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TITLE

POLAR GROUP-CONTAINING OLEFIN COPOLYMER,  PROCESS FOR
PREPARING THE SAME, THERMOPLASTIC RESIN COMPOSITION

~CONTAINING THE COPOLYMER, AND USES THEREOF

FIELD OF THE INVENTION

The present invention relates to a polar group-
containing olefin copolymer, a process for preparing
the copolymer, a -thermoplastic resin composition
confaining the copolymer and uses thereof. More
particuiarly, the invention relates to a polar group-
containing olefin copolymer having excellent adhesion
properties to metals or polar resins and excellent
flexibility, a process for preparing.the copolymer, a
thermoplastic resin composition containing the

copolymer and uses thereof.

BACKGROUND OF THE INVENTION

Polyolefins generaily have advantages such as
excellent moldability, heat resistance, mechanical
properﬁies, hygienic qualities, water vapor permeation
resistance and appearance of molded articles thefeof,
and hence they are broadly used for extrusion molded

articles, blow molded articles and injection molded
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articles.

The polyolefins, however, contain no polar group
in the molecule, so that they have low compatibility
with polar resins such as nylon and EVOH and low
adhesion properties to polar resins and metals.

Therefore, it is difficult to use the polyolefins by

" blending or laminating them with these materials. In

addition, molded products of the polyolefins have
problems of poor surface hydrophilic properties and
poor aﬁtistatic properties.

To solwve such problems, there has been heretofore
widely used a method of grafting polar group-containing
monomers on ﬁhe polyolefins through radical.
polymerization to enhance affinity for the polar
materials.

Engineering plastics such as nylon have excellent
heat resistance and étrength, and hence they are used
for electronic/electric parts. The engineering
plastics such as nylon generally have low impact
resistance, so that they are sometimes blended with
olefin copolymers fo improve the impact resistance.

The polyolefins, however, contain no polar group
in the molecule and show low compatibility with polar

resins, and therefore a method of grafting polar



10

15

20

monomers on.the polyolefins to improve compatibility
with the pola; resins has been heretofore widely used.

In this method, however, intermolecular
crosslinking of pblyolefins and breaking of molecular
chains take place with the graft reaction, and hence
viscosity matching of the graft polymér and the polar
resin is difficult, and satisfactory compatibility is
not obtained in some cases. Further, a gel component
broduced by intermolecular crosslinking or a foreign
matter (foreign matter attached to a lip of a die)
produced by_breakind of molecular chains may cause bad
appearance of the molded pfoducts.

In Japanese Patent Laid-Open Publications No.
259012/1989, No; 259012/1989, No. 51510/1990, No.
51511/1990 and No. 177403/1991, a process comprising
copolymerizing an o-olefin and a polar group-cﬁntaining
monomer using a Ti catalyst or a V catalyst is
described. According to this process, intermolecular
crosslinking aﬁd breaking of molecular chains hardly
take place, but in the use of these polymerization
catalysts, the resulting copolymer has an ununiform
molecular structure such as wide molecular weight
distribution or high inversion content. On this

account, orientation of the polar groups toward the



10

15

20

interface between the copolymer and the polar material
may be unsatisfactory, and adhesion properties to the
pélar materials and compatibility therewith may be
insufficient. In the use as a composition, effects in
adhesion properties and compatibility are not exhibited
unless a graft copolymer is added in a large amount.

In order to enhance surface hydrophilic
properties and antistatic properties, a method of
adding a small amount of a low-molecular weight surface
active agent to the polyolefin and molding the mixture
has been used. In this method, however, the added
surféce active agent bleeds out on the surface, and
after molding, the film surface sometimes has a problem
of whitening. The surface active agent having bled out
on the surface runs off together with water droplets
sticking thereto, so that a problem that effects by the
surface active agent do not last long may take place.

