition Lt\_%fhe th%rm;)flgstiq resin, a crosslinking agent, a filler, a
crossiinking “accelgratér, & croSailing asdistaht 5a sofeher, 25

iﬂ?{re@ﬂ anti-aging agent, a blowing agent, a 197 processing aid, an
adhesion imparting agent, an inorganic filler, an organic filler, a nucleating
agent, @:heat; stabilizer, heri ilizer, an antistati nt, a
colorant, a Iubr?ctin%tga %Iﬁmgi%ﬁjg%?ggaﬁﬁ %%iggm?ﬁg g%@ﬁ? ahd the
fike.y Grasslinking-ageni-khe,erosslinking agentis. forexample, sulfur, a
sulfur compound or an organic peroxide. An organic peroxide having a
Terhperatdres @t ich thellvalélife E0 peried cotrespends iR LARINME Of 2 11q
130 to 200C is_preferable, and specifically, dicumyl peroxide, di-t- butyl
DePSRiGE diRbulfieroy3 8is:se, an ethylene polymer, a

prOpylene'polymeF and a 4~-methyl-l-pentene polymer are
preferable. As the ethyiene polymer, an ethylene/polar-
group containing vinyl copdlymer is preferable,

Examples of the polyesters include arcomatic
polyesters, such as polvethylens terepﬁthalate,
polyethylene naphthalate and polyvbutyliens terephthalate,

péelycaprolactone and polyhydroxybutyrate. OF these,

polyethylene terephthalate is particularly preferable.

Examples ofKthe polyamides include aliphatic
polyamides, such as nylon—G; nylon~-66, nylon-10, nylon-12
and nylon—4é, and aromatic'polyamides prepared from
aromatic dicarboxylic acids and aliphatic diamines. Of
these, nylon-6 is particularly preferable.

Examples of the polvacetals include pelyformaldehyde
Epolyoxymethylene), polyacetaldehyde, polypropionaldehyde
and polybutylaldehyde. Of these, polyformaldehyde is

particularly preferable.
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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,
itis preferable to use a crosslinking assistant in combination. Of the
various crosslinking agents, sulfur or d 88Ifur compound, particularly
sulfur, is preferably used 20 because a crosslinked product having
excellent properties can be obtained. However, an organic peroxide is
more préférabliusdd bevause it Has particalady exceltentf crosshrkiagor 2
efficiency. Crosslinking accelerator 198 As the crosslinking accelerator,
NESRIOHEXS F 2 Benybitiazslesiiifeh@aRiide (e Bz IN-oxyaidtiylene-2-
b%réz%hiazo e sﬁulfengmigle, N,N-diisopropyl-2- benzothiazole sulfenamide,
2-merc%ﬁtr&beanz%trﬁaz&efﬁﬁ%l@i-‘dﬁ’ﬁiﬁ%ﬁhenyl)mercaptobenzothiazole

or the Iilggsistgg]@&@ée,d.p(;r §§Q@|§§ﬁ?{ aggigéan.t The crosslinkriri% assisgag]tto

. : . i85 oOne mp ng.
is used for organic peroxide crosslinking. xampfés ofctﬁe crosslhn(’?(lng
16 assistants.include syHuk quinene dioxime gompaunds, sych as

p-quinone dioxime and p,p'-dibenzoylquinone dioxime; and polyfunctional
monomiers,isuchas @Meth)adylate compoLnds (edhstrimetbylolpropare
derived from butadiene. and 40 to 60 % by mol of
constituent units derived from styrene.
Examples of the pelycarbonates include polymexrs
obtained from bis{4-hyvdroxyphenyl)methane, 1,1l-bis (4~
~hydroxyphenyl)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.
As the polyphenylene oxide, poly{2,6-dimethyl~1, 4~
‘phenyleneoxide) i§ preferably employed.
As the pelyacrylate, polymethyl methacrylate or
polybutyl acrylate is preferably emploved.
The thermoplastic resins mentiocned above may be used
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 cresslinking agent, a filler, a crosslinking

accelerator, a crosslinking assistant, a softener, a

tackifier, an anti-aging agent, a blowing agent, a
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triacrylate and polyethylene glycol 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
examples thereof include petroleum?%e softeners, such as process oil,
lubricating oil, paraffin, liquid paraffin, petroleum asphalt and vaseline;
coal tar type softeners, such as coal tar and coal tar pitch; aliphatic oil
hpe-§Stensrs2ageh as 25cHstorsil, imseesd vilgrapeseed cih:and cocentitc

il'131(99 tall oil; factice; waxes, such as beeswax, carnauba wax and
anoline! fatty GG Ana fatty aBfd sdltd) $teh st Fginsie Heid spdimitic

I iym stearate, calcium _stearate and zinc laurate; and synthetic

%g%rr?g 5&‘ Materials, %L%gﬁi éénp%trso]”eag)rﬁ]?%%ﬁﬁf atddticpSlypropyléne® aRat -
£oumaseag ndens (esin ol fhese, paltgleum.yRe saliensie are, ,
preferably employed, and process oil is particularly prefera%ly employed.
Blowinprageni<k0-As the blowingiagents, those generally used for
blow-molding of rubbers are widely used, and examples thereof include
inorganic blowing agents, Such slsisodinm bigathonate, sodium

carbonate, ammonium bicarbonate,
The crosslinking agent is, for example, sulfur, a

sulfur cowmpound or an corganic peroxide. An crganic

peroxide having a temperature, at which the half-1life

period corresponds to 1 minute, of 130 to 200°C is

.rpreferable, and specifically, dicumyl peroxide, dimt—

t

butyl perpxide, di-t-butyl peroxy-3,3,5-
trimethylcyclohexane, t-butylcumyl peroxide, di-t-amyl
peroxide, t~5utyl hydroperoxide, 2,5mdimethyl—é,5~di—(t—
butylperoxy)hexane or the like is preferable. When the
crganic percxide is used as the crosslinking agent, it is
preferable to use a crosslinking assistant in combination.

Cf the variocus crosslinking agents, sulfur or a
sulfur compound, particularly sulfur, is pfeferably used
because a crossliinked product having excellent properties
gan be obtained. However, an organic peroxide is more
Ipreferably used because it has particularly excellent
crosslinking efficiency.

Crosslinking accelerator
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lauric

ammonium carbonate and ammonium 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 azd icarboxylate; sulfonyl hydrazide
compounds, such as benzenesulfonyl hydrazide, toluenesulfonyl
hydrazide, p,p'-oxybis(benzenesulfonylhydrazide) and diphenylsulfon-

3,3"-dis{iforiyt hydtaside ~aid RSide-compaands; suthcas kaldemlazide,
4-diphenyldisulfonyl azide and p 200 toluepesulfonyl azide. Of these,
oS Tt int. not compoa SRRl gk
composinde: Blowing assistant The blowing;assisiagtcan be used in
combination 5 with the blowing agent.'Use o ﬁw lgloaﬂ/ng assistant in .
coathinatian eentibstesoslowering of decompesition temperatiye of the
blowing agent, acceleration of decomposition thereof and production of
ubformdbubbiesrkExamiples of suchvblowing iassistarisdacluge orgaic i =
acids, 10 such as salicylic acid, phthalic acid, stearic acid and oxalic. acid;
aFBFUrR AT its derivatives. Processing aid Examples of the processing
aids include acids, such _as ricinolic acid, stearic acid, palmitic acid and

rosslinking assistant

The crosslinking assistant is used for organic
peroxide crosslinking. Examples of the crosslinking
assistanﬁs include sulfur; guinone dioxime Compounds,
such.as p-guinone dioxime and p,p'-dibenzoylquinone
diokime; and polyfunctional monomers, such as
(meth)acrylate compounds (e.g., trimethylolpropane
triacrylate and‘polyethylene glycol dimethacrylate),
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
are widely used, and exémples thereof include petroleum
g&pe softeners, such as process oil, lubricating oil,
paraffin, liguid paraffin, petrcleum asphalt and
vaseline; coal tar type softeners, suéh as coal tar and

coal tar pitch; aliphatic oil type softeners, such as

castor oil, linseed o0il, rapeseed oil and coconut oil;
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15 acid; salts of these higher fatty acids, such as barium stearate, zinc
stearate and calcium stearate; and esters. Adhesion impartin agent The
adhesion imparting agent is an agent to improve adhesion between a
crosslinked product and a decorativ,{eggo 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

h dfoxid . Inor Qnic filler 201 Examples of the inorganic fillers include

t ;L tice; S, . . oo S A1 .

Sélﬁca, %%aitomfcgeobseear‘fha, “Hdrmina, Lﬁ?ar‘—lﬂ it mgdx’la‘é,a%agﬁﬁa@ﬁﬂﬂbtﬁxﬂéﬂx
fumice-powder; prmice ballogn, alyminum hydroxide, magnesium,

hydroxide, basic magnésium carbonate, dolomite, 5 calcium sﬁﬁate,
rcaleiyan titanate, darism sulfate, calciumpsulfite, tale..clay - mica, ashestos,
glass fiber, glass flake, glass bead, calcium silicate, montmorillonite,
dentonite, graphité naluminumtpowdedang rralyboenun suiide. 10 Above
all, layered compounds are preferably employed, and clay minerals
TRevirg 3wellintifcleavag® propertias: in dispersiorempiiia aed particolatiyne
preferaggﬁ?mployed. The clay minerals are generally classified into a

“pe of %@%F%ﬂﬁ@fﬂ% ‘_’"c%ﬁ%%tin_gggf & itPshedtar YRR OF 15361 a and
g %9%%@?9“§£%y%%%)é%gw¥§a%%ET8§%8f and process ©oil is
particularly preferably emploved.

Blowing agent

'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

bicarbonate, sodium carbonate, ammonium bicarbonate,

_ammonium,carbonate and ammoniuvum nitrite; nitroso

compounds, such as N,N‘Qdimethyl—N'th
dinitrosoteﬁephthalamide and H,N'~
dinitrosopentamethylenetetramine; azo compounds, such as
azodicarbonamide, azobisisobutyrbnitrile,
azocyclchexylinitrile, azodiaminobenzene and barium
azodicarboxylate; sulfonyl hydrazidé 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-
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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-laver
structure type (former type) is, for exa#ffle, 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
gféupethaccordiyyto thelsismbe? Hf iftedaminaradations] 202 rSpecifiecso
examples of the clay minerals include kaolinite, dickite, nacrite, halloysite,
affigerite” Chry e SATROPRY fite, AhEnBFdMR e Beldedite, nontronite,

saponite, sauconite, stevensite, hectorite, 5 tetrasilicic mica, sodium

taeniorite, muscovite, marga el fte;-phlogopite,

xanthophyllite, \and chlorite. .Glay r@mgé%lsbhgﬂlnsgegegg treated rvg%?

organic materials (sometimes referred to as "organic moditied &I%ﬁ?
minerals).are alsa amplowable asthe iperganic Jayered compounds, (On,

the clay minerals having been treated with organic materials, see :

"DotionantabElaysnby #sakara Shoten0f the above elay-minerals;
preferable are a 15 smectite group, a vermiculite group and.a mica group, -

apgmperature of the blowing agent, acceleration of
decomppsiﬁion thereof and production of uniform bubbles. -
Examples of such blowing assistants include organic acids,l
such as salicylic acid, phthalic acid, stearic acid and

oxalic acid; and urea or its derivatives.

Processing aid

Examples of the processing aids includg acids, such
as ricinclic acid, étearic acid, palmitic acid and lauric
acid; salts of these-high@r 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 cresslinked product and a decorative
layer such as a coating film, and examples of such agents
££clude an organotin compound, a tertiary amine compound,
a hydroxyl group-containing (co)polymer and a metallic

hydroxide.

Inorganic filler
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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, stevensite and hectorite. Eﬁqmples of the dispersion media by
which the inorganic layered compounds are swollen or cleaved are as
follows. In case of. the swelling clay minerals, there can be mentioned
water, g!é:oholls suc methanol, 25 ethangl, propanol, isopropanol,

a
ethylené 8&}%6#&& %OE dieth{i&HE §iyof, Wity Iformatrities dintéthyl
sulfaxide -and acetone, Of these, water and alcohol such as methanol are

preferable. In case of thé organic Modified Clay mirerars th8r e He

mendened.aromatic diydeecarpons.siiah.as henzens,, falygne and. xylene,

ethers, such as ethyl ether and tetrahydrofuran, ketones, such ds acetone,
meeting ethyl ketonesantmethy isobitykaione, aliphalichydrogarbons: .,
such as n-pentane, n-hexane and n-octane, halogenated 10
Rydrecarbaiis, Sath ascehicrobenizenenearbonitetrachloside f sotdoroform,
dichIo.romethf%;ne,+1,2-djchloroethane and perchloroethylene, ethyl
SRetate " nEthyt Methadijidte GARMA) | Bicdyl Fritharie IDOP)ass fiber,
m%thyl- rmamide, dimethyl sulfoxide, methy| ceﬂosolve and silicone oil.
gslujaégﬁﬁfégéﬁﬁgs bégg, ca9c1um é&livate,
montmorillonite, bentonite, graphite, aluminum powder and

molybdenum sulfide.
Above all, layered compounds are preferably emp.loyed

,
and clay minerals having swelling/cleavage properties in
dispersion media are particularly preferably emploved.
The clay minerals are generally classified intc a type of
two-layer structure consisting of a tetrahedral layer of
silica and an octahedral layer containing aluminum or
magnesium as a central metal provided on the tetrahedral
layer and a type of three-laver structure consisting of
tetrahedral layers of silica and an octahedral layer
containing aluminum or magnesium as a central metal
sandwiched between the tetrahedral layers. The two-layer
;tructure 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

grouped according to the number of interlaminar cations.
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As the nucleating agents, various nucleating agents hitherto known are
used without specific limitation. Examples of the nucleating agents
include the following aromatic phosphoric ester salt, benzylidenesorbitol,
20 aromatic carboxylic acid and rosin pycleating agent. Examples of
aromatic phosphoric ester salt are compounds represented by the
following formula (1) 25204 R42 R430 \O 41/P-O M5R43 " a 1) R42

~Inthe abggggéqrmlga,?lﬁé%ﬁeas” 9{?% sk j,és‘llﬂ%ré}?é%nﬁgieuéjaech a

hydrocarbon group of 1t0o"10 carbon atoms;

hyglzegen, atam ok hygirocarban graup. of 1 e 10.carbon atpms and may be
the same or different, and R42s, R4's or R 42 and R43 may be bonded to

eachrothertol ormp auringi 1 isca metalatam-having e valepey @f 1:10+3;

and n is an integer of 1 to 3. 15 Concrete examples of the compounds

represented-by  theabovetformedar(d)rinclade sodium=2,te, hectorite,

2'-methylene-bis(4,6-di-t-butylphenyl)phosphate,

sodfimhe 2 ethylid@he:bis(3 BldrrbagphenyhpRosphaer vi te,
margarite, talc, vermiculite, phlogopite, xanthophyllite
and chiorite.

Clay minerals having’béem treated with organic
materials (sometimes referred to as "organic modified
clay minerals") are alsc employable as the inorganic
layered compounds. (On the cléy minerals.having been
tféated with organic materials, see "Dictionary of Clay"
by Aéakura Shoten.)

0f the above clay minerals, preferable are a
smectite group; a vermiculite group and a mica group, and
more preferable is a smectite group, from ﬁhe viewpoints
of swelling properties or cleavage properties. Examples
of the smectite group clay minerals include
montmorillonite, beidellite, nontronite, saponite,
sauconite,‘sfevensite'and hectorite.

A Examples of the dispersion media by which the
indrgénic layered‘compounds are swol}en or cleaved are as
foilows. 1In case gf the swelling clay minerals, there

can be mentioned water, alcohols, such as methanol,

ethanol, propanol, isopropancl, ethylene glycol and
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lithium-2,2'-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-propyl-6-t- butylphenyl) phosphate,
lithium-2,2'-methylene-bis(4-methyl-64 25 butylphenyl)phosphate, 205
lithium-2,2'-methylene-bis(4-ethyl-6-t- butylphenyl)phosphate,
calcium-bis(2,2'-thiobis(4-methyl-6-t- butylphenyl)phosphate), 5
lcium-bis(2, i0his(4+¢ -6-t= butylphenyl) phosphate), ,
e Dist2 2 iobis(a AL b he R stpa gy 7L sul foise
magnesiimnhis(2,2 rthighis(, 6-dist- hutyiphenylphesphate), 10,
magnecium-bis(2,2'-thiobis(4-t-octylphenyl)phosphate),
sedium:2,2'-butylidleae=hia(d, 6-di-methylpheny')phosphate,
sodium-2,2'-butylidene-bis(4,6-di-t- buthylphenyl)phosphate,
sodium-2, 2a-petylinethylenedis(4:6-di A5 methylphenyl)phasphate, t here
sodium-2,2'-t-octylmethylene-bis(4,6-di-t- butylphenyl)phosphate,
CABIUTS-DRE2 2 TREMy FEHEIBis {4 6 idrocarbons,” such as benzene,

toluene and xylene, ethers, such as ethyl ether and
tetrahydrofuranr_ketones, such as acetone, methyl ethyl
ketone and m@thyi isobqtyl ketone, aliphatic hydrocarbons,
such as n-pentanhe, n-hexane and n-octane, halogenated
hydrocarbons, such as chlorcbenzene, carbon tetrachloride,
chloroform, dichloromethane, 1,2-dichlorcethane and
perchloroeﬁhylene, etﬁyl acetate, methyl methacrylate
{MME} , dioctyl phthalate (DOP), diméthylfomamide,

dimethyl sulfoxide, methyl cellosolve and silicone cil.

Nucleating agent

As the nucleating agents, various nucleating agents

‘hitherto known are used without specific limitation.

Examples of the nucleating agents include the following
aromatic phosphoric ester salt, benzvlidenesorbitol,
aromatic carboxylic acid and rosin nucleating agent.
Examplés.of aﬁomatic phosphoric‘ester salt are

compounds represented by the following formula (1).
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butylphenyl) phosphate), 20 magnecium-bis(2,2'-methylene-bis(4,6-di-t- I
butylphenyl)phosphate), barium-bis(2,2'-methylene-bis(4,6-di-t- '
butylphenyl) phosphate), sodium-2,2'-methylene-bis(4-methyl-6-t 25
butylphenyl)phosphate, 206 - sodium-2 '-é{'nethylene-bis(4-ethy|-6-t-
butylphenyl)phosphate, sodium-(4,4'-dimethyl-5,61-di-t-butyl-2,2'-
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-2,2'-methylene-bis(4,6rR4i-methylphenyl)phosphate, 10
sodium-2,2'-methy}ene-bis&=6-di-ethylpheryl)phosphate,

< i [phenyl)phosphate,

calcium-bis(2,2'-ethylidene ylphenyl)phosphate), 15
magnesium-bis(2, butydphenyl)phosphate), -
barium-bis.(2,2'-et '

e (1)

Tn the above formula, R is an oxygen atom, a sulfur
atom or a hydrocarbon group of 1 te 10 carbon atoms; RY
and R* are each = hydrogen atom or nydrocarbon group of 1
t?‘lD 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 is an integer of 1 to 3.