The present inventors have studied in the light
of ‘the above'problems. As a result, they have found
that a copolymer having a specific molecular structure
and a composition containing the copolymer are
excellent in compatibility with polar resins and
adhesion properties to polar resins and metals, and

they have also found that the copolymer and the
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composition have excellent surface hydrophilic
properties and antistatic properties. Moreover, the
present inventors have found the copolymer and the
gﬁmposition can be favorably applied to various uses.
As a process for preparing an olefin polymer such
as an ethylene homopolymer, an ethylene/a-olefin
copolymer, a propylene homopolymer or a propylene/o-
olefin copolymer, a process comprising polymerizing an
olefin in the presence of a titanium catalyst
comprising a solid titanium catalyst component
containing magnesiﬁm, halogen and an electron donor,
and an organoaluminum compound, or a vanadium catalyst
comprising a vanadium compound and an organoaluminum'
compound has been heretofore known. In the
copolymerization of a polar monomer using such catalyst,
there reside problems that the molecular weight
distribution or the composition distribution is wide
and the polymerization activity is low. As disclosed
in Japanese Patent Laid-Open Publications No.
259012/1989, No. 51510/1990, No. 51511/1990 and No.
177403/1991, when an olefin and a polar group¥
containing monomer are copolymerized using a Ziegler
catalyst to prepare, for example, a polyolefin

containing a polar group, polymerization at low
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temperatures is only carried out, so that this process
is known to have a problem of low activity. It is
generally known that an olefin is polymerized in the
presence of a metallocene catalyst comprising a
transition metal compound such as zirconocene and an
organocaluminum oxy-compound (aluminoxane). It is also
known that if the metallocene catalyst is used, an
olefin polymer having a high molecular weight is
obtained with high activify and the resulting olefin
polymer has narrow molecular weight distribution and
narrow composition distribution.

As a process for preparing a polyolefin.
containing a polar groﬁp, a process uéing a metallocene
catalyst is also known. For example, it is publicly
known that polymerization of an OH group-containing
olefin is conducted using a metallocene compound having
a ligand of non—crosslinked cyclopentadienyl group,
crosslinked or non-crosslinked bisindenyl group, or
ethylené crosslinked unsubstituted indenyl
group/fluorenyl group, as described in Macromolecules,
28, 5351 (1995), Macromolecules, 29, 5255 (1966), and
Polymer Preprints, Japan, 49(2), 215 (2000).

If is publicly known that polymerization of an

olefin having NR2 (R: alkyl group) as a polar group is
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conducted using a metallocene compound having a ligand '
of non-crosslinked cyclopentadienyl group, crosslinked
or non-crosslinked bisindenyl group, or crosslinked
unsubstituted indenyl group/cyclopentadienyl group, as
described in Macromolecules, 31, 2019 (1998) and
Macromolecules, 32, 14(1599).

A process using an organometallic compound othef
than the metallocene compound is publicly known, as
described in Science, 287, 460 (2000), OCOP2000 at Oslo,
and Books of Abstracts (C.W. Chien). These processes,
however, have a disadvantage of extremely low
polymerization activity.

On this account, protection of the polar group by
a protective group is carried out. A method of
protection is described in, for example, Macromolecules,
31, 2019 (1998), J.Am. Chem. Soc., 114, 9679 (1992),
Polymer Preprints, Japan, 49(2), 209 (2000) and Polymer
Preprints, Japan, 49(2), 209 (2000).

In the aboﬁe processes, however, the protective
group is introduced, and after the reactioh, the
protective group must be removed, so that the
operations are complicated.

Under such circumstances, the present inventors

have studied and found that an olefin polymer
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containing a polar group can be p;ebared with high
polymerization activity by copolymerizing an olefin and
a poiar group-containing monomer in the presence of a
transition metal catalyst into which a cyclopentadienyl
group or other special ligands have been introduced,
without using radical polymerization or a Ziegler
polymerization catalyst. Based on the finding, the
preéent invention has been accomplished.

A method of selectively introducing the polar
group at only one end of the polymer chain or inside of
the main chéin and at one end of the main chain ﬁas
been heretofore unknown. Then, the preéent inventors
have found a method of selectively introducing the
polar.group at only one end of the polymer chain or
inside of the main chain and at one end of the main

chain, and accomplished the present invention.

OBJECT OF THE INVENTION

It is an object of the present invention to
provide a polar group-containing olefin copolymer
having excellent adhesion properties to metals or polar
resins and excellent compatibility therewith, a process
for preparing the copolymer, a thermoplastic resin

composition containing the copolymer and uses thereof.
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SUMMARY OF THE INVENTION

The first embodimenﬁ of the polar group-
dontaining olefin copolymer according to the present
invention comprises a constituent unit represented by
the following formula (1), a constituent unit
represented by the following formula (2) and a
constituent unit represented by the following formula
(3), has‘a molecular weight distribution (Mw/Mn) of not
more than 3, and has an intensity ratio of Taff to
Too+Tap (TaP/ (Toa+TaP)), as determined from a 13C~NMR

spectrum of said copolymer, of not more than 1.0:

—CH,—CH— —CH,—CH— —CH,—CH—
R R? R
| I
(RY)—(X)

... (1) ... (2) _ .- (3)
wherein Rl ana R2 may be the same or different and are
each a hydrogen atom or a straight-chain or branched
aliphatic hydrocarbon group of 1 to 18 carbon atoms; R3
is a hydrocarbon groﬁp; R4 is a hetero atom or a group
containing a hetero atom; r is 0 or 1; X is a polar
group selected from an alcoholic hydroxyl group, a
phenolic hydroxyl group, a carboxylic acid group, a
carboxylic ester group, an acid anhydride group, an

amino group, an amide group, an epoxy group and a
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mercapto group; p is an integer of 1 to 3; and when p
is 2 or 3, each X may be the same or different, and in i
this caée, if_r is 0, X may be bonded to the same or
different atom of R3, and if r is 1, X may be bonded to
the same or different atom of R%.
In the present invention, R3 in the constituent
unit represented by the formula (3) is preferably a
hydrocarbon group of 11 or more carbon atoms.
In.the present invention, X in the constituent

unit represented by the formula (3) is preferably a

polar group selected from a phenolic hydroxyl groué, a

carboxylic ester group, an acid anhydride group, an
amino group, an amide group, an epoxy group and a
mercapto group

In the present invention, it is preferable that
Rl in the constituent unit repreéented by the formula
(1) and R2 in the constituent unit represented by the
f@rmula (2} are each a hydrocarbon group.of 2 or more
carbon atoms, preferably 2 to 18 éarbon atoms, and the
cryétallinity of said copolymer, as determined by X-ray
diffractometry, is not less than 10 %. \

In the present invention, it is preferable that
Rl in the constituént unit represented by the formula

(1) and R2 in the constituent unit represented by the _ \
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formula (2) are each a hydrocarbon éroup of 2 or more
carbon atoms, preferably 2 to 18 carbon atoms, and the
crystallinity of said copolymer, as determined by X-ray
diffractometry, is preferably less than 10 %.

5 " The second embodiment of the polar group-~
containing olefin copolymer according to the present
invention is a branched type copolymer comprising a
constituent unit represented by the following formula
{1) énd a constituent unit represented by the following

10 formula (4), and optionally a constituent unit
represented by the fbllowing formula (5), having a
molecular wéight distribution (Mw/Mn) of not more than
3, and having an ihtensity ratio of TaP to Tao+TaP
(TaB/(Tda+TaB)), as determined from a 13C-NMR spectrum

15 of said copolymer, of not more than 1.0:

—CH,—CH— . ——CHyo—CH— —CHy;—CH—
R? RS RS
| W, Lo ~0—2); ( Fl{s)m——-(W)n
20
... (1) «.. (4) ..-(5)

wherein Rl is a hydrogen atom or a straight-chain or

branched aliphatic hydrocarbon group of 1 to 18 carbon
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atoms; R is a hydrocarbon group; R6 is a hetero atom
or a group containing a hetero atom; r is 0 or 1; Z is
a polymer segment obtained by any one of anionic
polymerization, ring-opening polymerization and

polycondensation; W is a hydroxyl group or an epoxy

group; p is an integer of 1 to 3, q is 0, 1 or 2, and

p+qg £ 3; when p is 2 or 3, each -0-Z may be the same or
different, and in this case, if r is 0, —-0-Z may be
bonded to the same or different atom of RS, and if r is
1, -0-Z may be bonded to the same or different'atom of
R6; when d is 2, each W may be the same or different,
and in this case, if r is 0, W may be bonded to the
same or different atom of R®, and if r is 1, W may be
bonded to the same or different atom of R®; in case of
p2l and =1, if r is 0, W and -0-%Z may be bonded to the
same or different atom of R%, and if r is 1, W and -0-Z
may be bonded to the same or different atom of R®; m is
0 or 1; n is an integer of 1 to 3; and when n is 2 or 3,
each W may be the Same or different, and in this case,
if m is O, W may be bonded to the same or different
atom of RG, and if m is 1, W may be bonded to the same
or different atom of R7.

In the present invention, it is preferable that,

in the formula (4), r is 0 and Z is a polymer segment
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obtained by anionic polymerization.
In the present invention, it is preferable that, .

in the formula (4), Z is a polymer segment obtained by
ring-opening polymerization or polycondensation.

5 The third embodiment of the polar group-
containing olefin copolymer according to the present
invention comprises a constituent unit represented by ' %
the following formula (1) and a constituent unit : \
represented by the following formula (6), and

10 optionally a constituent unit represented by the
following formula (3), has a molecular weight
distribution (Mw/Mn) of not more than 3, and has an
intensity ratio of Taf to Toao+Tof (Tof/(Tac+ToB)), as
determined from a 13C-NMR spectrum of said copolymer, : z

15 of not more than 1.0:

—CH;—CH— —CH,;~CH— R™(Y)m
R R
‘ l
(ROr—(X)p s R—(),
20 ceu (1) .o (3) ... {6)

wherein Rl is a hydrogen atom or a straight-chain or
branched aliphatic hydrocarbon group of 1 to 18 carbon

atoms; R3 is a hydrocarbon group: R% is a hetero atom
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or a group containing a hetero atom; R’ is a direct
bond or an aliphatic hydrocarbon group of 1 or more
carbon atoms; R8 is a hydrogen atom, a direct bond or
an aliphatic hydrocarbon gfoup of 1 or more carbon
atoms; Y is a polar group cqntaining 0 and/or N; m and
n are each an integer of 0 to 2, and m+n is not 0; s is
0 or 1; r is 0 or 1; X is a polar group selected from
an alcoholic hydroxyl group, a phenolic hydroxyl group,
a carboxylic acid group, a carboxylic ester group, an
acid anhydride group, an amino group, an amide group,
an epoxy group and a mercapto group; p is an integexr of
1l to 3; when p is 2 or 3, each X may be the same or
different, and in this case, if r is 0, X may be bonded
to the éame or diﬁferent atom.of R3, and if r is 1, X
may be bonded to the same of different atom of R4.

The first embodiment of the process for preparing
a polar group containing olefin copolymer according to
the present invention compriées copolymerizing at least
one o-olefin selecﬁed from a-dlefins of 2 to 20 carbon
atoms and at least one polar group—containiﬁg monomer
selected from a polar group~containing monomer
represented by the following formula (7) and a polar
group-containing monomer represented by the following

formula (8) in the presence of a catalyst comprising:
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(A) a compound of a transition metal selected
from Gréup 3 (including lanthanoid and actinoid) to
Group 10 of the periodic table, and

(B) at least one compound selected from:

(B-1) an organcaluminum oxy-compound,
(B-2) a compound which reacts with the
compound (A) to form an ion pair, and

(B-3) an organoaluminum compound;