-Concxeﬁe eﬁamples of the compounds representéd bj
the above formula (1) include
sodium-2, 2" -methylene-bis (4, 6-di-t-butylphenyl)phosphate,
sodium—2,2'—ethylidene~bis(4,G*di—t—butylphenyl)pbosphate,
lithium—Z,Z'—methylane—bis{4,6wdi—t—butylphenyl)phosphate,
lithium~-2,2'-ethylidene-bis (4, 6-di-t-

N

butylphenyl)phosphate,
sodium-2,2'-ethylidene~bis (4~i-propyl-6—t~
butylphenyl}phosphate,

lithium=-2, 2 '-methylene-bis(4-methyl-6-t-

butylphenyl)phosphate,
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,magnecium—bis(2,2'—thiobis(4-t—octylphenyl)phosphate)

butylphenyl) phosphate), aluminium-tris(2,2'-methylene-bis(4,6-di-t 20
butylphenyl)phosphate) 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'- methylene-bis(4,6-di-t-butylphenyl)phosphate.
207 Examples of aromatic phospho#i@%ster salt are compounds
represented by the following formula (2) _ O 5R44\/-+-P10~M ... (2) F
2 In the above formula, R44 is a hydrogen atom or hydrocarbon group of
ft 10 carbdnatorst Nvisean metals afor tavingsatvalency of 1 to 3; and n
is an integer of 1 10 to 3. Concrete examples of the compounds
ParésBhtdiby RRE 8P0%E Tormula (2) include
sodium-b4s(4-t-huty|phenyl)phosphate,

b e e HEP NG e g ~6-t-
éegwp@&(gﬁtewggg%'&fgqsphate’
sodium-bis(4-i-propylphenyl)phosphate,
sedimnbis{4<-qutylphenylphesphales, 1 - 6+ -
potassium-bis(4-t-butylphenyl)phosphate,

‘calciumibis(Lt-batylphenyphosphate,

T

calcium~bis(2,2‘;thiobis(4,6-dimt—butyiphényl}phosphat@}
magneciumnbis(2,2'“thiobis(4,6~diwtw
butyliphenyl)phosphate),

s?§ium~2,2'nbut§iidene~bis(4,G—di—methylphenyl)phosphate,
sodium~2, 2'-butylidene-bis (4, 6-di~t-
buthylphenyl)phosphate,

sodium-2, 2" -t-octylmethylene-bis {4, 6~di-
methylphenyl) phosphate,

sodium-2, 2" -t-octylmethylene-bis (4, 6-di-t-
butylphenyl)phosphate,
calcium~-bis(2,2'-methylene-bis{4, 6-di-t~
butylphenyl)phosphate),

magnecium-bis (2,2'-methylene-bis (4, 6~di~t-
N

butylphenyl)phosphate),
barium-bis (2, 2'-methylene-bis (4, 6-di-t-
butylphenyl)phosphate),

sodium—2,2‘mmethylenewbis{4—methyl~6—tﬂ

butylphenyl)phosphate,
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20 magnesium-bis(4-t-butylphenyl)phosphate, - 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. 208 The benzylidenesorbitol is, for
example, a compound represented by following formula (3): (R45)n 5
0 0 0 (R45)m tON (3) 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
afomis, Witckmeand fi tdre leach-am intdgerton0 ts St Examples of the
compounds represented by the formula (3) include

1355 A RBERX i REB GO, 1,3-

benzylidene-2,4-p-methylbenzylidepesorbital, 1,3 15
oSG2 & TS gl 22 -
methylbenzylidene-2 4-henzylidenesorbitol, 1,3-p- .
ethylbenzylidéne-Z,4-benzylidenesorbitol, 1,3-p- methylbenzylidene-2,

4methyibenzylidenesarbitek d:3-p ethylbenzylidengsge 1 -2 o _
4-p-methylbenzylidenesorbitol, 20 1,3,2,4-di(p-methylbenzylidenesorbitol,
11312 d=difp-) phosphate) ,
sodium~2,2"~ethylidene-bis (d-m-butyl-6-t—
Vbutylphenyl)phoséhate,
sodiumﬁ2,2';methyiene—bis(4,6~dium@thykphenyl)phosphate,
sodium—2,2'~methylene—bis(4,6—di—ethylphenyl)phosphate,
p?FassiumMZ,Z'—ethylidene~bis(4,6hdi—t4
butylphenyl)phosphate, |
calcium-bis(2,2'-ethylidene-bis (4, 6~di-t-
butylphenyi)phosphate),
magnecium-bis (2,2'-ethylidene-bis (4, 6-di-t-
butylphenyl)phosphate),
barium-bis(2,2'~ethylidene-bis (4, 6-Gi-t—
butylphenyl)phosphate),
aluminium-tris(2,2'-methylene-bis {4, 6-di-t-
butylphenyl)phosphate) and
.
aluminium—tris(2r2'—ethylidene—bis(é,6~di—t—
butylphenyl)phosphate), and mixtures of two or more

thereof. Particularly preferable is sodium~-2,2'-

methylene-bis (4, 6~di-t-butylphenyl)phosphate.
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I' 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 209 butylbenzylidene)sorbitol, 1,3,2,4-di(21,41-
dimethylbenzyl.i.dene)sorbitol, 1,3,2,4%i(p- methoxybenzyiidene)sorbitol,
1,3,2,4-di(p- ethoxybenzylidene)sorbitol, 1,3-benzylidene-2-4-p 5
chlorobenzyiidenesorbitol, 1,3-p-chlorobenzylidene-2-4- _
benzvlidéresorbEton fl, 3 ohloicherimytidbne- R4 peter salt are
methylbenzylidenesorbitol, 1,3-p-chlorobenzylidene-2-4-p-

etVibEH T ehRR O I LE 3- i dthyibERZyiRiehed2-Gagrmula (2) .
chiorobenzylidenesorbitol, 1,3-p-ethylbenzylidene-2-4-p 10
chlorobenzylidenesorbitol, 1,3,2,4-di(p- chlorobenzylidene)sorbitol, and
mixtures of two or more of these&ompounds. Of these, preferable are
1,3,2,4- dibenzvlidené&sorpitol,, 1,3(2,4-di(p methy3benzylidene)sorbitol,
1,3,2,4-di(p 15 &ty id M,3-p-chIoro‘b_(angy5idene-2-4-p-
methylbenzylidenesortitol, 1,3,22,4-di(p «chlorobenzylidene)sorbitol, and
mixtures of two or more of these compounds. Of the above

benzylidenesorbitols, preferable is a

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

to 3.

. Concrete examples of the compounds represented by
the above formula {(2) include
sodium-bis (4-t~-butylphenyl)phosphate,
sodium—bis{4wméthylphenyl)phosphate,
sodium-bis (d-ethyliphenyl) 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,
&agnecium—bis(4-t—butylphenyl)phosphate,
<

lithium—bis{4—t—butylphenyl}phosphate,

aluminum-bis (4-~t~butyliphenvl)phesphate, and

mixtures of two or more thereof. Particularly preferable

is sodium-bis(4-t-butylphenyl)phosphate.
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20 compound represented by the following formula (4): R45 O\~ O R45/
OH 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 benz% te represented by the following
formula (5): COO AI(OF Y)2..(5 1 e rosin type nucleating agent is,
for example, a metallic salt of a rosin acid, and the metallic salt of a rosin
acid is g reaction product of a rosin acid and a metallic compound.

Examplesof thE 7S Baids Hlldde 15 raturaf Fosiis Stch - ag g arvrosiag

tall oil resin;and ,woqd rosin; varigus modified rosins, such as
disp%g)ropoFtiotn%C?ea ¥o%%1?h?8}§g%vﬁja?§d r%%ﬂ}%@hﬁdj’rl)genated rosin,
polymerized rosin and a.,(3- ethylenically unsaturated carboxylic

acid-modified rosin; 20 purified products of the natural rosins; and purified

g == R

R4S
R m O

OH

wherein each R%5 may be the same or different and is a
hydrogen atom or a hydrocarbon group of 1 to 10 carbon
at?ms, and m énd n are each an integer of 0 to 5.
Examples of the compounds represented by the formula
(3) include 1,3,2,q—dibenzylidenesorbitol; 1,3~
benzylidene—Z,4—p—methylbenzylidenesorﬁitol, 1,3
benzylidene—Z,4—pwethylbenzylidenescrbitol, 1,3-p-
methylbenzylidene-2,4-benzylidenesorbitol, 1,3-p=
ethylbenzylidene-2, 4{-benzylidenesorbitol, 1,3-p-
methylbenzylidene—E,4—p—ethylbenzylidenesorbitol, 1,3-p-
ethylbenzylidene—2,4wp-methylbenzylidenesorbitol,
1,3(2,4—di(pwmathylbenzylidene)sorbitol, 1,3,2,4~d1 (p-
N
ethylbenzylidene)sorbitol, 1,3,2,4-di(p-n-
propylbenzylidenejsorbitol, 1,3,2,4~di(p-i-
prppylbenzylidene)sorbitol, 1,3,2,4-di{p~n~
butylbenzylidene)sorbitol, 1,3,2,4—di(pms—

butylbenzylidene)sorbitol, 1,3,2,4~di (p-t-
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products of the modified rosins. Examples of unsaturated carboxylic acids
used for preparing the a,(3-ethylenically unsaturated carboxylic
acid-modified rosins include maleic acid, maleic anhydride, fumaric acid,
itaconic 25 acid, itaconic anhydride, citraconic acid, acrylic acid 211 ad
methacrylic acid. Of the above rosind®Breferable 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
Fosi TFiser rosin deid tontaimis: plural resin atidsigélécteét-from pimaric
acid, sandarachpimaric,acid, parastric acid, isopimaric acid, abietic acid,
deRydroabrirmacid Sresaniete bl rdihydropirfiafie Heid, dinydroabietic
acid and %grtletrah droabietic acid.. The metallic compound which reacts

With the ToSin~ acit to form & metallic saitis For exartple, a compound
which.contains a mefallic gl E‘@QL,5%P3@%Sogium,dggtea_s§i_u% or
I5 . )Famples of

magnesium, and forms a salt together with e rosin acid
the metallie salfs include ghlerides, nittates aeetates, sulfatef e o4 -

carbonates, oxides and hydroxides of the above metals. Other examples

- bitheyilcleating agentslinclude- hight:inetiingpait polmaers, meatallic

salts of aromatic 20 carboxylic acids or aliphatic carboxylic acids, and
methylbenzylidenesorbitael, 1,3~p-chlorobenzylidene—-2~4-p-

ethylbenzylideneéorbitol, 1,3-p-methylbenzylidene-2-4-p-
chlcrobenzylidenesorbitol, 1,3—§~ethylbenzylidenew2—4—p—
chlorobenzylidenesorbitol, 1,3,2,4-di(p-

Cy}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~

ethylbenzylidene)sorbitol, 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 benzylidenesorbitodls, preferable is a

compound represeﬁted by the following formuls (4):

s - _/ Rés
OH
OH T

{4



inorganic compounds. Examples of the high-melting point polymers
include polyvinylcycloalkanes, such as polyvinylcyclohexane and
polyvinylcyclopentane, poly-3-methyl-I-pentene, poly-3- 25
methyl-l-butene, and polyalkenylsilanes. 212 Examples of the metallic
salts of aromatic carboxylic acids or aliphiHftic 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 such4 as extrusion molding, injection molding, blow
mollity” pres$ Afoldifg” 183nd &aRiing 2T Blefihiddiolygmer ead bes
molgggﬂn@ %heeé%gr films (unstretched) by extrusion molding. Stretched
films can be obtamed %y stretching the extruded sheets or extruded films

(unstretched), “HPHQQ&Q t%gtgggg .ﬁn?tgv(\:/ilsg-crossgise stret(:hl'?glg,r

. = S, .LOY. exa
crosswise lengthwise stretching) , simultaneous biaxial orientatiot

smonqaxighstrelohing: Faam-the-alefin copolymer of i the.ipventian, inflation ..,
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films can also be produced. Filaments can be produced by, for example,
extrirng+20ha niciten:dlefinscopolymer through spinneret. The

~CO0~AIOH)
2

. 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
natural rosins, such as gum rosin, tall oil rosin and
wood rosin; various modified reosins, such as
dispropqrtionated rosin, hydrogenated rosin,
dehydrogenated rosin, polymerized rosin and «, B-
ethylenically unsaturated carboxylic acid-modified rosin:
purified products of the natural rosins; and purified
.
products of the modified rosins. Examples of unsaturated
carboxylic acids used for preparing the o, P-ethylenically
unsaturated carboxylic acid-modified reosins include

maleic acid, maleic anhydride, fumaric acid, itaconic

acid, itaconic anhydride, citraconic acid, acrylic acid
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filaments may be produced by a melt blowing method. Injection molded
products can be produced by 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 offe invention are hardly
electrostatically charged and have excellent rigidity, heat resistance,
impact resistance, surface gloss, chemical resistance and abrasion 5
raSistaide Shthattheyican befbroadlyeased ascautomobitecifiteriors tHm; s
aL{:togjobile exterior trim, housings of electric appliances, containers, etc.
Blow mofded Brodiicts-Eai e proBleed By the Wse-sf hithers known
noldj hines under.the known 10 conditions. In the injection
%g}ﬁé?rr?g metho a,fihae Slefin “Copdiyiner of thd MvehtiGH i fiectedanto a

parison: @old ata resin.temperatyre.of 100 19 3000C to form a gg;rison,
S

then the parison is held in a mold of desired 15 gﬁlape, and air i Blown
intocthecparison:taditdhe i parisen into thexmold; ywherghy a hlow.molded

product can be produced. The stamping method is, for example,
Stanipidg nmelding.dhdhissméthod: & hase matesaliandia skin 20 material
are press molded at the same time to perform
sandarachpimaric acid, parastric acid, isopimaric acid,
abietic acid, deﬁydroabietic acid, necabietic acid,
dihydrepimaric acid, dihydroabietic acid and
tetrahydroabietic acid.

» The‘meiallic compound thch reacts with the rosin
acid to form a metallic salt is, for example, a compound
which contains a metallic element, such as sodium,
petassium or magnésium, and forms a salt together with
the rosin aclid. Examples of the metallic salts include
chliorides, nitiates, acetates, sulfates, carbonates,
oxides and hydrbxides of the above metals.

Other examples of the nucleating agents include
high~melting point polymers, metallic szalts of aromatic
carboxylic acids or aliphatic carboxylic acids, an
ik :

inorganic compounds .

Examples of the high¥melting point polymers include
polyvinyicycleoalkanes, such as polyvinyleyclohexane and
polyvinyleyclopentane, poly-3-methyl-l-pentene, poly-3-

methyl-i-butene, and polyalkenylsilanes.
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integral molding (stamping molding), and the olefin 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 Iaminaéjérand. modifiers. Examples of the
laminates containing at least one 5 | formed from the olefin
copolymer of the invention include agricultural film, wrapping film, shrink
film, prg}(eactiv film, separating film such as blood plasma separating film
or water selective permetionVapbrizing® fitht Sof fexicrainge ifitm, battery

separator, and selective 10 separating film such as optical resolution film.
The ole%igr; copolyme% o%%eai“r’ﬁ\li %r?t?o{nlggar? Eguos’éﬁlrﬁ & frdtifirfor ude

rubbeis: Fxamplesof dhe rubbers include crosslinked rubbers, such as
natural rubber (NR), isoprene rubber (#R), 15 bgtad(%ennzeoﬁu ers(%%}m

styremetbutadiene:rubber ¢5BR) - ehlaseprenedubhes (CR),
acrylonitrile/butadiene rubber (NBR), butyl rubber (lIR),
ethlenkfsrepyleneliubber {EPM, EPDM), chlorosulfonated polyethylene
(CSM), acrylic rubber (ACM, ANM, etc.), epichlorohydrin rubber (CO,
ECO, 20 etc.,), silicone rubb&L&d:asd Basterdbber (FKM, etc.); and

thermo.P;}aéstic ru?bers such as rubbers of styrene type, olefin type
I 3 5 £ ] -3 ! !
urethane type, ester t?BE?aEWa% type “he invention can be

subjected to various molding methods such as extrusion
moldinq,-injection molding, blow melding, press molding
and stamping.

. The olefin copolymer can be moided into sheeté or
films {unstretched) by extrusion molding.

Stretched films can be obtained by streﬁcbing the
extruded shests or extruded films {unstretched) through
tentering (lemgthwise—crosswise stretching, crosswise-
lengthwise stretching), simultaneous biaxial orientation
or moncaxial stretching. From the olefin copolymer of
the invention, inflation films can also be producead.

Filaments can be producéd by, for example, extruding
a molten olefin copolfmer through spinneret. The
.
filaments may be produced by a melt blowing method.

Injection molded products can bhe produced by
iﬁjection molding the olefin copolymer into various

shapes by the use of hitherto known injection molding

machines under the known conditions. The injection
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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 Hodifier 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
Mineravaxes steh abmohterwax opeatwax)] ezokerite/cearesrwax +he
and Vpetro_leum wax; synthetic waxes, 10 such as polyethylene,

PR TOpsth Al Thimidife hicified hyardcartbn vescamdd have
substitut mide wax; vegetable waxes; and animal waxes. The olefin
c%g% ;/irﬁ%r%?f t%légiﬁ\c%)r%ﬁ dn %gr‘? be B 48 " modifist6F céfemt tEn e,
Examales of the cementindyde Al seling cement, syeh aslime, gypsum
and magnesia cement; water setting cement, such as Roman cement,

naiutad cement, Bertiang: cement alumina gement andhigh sulfuric salt
slag cement; and special cements, such as acid proof cement, 20

refractory tementwaterglass cement and:stentalcenents Viseosity
miodifier, Moldability improver The olefin polymer of the invention can be
lﬂﬁ&ﬁ%?gs of eleqtrlc appliances, containers, etc.

Blow molded‘products can be produced by the use of
hitherte known blow molding machines under the known

conditions,

. In the injection moiding method, the oclefin
copolymer of the inventicn is injected into a pariscn
mold &t a resin temperature of 100 to 300°C to form a
parison,_thén the parison is held in a mold of desired
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. In thig method, & base material and a skin
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
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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 pg’%and Japanese lacquer. Building
material, Civil engineerin 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, floor tile, floor sheet,

sound Efs% at?r?gesgﬁergt?ﬂggit' né%f:atﬁ%g Egﬁelgaﬁﬁ%ﬁa%&@iéﬂe applied

decorptive sheet, hasebaard. asphalt modifier, gasket, sealing material

roofing sheet 10 and cut-off sheet. Automobile intetior or exterior trinf, silm

Gasoline tank The alefin palmer.of the inyention:can.be used for
automobile interior or exterior trim and gasoline tank. Electric or electronic

parts 15 Theplefin copalymer afthesitwention canheysed forglactrigar
electronic parts. Examples of the electric or electronic parts include
el€tliic instlalpy Aiserisfke eldctrbhic par teating indtruments;eagnetic
recorgiupfg media, binders of magnetic recording media, 20 sealing

materiafe of Slectric cirdhits, matdhiald oF RitdctAc Bbphances tidsel 11m,

n eﬁg‘)@ﬂ%@.(jfe%f‘sﬁﬂst? 3¢ a3, §lggtronic oven gontainers, fimsfor
separating film or water selective permeation vaporizing
film, ion exchange film, battery separétox, and selective
separating film such as optical resclution film.

. The olefinlcopolymer of the invention can be used as

a modifier for rubbers.

Examples ¢f the rubbers include crosslinked rubbers,

sucb as natural rubber (NR), isoprene rubber (IR),

"butadiene rubber (BR), styrene/butadiene rubber {SBR),

chloroprene rubber (CR), acxylonitrile/butadiené rubber
(NBR), butyl rubber (IIR), ethylene/propylene rubber (EPM,
EPDM) , chlorosulfonated polyethylene (CsM}, acrylic
rubber (ACM, ANM, etc.}, epichlorohydrin rubber (CO, ECO,
?tc”}, silicone rubber {(Q) and fluorcrubber (FEM, etc.):
and 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

a modifier for lubricating oils, such as gasoline engine
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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 connector, socket, resistor, relay case

switch coil bobbin, condenser, variable condenser case, optical pickup,
optical connector, vibrator, various téfiriinal assemblies, transformer,
plug, printed wiring-board, 5 tuner, speaker, microphone, headphone,
small motor, magnetic head base, power module, housing,
semiconiduetdr, dliquid erystal, displayparts, £DR catriagey £0D hassis,
HDD parts, motor blush holder, parabola antenna and computer
B3shciBfedPparts TR parest TAL pars liromo10 hairidryeraiceiceoket 1,
%gfr,g, lectronic oven parts, acoustic instrument parts, audio machine

%%%h%ﬁsl atidio HsEr Ui Bdmpadtidis Hofiastiesrdffiser can

_géecérgce gpgga%cevg%g%,ss%ch as Iéq t fitment parts, refrigerator parts, air

conditioner parts, fypewriter’ 15 parts Ghd Word proc&dsor parisdifice
gopterassociated parts, telephgne assaciated parts, facsimile

associated parts, copy machine associdted parts, electromagnetic
shieldmg«matesial rspeaker ¢ane materinl and¥ibrating element for .4 .5

speaker. 20 Aqueous emulsion An aqueous emulsion containing the olefin
zopolyhferesf therinvention cairbewsed asfar-adhesive forinclude
mineral waxes, sﬁch as montan wax, peat wax,;
ozokerite/ceresin wax and petroleum wax; synthetic waxes,
such as polyethylene, Fischer-Tropsch wax, chemically
mo?ified hydrocarbon wax and Substituted amide wax;
vegetable waxes; and animal waxes.

The olefin copolymer of the invention can be used as
a nmodifier for cement. |

Examples of the cement inciude 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 éement,
refractory cement, water glass cement and dental cement.

W\
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

printing ink, flexo graphic ink, gravure ink, oil paint,
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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 nonwoven fabric, nonwoven fabric laminate,
electret, medical tube, medical container, transfusion bag, prefill syringe
and syringe, 5 medical materials, artif&l&l 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 10lfer stafivnerse sieh asdesk maycutting materier, peimboldester

pen grip, pen cap, scissors grip, cutter grip, magnet sheet, pen case,

pAPEr-REIdRR BinderP R s8alatape &id Whitd HoaldrdaiRsesd-acquer .
ngscq_llneous goods, such_ as clothi urtain, sheet, carpet, entrance

af ”; ,l o) '-" ,a C ) 5} e, -ci 3?- - -“‘ ='=3 er fl|tel’,
exhausin fige fablewale, tak.cun aeh ox. coties makerunel,

washing net;

speringugeads,such-as shoes, goggles; skiss facketnpalh fent 20, /s vi1
swimming goggles, swim fin, fishing rod, cooler box, leisure sheetand
spodingatet;itoysysucheas bloskuands casds: iconataitierss stieh askesesing s 1 e,
can, drum, detergent bottle and shampoo bottle; and display goods, such
asioor sheet, sound insulating sheet, heat insulating

panel, damping material, decorative sheet, baseboard,
asphalt modifier, gasket, sealing material, roofing sheet
and cut—-off shest.

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 electronic parts

The clefin copolymer of.the invention caﬁ‘be used
for electric or eiectrpnic parts. Examples of the
eleqtric or electronic parts include electric insulating
materials, electronic part treating instruments, magnetic
recording media, binders of magnétic recording media,
sealing materials of electric circuits, materials of
W
electric applliances, base materials of containers spch as
electronic oven containers, films for electronic ovens,
pélymer electrolyte base materials and conductive alloy

base materials. QOther examples of the electric or

electronic parts include electric or electronic parts,
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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.
5 Compatibilizing agent The olefin copolymer of the invention having a
functional group, at the terminal car2h@ 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-containing thermoplastic resin
scarhbe sixee i an arbitrasy: mixingratios The , olefin copelysmerhas ar
polyolefin segment and a -functional group, so that inherently
dpcdémpaitiblen components:can becoahpatikiizetbwith eachathenby the: 1
15 use of the copolymer. Other uses The olefin copolymer of the invention
Rt BE usel fof dricFeapaaiest PTH baekages, thehmical Bulbsidrad
dellver stem, etc. 20 EFFECT OF THE INVENTION The oIeflnCPonmer
&S )jhjgglﬁ ‘thés TRUSHIDRT 8Xhibits Variots tsefift pfopertigsPoar

tuner, speaker, microphone, headphone, small motor,
magnetic head base, power moduie, hoﬁsing, semiconductor,
liguid crystal d;splay parts, FDD carriage, FDD chassis, .
HDD parts, motor blush holder, parabola antenna and
computer associated parts, VTR parts, TV parts, iren,
hair dryer, rice cooker parts, electronic oven parts,
acoustic instrument parts} audio machine parts such as

.
1

audio laser disc and compact disc, domestic or office

V,eleCtric‘appliance parts, such as light fitment parts,

refrigerator parts, air conditioner parts, typewriter
parts and word processor parts, office‘computer
associated parts, telephone associated parts, facsimile
associated parts, copy machine associatéd parts,
electromagnetic shielding material, speaker cone material,
and vibrating element for speaker.

Agueocus emulsion
~

An aqueous emulsion containing the olefin copolymer
cf the invention can be used as an adhesive for
polyclefins of excellent heat sealing properties.

Medical or hygienic material
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According to the process for preparing an olefin 25 polymer of the
invention, an olefin polymer having a high 220 molecular weight and a
narrow malecular weight distribution and a tapered polymer or various
block copolymers precisely controlled in the structure can be obtained at
high polymerization temperatures withddi§h 5 polymerization activities.
EXAMPLE The present invention is further described with reference to
the following examples, but it should be 10 construed that the invention is
in no way timitetktol thasepexamptesc Therstructuresafdhe compoundsed
obtained in the synthesis examples were determined by means of
1HNMREERG FD Frass spsctiomery (JapaivElecirprOptics baboratory
15 SX-102A). Synthesis Example 1 In a 2100 ml reactor thoroughly purged
withf Ritrogeh2 161 frit of foliene 0. 38%(56%8 nilgfrofmedical
pentafluoroaniling, 6.68.9 (75.4 %, 28.2 m

COTIl

Tainer, ggansrgélon(@a T J&?fgiggae and syringe,
butylsaﬁcy?aeldehy & ‘and a small améuit of acetic acid 4€%a ca?alyé’t%é"r%
Placed, and they.were heated.and;refluxed with stiring for7_hayrs, Aftes . o |

the solution was allowed to stand for cooling, a small amount of p-
tolitrenesulfanicracid wasaddet as:8 catalyst: apd theyds, retort bags,

and freshness keeping films.

Miscellaneous godds
The olefin copolymer of the invention can be used

for stationery, such as desk mat, cutting mat, ruler, pen
ho}der, pen grip, pen cap, scissors grip, cutter grip,
magnet sheet, pen case, paper holder, binder, labesl seal,
tape and white board; daily use miscellaneous goods, such
as clothing, curtain, sheet, carpet, entrance hall mat,
bath mat, bucket, hose, bag, planter, air conditioner
filter, exhaust fan filter, fableware, tray, cup, lunch
box, coffee maker funnel, eyeglass frame, container,
storage case, hanger, rope and washing net; sporting
.goods, such as shoes, goggles, skis, racketx, ball,.tent,
swimming goggles, swim fin, fishing rod, cocler box,

N

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.

Filler modifier




10

15

20

25

25 were refluxed with 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: 88-0) of 5 yellow solids
represented by the following formulagdy. FF\F 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 anhydrous diethyl ether
were platedcafd e CIB Solifion was b6ledngc78CENd-stirréd. To the
solution, 2.05 ml of n-butyllithium (n-hexane solution, 1.54 N, 3.15 mmol)
Wad Qrépwie ifte P Gvéia pefod bY'S RiinutescaAd #éh the ixtare
\%?ss sIé)J\:NSIMEﬂ d tq room vtgmpe;aturg.. After stirring for 3.hours at room

tepmperature, P{e, reaction ‘Sofﬁﬁoﬁ was gl%’i[/:vsfﬁ" ad %8 Yo larﬁpI(%?ﬁ(ﬁds,lurry
of;3.0Q 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 t0 xeom:Aenperatine. The resulting dark red 25 slurry was filtered,
and the filtrate was vacuum 222

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 i1s used as a compatibilizing agent, a

polyolefin and & polar group-containing thermoplastic

<.
i

‘resin can be mixed in an arbitrary mixing ratio. The

olefin copolymer has a polyolefin segment and a

» functional group, so that inherently incompatible

compoenents can be compaﬁibilized with eaéh other by the
use of the copolymer.
Other uses

The olefin copolymer of the invention can be used
for microcapsules, PTP backages, chemical pulbs, drug

delivery system, etc.

EFFECT OF THE INVENTION

The olefin polymer according to the invention
exhibits various useful properties.
According to the process for preparing an olefin

polymer of the inventicn, an olefin pelymer having a high
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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 brown compound
5 represented by the following formula (1). The FD-mass spectrometry: of
the compound (1) resulted in 802 (M+)2# FIfF\ t(F I/~F TrCf2 O 10
61BU 2 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-
triffiercEhilire; 2¢32 gh(13:20 thraoh) of B-tv butyisalicytatdekydgand a small
amount of p- toluenesulfonic acid as a catalyst were placed, and they 20
wefjelﬁfgéfe%"’iﬁt?%fﬁ&%dawlﬂﬁ‘%ﬁﬁﬁfb %?Ws@hé@@é@ﬁ@n%%ﬂlﬁﬂén

was allowed to stand far colollng to ro emperature then filtered to

remove the Catalyst and va uurcﬁr%:%rn% nated” ﬁ%ere%Fdi}écﬁ/‘égepu?lﬁdee
by 8otllicagel colupnip gbial éﬂ%géy'gkd 9&539&&%@6%%&% n

represented by .the fo owing formula (b
polymerization activities.

EXAMPLE

The'present‘invention is further described with
reference to the following examples, but it should be
construed that the invention is in no way limited to
thgse examples.

The structures of the compounds obtained in the
synthesis examples were determined by means of 1H~-NMR and
FD-mass spectrometry {Japan Electron Optics Lab@ratbry
SX~1024) .

Synthegis Example 1

In a 100 m! reacter thoroughly purged with nitrogen,
100 ml of toluene, 10.34 g (56.5 mmol) of
‘pentafluorocaniline, 6.68 g (75.4 %, 28.2 mmol) of 3-t-
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 tﬁe solution was
allowed to stand for cooling, a small amount of p-

toluenesulfonic acid was added as a catalyst, and they

were refluxed with stirring for 2.5 hours. The reaction
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223 FFF N i5/LOH (b) tBu In a 50 ml reactor thoroughly purged with
nitrogen, 1.23 g (4.00 mmcl) of the compound (b) obtained above and 30
ml of anhydrous diethyl ether were placed, and the 10 solution was cooled
to -78C and stirred. To the solution, 2.63 ml of n-butyllithium (n-hexane
solution, 1.60 N, 4.20 mmol) was drégwise added over a period of 5
minutes, and then the mixture was slowly heated to room temperature.
After stirring for 2 hours at room 15 temperature, the reaction solution was
SlewRradded & an L éthet $lurey, T 2000 fl:of titanitmytetrachiaride
({:eptane solution, 0.5 M, 1.50 mmol) having been cooled to -78C. After

the" Bdiion thie niktire Was Sitdly HedtB8%s yobReteniparatire. The,

@g%i@g dark red 20 slurry was filtered, and the filtrate was vacuum

concentrated. Then, 5 mi of eth&r a7F 30471 §FRekate: Wée added, and
i ipi ted hed with h LT
the-solis precipitated were collected and ugst éegoeg'@fy; iegqgaggg/ﬁ R

resulting solids were vacuum dried to obta

reeitlish.broyin 85 compeund representedbysther following-farmua (2), The

F
FF
F F
N

i~
Ok

(a)
tay

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
solution was cooled to -78°C and stirﬁed. To the
solution, 2.05 ml of n-butyllithium (n-héxane solution,
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
ﬁemperature, the reaction solution was slowly added to an

W .

ether slurry of 3.00 ml of titanium tetrachloride

- (heptane 'scluticn, 0.5 M, 1.50 mmol) having been cooled

tc -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
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224 FD-mass spectrometry of the compound (2) resulted in 730 (M+). F
(4F 5~NTiC12 O (2) \ ~. tBu 2 Synthesis Example 3 10 In a 100 ml
reactor thoroughly purged with nitrogen, 30 ml of ethanol, 5.16 g (40.0
mmol) of 2,6- difluoroaniline, 3.58 g (20.0 mmol) of 3-t-

butylsalicylaldehyde and a small amou#f 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

stirdrig fort 1504wuns. ke reactioncsolutior was-altowed to stangnor ;.- t
cooling to room temperature and then vacuum concentrated. The residue
was Bgrifie@@ & silicdyed Pecdatimmttecobtaine4 761d. frield382:21%) Ofhe o
)éell%vhs%lgi}?arrl%presented by the following formula (c). 25225 FF N //

The resulting solids were vacuum dried to
obtain 0.381 g (vield: 32 %} of a brown compound

represented by the following formula (1). The FD-mass

spectrometry of the compound (1} resulted in 8072 (M) .

(L)

Synthesis Example 2

In a 200 ml reactor thoroughiy purged with nitrogen
100 ml of toluene, 3.82 g (26.6 mmol) of 2,4, 6~
trifluoroaniline, 2.32 g (13.0 mmol) of 3-t-
butyisalicylaldehyde and a small amount of p-
toluenesulfonic acid as a catalyst were placed, and they
were heated -and refluxed with stirring for 4 hours. The
.
reaction sclution was allowed to stand for cocling to
room temperature, then filtered to remove the catalyst
and vacuum concentrated. The residue was éurified by a

silica gel column to obtain 3.79 g {yield: 85 %) of a

vellow oill represented by the following formula (b) .
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(c) 51In a 30 ml reactor thoroughly purged with nitrogen, 1.16 g (4.00
mmol) 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-hexane solution,

1.6 N, 4.00 mmol) was dropwise addeghover a period of 5 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 -78C. After the addition, the mixture
was slowly heated to room temperature. The resulting dark red slurry
was filtered, and g€ 3¢lids obtained were washed 20 with a small amount
of methylene chloi The filtrate and the washing liquid were vacuum
concentrated, dnd the rgsulting solids were collected and suspended in
15 ml of ether. Tk Nprecipitate was filtered and then washed with a small
amount of ether and hgxane. The resulting solids 25 were vacuum dried to
obtain 1.059 g f: 76 %) of a 226 brown compouHﬂ’ represented by the
following formutay(3} e FD-mass spectrometry of the compound (3)

resulted in 694 (M+). B

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

solution was cooled to -78°C and stirred. To the

- L

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 slowly heated to room
temperature. After stirring for 2 hours at room
temperaturé, the reaction solution was slowly added to an
ether sliurry of 4.00 ml of titanium tetrachloride

(heptane sclution, 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 precipitatéd wefe collected
and washed with hexane. The resulting solids were vacuum

dried to obtain 0.550 g {yield: 38 %) of a reddish brown

compound represented by the fellowing formula (2). The
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F 5tF TiClZ (3) tBu 2 Synthesis Example 4 10 In a 200 ml reactor
thoroughly purged with nitrogen, 100 ml of toluene, 2.89 g (26.0 mmol) of
o-fluoroaniline, ,2.32 g (13.0 mmol) of 3-t-butylsalicylal'dehyde and a
small amount of p-toluenesulfonic acid as a catalyst were placed, and
they were heated and refluxed with stiging 15 for S 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-purifieddnea silicaget golimn i ok $.4%i0 (vield. 98600 a -39
yellow oil represented by the following 20 formula (d). F 6N // ON | (d) 25
tBU27. In a 30 ml reactor thoroughly purged with nitrogen, 1.01 g (4.00
mmol) of the compoung (d) obtained above and 30 ml of anhydrous
diethyl ether were plackd, and the

Synthesis Example 3

In & 100 ml reactor thoroughly purged with nitrogen,
BQ‘ml cf ethancl, 5.16 g (40.0 mmol) ofl2,6~
cdifluorcaniline, 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
with stirring. With further adding a small amocunt of
acetic acid, the mixture was refluxed with stirring for
150 hours. The reaction solution was allowed to stand
for cooling teo room temperature and then vacuum
concentrated. The residue was purified by a silica gel
?olumn to obtain 4.76 g (yield: B2.Z %) of yéllow solids

represented by the following formula (c).
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solution was cooled to -78C and stirred. To-the 5 solution, 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 slowly
heated to room temperature. After stirring for 2 hours at room
temperature, the reaction solution wagslowly added to an 10 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 was slowly
heated to room temperature, The resulting dark red slurry was filtered,
and the filtrate was vacu concentrated. Then, 5 ml of ether and 30
ml of hexane were adgeth the solids precipitated were collected and
washed with hexane. The rgsulting solids were vacuum dried to obtain
0.530 g (_yield: 40 %) of @ reddish brown compound represented by the
following formula (4) The FPhimass spectrometry of the compound (4)
resulted in 658 (M+) 0 25tBu 2 (4) 228 ynthé%?s Example 51n a
200 ml reactor thoroughfy purgae with nitrogen, 100 ml of toluene, 3.19 g
(8.0 mmol) of 1H,IH=

In a 30 ml reactor thoroughly purged with nitrogen,

1.1¢ g {(4.00 mmol) of the compound (c) obtained ébove and
20 ml of anhydroés diethyl ether were placed, and the
solution was cooled to -78°C and stirred. To the
solution, 2.50 ml of n-butyllithium (n-hexane solution,
1:§ N, 4.00 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
temperature, the reaction solution was slowly added to an
ether slurry of.é.OO ml of fitanium tetrachloride
(heptane solution, 0.5 M, 2.00 mmol) having been cooled
to ~78°C. After the addition, the mixture was slowly
heated to reoom temperature. The resulting dark red
slurry was fiitered, and the solids obtained were washed
with a small amount of methylene chloride. The filtrate
N

and the washing liguid were vacuum concentrated, and the
resuiting solids were collected and suspended in 15 mi of

ether. The precipitate was filtered and then washed with

a small amount of ether and hexane. The resulting solids

o>

were vaéuum dried to obtain 1.059 g (yield: 76 %) of a
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5 perfluorooctylamine, 1.43 g (8.0 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 14 hours. The reaction
solution was allowed to stand for cooling to 10 room temperature, then
filtered to remove the catalyst and vacyign concentrated, to obtain 4.04 a
(yield: 90 0) of yellow solids represented by the following formula (e).
CH2(CF2)6CF3 60H 15 (e) tBu In a 30 ml reactor thoroughly purged with
nitsegen, d-kde¢3H0mmalkehihecompeund () ahiained above and (Zéj .
30 ml of anhydrous diethyl ether were placed, and the solution was coole
to?Z8Crandhstirsed pEe thexsetition; 4. 3% &l ofm-utytithiom h-hexane:
solution, 1.60 N, 2.10 mmol) was dropwise added over a period of 5
min¥fes*&nd-then the mixture was slowly heated to room 25 temperature.
After stirring for 2 hours at room 229 temperature, the reaction solution

(heptane solutign 6
the addition, the mixtuj

“tHu/ 2

Synthesis Example 4

| In a 200 ml reactor thorcughly purgéd with nitrogen,
'?QQ 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 p—toluenesulfonic acid as a catalyst were
‘piaced, and they were heated and refluxed with stirring
for 5 hours. The réaction-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 (yvield:

98 %) of a yellow cil represented by the following

A,

N
=

formula {d).
* .