CHy;=CH

RS

( 'L4)r;( Xp

' e (T
whereiq R3 is a hydrocarbon group; R? is a hetero atom
or a group containing a hetero atom; r is 0 or 1; X is
a polaf group selected from an alcoholic hydroxyl group,
a phenolic hydroxyl group,.a carboxylic acid group, a
carboxylic ester group, an acid anhydride group, an
amino group, an amide group, an epoxy group and a
mercapto group; p is an integer of 1 to 3; when p is 2
or 3, each X may be the same or different, and in this
case, if r is 0, X may be bondeq to the same or
different atom of R3, and if r is 1, X may be bonded to

the same or different atom of R4;
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R™()m

. R—(,
... (8)

5 wherein R’/ is a direct bond or an aliphatic hydrocarbon |
group of 1 or more carbdn atoms; R8 is a hydrogen atom,
a direct bond or an aliphatic hydrocarbon group of 1 or
more carboﬁ atoms; Y is a polar group containing O
and/or N; m and n are each an integer of 0 to 2, and
10 m+n is not 0; and s is 0 or 1.

In ihe first embodiment of the process for
preparing a polar group-containing olefin copolymer
according to the present invention, it is preferable
that the transition metal coﬁpound (A) is represented

-15 by any one of the following fprmulas (1), (12), (13),
(14), (15) and (16) and the polar group-containing
monomer is a polar group-containing monomer of the

formula (7) wherein X is -OH or an amino group;

’ 1 2
X
oy,
20 R25 M R27
28
R26 R25 R27 R
28
R26 v R

... (11)

wherein Ml is a transition metal atom of Group 4 of the
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periodic table; R23, R26, R27 and R28 may be the same
or different and are each a hydrogen atom, a nitrogen-

containing group, a phosphorus-containing group, a

'hydrocarbon group of 1 to 20 carbon atoms, a

halogenated hydrocarbon group of 1 to 20 carbon atoms,
an oxygen-containing group, a sulfur-containing group,
a silicon-containing group or a halogen atom; of the
groups indicated by R25, R26, R27 and R28, a part of
the groups neighboring with each other may be bonded to
form a ring together with carbon atoms to which those
groups are bonded; Xl and X2 may be the same or
different and are each a hydrocarbon group of 1 to 20
carbon atoms, a halogenated hydrocarbon group of 1 to
20 carbon atoms, an oxygen-containing group, a sulfur-
containing group, a silicon—containing group, a
hydrogen atom or a halogen atom; and Yl is a divalent
hydrocarbon group of 1 to 20.carbon atoms, a divalent
halogenated hydrocarbon group of 1 to 20 carbon'atoms,
a divalent silicon-containing group, a divalent
germanium-containing group, a divalent tin-containing
group, -0-, -CO-, -S-, -SO-, -S02-, -Ge-, -Sn-, -NR21-,
-pP(R21)-, -pP(0) (R21)-, -BRZ21l- or -A1R21- (eéch R21 may
be the same or different and is a hydrocarbon group of

1 to 20 carbon atoms, a halogenated hydrocarbon group
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of 1 to 20 carbon atoms, a hydrogen atom, a halogen
atom or a nitrogen cdmpound residue in which one or two
hydrocarbon groups of 1 to 20 carbon atoms are bonded

to the nitrogen atom);

21_______Y1

Cp

... {12)
wherein M! is a transition metal atom selected from
Groﬁp 4 of the periodic table; Cp is a cyclopentadieﬂyl
group or its derivativé that is-ﬁ—bonded to MY; zl is a
ligand containing an oxygen-atom, a sulfur atom, a
boron atom or an element Sf Group 14 of the periodic
table; Yl is a ligand containing an atom selected from
a nitrogen atom, a phosphorus atom, an oxygen atom and
a sulfur atom; and each x1 may be the same or different
and is a hydrogen atom, a halogen atom, a hydrocarbon
group which has 20 or less carbon atoms and may contain
1 or more double bonds, a si;yl group containing 20 or
less silicon atoms, a germyl group containing 20 or

less germanium atoms or a boronyl group containing 20

or less boron atoms;
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R18 c. . (13)