OH
‘ (d}
By
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solutlon,

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
compound represented by the followipg formula (5) The FD-mass
spectrometry of the compound (5) resulted in 1234 (M+). CH2(CF2)6CF3
15TiC12 C\E (5) tBu 2 Synthesis Example 6 In a 200 ml reactor
thoroughlyspurgeghwith nitrogen,,20- 409:ml of Joluane, 466 9-(20.Q mumcl)
of 4- trifluoromethyl-2,3,5,6-tetrafluoroaniline, 1.78 g (10.0 mmol) of
B-tshutylsalicylaldehyde ard arsmalbamountiof! prtoluendsudtonic acid asral
catalyst were placed, and they were heated and refluxed with stirring for
58 hours 225 Thedstantingiimatérial waseonfirmed by e GC andlysiss: 230

so that 2.33 g (10.0 mmol) of 2,3,5,6-tetrafluoro-4- trifluoromethylaniline

WasThither 4adedanddne mixtlte Washedterdfd refliied With stirring
o, hodts; Thegfeggtionsolution was allowed to stand for ceoing ...,
1.60 N, 4;20 mmol} was dropwise added over & period of &
minutes, and then the mixture was slowly heated to room
temperature. Bfter stirring for 2 hours at room
temperature, the reaction solution was slowly added to an
ether slurry of 4.50_ml of titanium tetrachloride
{h?ptane solution, 0.5 ¥, 2.00 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 filtrate was vacuum
concentrated. Then, 5 ml of ether and 30 ml of hexane
were added, and ﬁhe sclids 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
FD-mass spectrometry of the compound (4} resulted in 658

LN

{(M+) .

(4]
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5 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 yellow solids represented by the following
formula (f). CF310Ff~F FF NH 6i(f) tOBu 15 In a 100 ml reactor
thoroughly purged with argon, 0.15 g (3280 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) 4 obtained above was dropwise added over a period of 20

miflEs) fRlbg ey turtner stirring for 2 hours. The solution was cooled

to -78C, and thereto was dropwise added 3.75 ml of titanium tetrachloride

(heptane Sol@ior 2576519 > £ 88rmAGy 6V d pervd afd mirites iAfteren,

the g3 dropwise, addition was gompieted. the reaction solution
perfiucrcoctylamine, 1.43 g (8.0 mmol) of 3-t-
butylsalicylaldehyde and a small amount‘of p-

- toluenesulfonic acid as a'catalyst were placed, and they
wére‘heated and fefluxed with stirring for 14 hours. The
reazction solution was allowed to stand for cooling to
room temperature, then filtered to remove the catalyst

ag@ vacuum concentrated, to obtain 4.04 g (yield: 90 %)

of yellow solids represented by the following formula (e).

?H?.(C?:z}sCFs
N

~d
o
| tBu e

In & BOlml reactor thoroughly purged with nitrogen,
1.12 g (2.00 mmol) of the compound (e) obtained above and
%O ml of anhydrous diethyl ether were placed, and the
solution was cooled to -78°C and stirred. To the
soluticon, 1.31 ml of n~butyllithium (n-hexane sclution,
1.60 N, 2.10 mmol) was dropwise added over a periéd of &

minutes, and then the mixture was slowly heated to room

temperature. After stirring for 2 hours at room



10

16

20

25

was slowly heated to room temperature. After the 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 reddig8BSbrown powder represented by the
following formula’ (6). The FD-mass spectrometry of the compound (6)
resulted in 110 902 (M+). CF3 F FF TiGlz /O 15 2 (6) ~ ~Bu Synthesis
Exapmpte 7ulnea 20Qenlreactar dhorouglty: purgegswith qittegen146.20al ax
of ethylmagnesium bromide (ether solution, 3M, 20 48.6 mmol) and 50 mli
6tahydrous fetraliydiofifam weré pladed: iThen; atsolutidmoid4.2 g (46.2
mmol) of 2-(1- adamantyl)-4-methylphenol in 50 ml of anhydrous
tEtEIhyRRGTURSh Wad HtopWise ddded 60erE pétioBast 202 mintles with feé
ggﬂ‘?ﬁ'ﬁ dv“vcggrs . gg‘ggﬁ%}fna ltion 2> wa é‘o!l‘ipi%@?é%% Aoy

heated to recom 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‘ﬁhe solids precipitated were collected

and washed with hexane. The resulting solids were vacuum

~dried to obtain 0.183 g (yielid: 1% %) of a reddish brown

compound represented by the following formula (5). The
FDFmaSSVSp@ctrometry of the compound (%) resulted in 1234
{M+) .

?HZ(CFZ)BCFB
94

Bu /2

—
w
e

Synthesis Example 6

In a 200 ml reactor thoroughly purged with nitrogen,
100 ml of toluene, 4.66 g (20.0 mmol) of 4~
N :
trifluoromethyl-2,3,5, 6~tetrafluorocaniline, 1.78 g (10.¢
mmol) of 3—t—butylsali;ylaldehyde and a small amouni of
p—toluemesuifonic acid as a catalyst were placed, and

they were heated and refluxed with stirring for 53 hours.

The starting material was confirmed by the GC analysis,
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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 stirrin@&0 80 to 90 C for 20 minutes. The
resulting solution was cooled to room temperature, and thereto was

added 200 ml of 10% hydrochloric acid with ice cooling. Then, 300 ml 10

of diethyhether wias added t@ perform phase separatian - aad the srganic
layer was washed twice with 200 ml of water and then with a sodium :
hydrégéntarbonaté sgaecus rsolution. Thetresultmgdsalutiemwastdriedi xture
over anhydrous sodium sulfate and then vacuum concentrated. 15 The
restith G556 fefe vaddumedtiedierolstair 1659 fyield: 89%8)f a The
yellow c%Tgr?qu represented bé{he following formula_(g) (wherein Adm

es 2662y “AGAF AR 186 mPfeatity t©

r QLTI ONn W
denotes an adamantylr grouﬁ)s. -
thorouginly prsaed. withnitrogen, 80ypLoftglyene, 2,73 g (12.0 mmol) of .
25 pentafluoroaniline, 4.07 g (99.7 %, 185.8 mm%l) gﬁﬁg%3 © Cata)lys T

and vacuum concentrated. The residue was purified by a

silica gel column to obtain 2.53 g (yield: 64 %) of light

yellow solids represented by the following formula (f).

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 mt 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
diethyl ether solution containing the compound (f)
N :
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,

0.5 M, 1.88 mmol) over a period of 5 minutes. After the



10

15

20

25

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 cooling, the solvent was distilled off under reduced pressure.
Then, SO ml of methanol was added?®hd 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'.) 10F FIF F
El15Admga )} i 880 mit feactorthorsaghly putged withifitrogenl 1:358'g
(3.00 mﬁmoeli of the compound (g') obtained above and 20 ml of anhydrous
diéthyF éfhier iwéreipiaced Sand e SBItARAS Booldd t0™78€ and
stirred. To the 20 §olu,tionlr1.89.rpl of !n-pu;ylli'tgi%m ég-ﬂhexgngos%ution,
59 ‘&Elfaowrﬁr%d[)“\,%s €(J'Jlfopsv‘\iilsé1<;;1€?:|Odei(:io(5ver a pgrldd" of 5 minutes, and
the,mixture was stifred far.2 hours.and then slowlyheated 10 oM e req,

temperature. After stirring for 3~ hours at room temperature, the solution
wasdropwise 25-added; ;20 mhaka tetrakydrofuranisolutionrof 300,84

234 of titanium tetrachloride (heptane solution, 0.5 Ni, 1.50

was added, and the solids precipitated were collected and
vacuum dried to obtain .76 g (yield: 45 %} of a reddish
brown éowder represanted by the following formula (6).

The FD-mass spectromstry of the compound (€} resulted in

902 (M+).

(&)

Synthesis Example 7

In a 200 ml reactor thorcughly purged with nitrogen,
16.2 ml of ethylmagnesium bromide (ether solution, 3WM,
%8,6 mmol) and 50 ml of anhydrous tetrahydrofuran were
placed. Then, a solution of 11.2 ¢ (46.2 mmel) of Z-(1l~
adamantyl}~4-methylphenol in 50 ml of anhydrqus
tetrahydrofuran was dropwise added over 2 period of 20
minutes with ice coocling. After the dropwise addition

was completed, the reaction solution was stirred at room
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.a catalyst were p

mmol) having been cooled to -78C. 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, 40 ml of methylene
chloride was added. The mixture was gfiled 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
0.838#4ge(yield:r23 %Y of atbrownicompound fépresented-by thedollavwing
formula (7) The FD-mass spectrometry of the compound (7) resulted in
986 (VEF). 1% i FIETCIZ Adkh RTF 2D SyithesislEXamplés In a
200. m| gﬁactor thoroughly purged with nitrogen, 100 ml of toluene, 4.19 g

(26:0°mtol) Bf b- tritfaokomethyiaifing 232 (130 inon) 63t 25557 -
oubpeglicylalidetyde and. 2 smallamavateln 233 igluenesulionigadd as.
ced, and tIPley ere heated and reflixed with stirring for

5 bausrdRga1denyde and 7.1 g (70.2 mmol) of triethylamine
were added, and the mixture was heated with stirring at
80 to 80 °C for 20 minutes. The resulting solution was
cocled to room témperature, and thereto was added 200 ml
of 10% hydrochloric acid with ice cocling. Then, 300 ml
of diethyl ether was added to perform phase separation,
and the crganic layer was washed twice with 200 ml of
water and then with a sodium hydrogencarbonate agqueous
solution. The resulting soclution was dried over
anhydrous sodium sulfate and then vacuum concentrated.
The resulting crystals were vacuum dried to obtain 10.5 g
{yield: 84 %) of a yellow compound represented by the
following fofmula {g) (wherein Adm denotes an adamantyl

group) .

Adm

In & 100 ml reactor thoroughly purged with nitrogen,
80 ml of toluene, 2.75 g (15.0 mmol) of

pentafliuorcaniline, 4.07 g (89.7 %, 15.0 mmol) of the
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reaction solution was allowed to stand for cooling 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 yellow oil represented by the following formula (h). f ~ CF3 10 60tBu
(h) In a 30 ml reactor thoroughly purg?eobawith 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 -780C and

STEECTS the! Bbltit: 2168 nit Aoy fithuATfh-heRERE Solitions 1.60

N, 4.20 mmol was. dr Wlse added over erlod of S 20 minutes,
theh the mix l}re Was stowiy Heatéd 6 roo’%‘? “tenip gr%turé Atter S?II‘I%I:IQ %?y

2,hoprs aLrgom temperatyre, e &%aEHOQ*SPPPLQ{bWa&S'QWlY dded 0.

an ether slurry of 4.00 ml of titanium tetrachloride (heptane solution, O. 5

Ma2:0Q mmebhhavirg been £ooled, 25 10 1 €8G Altek the addition: thes « 5 nqg

mixture was slowly 236 heated to room temperature. The resulting dark
reith slurnowas diltered, and the filtrateswas sacuuat cohtentrated. ddven; 5d
ml of ether and 30 ml of hexane were added, and the solids precipitated
WeFE e6lfected 5 aAE washed with hexahe " The YéSulifg solidswerehe

vacuum ) .
mixture was stirred and filtered. The resulting solids

were vacuum dried to obtain 4.38 g (yield: 67 %) of

yellow solids represented by the folliowing formula {(g').

(g‘).

In & 50 ml readtor thoroughly purged with nitrogen,
1.35 g (3.00 mmol) of the compound (g') obtained above
and 20 mi of anhydrous diethyl ether were placed, and the
sclution was cooied to -78°C and stirred. To the
solution, 1.8¢ ml of n-butyllithium {(n-hexane solution,
1059 N, 3.00 mmol) was dropwise added over a period of 5
minutes, and the mixture was stirred for 2 hours gnd then
slowly heéted_to roon temperature. After stirring for 3
hours at room temperature, the solution was dropwise

added to 20 ml of a tetrahydrofuran solution of 3.00 ml
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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 Q-CF3 TiCL2 0 (8) tBu 15
Synthesis Example 9 In a 100 ml reactor thoroughly purged with nitrogen,
55 ml of ethanol and 3.44 g (15.0 mm8B4f 3,5- ditrifluoromethylaniline
were placed, and they were stirred. To the solution, 1.79 g (10.0 mmol) of
3-t 20 butylsalicylaldehyde was added, followed by stirring for. 19 hours
atrboht temperatiret Then! 6:00'g of moleeular ssiévds 4A were atided, - 50
and the mixture was heated and refluxed with stirring for 5 hours. The
soliBRWere? Temeved by Meatisa, &t thelsdlutiohias coheertrated: 25
The é%sujting solids werglgurifiedp a silica gel column 237 to obtain
0.2 (yislh: 72 36y SFYeitow Solidd' FePresentsd B I toifowingformidia™®
(Orggﬁsggﬁéégéture and stirred for 12 hours at room
temperagture. 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 sclids precipitated were feprecipitated with hexane,
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 spectrcometry of

the compound (7) resulted in %8¢ (M+).

(7}

‘Synthesis Example §

In & 200 ml reactor thoroughly purged with nitrogén,
100 ml of toluene, 4.19 g (26.0 mmol) of o-
trifluoromethylaniline, 2.32 g (13.0 mmol) of 3-t-

butylsalicylaldehyde and a small amount of p-
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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 o85minutes, followed by stirring for 3
hours. Thereafter, the mixture was stirred for 5 hours with slowly heating
to room temperature and then slowly added to an ether 15 slurry of 2.00
nilcefutitaniemd fetrachleridel(eptane adolution, 0:5:1M, 1.00rnolyhavingey
been cooled to -78C. After the addition, the mixture was slowly heated to
r86iTF tEmpeEfuA THesfesultitiy dark redtsiurry Wastfilteredh @rbthe The
solution, was cogcentrated to 10 ml. The crystals 20 obtained by filtration

wWere washed With Hexan&3hdvadiitifl dfed t66btain .269 J'§feld-30.1
%),0fareddish 238 brown compaund, repr %engsgobyethf» fO"%'{“Tglggt
ed In

formula (9) " The FD-mass spectrometry of the compoun f(\5‘) resu
89(MH-GR3CES, & die12 (9); 10 Synthesis Bxample, 10.ip 8:2Q0 mly,
reactor thoroughly purged with nitrogen,

silica gel column to obtain 3.20 g (yield: 77 %) of a

yellow 0il represented by the following formula (h).

tBu (h]

In a 30 ml'reactor thercughly purged with nitrogen,
1.29 ¢ (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 ml of n~butyllithium {(n-hexane solution,
1.60 N, 4.20 mmol) was dropwise added over a period éf 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 fto an
ether siurry of 4.00 ml of titanium tetrachloride -
(heptane solution, 0.5 M, 2.00 mmol) having heen cooled

to -78°C. After the addition, the mixture was slowly
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100 ml of toluene and 3.36 g (26.0 mmol) of 3,5- difluoroaniline were
placed, followed by stirring. To the solution., 2.32 g (13.0 rmnol) of 3-t 15
butylsalicylaldehyde and a small amount of p- toluenesulfonic acid were
added, and the mixture was heated and refluxed with stirring for 6.5
hours. The solids were removed by filtédtion, and the solution 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
fonrtae (). 12239 Forkr Okl 1A 1a:5@ ml reiaetardhoicughly perdged with
nitrogen, 5 1.16 g (4.00 mmol) of the compound (j) obtained above and
36 mioh anhydrdusidietid etierdwsieeplacéd rand thié ssolaticrivas
cooled to -78C and stirred. To the solution, 2.63 m| of n-butyllithjum
(nEhExERESalufion, £-BO™N, 425 mmMbIWaS drdpwise adtied dvéra 2
periad of 5 10 minutes. Thereafter, the mixture was stirred for 12 . hoyrs
i Sl PEStinE £ 56 el s Ao, S et 2 £
ether, sluyof 4.00.m! eftitapium tefeachlaride (heptane soWtion, 0.5, My ur
2.00 mmol) having been cooled to -78C. After the addition, the mixture 15
was stawly heated: toiraom tempeyature; - Thesresultyiy & reddish brown

compound represented by the following formula (8). The
FD-mass spectrometry of the compound (8) reéulted in 758

(M+) -

Synthesis Example g

In a 100 wml reactor thoroughly purged with nitrogen,
55 ml of ethanol and 3.44 ¢ (15.0 mmol) of 3,5~
ditrifluoremethylaniline were placed, and they were
stirred. To the sclution, 1.7% g (10.0 mmol)'gf 3-t-
butylsalicylaldehyde was added, followed by stirring for
1% heours at room temperature. Then, §.00 g of molecular
sieves 4A were added, and the mixture was heated and
refluxed with stirring for 5 hours. Thé solids were
removed by filtration, and the éolution was concentrated.