wherein Ml is a transition metal atom selected from
Group 4 of the periodic table; R11 to ng, R17 to R20,
and R4l may be the same or different and are each a
hydrocarbon group of 1 to 40 carbon atoms, a
halogenated hydrocarbon group of 1 to 40 carbon atoms,
an oxygen-containing group, a sulfur-containing gioup,
a silicon-containing_group, a halogen atom or a
hydrogen atom; of the groups indicated by R11l, r12, Rr13,
R14, R17, R18, R19, R20 and R41, a part of the groups
neighboring with each other may be bonded to form a
ring together with carbon atoms to which those groups
are bonded (except a case where all of Rll, R12, R13,
R14, R17, R18, R19, R20 and R41 are hydrogen atoms and
a case where R12 or R13 is a tert-butyl group and the
residual R11, R12, R13, r14, R17, Rr18, R19, R20 ang R4l
are hydrogen atoms); x! and x2 may be the same or
different and are each a hydrocarbon group of 1 to 20

carbon atoms, a halogenated hydrocarbon group of 1 to
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20 carbon atoms, an oxygenécontaining group, a sulfur-
containing group, a silicon-containing group, a
hydrogen atom or a halogen atom; and Yl is a divalent
hydrocarbon group of 1 to 20 Earbon atoms, a divalent
halogenated hydrocarbon group of 1 to 20 carbon atoms,
a divalent silicon-containing group, a divalent
germanium-containing group, a divalent tin-containing
group, -0-, -CO-, -S-, -SO-, -SO2~, -Ge-, -Sn-, -NRZ21l-,
~P(R21)-, -P(0) (R21)~, -BR21l- or -a1R21- (each R21 may
be the same or different and is a hydrocarbdn group of

1 to 20 carbon atoms, a halogenated hydrocarbon group

.of 1 to 20 carbon atoms, a hydrogen atom, a halogen

atom or a nitrogen compound residue in which one or two
hydrocarbon groups of 1 to 20 carbon atoms are bonded

to the nitrogen atom);

Jo R a9

wherein Ml is a transition metal atom selected from
Group 4 of the periodic table; Rll, R12, R4l and RrR42

may be the same or different and are each a hydrocarbon
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group of 1 to 40 carbon atoms, a halogenated
hydrocarbon group of 1 to 40 carbon atoms, an‘oxygen—
containing group, a sulfur-containing group, a silicon-
containing group, a halogen atom or a hydrogen atom; of
the groups indicated by R11, R12, Rr41 and R42, a part
of the groups neighboring with each other may be bonded
to form a ring together with carbon atoms to which
those groups are bonded; X! and x2 may be the same or
different and are each a hydrocarbon group of 1 to 20
carbon atoms, a halogenated hydrocarbon group of 1 to
20 carbon atoms, an oxygen-containing group, a sulfur-
containing group, a silicon-containing group, a
hydrogen atom or a halogen atom; aﬁd Yl is a divalent
hydrocarbon group of 1 tol20 carbon atoms (when all of
Rll, R12, R41 and R42 are hydrogen atoms, Yl is not
ethylene), a divalent halogenated hydrocarbon group of
1 to 20 carbon atoms, a divalent silicon-containing
group, a divalent germanium-containing group, a
divalent tin-containing group, -0-, -CO-, -S-, -SO0-, -
SO2-, -Ge-, -Sn-, -NR21l-, -P(R21).—, -P(0) (R21)~, -BR21-
or -AlR21- (each R2l may be the same or different and
is a hydrocarbon group of 1 to 20 carbon atoms, a
halogenatecd hydrocarben group 9f 1 to 20 carbon atoms,

a hydrogen atom, a halogen atom or a nitrogen compound
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residue in which one or two hydrocarbon groups of 1 to

20 carbon atoms are bonded to the nitrogen atom):;