The resulting solids were purified by a silica gel column
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dark red slurry was filtered, and the solution was concentrated. The
crystals obtained by filtration were washed with hexane and vacuum dried
to obtain 0.958 g (yield: 69 %) of areddish brown compound represented
by 20 the following formula (10) The FD-mass spectrometry of the
compound (10) resulted in 694 (M+) 22487 F\ F ~~"TiCIZ 5 (10) i2.
Synthesis Example 11 In a 100 ml reactor thoroughly purged with
nitrogen, 2.00 g (5.27 mmol) of hanocene dichloride and 40 ml of 10
afiRydretis diethyPeather were placed? and thé sohutiorwas tbéked to 0C
and stirred. To the solution, 9.6 m1 of methyllithium (ether solution, 1.14
N $6 G Mol Waldy drdpiise atidéd cler A pBHGd ¢f45 minutes, followed
by stirring for 2 hours. Then, the mixture was slowly 15 heated to OC.
After stirring for 30 minutes at OC, insolubles were removed by filtration.
The filtrate was concentrated, andto-thésser

ether to give a suspension. Then, insolublgs were removed again, and the
solution was vacuum concentrated 20 ta obtain 1.79 g (quantitative yield)
of a light yellow compound representéd'by the following formula (11).

5

(1)

in a 30 ml reactor thoroughly purged with nitrogen,
0.779 g {(2.00 mﬁoi} of tThe compound {i) obtalined above
and 20 ml oI anhydrous disthyl ether were placed, and the
solution was cooled to ~78°C and stirred. To the
solution, 1.43 mi of n-butyllithium (n-hexane solution,
.54 N, 2.20 mmol) was dropwise added over a perioed of &
minutes, followed by stirring for 3 hours. Thereafter,
the mixture was stirred for 5 hours with slowly heating
te room temperature and then slowly added to an ether
siurry of 2.00 ml of titanium tetrachloride {(heptane
solution, 6.5 M, 1.00 mmol) having been cocled to —78°C.
hfter the.addition, the mixture was slowly heated to room
temperature. The resulting dark red slurry was filtered,
and- the solution was concentrated te 10 ml. The crystals

obtained by filtraticn were washed with hexane and vacuum

dried to obtain 0.269 g f{yield: 30.1

<@

v of a reddish
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H.3G-H7-GH3 25 (11) 241 Example 1 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 aluminum atom) o.f methylald%ﬁﬁﬁoxane and then 0.005 mmol of
the titanium compound (1) were added to initiate polymerization. 10 After
the polymerization was conducted at 50C for 5 minutes, a small amount

of isobtfareliwas added o a6fminate the poliymistizetioh Thé tesulting (7) -
polymer solution was introduced into 1.5 liters of methanol containing a
smalamouRt 615 Ryarochisicacid to préciptie L polyhiar. Thes L ted in
poglgg_er“@p?qipitated 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

enrol of 20 titanium. Fhe prapylepe content as measured by IR was 13.3

o by mol, the molecular we (Mn) as measured by GPC was 159,000,
and the molecular weight distribution (Mw/Mn) was 1.09. 25 Example 2

—=Nwuo

{93

Synthesis Example 10

In 200 ml reactor thoroughly purged with nitrogen;'

o}

100 ml of toluene and 3.36 g (26.0 mmel) of 3,5-
difluorcaniline were placed, followed by stirring. To
the scolution, 2.32 ¢ (13.0 mmecl) of 3-t-
butylsalicylaldehyde and a2 small amount of p-
toluenesulfonic acid were added, and the mixture was
heated and refluxed with stirring for 6.5 hours. The
solids were rémoved by filtration, and the soclution was
concentrated. The. concentrate was purified by a silica
gel column to obtain 3.32 g (yield: 8% %) of yellow

solids represented by the follewing formula (j).
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242 Polymerization was conducted in the same manner as in Example 1,
except that the polymerization time was changed to 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 IRWas 15.0 % by mol, the molecular
weight (Mn) as measured by GPO was 233,000, and the molecular
weight distribution (Mw/Mn) was 1.16. 10 Example 3 Polymerization was
conducted in the same manner as i _Exampte 1, except that the

-measured by IR was 15.4'% by mel the molecular weight (Mn) as

measured by GPC was 345,000
(Mw/Mn) was 1.29. Example 4 In a’5Q0 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

(3)
In a 50 ml reactor thoroughly purged with nitrogen,
1.176 g (4.00 mmol) of the compound fj) 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 ml of n~butyllithium (n-hexane solution,
1.60 N, 4.20 mmol) was dropwise added over a period of 5

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 -78°C. After the additiog, the mixture
was slowly heated to room temperature. The resulting
dark red slurry was filtered, and the solution 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
the following formulaz (10). The FD-mass spectrometry of

the compound (10) resulted in 6%4 (M+).
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Thereafter, 1.25 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 ordinary pressure, a small
amount of methanol was. added to tefifithate 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 was vacuum dried at 80C for 10 hours to

weight (Mn) and the
resulting polyet
Mw/Mn was :
the same manner_as_described above, except that thé datalytic amount,
the polymerization time and t & polymerization temperature were
changed as shown in Table 1. The polymerization activity, molecular

weight of the resulting polymer and 244 molecular weight distribution
t@@&m&éﬁﬁﬁw el .

In & 100 ml reactor Ehoxoughly.purged with nitrogen,
2.00 g (5.27 mmel) of hafnocene dichloride and 40 ml of
anhydrous diethyl ether were placed, and the solution was
cooled to 0°C and stirred. To the sclution, 9.6 ml of
methyllithium (ether solution, 1.14 N, 10.9 mmol) was
dropwise added over a period of 45 minutes, followed by
stirring for 2 hours. Then, the mizture was slbwly
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
ethef to give a suspension. Then, insolﬁbles wers
removed again, and the solution was vacuum concentrated
to obtain 1.79% g (guantitative vyield) of a light yellow

compound represented by the following formula (11}.

~

H,C—Hf—CH,

N @)
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24zSO 1D\ Cmofmmwl NhCThbVNhdd .-"" 3o0Noo0:---0o0
coo-rymmNNm-30q:-IC01:01:m;NNtV:-'ot0OI'mNo0? O QV;
VN--OOOMN ~hNVNI'CI-1- N mN N:V z+ X NV N.N INjC;RIM ~O
[FWVt-D:(~NmmN:NINN OGBAah V:Nd OwrNO~.N.<t0000
hOINO .-a'-vVim'QCT'C-NNO'N01'0OOmO.C-OiINNjCO0O x:
N:NN:NSVVm'Ohm=hAON~DNN.~N -~ 0ODOdOON'OO'NN
~'.0~vi ~ONOOO:I0a[h on.nm'O~ntpV-P.~-nObvEcnvN:
mmNevNrioooo~~orv-Nor CBid0OOvVIOLINh.mNrmO'Cv0
IGCHMEla MO0+ _. hmfNN.NmMVm4dtmN--"N1OONOODO.
00:00000000000:000'y0oyC)yyC)OO'NC)OOC) Q) 0
000D GOW)D) Hes Tedaclave, tNcEFARALQ oolando h.O-E
We..a-Wn IWC-L,Wt-79~WWLO~, .~n0jryO0OO0.~"NNN"'n.
hir- OrRE=lvl BXE) BIOW 'CO HG HEs: @LFFE0 ANVl @@@ O =
O p) 'C'CVN N N- (g~Nh hN;~nihNh-hNNYIN;nNh H
of ‘ethylene (50 1/hr) and propylene (150 1/hr) was fed to
saturate the liquid phase and the gas phase. Theresafter,
1.25 mmol (in fterms of aluminum atem) of
methylaluminoxane and then 0.005 mmol of the titanium
compound (1) were added to initiate polymerization.
After the polymerization was conducted at 50°C for 5
minutes, & small ém@unt of isobuténol was added to
terminate the polymerization.

The resulting polymer scolution was introduced into
1.5 liters of methanol containing a small amount of
hydrochloric acid to precipitate a polymer. The polymer
precipitated was washed with methancl 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
titanium. The propylene content as measured by IR was
12.3 % by mol, the molecular weight (Mn) as measured by

GPC was 159,000, and the molecular weight distribution

(Mw/Mn) was 1.0685.

Example 2
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QOVlI:/Ivt~11 1/tvivionhvl'CvlVI:irtwlYI:n:nv):vi:n:n QN NN
NNNNNNNNNNNNNNNNNNN CVINVINYI'CMI'Cvih'010
OO0 :-~mn"V)VI'C:vI'CNOIOIOO:n4Q00000000000
00000000,000 ~OOOiOO%%O:O0.00iOOHOOIO
OIO,0:010 7 r NNN m,mm Vh 10 t~h"hl00 N i 0,-.ry MVN \O C0J Qii Ci.-
N 246 Example 23 In a 500 ml glass autoclave thoroughly purged with
nitrogenp %0 ml of toluene was placed, and propylene was fed to

saturate the'iguid pRass Andthe Gas PHAse: 5 Thereafar ™ sBFHRDF (i ©
terms.Qf.aluminum , ylaluminoxane and then 0.01 mmol of
(e e Combodnd () wers Sabd 15 A poymerIatone ARSF
theneeagtionwas condusted at 25G, for, 30 minutes, arsmall amount of
isobutanol was added to terminate the 10 polymerization. After the
pelymerizationwas cempleted theseaction proddctwas infneguced into
methanol containing a small amount of hydrochloric acid to precipitate

HEOWIBIRE pely e rfollewed By filwation - SferkoglassitesdThe résulting. of

pol:}/mer,was vacuum 15 dried at 80C for 10 hours to obtain 0.4 mg of
titanium. The propylene content as measured by IR was

15.0 % by mol, the molecular weight (Mn) as measured by
" GEC was 233,000, and the molecular weight distribution |

(Mw/Mn) was 1.16.

Example 3

Polymerization was ceonducted in the same manner as
in Example 1, except that the polymerization time was
changed to 20 minutes. Thus, 2.225 g of an
ethylene/propylene copolymer was obtained. The
polyﬁerization activity was 1.34 kg/hr based on 1 mmol of
titanium. The propylene content as measured by IR was
15.4'% by mol, theé molecular weight (Mn) as measured by
GPC was 345,000, and the molecular weight distribution

{(Mw/Mn! was 1.25.

Example 4
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.
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polypropylene (PP). 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 4,200 and 4,400, respectively, and Mw/Mn was
1.05. 20 Example 24 Polypropylene 2F) 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 Eﬁg and the.weight 247 _average molecular weight (Mw, in.terms
of P“Pl)eéift erfesu'l't/fng rgggwer‘el?o,\ébﬁ and %221%%%356%0%8@3 and

MwiMp was, 1.09..5.Example 25 Bolypropyteng (PP) of 180.mgwas, s un

obtained in the same manner as in Example 23, except that the
polyrperization time=was pfolenged ta Hikaws-The iIRvbet-average

molecular weight (Mn) and the weight 10 average molecular weight (Mw)
ot fheresuling PR-were 28,500 and 81,600 arespectivelyrand MwiMn:te
was 1.11. Measurement of the melting point of the polymer by OSC
réSulféd AFI39En 15 B@anTpIB 28D prepyIeTe (PP of 376 g Was @
obtaiped In e same manner as In.Sxample 23, except hat the flanium
polymerization. After the polymerization was completed,
the reaction product was introduced into a large amount
of methanol to precipitate the whole polymer. To the
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
moleacular weight (Mn) and the weight-average moleculsar

weight (Mw) of the resulting polyethylene were 191,000

and 219,000, respeétively; and Mw/Mn was 1.15.

Exanples 5 - 22

Polymerization was conducted in the same manner as
described.above, except that the catalytic amount, ths
polymerization time and the polymerization temperature
were changed as shown in Table 1. The polymerization

activity, molecular weight of the resulting polymer and



compound (6) was used instead of the titanium compound (1) and the
polymerization time was prolonged to 5 hours. 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. Zg"élxample 27 248 Inal liter
stainless steel autoclave thoroughly purged with nitrogen, 380 ml of
heptene was placed, and propylene was fed at 25C to saturate the liquid
pRAdE B the'§as Phadé STRefRAREr ™2 Bt linftefma ot StaltRtinum
aror jLof ethylaluminoxane and 0.01 mmol of the titanium compound (1)
were a%ded, and polymerization 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

~ glass filter to remove the solvent, then washed with methanol and _
vacuum 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,
Mw/Mn was 1.15, and Tm was 134.8C. 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
130.5C. 25 Example 29 249 In a SOOZrBISQIass 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 1/hr) was blown into
the autoclave for 20 minutes. 5 Thereafter, 1.25 mmol (in terms of
aturminum atom) of_ frethytaluninoxang and then 0.001T mmoliofithe
tiganiupa, cemgpound (1) were.added te jnitiate-palimer|zation. . After the
reactior-was egrtucted-at25€ Jors minutes-with-hiewing the-ixed gas
iffo thie autoclave; a:small 10 dmeunt of methanol was added tolterminate
the pplymerization. After the polymerization was icompleted, the reaction
podacfwas iGtadficar T meiEnok. cortamimy & SMEll anfodnt of
hydrééhloric acid dissolved theteifi 16 preci polymer, Tollqwed by
filtration-15-overa fittet—Theresiti erwas:vacdum dried at
g/hutene copolymer.
& 1=l of tikanium.
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130€for 10 hoyrs to abtaia 0.056 g of an ef

The polgmarizativrcactivitys was 0 kg ba

The number- average molecular weight (Mn polyret was!49,100,
20 the; moleculdr weight distriblition (Mw/Mn 14, and
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-

=i0
Q
1)

1.80
1.58
a4
0.45
0.76
.52
0.06
1.0
65,0
16.0
20.6
204
0.063

15,8
413
79.6
34.0
36.2
272
2.04
2

I.

Activity

(ke/mmol-Ti'}

H

vield
{(g)
0.794
1.318
2.225
0.149
s
10247
0.283
0,302
0.453
0.340
0.186
0.315
0.215
49
0.184
6,271
0.133
0.171
0.170
0.679

0.435
0.448
0.1

_Table 1.

bithylene/
propylene
FEthylenel
propylene
Ethylene
Ethyiene
Ethylene
Ethylene
Ethyiene
thylene
Ethylene

E
Ty
.

Ethylene
Ethylene

“Eikylenel”
propylene -
Ethylene
Ethylene
Ethylene
Ethylene
Ethylene
Ethylene
Ethylene
Ethylene
Ethylene
Ethylene

Monomer

0.5
0.5
0.5
i
i
{
2
2
2
5
5
5
30
5
0.5
T
1
I
i5

Time
(min.)

50
50
50

75
25
50
75

Temp
25
75
25
75
25
25
25
50
25
30
75
50

)
50
50
50

Amount cf]
MAO
(muma})
1.25
25
23
1.25
1.25
25
1.25
1.25
123
12
1.25

125
1.25
1.2
1.25
25
1.25
1.25
1.25
1.25
1.25
1.25

amount
0.005
0.005
- 0,005
0.0005
0.0005
0.001
0.0005
'0.0005
0.001
0.005
0.005
7 0.005
0.005
0.005
0.005
0.005
0.002
0.0005
0.0005
T 0.0005
0.0005
0.005.

Titanium Compound
1
1
1
l
1
I
1
1
1
2
2
2
3
3
3
4
5
&
7

7
7
8

Exampie
]
2
3
4
5
6
7
g
9

10
il
12
i3
14
i5
it
17
i8
19
20
21
22
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the butene,content was 8.4 % by mot. 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 Table 2. The
polymerization activity; molecular weight®f the resulting polymer and
molecular weight distribution are 5 set forth in Table 2. Table 2 Butene
Titanium 7n~ Ex. compound Time Yield Activity Mn Mw Mw/Mn content
0lex4deed-amount (Min) (g) QkgT/,m (x10} (x10 ) (moi (mmol) Ti h) 29 1
0001500560674915.611148.4 3010.001100087052-690
7.82 113110.58 ={B1 100198 ©:258:8110:-16.1¢18.8Ar b7 307 0.466:224 2/2.9h
1.24 3.7 32.001 1033 50.088 1.06 7.31 8.28 1.13 5.9 10 Example 34 In

a BOG- At Gfdlss atfockavelthorGugiy purged WithcAftrogett 2000miofdry was

toluene was placed, and 1-butene
Eeg to sgturate the giquid phase and the gas phase.

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 the‘reaction was conducted at 25°C for 30 minutes,
a small amount.of isobutanol 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 to
precipitate the whole polymer, followed by filtration
over a glass filter. The resulting polymer was vacuun
dried at 80°C for 10 hours to obtain 0.4 mg of
polypropylene (PP}. The number-average 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, reséectively, and Mw/Mn was 1.05.
Example 24
Polypropylene (PP} of 96 mg was obtained in the same
manner as in Bxample 23, except that the polymerization
time was prolonged to 3 hours. The number-average

molecular weight (Mn, in terms of PP} and the weight-~
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was passed through the autoclave for 40 minutes at a rate of 100 1/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 mmol of the titaniym compound (1) was added, and a
mixed gas of ethylene and 1-butene™(ethylene: 20 1/hr, 1-butene: 80 I/hr)
was passed through, followed by stirring for 60 20 minutes. Then, 20 ml of
isobutyl alcohol was added to 251 terminate the reaction. Subsequently,
T o7 TRE-AGHrGEhISHc EEid aflitous’so-GHidH was Rided Toltdired by
stirring far 30 minutes in 2 stream of nitcagen. The polymer solution w
SOUred TN L. 5 IeFS of rethangl .13 pracioate 4 polymer Tollowed By
%Lﬁ?ﬁ% for.one night by a magnetic stirrer. The polymer was filtered over
a glass filter and dried at 80C for 1.0 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
MwiMnleas' $.15 (in terms of polyethylene). As a result of IR analysis,
the 1-butene content was 22.8 by mol. Example 35 15 In a 500 ml glass

autoclabie ¥nererighhEpergetilith it8§eRa200: il O diy 161tehB

placed, and 1-butene was %as;ed %gough the gu%%l%vetgog 40 minutes at
LFRE BPLAG 1T STREN R BoImerizatidiy mperature was |

polymerizationktime was prolonged to © hours. The
number-average molecular weight (Mn) and the weight-
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

regulted in 139°C.

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 compound
{1} and the polymerization time was prolonged to 5 hours.
The numbermaﬁerage molecular weight (Mn, in terms of PF)
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.

Example 27
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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 ‘
minutes. Then, 20 ml of isobutyl alcokéBwas added to terminate 25 the
reaction. Subsequently, 10 ml of a 1N hydrochloric 252 acid aqueous
solution was added, followed by stirring for 30 minutes in a stream of
nitrogent The golymet sokutionn Wasspaured intaul.Sditerszofimethanoh tos
precipitate a polymer, followed by stirring for one night by a magnetic 5
stitéd Thepslymet Wazdfilteredidverh glass fiker anddried 26808 for 10
hours under reduced pressure tQ_obtain 5.15 g of an ethylene/ 1-butene
PGy HTET Ks &7 FesUiCoRFGPE ahalySis® fie R airbet B etage rrolBéiar
weight was 73,000, and Mw/Mn was 1.16 (in terms of 10 polyethylene). As
a‘esult of Ilgaaﬁaiifl}s]fas? ?Hevl\ﬁ{ Gtene %%ﬁfen% \'/\?as E{S Ozltl)qy )réneolﬂxéxé}n)‘;ple
38 102:500:mi glass atoglave thorqughly purged.with 15 nittagen, 200, 1,
ml of dry toluene was placed, and 1-butene was passed through the
autoctavefar 46mmpinutes at a rate-of 1809:1hr. Athen shepebanerization. -
temperature was maintained at 25C, and 5.00 mmol (in terms of
akepmiguat) cof methylalbminexarie wasraddete Sulsegaenty, .055mmol

r

kg/cmi-G.
To the resulting polymer suspension, 1.5 liters of
methanol containing a small aﬁount of hydrochloric acid
were added to precipitate a polymer. 'The.polymer was
filtered over a glass filter to remove the sblvent, then
washed with methanol and vacuum dried at 80°C for 10
hours. Thus, 0.691 g cof polypropylens was obtained. Mn
(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
described above, except that the polymerization time was
changed to 5 hours. Thus, 1.125 g cf polypropyvlene 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.

Example 29
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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
terminate the reaction. Subsequently,,10 ml of a 1N hydrochloric 25 acid
agueous solution was added, followed by stirring for 253 30 minutes in a
stream of nitrogen. The polymer solution was poured into 1.5 liters of

methanol top pltqte olymer, followed stlrrl or one négé-ut b
magnetlc St wr%ch a}gr)ng)r/ was ?lﬁergdoggr i g mtéjrusrg dr%d at

BOC for,10 hours UzE‘E'eB reduyced pressute o, oblain %r?fﬁ %0fA%eq gas

ethylené/l-butene copolymer. As a result of GPC analysis, the
numbern-averagenalesulas \weight was-38,800; and:Mw/Maswas 1.158 (in
terms of polyethylene). As a result of IR analysis, the 1-butene 10
content was 11 13:% by mal. Example. 8¢ 1na500 miflass autoctave
thoroughly purged with nitrogen, 200 ml of toluene and 50 ml of 1-hexene
WETe $5 bladed, ‘antbethijiehe Was Ted 16 saturate thgliguid phase ahd
the gas phase with stirring. Thereafter, 1.25 mmol (in terms of aluminum

atérhy 6f ety RAfiHimoxaHe andthe - 8008 ol of thE titdridh” =™
compound d(12 V\{er‘eeafdedeéj to, g}lﬂ%te pql¥_m§£| Végn Afte the reaction
was 20 o conducted at 25C ’?or 5 minutes wit % ing ethylene

After the reaction was conducted at 25°C for 5 minutes
with blowing the mixed gas into the autoclave, a small
amount of methanol was added te terminate the
polymerization. After the polymerization was completad,
the reaction product was introduced into methancl
containing a small amount of hydrochloric acid dissolved
therein to precipitate a polymer, followed by filtration
over a glass filter. The resulting polymer was vacuum
dried at 130°C for 10 hours to obtain 0.056 g of an |
ethylene/butene copolymezn' The polymerization activity
was 0.67 kg based on 1 mmol of titenium. The number-
average molecular weight (Mn) of the polymer was 49,100,

the molecular weight distribution {(Mw/Mn) was 1.14, and

the butene content was 8.4 % by mol.

Examples 30 -~ 33

Polymerization was conducted in the same manner as

in Example 29, except that the feed rates of ethylene and
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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 tg precipitate a 254 polymer, followed

- by filtration over a glass filter. The p8 er was vacuum dried at 130C for

10 hours to obtain 0.304 g of an ethylene/hexene copolymer. The
polymerization activity was 1.46 kg based on | mmol of 5 titanium. The
HuniberavélayemolEteTar dsiHRE (MY 6 3RS réSifting poRmerftas "
95,600, Mw/Mn was 1.17, and the hexgne content v%as 227 % emoI.
EXARRpES38 16 AT EthyTelieIRERefe cOpoiymer of 07 24T g'Was obtained in

_E%afgz@eezﬁnzaé‘t”fé as.in Example 37, £xcept thaf the,,amgunt gtthe

nium com-pouna (?Ls:waslc anged to 0.001 mmol, the amount of
toluene was changed to 223 ml, andthe-ameustef -hexenewasn are
changed to 25 ml. The 15 polymerization activity was 2.89 kg based an 1
mysel b titanium. el Bumber-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 toltemesnvas placed, and ethylene was

Bthylene/

T b Tanum | ., . - Vield Activit M ‘ Mw | Mw/Mn Butene
:Ex. ' compound Time f::(;err:te - Yiel ity n . content
amount . (kg/mmol - w105 |l ' 0

sshieg (L/hy b€ . - (< T (%16 mol %

oy | 1[R[ @ Ty | T8 (a0 (mol %)

29 [ 10001 1 5 | 4060 | 0056 | 067 | 491 | 561 | L4 | 84

30 | 1| 0.001 10 40/66 | 0087 3 0.52 6.90 ¢ 782 1 113 16.5 .

31 111 6001 5 70/36 0.258 3.10 161 | 189 | 117 3.7

3201 6001 18 70/3G 0.456 2.74 224 1 279 | 124 | 37

;33 1} 0.001 5 50/50 0.088 | 1.06 731 8.28 1.13 5.9

Example 34

In a 500 ml glass autoclave thoroughly purged with
nitrogen, 200 ml of dry toluene was placed, and l-butens
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)
of methylaluminoxane was added. Subseguently, 0.05 Mo b
of the titanium compound (1) was added, and a mized gas
of ethylene and l-butene fethylene: 20 1/hr, 1l-butene: 80
1/hr) was passed through, followed by stirring for 60

minutes. Then, 20 ml of isobutyl alcohol was added to
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fed to saturate the liquid phase and the gas phase temporarily. Then, only
the gas phase was purged with 25 nitrogen. Thereafter, 2.5 mmol (in
terms of aluminum 255 atom) of metnylaluminoxane and then 0.01 mmol
of the titanium compound (1) were added to initiate polymerization. After
the reaction was conducted at 25C for 4 inutes, a small amount of
methanol was added to 5 terminate the polymerization.. Then,

hyd_rgchlpric%ciq %nd a large amount of methanol was added to
precipitatd' 4" polyiier: THe polymer WAS fiftsredt Washtdl viith wethahbl

ang v -dried.to obtain 0.800 g of polyethylene (PE). The _ o
nug% %%—%%@rg)g“e‘%o ecé"ucTaF weight M%,g"l"n&/fe]ﬁ%gs SFPPY 0%t thé Fesditing v

polyethyler W@@rllfbogm(}m%@deMV\_[L/M%Wgér%alrQ'c%onryvq%iggefgom tp?n

polymer, yield showed that ethylene in the system was ?:ﬁjam'ﬂtati'velyr -

constimed.r Example40 15 in Example 39: after theyreaction Was o« 21,01
conducted at 25C for 5 minutes to completely consume ethylene, a
propylériezgas {36 t/hrawas bioverrintd the systemvto qerform eactionfee
20 minutes. Then, feeding of propylene was stopped, followed by further
redttioh foP 20280 firites. Thés, zesmall amonni shmethasolias added
to terminate tgg reaction, and the reaction product was introduced into 1

+

litef of methanaI ontamning aEalFahtéuntof Hydrodmarié dciiyrs under
me@gyﬁggéie@gggﬂxe to obtain 1.79 g of an ethylene/l-butene

copolymer. As a result of GPC analysis, the number-
average molecular weight was 29,000, and Mw/Mn was 1.15

(in terms of polyethylene). BAs a result of TR analysis,

the l-butene content was 22.8 % by mol.

Example 35

In a 300 mi glass autoclave thoroughly purged with
nitregen, 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)
of methylaiuminoxane was added. Subseguently, 0.05 mmol
of a catalyst was added, and a mixed gas of ethyvlene and
i-butene (ethylene: 40 1/hr, l-butene: 60 1/hr) was
passed through, followed by stirring for 320 minutes.
Then, 20 ml of isobutyl élcohol was added to terminate

the reaction. Subsequently, 10 ml of a 1N hydrechloric
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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, in terms of PP) of the resulting
polymer was 136,000, Mw/Mn was 1.1%52and 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 s-narrow melesulas yeights distdbution, and s rring for
propylene was incorporated into the polymer. From this, it can be seen

thaga polyethylene: polyprepylene diblock sopalymenwascuaniitatielyat i on
10 produced. Example 41 In Example 39, after the reaction of ethylene

wag aconducted at 25C for 5 mintes afethyldregas (25 B5dhrpatidae a
propylene gas (75 1/hr) were blown into the system to perform reaction .
for Bthiftftes. FhemFeadiny’ of the mixesd g&as waksstopped, follofed et c

furthgr. rrgg}c_;tion ,ogS rg'nurges. Then, a ryclgll agmunt of methanol as,
added fo ferminate the reattion, aifd the redct ToEER
introfuced inig L liteg of methanal, confaining a.small amount _‘#res sure to
hydrochloric acid to precipitate a polymer. The polymer was filtered,

washed iwithly methanekand vaeuymLhied at-130G for-1Q boyrsto, obtaing
1.700 g of a polymer. The number-average

on20 produict Was

result of GPC analysis, the number-averacge molecular
welght was 73,000, and Mw/Mn was 1.16 (in terms of
polyethyvlene). As a result of IR analysis, the I1-butene

content was 14.5 % by mol.

Example 36

In a 500 ml glass autoclave thorcughly 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)
of methylaluminoxane was added. Subseguently, 0.05 mmol
of a catalyst was added, and a mixed gas of ethylene and
l-butene (ethylene: 60 1/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

acid aqueous solution was added, followed by stirring for
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25 molecular weight (Mn, in terms of 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 % by mol. In comparison with the polyethylene
prepolymer 5 prepared in Example 39, this polymer was increased in the
molecular weight with keeping a narrow¥dolecular weight distribution, and
propylene was incorporated into the polymer- From this, It can be seen

that a polyethylene- ethylene/propylene diblock copolymer was
quantitatively=r0 producetlr The propyleneccontent ifhithessecond-bleck ut 1on
component (ethylene/propylene copolymer portion), as calculated from
the'friolécUtarweight and-the propylenef carteht i the- wholepolyitert e &
was 1143&) byfrg?l. lsmgx%mple 42 In Example 39, after the reaction of _
ethylene was condicted at25¢ tor's Rfinafes, Shethy®he Gas RIramptic

and:a propylene as,(75.a/or) were bown ino the, system fo perfor
e

reaction for 3 minutes. Then, feeding 20 of the mixed g%sc'{/vas stop]p Ei,er

folloveedsby #urther remationfor Bominutes: SuPsequently. propylene (30,

I/hr) was blown into the system for 20 minutes to perform reaction. Then,

feedihg of pfopiiene wassstoppag, feltowed by furtherreactionfor 280

minutes. Then, a 25 small amount of methanol was added to terminate the
result of GPC analysis, the number-average molecular
welght was 38,800, and Mw/Mn was 1.18 (in teﬁms of

poelyethylene). As a result of IR analysis, the l-butene

content was 11.3 % by mol.

Example 37

In a 500 ml glass autocclave thoroughly purged with
nitregen, 200 ml of toluene and 50 mi of l-hexene were
placed, and ethylene was fed to saturate the ligquid phass
and the gas phase with stirring. Thereafter, 1.25 mmol
(in terms of aluminum atom) of methylaluminoxane and then
.0.00QS mmol of the titanium compound (1} were added to
initiate polymerization. After the reaction was
conducted at 25°C for 5 minutes with blowing ethylens
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

hydrochleric acid dissolved therein to precipitate a
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258 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
dried at 5 130C for 10 hours to obtain 1.814 g of a polymer. The
number-average molecular weight (MéG4n terms of PP) of the resulting
polymer was 235,000, the molecular weight distribution (Mw/Mn) was
1.1.5, and the propylene content ,was 14.1 o by mol. 10 In comparison
with threzpolyéthylenes @thylerie/prapyléne dibtack eopdlymer prépelymerrhe
prepared in Example 41, this polymer was increased in the molecular
WEIGhEVRIth Keépinga Rarren rdleculdrieight disttiBufierzandgo obtain
pro%ylene was incorporated into the 15 polymer. From this, it can be seen

that s poyethyléne-EthyeRRiropyRhe copofmEpolyprofylene triblock

copolymer.was guantitatively, produced. The increase of the propylene
RS o the 0k Ralindd o (0 Seapitn malihe o

block-component,introdyced. 20,i0.th ife%%'l@-@d!%% pQB’P&%@Y'Q&%} of
Example 43 In Example 39, after the reaction of ethylene was conducted

at 26Crios oiminutes;ansethylenasgas (2525 Likr)andua propylene gas the
(75 1/hr) were blown into the 259

hexenes content was 2.7 % by mol.

An ethylens/hexene copolymer of (.241 g was obtained
in the Séme manner as in Example 37, except that the
amount of the titanium compound {1) was changed te 0.001
mmol, the amcount cof toluene was changed to 2Z5 ml, and
the amount of l-hexene was changed té 25 ml. The
polymerization activity was Z.89 kg based on 1 mmol of
titanium. The number-average molecular weight (Mn) of
the resulting pelymer was 152,000, Mw/Mn was 1.22, and

the hexene content was 1.7 % by mol.

‘Example 39

In a .500 ml glass autoclave thoroughly purged with
nitroegen, 250 ml of toluene was placed, and ethylenes was
fed to saturate the ligquid phase and the gas phase
temporarily. Then, only the gas phase was purged with

nitrogen. Thereafter, 2.5 mmol {in terms of aluminum



10

15

20

25

system to 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 added to terminate
the reaction, and the reaction productagas introduced into 1 liter of
methanol containing a small amount of hydrochloric acid, followed by
stirring, to precipitate a polymer. The polymer was filtered, washed 10

withdnethanokand yaguum:dried at 130€ for1Q hours teRbtainr1:998 g of
a polyethylene-ethylene/propylene .copolymer-LLDPE block polymer. The
namber-averagenmalecular weight:(Mridaderms of PP):afd¢he resulting
polymer was 272,000, Mw/Min was 1.13, and the propylene 15 content
was 6/64rBy: Aol on -compatisor wWithrthepdlyethylgheconducted at 25°C
ethylene/propylene diblock copolymer prepolymer prepared in EXample:

4% “this’ pBlyhigrSias mcrédsed ifthe” mdlécitar weight with keeping & ©

n%rrowk.moLecula}]r weig t 20 distri?ution, and the egh éene cgnte.nt in the,
Crminace . tne ]g yr&erlz?] 1O . [%)nen, % ochloric acid
polymeér was  incréased.. From this, it can bes€en that a

palysthylene-gthylens/pronyiene copolymer-LLDRE triblock .copalymer . . -

was quantitatively produced. The propylene content in the third block
cemponent. (LDREportion): as:260- cateutated fremitbe molecularwyeight

and the propylene
and vacuum dried to obtain 0.800 g of polyethyliene (PE).
The number-average molecular weight (Mr, in terms of FP)
of the resulting pclyethylene was 115,000, and Mw/Mn was

1.10. Conversion from the polymer vield showed that

ethylene in the system was guantitatively consumed.

Example 40

In Example 29, after the reaction was ccnducted at
25°C for 5 minutes to completely consume ethylene, a
propylene gas (30 1/hr) was bleown into the system to
perfdfm reaction for 20 minutes. Then, feeding of
propylene was stopped, followed by further reaction for
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 preacipitate az pelymer.
The polymer was filtered, washed with methancol and vacuum

dried at 130°C for 10 hours to obtain 1.135 g of a
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content in the whole polymer, was 7.3 % by moll. 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 molecular
weight (Mn, in terms of PP) of the reggfling polyethylene was 78,200, 10
and the molecular weight distribution (Mw/Mn) was 1.14. In this example,
after the reaction of ethylene was conducted at 25C for 5 minutes, an

ethylenegas{2Q Ihnhaed a-hutene gasd80AMhRwereibjown into then
system to perform reaction for 3 minutes. Then, feeding 15 of the mixed
gasrwas stopped, dallawed by furthem ceactiopder Swminutés., THén, atw/Mn
small amount of methanol was added to terminate the reaction, and the
reactién igrodestwas introthicetEnt Totdraafimethansl contaifiing™s - -
small amount of hydrochloric acid, followed 20 by stirring, to precipitate a

polymef " TREPoRMerha fiteréd SwRSHeE With 1figthanbP BRd WAThum

dried at 130C for, 10 haurs tq obtain 1.416 g of a polvethylene-_ . . -
IERBToLERe COBB o Hlock bOyer TAE munoer Ruorage ™ 17 e

moleculay weight (M, iui%&m%géigﬁ’g@fgh%gjﬁfeéumegepam@r WS g
120,600, the molecular weight 261 _distribution (Mw/Mn) was 1.13, an

the butene:content imdhewhoela palymeravas: 3 Q-%oby mel. into the
polymer. LFrom this, it can be seen that a polyethyiene-

polypropylene diblock copolymer was guantitatively

produced.

Example 41

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 l/hr) were blown into the
system to pefform reaction for 3 minutes. Then, feeding
of the mixed gas was stopped; followed by further |
reaction for 3 minutes. Then, a small amount of methanol
was added to ferminate the reaction, and the reaction
product was introduced intoc 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

molecular weight (Mn, in terms of PP) of the resulting



10

15

20

25

In comparison with the polyethylene prepolymer prepared in Example 39,
this polymer was increased in the 5 molecular weight with keeping a
narrow molecular weight distribution, and butene was. incorporated into
the polymer. From this, it can be seen that a polyethylene-
ethylene/LLDPE diblock copolymer wﬁauantitatively 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
pAlYMERSFad'8% %o By Ol EXAfple 4535 REEXSHPIE 39 aftel thet ton
re@g'gi(r)qn oLethg/ler%g was conducted at 25C for 5 minutes, an ethylene gas
i) and"s butene’aas (80 17Hr) Wer& blowi into the"system to ¢ * Py
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. (k0. 1ihy) was: blownyjpta the, system o %Sggwﬂﬁﬁgﬁion

for 1 minute. Then, a small amount of methanol was added to terminate
thereaetionj ahd theaieaction prodirct svas: intreducedinta d-ldesefi in the
methanol containing a small 25 amount of hydrochloric acid, followed by
Stiffing, 36 262 précipitatela polyaseri Thedpolyrmerwas-filtaretawasheght
with methanol and vacuum dried at 130C for 10 hours to obtain 1.921 g of

aSéﬁgﬁﬁmﬁﬁﬁfﬁDpﬁﬁ%ﬁﬁ@Qﬁ&@?ﬁoWﬁﬁy}ncorporated into the

polymer. From this, 'it can be seen that a polyethylene-
' ethyleﬁe/p:opylene diblock copeolymer was quantitatively
produced. The propylene content in the second block
component (ethylene/propylene copolymer portion), as
calculated from the molecular weight and the propylens

content in the whole polymer, was 14.6 % by mol.

Example 42

In Example 39, after the reacticn of ethyvlene was
conducted at 25°C for 5 minutes, an ethylene gas (25
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 gés was stopped, followed by further
reaction for 3 minutes. 3Subseguently, propylens (30
L/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

small amount of methancl was added fo terminate the
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The number-average molecular weight (Mn, in terms of PP) 5 of the
resulting polymer was 141,400, the molecular weight 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, th#Spolymer 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
séer that @ polyethylére-FEBPELADPE fribleck e6polyrefowasec into 1
quantitatively produced. The butene content in the 15 third block
compBrent(HBSPE Bbttion)S AkEHIcUIdted 71 L theRidfEcularweight and

the butene content in the whole polymer, was 2.6 % by mol. Example 46
PG TR SO0 T st BtoclavE THorougi purgel itk Shtrogeh o8 mil o7
tolueneswas placed. andrropylens was Hfed a1 25Cuto,salurate the diguid.
phase and the gas phase. Thereafter, 2.5 mmol (in terms of aluminum
atopt)° of methylaluminexane apgdhen 0;08mmal efthe tfaniyme:25 The
compound (1) were added to initiate polymerization. 263 After the

reaction wasveorrlircted at 28C=or ¥80 ghinutds; ;a smalkameuntofF) of
methanol was added to terminate the polymerization. Then, the reaction
prodfictwas atted B°matRandlTdntairing s smalicamBuRtofRydroenisrié

~acd, ., t e
éQStIlbUthn {Mw/Mn} was 1.15, and the propylene content

.was 14.1 % by mol.

In comparison with the polyethylens-
ethylene/propylene diblock copolyme: prepolymer prepared-h
in Example 41, this polymer was increased in the
molecular weight with keeping a narrow molecular weight
distribution, and propylene was incorporated into the
polymexr. From this, 1t can be seen that a polysthylene-
ethylene/propylene copolymer-polypropylene triblock
copolymer was guantitatively produced. The increase of
the §ropylene content agreed with the value calculated on
the aséumption that the third block component introduced

in this example was polypropylene.

Exzmple 43
In Example 39, after the reaction ¢f ethylene was
" conducted at 25°C for 5 minutes, an ethylene gas (25

1/hr) and a propylene gas (75 1/hr) were blown into the
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5 followed by stirring, to precipitate a polymer. The polymer was filtered,
washed with methanol and vacuum dried at 130C for 8 hours to obtain
0.100 g of polypropylene. The number-average 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 #%@ reaction of propylene was
conducted for 180 minutes, an ethylene gas (20 1/hr) was 15 blown into
the system to perform reaction for 3 minutes, and a small amount of

methanotwascaddedttorterminateithe reactionsThenthe reaction product,
was introduced into 1 liter of methanol containing a small amount of
hydrachiloricratic: Joliowed by stirripgsto, précipitate:a 20,pdtymere The
polymer was filtered, washed with methanol and vacuum dried to obtain
0.48F 3 6f-& PolypropylBRe Ethylend/Prepyiena tbpolymerdiiork potymers
The er.average molecular weight (Mn, in terms of PP) of the ‘
resé%ﬁ%}%&i}ﬁﬁ\ér V\%SS 99,000, MM Was>t 66 2and thé 25 Ethfiergact ion

corgent wag 70.9 % bymol. 264 In comparison.with thepayethylene

prepolymer prepared in Example 39, this [:I)no?ymer was Increased in ‘the
molesutarweight withkeeping ainatrow molecular weight, distribution, and.

ethylene was incorporated into the 5 polymer. From this, it can be seen

that atpolypropylenesc 1 liter of methanol containing a small
amount of hydrochloric acid, folloﬁed by stirring, to
precipitate a polymer. The polymer was filtered, washed
with methanol and vacuum dried at 130°C for 10 hours to
ocbtain 1.998 g of a polyethylene-ethvlene/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
content was 6.6 % by mol.

In comparison with the polyethylene-
ethylene/propyiene diblock copolymer prepolymer prepared
in Eﬁample 41, this polymer was increased in the
molecular weight with keeping a narrow molecular weight
distribution, and the ethylene content in the polymer was
increased. From this, it can be seen that a
polyethylene-ethylens/propylene copolymer—-LLDPE triblock
copolymer was quantitatively produced. The propylene

content in the third block component (LLDPE pertion), as
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ethylene/propylene diblock copolymer was quantitatively produced. The
ethylene content in.the second block component (ethylene/propylene
copolymer portion), as calculated from the <<olecular weight and the
propylene 10 content in the whole polymer, was 18.4 % by mol. Example
48 In a 500 ml glass autoclave thoro&§®ly 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
ofz aluminuAtatbasyofirhethyialamincdanednid then 0. 021Aniol F vthene
titanium compound (1% were added to initiate polymerization at room
fersperaturd 124G Alfet te 20 pEkmeriYaton was tondubted for 5 hours,
feeding of propylene-was stopped, and feeding of ethylene at a rate of
1.5 1/hr was started. After the polymerization was conducted at room

tgm_g@rg_gor 40 minutes, a small amount of isobutanol was added to
terminate the 25 polymerization. The whole amount of the resulting 265

polymer slurpyewas intioduceddnta-h & litersofimethanobasadasmalt as
amount of hydrochloric acid was added. Then, the mixture was filtered to
caolleEt:apolyaner? Thexpelymerhwas washed withyinethanothand then
vacuum dried at 5 80C for 10 hours. The yield of the polymer after dryingP
WAS 2EFg. As 8 reSuRBPEPCTHig&surBnient, thetiumBepethylens (P5)

was obtainesd. The number—-average molecﬁiar welght {Mn,
in terms of PP) of the resulting polyethylene was 78,200,
and thé molecular weight distribution (Mw/Mn) was 1.14.
In this example, after the reaction of ethylene was L
conducted at 25°C for 5 minutes, an ethylene gas (20
1/hry and a bﬁtene gas {80 1l/hr) were blown intc The
system to perform reaction for 3 minutes. Then, feeding
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
prodﬁct was introduced into 1 liter of methanol
containing a small amount of hydrochloric acid, followed
by stirring, to precipitate a polymer. The polymer was
filtered, washed with methanol and vacuum dried at 130°C
for 10 hours to cbtain 1.416 g of a pélyethylene~
‘ethylene/ﬁutene copolymer block polymer. The number-
average molecular weight (Mn, in terms of PP} of the

resulting polymer was 120,600, the molecular weight



average molecular weight of the polymer was 160,300, 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 measurement€ S¥ere made in the proton

decoupling mode under the following conditions using a JEOL LASOO
type.nuclear 15 magnetic resonance device. Pulse angle: 45, Pulse
repetitioh’ B5-468 SPREHAN withR: 22000 He! Nurkise Pof Seansc 18000 i
Temperature: 120C, Data points: As a result, [M-"] was 59.7 % by
mo[{}gf(le\/lf]kv(\?gse 4’89?325‘% t‘?ﬁ'ﬁw%,‘%%ﬁ?{ WAZ43.4 % by mol, [MI-M1]

was 38.1 % - 6 % by he value of .
[M'-Mz]/(zf[l\%x Mf]%hév%ys,gg].%%?ajcn%%hg Va L%%P; Peste prEpolymer
[MEM232/(4x]MIMIjxEMRM2]) was Q.665with:theproyise that the monomer, ,
unit N1 is ethylene, and the monomer 25 unit M2 is propylene. 266 The

5 distiButionlefn of cghtinudusin irethytenes is sas follows fasll: B7.87: Yn «
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by mol [n=2]: 14.59 % by mol 5 [n=3]: 9.96 % by mol [n=4]: 6.94 % by

motistribution, and butens was incorporated into the
polymer. From this, it can be seen that a polyethviene-
ethylené/LLD?E diblock copolymer was quantitatively
produced. The butene content in the second block
component (LLDPE portion), as calculated from the
molecular weight and the butene content in the whole

polymer, was 5.6 % by mol.

Example 45

In kExample 39, after the reaction of ethylene was
conducted at 25°C for & minutes, an ethylene gas (20
i/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
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 terﬁinate thg reaction, and the reaction product was
introduced into 1 liter of methanol contalining a small

amount of hydrochleric acid, followed by stirring, to
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[n=5]: 7.41 % by mol [n~-'6]: 23.23 % by mol Methylenes of n=3, n=5 and
nz6 mean that an isolated 10 monomer unit Ml is detected, two
continuous monomer units Ml are detected, and three or more continuous
monomer units Ml are detected, respggsively. Example 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 autoclave for 20

mingtes.ata rate, of 100 1/br. Then, tgs%ggefizaﬂ%ﬂ '%emﬂe!ft“fﬁavg S

maintained at 25C, and’5.00 mmol (in'ter a‘idl?rﬁinu?ﬁ)tfﬁ% !

matbylaleminoxanewas addedSubsequently; 0.05-mmgl ofthe titanium
compound (1) was added, and a mixed gas of ethylene and propylene

(ethykene: B5S2/br propylengic 6p<tihy) was: passed though follewed byYyme r .
stirring for 3 minutes and 20 seconds. Then, 20 ml of isobutyl alcohol 25
WA addeR t6 terhfinatesthe e acidm Subseguentlyip10 mi 267rof adil pP)

%grogloric acid aqueous solution was added, followed by stirring for 30
inute&in'a Strehm 6t Ritfogent THRSpdifhef SBtutioRewaS petiredto 1.5

e e e e AR ey g e
angrdried at B0G, for, A heursdindgr reduced pressure to ghtain 1.19 g

; In comparison with the polyethylene~LLDPE diblock
copelymer prepolymer prepared in Example 44, this polymer
was increased in the molecular weight with kéeping 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 guantitatively produced. The butene content in the
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

Im a 500 ml glass autoclave thoroughly purged with
nitrogen, 250 ml of toluene was placed, and propylene was
fed at 25°C 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

compound (1) were added to initiate polymerization.
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of an ethylene/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 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 15 was passed through th@&utoclave 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) of methylaluminoxane was
atddedrSubsequently] 005 mimokofl the titinium Cohipdund (Bwas nutes,
added, and a mixed cas 20 of ethylene and propylene (ethylene: 35 l/hr,
propyléne: B851/R) was Passed throtigh, followedy stirkngfers the
minutes and 20 seconds. Then, a mixed gas of ethylene. and propylene
hBVihg ifferetit tofpoditicn (ethyfenss 80" 1/t Bropsiiciie: 46 /A to
assed {nroudh, followed by, 25 stiring for. | minyie,and. 50 seeonds. ;.
Thereatter, 20 mil 268" of isobutyl alcohol was added Y0 terminate the '

reaction,, subsequently; 10 ml.of a,IN hydrachiqric.acid-agueous (golution

was added, followed by stirring for 30 minutes in a stream of nitrogen.
The patymer: selution was: poutedsh #ouW;, b fiters of anethapoktora cuum
precipitate a polymer, followed by stirring for one night by a magnetic
stirréredThe pblimér was fifteredioverca glassHfilterandidried af 80C for 10

hours under reduced pressure to obtain 2.29 g
polypropylene. The number-average molecular weight (Mn,

in terms of PP} of the resulting polymer was 17,200, and

Mw/Mn was 1.15.

Example 47

In Example 46, asfter the reaction of propylene was
conducted for 180 minutes, an ethylene gas (20 1/hr) was
blown intc the system to perform reaction for 3 minutes,
and a small amount of methanol was added to terminate the
reaction. Then, the reaction product was introduced into
i liter of methanol containing a small amount of
hydrochloric acid, followed by stirring, to precipitate a
polymer. The polymer was filtered, washed with methanol
and vacuvum 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 ﬁhe
resulting polymer was 99,000, Mw/Mn was 1.06, and the

sthylene content was 70.9 % by mol.
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of an A-B diblock copolymer. As a result of GPC analysis, 10 the
number-average molecular weight was 40,600, and Mw/Mn was 1.09. As
aresult 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 prop§tene 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
aluminuir) 2obmethylaluminoxdiewasladdety Sutsseguently .05
mmol of the titanium compound (1) was added, and a mixed gas of
etHyiérie 8Ad propylerie (thyfene® BESL/RP pripyleres 65 ¢AfFHaS 10 the
passed through, followed by stirring for 3 minutes and 20 seconds. Then
ARixed Yas of EihFiene25 and probyiené h%iﬁﬁo(‘ﬂ’iff@%ﬁcc‘bﬁnﬁiﬁoﬁﬁdrg nt

(ethylene; 60 269 1/hr, propylene:; 40 1/hr),w ed thraugh, followed
A S e
passssthrough.ala rate of 100 1/hr, fellowed by stirring for 1 pinuits, and . -
10 seconds. Thereafter, 20 mi 5 of isobutyl alcohol was added to
ternninatertbe reaction: nSubsequeritly; d0anlefa 1N bydrochtaricsacidre 1 v
agueous solution was added, followed by stirring for 30 minutes in a
strsamiofatitrogehs Thetpolanher selutien wakipdireds #iteres Hiters 'of

methanol to 1Precigitate a polymer, _
component (ethylene/Propylilene copolymer portion), as

i~h

calculated from the molecular weight and the propylene

content in the whole polymer, was 18.4 % by mol.

Example 48

In & 500 ml glass autoclave theoroughly purged with
nitrogen, 250 ml of toluene was placed, and propylene was
passed through the autoclave at a rate of 100 1l/hr to
saturate the system. Therealter, 2.5 mmol {in terms of
aluminum atom) of methyleluminoxane and then 0.02 mmol of
the titanium compound (1) weres added to initiate
polymerization at room temperature (24°C). After the
polymerization was conducted for 5 hours, fesding of
propylene was 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 smail
amcunt of iscobutancl was added to terminate the

polymerization. The wheole amount of the resulting
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10 followed by stirring for one night by a magnetic stirrer. The polymer

was filtered over a glass filter and dried at 80C for 10 hours under

reduced pressure to obtain 3.79 g of an A-B-C triblock copolymer. As a
result of GPC analysis, the number-average molecular weight was 59,000,

15 and Mw/Mn was 1.11_ As a resultZ&3R analysis, the propylene

content was 19.5 % by mol. Example 52 In a 500 ml glass autoclave
thoroughly pureed with 20 nitrogen, 250 ml of toluene was placed, and
etiylene was! fed to saturatetthediquitphase-and the gas phasé. methanol,
Thereafter, 1.25 mmol (in terms of aluminum atom) of methylaluminoxane
ardcthen 010002 amelsf the ttaAinT dompourtd(2) were addedto Then,
initiate polymerization. 25 After the reaction was conducted at 50C for 2

MGt 270 diféthiienes g4 afoSisherg Gt didinaty Préssure’ @ small

Amauof methanol was added to lerminate the, nolymerization, After e,

mery was washe 1t I . T
p%?yr%erlzatlon was complefe e reaction pro uct weré added a

‘spradb-amount ef § hydrochleric ideaed@fla@?eag@g_ﬁingi@%@@90'&9mg

precipitate the whole polymer, followed by filtration. The polymer was

vaggum. driedsat 80€ forddshaursde obtain@24.3-¢.0f pelyethylene(RE).~
The polymerization activity was 3.20 kg based on 1 mmol of titanium. The
1lovumber-averagemoleceiatweight (Mn) and the weight- 160, 300, and

Mw/Mn was 1.51.

Cf the whole amount of the resulting polymer, 50 mg
of the polymer was dissolved iﬁ 0.5 ml of a mixed solvent
of orthodichlorobenzene/deutero benzene {mixing ratio:
8/1 by wvolume) at 110°C, and the following measurements
were made in the proton decoupling mode under the
fcllowing conditions using & JEOL LAS00 type nuclear
magnetic resonance device.

Pulse anglé: 455, Pulse repetition: 5.% sec,
Spectral width: 22000 Kz, Number of scans: 16000,
Temperature: 120°C, Data points: 32 K

As a result, [Ml} was 55.7 % by mol, {MZE was 40.3 %

by mol, [M1~M2] was 43.4 % by mol, [Ml‘Mlj was 38. 1

o

by
mol, [MZ2-M21 was 18.6 % by mol, the value of
(MI-M27/ (2% [ML]1x(M2]) was 0.90, and the valus of
{Ml-szz/(4x{M1-M1}x[M2~M21) was (.66, with the proviso
that the monomer unit M} is ethylene, and the monomer

unit M2 is propylene.
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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 nitrogen, 250 ml of toluene was
placed, and ethylene (100 1/hr) and hydrogen (5 1/hr) were blown into the
autoclave for b minutes with stirringg&ithereafter, 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
reactiormrwasdeenducted ab 50Efon 2cminutes withdalewingnethylérenarsd is
hydrogen into the autoclave, a small amount of methanol was added to
termihatelthespolymerization. After the 25 polymerization was completed,
to the reaction product 271 were added a small amount of hydrochloric
acid and &Targe arhobint 8f RetR&rol to precipitate the whole polymer,

followed. by filtration. g’Fecp Iémer was vacuum dried at 80C for 10 hours
ins=2 ) o 14 Ti o L

to obtalr{?). 5 g of polyethy ne?PE). 5 The polymerization activity was

2.93 kg &@gﬁi ongl el Q}f,tig@lium. The number-average molecular

weight (Mn) and the weight-average molecular weight (Mw) of the

resulting RPEswere; 59,600 and £9:1700, respectively, and Mw/Mn was 1.17.
10 Examples 54 - 58 '
[n=531: 7.41 % by mol

fn26l: 23.23 % by mol
Methylenes of n=3, n=5 and n2¢ mean that an isolated
monomer unit MY is detected, two continuous monomer units

M1 are detected, and three or more continucus monomex

units ML are detected, respectively.

Example 49

In a 500 ml glass autoclave thoroughly purged with
nitrogen, 250 ml of dry toluene was placed, and propylene
was passed through the autoclave for 20 minutes at a rate
oFf 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 mmcl
of the titanium compound (1) was added, and a mixed gas
0of ethylene and propylene (ethylene: 35 1/hr, propylene:
65 1/hr) wasrpassed through, followed by stirring for 3
minutes and 20 seconds. Then, 20 ml of iscbutyl alqohol

was added to terminate the reaction. Subseguently, 10 ml
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Polymerization 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 f@th in Table 3. With increase of the
amount of hydrogen, the molecular weight of the resulting polymer was
decreased, and even when the 20 polymerization time was prolonged, the
mefeculanweight of the resulting polymeravas bardly increased shrpmthis,
it can be seen that hydrogen functioned as a chain transfer agent. Even
whehthe pblymerization timefwas Jfrolonged: the. polynserizationcactivity

- was not lowered. 25 From this, it can be seen that polymerization was

futthef 272" profitited by e active speelesisrodbesd 4y thetchaln ©
transfer reaction. 2'73LDON'*cam.,,0 3CIVVtb 30 OINc N 00 D\
O OF U RD X RAG TR N6 XTRFVATIREME-Fp ORED efitid owed 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 1.19 g
of an ethylene/propylene copolymer. ARs a result of-GPC

analysis, Mn was 25,100, and Mw/Mn was 1.07. As a result

o

of IR analysis, the propylene content was 24.4 by mol.
Exanple 50

In a 500 ml glass autoclave thoroughly purcged with
nitrogen, 250 ml of dry tocluene was placed, and propylene
was passed through the autoclave for 20 minutes at a rate
of 100 1/hr. Then, the polymerization ftemperaturs was
maintained at 25°C, and 5.00 mmel (in terms of aluminum)
of méthylaluminoxane was added. Subsegquently, 0.05 mmol
of the titanium cempound (1) was added, and a mixed gas
of ethylene and propylene (ethylene: 35 1/hr, propylene:
&5 l/hr) was passed through, followed by stirring for 3
minutesland 20 seconds. Then, a mixed gas of ethylene.
and propylene haﬁing different composition (ethylene: 60
l/hr, propylene: 40 l/hr) was passed through, foliowed by

stirring for 1 minute and 50 seconds. Thereafter, 20 ml
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of iscobutyl alcohol was added to terminate the reaction.
Subseguently, 10 ml of a 1IN hydrochloric acid agueous
solution was added, followsd 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,
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 diblock copolymer. As a result of GPC analysis,
the number-average molecular weight was 40;600, and Mw/Mn
was 1.09. Bs a result of IR analysis, the propylene

content was 23.1 % by mol.

Example 51

In & 500 ml glass autoclave thoroughly purged with
nitrogen, 250 ml of dry toluene was placed, and propyiene
was passed through the autcclave for 20 minutes at a rate
of 106 1l/hr. Then, the polymerization temperature was
maintained at 25°C, and 5.00 mmol {(in terms of aluminum)
of methylaluminoxane was added. Subsecguently, 0.05 mmol
of the titanium compdund {l) was added, and a mixasd gas
of ethylene and propylene (ethylene: 35 1/hr, propyvlens:
65 1/hr) was passed through, followed by stirring for 3
minutes and 20 seconds. Then, a mixed gas of ethylens

and propylene having different compesition (ethylene: &0
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i V1 U) cra 274 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 &&&thylaluminoxane, 0.08 mmcl of
diethylzinc and then 0.002 mmol of the titanium compound (2) were
added to initiate polymerization. After the reaction was conducted at 50C

fok Ziminutesinyar ethylerte yds A0 atmosphese at ordinaphpressuiesdd by
small amount of methanol was added to terminate the polymerization.
Aftérithe golymerization- wasscompleldd, 1o thedeactiam gprodest werey Lene
added a small amount of hydrochloric acid and a large amount of

méftandtfo pretisitate 56 Wholé 155 oigmer, TolleWed bi fitrafion 1 Thed by

cuu . )
m%%??&!ﬁ?"or ?1m;nute and 10 seconds. Thereafter, 20 ml

of isobutyl alcohol was added to terminate the reaction.
Subsequently, 10 ml of a lNlhydrochloric acid agueous
solution was added, followed by stirring for 30 minutes
in a stream;of nitrogen. The polymer solution was pourad
into 1.5 liters of methanol to precipitate a polymer,
followed by stirring for cne 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 copolymer. &As a result of GBC
analysis, the number-average molecular weight was 589,000,
and Mw/Mn was 1.11. As a result of IR analysis, the

ropylene content was 19.5 % by mol.
Y

Example 52

In a 500 ml.glass autoeoclave thoroughly purged with
nitrogen, 250 ml of toluene was placed, and ethylene was
fed to saturate the liguid phase and the gas phase.
Thereafter, 1725 mmol (in terms of aluminum atom) of
methylaluminoxane and then 0.0002 mmol of the titanium
compound (2} were added to initiate polymerization.

After the reaction was conducted at %0°C for 2 minutes in
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dried at 80C for 10 hours to obtain 0.209 g of polyethylene (PE). The
polymerization activity was 3.14 ka based on 1 mmol of-titanium. The
number-average molecular weight (Mn) and the weight-average
molecular 20 weight (Mw) of the res ty'(ljg 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 275 the polymerization time were changed as. .
shownin'TaBlE4 9 Fhe pBIy et izatiof activity; ok Weight of the™
resultin%1 pg%ymng%%nd mol&ggla&\:{;{fi ht;%is'{@%g’gg@{% tﬁteforth in Table

£"53With increase of the amount of the zinc compound, the molecular

weight.of.the resylting polygerwas decreased, and.evenwhendhe e« eq,
polymerization time was prolonged, the molecular weight of the resulting
pelymer was:harly increased. Fremethisidtean berseen thab the: 1@ zinc
compound functioned as a chain transfer agent. Even when the
polydtmerzation:timaouds prelorgéd the polymerizationsadtivity vasanot
lowered. From this, it can be seen that polymerization was further
promBist by (thetddtive spetied pratiiced 1y the G hin Yransteris -7 -
r%(gmgkfgﬁir was vacuum dried at 80°C for 10 hours to

obtain'0.213 g of polyéthylene {PE}. The polymerization

iy

activity was 3.20 kg based on 1 mmol of titanium. The
numbar—average molecular weight (Mn} and the welight-

average molecular welight (Mw) of the resulting FE were

73,300 and 79,900, respectively, and Mw/Mn was 1.08.

Example 53

In & 500 ml glass autoclave thoroughly purged with
nitrogen, 250 ml of toluene was placed, and ethylene (100
1/nr) and hydrogen (5 1/hr) were blown into the autoclave
for 10 minutes with stigxing. Thereafter, 1.25 mmol (in
terms of aluminum atom) of methylaluminoxane and then
0.0002 mmol of the titanium compound (2) were added to
initiate ﬁolymerization. After the reaction was
conducted at S0°C for 2 minutes with blowing ethylene aﬁd
hydrogen into the autoclave, a small amount of methanol
was added to terminate the polymerization. After the

polymerization was completed, to the reaction product
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were added a small amount of hydrochioric aclid and =a

large amount of methanol tc precipitate the whole polymer,
.followed by filtration. The polymer was vacuum dried at
80°C for 10 hours to obtain 0.1%5 g of polyethylene (PE).
The polymarization activity was 2.93 kg based on 1 mmol

of titanium. The number-average molecular weight (Mn)

and the Qeight—average molecular weight (Mw} of the
resulting PE were 59,500 and 69,700, respectively, and

Mw/Mn was 1.17.

Examples 54 - 58

?olymerization 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
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
incresase of the amount of hydrogen, the molecular welght
of the fesulting pélymer was decredsed, and even when the
polymerization time was prolonged, the molecular weight
of the resulting polymer was hardlv increased. From this,
it can be seen that hydrogen functioned as a chain
Ktransfer agént. Even when the polymerization time was
prolonged, the polymerization activity was not lowered.

From this, it can be seen that polymerization was further



Example 63 1n 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
compound (3) were added to initiate p?o@merization. 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 PefjrRerization’ After the polyprer Zatianwds complgted; stocthe in
reaction product were added a small amount of hydrochloric acid and a
|lar§& At of tiéthahol 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 titanium 25 compound (3)
was chanced to 0.001 mmol and the 278 polymerization time was
changed to 15 minutes. Thus,
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0.161 g of polyethylene (PE) was obtained: The polymerization activity
was 0.64 kg based on 1 mmol of 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 103fr& 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.
Thereafter, 1.25 mmol (in terms of aluminum atom) of methylaluminoxane
and then 0.0005 mmocl of zirconocene 15 dichloride were added to initiate
polymerization. After the reaction was conducted at 25C for 0.5 minute in
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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 polymerization activity was 52.0 kg based on 1 mmol of
zirconium. The 10 number-average dlecular weight (Mn) of the resulting
PE was 1306,000, and Mw/Mn was 2.26. Comparative Example 3
Polymerization was conducted in the same manner as 15 in Comparative -
cept that 0.00025 mmoi of the titanium compound (9) was

used instead Q irco |um comp §fnd and the£ erlzatlon me W%S
change%lnto“l °D.553-g 0 polyethyie %’ Was 85 ained:

'}%9%%”}9”%'5’”&0“8 % c?fu%%z K%Qa%e&%%& mmol 20.6f fitanium, _ .

e nu er average molecular weight (Mn) “and the weight-average

npalecular weight: (Mw) ot the; fesiting P were; 184 000-an¢ 379000,
respectively, and Mw/Mn was 2.01. 25 Comparative Example 4 280
Polymesizatian was conducled, imthessame afanrierasimCamparative
Example 1, except that 0.0005 mmol of the titanium compound (10) was
usetlinstebdroiithe Zirconiing campdund afid e pbR/imeriZatbntime was
changed to 1 5 minute. Thus, 0.267 g of polyethylene (PE) was obtalned

mmeld of the tltanlum compound " {Z) were acdded
initiate polymerization. After the reaction was
conducted at 50°C for 2 minutes in an ethylene gas
atmosphere at ordinary pressure, a small amount of
methancl 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 methancl to precipitate the whole
polymer, followed by filtraticon. The polymer was vacuum
dried at 80°C‘for 10 hours to obtain 0.209 g of
polyethylene (PE). The polymerization activity was 3.14
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 51,500 and 70, 300,

respectively, and Mw/Mn was 1.37.

Examples 60 - &2

Polymerization was conducted in the same manner as

in Example 59, except that the amcunt of diethylzinc and



~ The polymerization activity was 32.0 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 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

dimethylaniipiumtetrakis{pentafluprophenyl)borate and, then 0,0125 mmol

of the hafnium compound (11) were added to initiate polymerization. After

- thetreagtionwasi 20 conductediat 0G fordk minute-in an-athylene: ne
atmosphere at ordinary pressure, a small amount of methanol was

added o terminatesthe polymierization: TEhe reaction progduci wasi o are
introduced into a large amount of methanol to precipitate a polymer. The
pol§imet WasHiltdredatheh £5 washed with methanol and vacuum dried at

80C for %9%811. hours toﬁobtgirtl:O.ZQO g of polygth lene (PE) The
number-averagé motéciitar welght (RiR) 6t the’ res% fingf PES was"£$2:260,

e L 93 ot SR AP M, e

thesarpedptaf thend sven when the polymerization time was
prolonged, fhe molecular weight of the resulting polyﬁer
was hardly increased. From this, it can be seen that the
zinc compound functioned as a chain transfer agent. Evan
when thea polymeriiation time was prolonged, the
polymerization éctivity was not lowered. ¥from this, it
can be seen that polymerization was further promoted by
the active species produced by the chain transfer

‘reaction.
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hafnium compound (11) and the amount of the
dimethylaniliniumtetrakis(pentafluorophenvl)borate were 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 resultingzlgéwas 98,800, and Mw/Mn was
1.91. 15 282 Calculation examples of complex structure parameters F :i
(/F CH2(CF2)6CF3 5Ti N ------ +N-_+ TiTi+ OnPr O nPrnPr 'ButBu
2\tBu2 (1) (4) 10N+ -Tii\Ti FCN + 5ItT /0 nPr\ 4BU 2 tBu 2 tBu 2
15 (8) (9) (10) HQ-Z Distance (r(HR-Z)) and electrostatic interaction
energy (ESp(HR-Z) of each catalyst

Mw/ivin
1.37
1.45
1.54
1.69

(x10%)
7.03
6.06

Mw
12.6
19.0

8.17
112

Mn

(x10%
5.15
18

Activity
3.14
3.14
3.07
2.65

(kg/mmoi-M-h)

Yield
(g
0.209
0.200
0.511
1.324

Table 4
Et;Zn
| {mimol)
0.08
0.16
0.16
0.16

Ethylene
Ethylene
Ethylene
Fthylene

2
2
15

Temp | Time | Monomer
50
5

Cy |(min.)

50
50

{(mmol)
1.25
5
25
1.25

1.2
i

Amount of]
MAO

(mmol}
6.002
0,002
0.002
0.002

Amount

@)

59
60
61
62

Example |Titanium Compound
2)
(%)
(2)
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Compound (1) (4) (5) (8) (9) (10) r(Ha-Z) (A) 2.275 2.329 2.234 12.498
2.246 4.812 ESp(HP-Z) -37.1-41.1 -42.9 -33.1-12.0 -10.2 (KJ/mol) 20
283 CLAIMS 1. An olefin polymer which is a copolymer of ethylene and at
least one olefin selected from olefins of 3 to 8 carbon atoms, has a
comonomer content of not less than 1@ 94 by mol, and has a
number-average molecular weight of 1,000 to 5,000,000 and Mw/Mn (Mw:
weight-average molecular weight, Mn: number-average molecular weight)
ofmetmoare than 1.5. 2. An olefin polymer which is a copolymer of
propylene and at least one olefin selected from olefins of 4 to 8 carbon
atoms, aid hast@ humiberlavesage: molacutar weight 0f11,p00100ed with
5,000,000 and Mw/Mn (Mw: weight-average molecular weight, Mn:
nwhqbe?oe%erag?@ﬁqmecmﬁr weightyof notmoresthan,1.51:8. Antoléfime was

polymer which is a copolymer of mlene and propylene, has an ethylene
cohfént'ot ntt Tedthan 66 ve b sl &hd has & Rumber-average se -
mq]ggular j\_g\éelght pf } OOO to.! 5, OO OOO and Mgv/lvin Ig]l\(lw Welght average

molecularwelght A nim er verage “Moléculdrwet Iﬁffnofﬁ

th%@@ﬁ%lalumlnoxane and then 0.002 rmmol 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, &
small amount of methancl was added to tferminate the
polymerization. After the polymerization was com leted,
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
with methancl 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

88,500 and 88,800, respectively, and Mw/Mn was 1.12.

Example &4
Polymerization was conducted in the same manner as
in Example 63, except that the amount of the titanium

compound (3} was changed to 0.001 mmol and the
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polymerization time was changed to 15 minutes. Thus,
0.1¢1 g of polyethylene {(PE)} was obtained. The
polymerization activity was 0.64 kg based on 1 mmol of
titanium. The number~average molecular welght (Mn) and
the weightwavefage molecular welight {MQ).of the resulting
PE were 145,000 and 167,000,.respectively,.and Mw/Mn was

1.15.

Comparative Example 1

Iin a 500 ml glass autoclave thoroughly purged with
nitrogen, 250 ml of toluene was piaéed;Aand ethvlene 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 mmeol of zilrconocene

dichloride were added to initiate polymerization. After

+he 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 cempleted,
to the reaction producﬁ were added a small amount of
hydrochloric acid and a large amcunt of methanol to
precipitate the whole polymer, followed by filtration
over a glass filter. The pelymer was vacuum dried at
80°C for 10 hours tc obtain 0.22% g of polyethylene (PE).

The polymerifation activity was 55.0 kg based con 1 mmol
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of zirconium. The number-average molecular weight {(Mn)

of the resulting PE was 114,000, and Mw/Mn was 1.99.

Comparative Example 2

Polymerization was conducted in the same manner as
in Comparative Exanmple 1, except that the polymerization

of

e

time was changed to 1 minute. Thus, 0.433
polyethylene (FE) was obtainedw The polyﬁerization
activity was 52.0 kg based on 1 mﬁol of zirconium. The
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 ths same manner as
in Comparatiﬁe Example 1, except that 0.0002% mmol of the
titanium compound {82) was used instead of the zirconium
compound and the polymerization time 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
of titanium. The number-—average molecular weight (Mn)
and the weightwaverage molecular weight (Mw) of the
resulting PE were 184,000 and 370,000,_respectively, and

Mw/Mn was 2.01.

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
titaniuﬁ compound (10) was used inétead cf the zirconium
compound and the polymerization time was changed to 1
minute. Thus, 0.267 g of polyethylene (PE} was obtained.
The polymerization activity was 22.0 kg based on i mmo 1
of titanium. The number-average molecular weight (Mn}
and the welght-average molecular[weight (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 thoroughly purged with nitrogen,
50 ml of toluene was placed. The system was cooled to
0°cC, and ethylene was fed to saturate the liguid phase
and the gas phase. Thersafter, 0.0125 mmol of
dimethylaniliniumtetrakis (pentafluorophenyl)borate and
then 0.0125 mmol of the hafnium compound {(11) were added
to initiate polymerization. After the reaction was
éonducted 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 introduced iﬁto a large amount of methanol to
precipitate a polymer. The polymer was filtered; then

washed with methancl and wvacuum dried at 80°C for 10
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hours to obtain 0.2%0 g of polvethylene (PE). The
number-average molecular weight (Mn) of the resulting PE

was 132,400, and Mw/Mn was 1.85.

Comparative Example 6

Polymerization was conducted in the same manner as
in Comparative Example 5, except that the amount of the

hafnium compound (11) and the amount of the

~dimethylaniliniumtetrakis (pentafluorophenvl)borate were

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 rnumber-azverage
melecular welght (Mn) of the resulting PE was 98,800, and

Mw/Mn was 1.91.
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Calculation examples of complex structure

parameters

?Hz(c F2)sCFa

_}iﬁmz Distance (r(HB—Z)) and electrostatic interaction

enerdy (ESp(HP-2) of each catalyst

Compound (1) (4) (5) (8) (9) (10)
r(eP-z) (A} | 2.275 | 2.328 | 2.234 | 2.498 | 2.246 | 4.812
ESp (HP-2) ~37.1 1 -41.1 | -42.9 | -33.1 | -12.0 | -10.2

(KJ/mol)
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CLAIMS

1. An olefin polymer which is a copolymer of ethylene and at least one olefin selected
from olefins of 3 to 8 carbon atoms, has a comonomer content of not less than 10 % by mol,
and has a number-average molecular weight of 1 ,OOQ to 5,000,000 and Mw/Mn (Mw:
weight-average molecular weight, Mn: number-average molecular weight) of not more

than 1.5.

2. Anolefin polymer which is a copolymer of propylene and at least one olefin
selected from olefins of 4 to 8 carbon atoms, and has a number-average molecular weight of
1,000 to 5,000,000 and Mw/Mn (Mw: weight-average molecular weight, Mn: numbes-

average molecular weight) of not more than 1.5.

-

3. An olefin polymer which is a copolymer of ethylene and propylene, has an
ethylene content of not less than 60 % by mol, and has a number-average molecular weight
of 1,000 to 5,000,000 and Mw/Mn (Mw: weight-average molecular weight, Mn:

number-average molecular weight) of not more than 1.5.