R41

R42 \M1 R41

R#2 R ... (15)

wherein Ml is a transition metal -atom selected from
Group 4 of the periodic table:; R4l and R42'may be the
same or different and are each a hydrocarbon group of 1
to 40 Earbon_atoms, a halogenated hydrocarbdn group of
1 to 40 carbon atoms, an éxygen—containing group, a
sulfur-containing group, a silicoh—containing group, a
halogen atom 6r a hydrogen atom; of the groups
indicated.by R41 and R4Z2, a part of the groups
neighboring with each other may be bonded to form a
ring together with carbon atoms to which those groups
are bonded; X1 and X2 may be the same or different and
are each a hydrocarbon group of 1 to 20 carbon atoms, a
halogenated hydrocarbon group of 1 to 20 carbon atoms,
an oxygen-containing group, a sulfur-containing group,

a silicon-containing group, a hydrogen atom or a
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halogen atom; and Yl is a divalent hydrocarbon group of
1 to 20 carbon atoms, a divalent halogenated
hydrocarbon group of 1 to 20 carbon atoms, a divalent
silicon-containing group, a divalent germanium-~
containing group, a divalent tin-containing group, -0-,
-C0~, -S-, -S0-, -soz—; -Ge-, -Sn-, -NR2l-, -p(r2l)-, -
P(0) (R21)-, -BR21l- or -alR?l- (each R?l may be the same

or different and is a hydrocarbon group of 1 to 20

- carbon atoms, a halogenated hydrocarbon group of 1 to

20 carbon atoms, a hydrogen atom, a halogen atom or a
nitrogen compound residue in which one or two
hydrocarbon groups of 1 to 20 carbon atoms are bonded

to the nitrogen atom);

R0 ...(16)

whereip Ml is a transition metal atom selected from
Group 4 of the periodic table; R11l, R12, RIS to R20,
and R42 may be the same or different and are each a
hydrocarbon group of 1 to 40 carbon atoms, a

halogenated hydrocarbon group of 1 to 40 carbon atoms,
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an oxygen-containing group, a sulfur-containing group,

a silicon-containing group, a halogen atom or a
hydrogen atom; of the groups indicated by Ril, R1Z, R1S,
r16, r17, r18, R19, R20 and R42, a part of the groups
neighboring with each other may be bonded to form a

ring together with carbon atoms to which those groups

are bonded; X1 and X2 may be the same or different and

are each a hydrocarbon group of 1 to 20 carbon atoms, a

halogenated hydrocarbon group of 1 to 20 carbon atonms,
an oxygen-containing group, a sulfur—containing group,
a silicon—containing group, a hydrogen atom or a
halogen atom; and Yl is a divalent hydrocarbon group of
1 to 20 carbon atoms (when all of R11l, Rr12, Rr15, gr16,
R17, r18, R19, R20 and R42 are hydrogen atoms, Yl is
not ethylene), a divalent halogenated hydrocarbon group
of 1lto 20 carbon atoms, a divalent silicon-containing
group, a divalent germanium-containing group, a
divalent tin-containing group, -0-, -CO-, ~-S-, -SO-, -
SO2-, -Ge-, -Sn-, -NR2l-, -p(R21l)-, -p(0) (R21)~, -BR21-
or -AlR21- (each R21 may be the same or different and
is a hydrocarbon group of 1 to 20 carbon atoms, a
halogenated hydrocarbon group of 1 to 20 carbon atoms,
a hydrogen atom, a halogen atom or a nitrogen compound

residue in which one or two hydrocarbon groups of 1 to
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20 carbon atoms are bonded té the nitrogen atom).

"In the first embodiment of the process for
preparing a polar group-containing olefin copolymer
according to the present invention, it is preferable
that the transition metal compound (A) is represented
by any one of the above formulas-(ll), (12), (13), (14),
(15) and (16) and the polar group-containing monomer is
a polar group-containing monomer of the above formula
(7) wherein X is -NR'R" (R' and R" may be the same or
different and are each a hydrogen atom or an alkyl
group) .

The second embodiment of the process for
preparing a polar group-containing olefin copolymef
according to the present invention comprises
copolymerizing at least one a-olefin selected from o-
olefins of 2 to 20 carbon étoms and at least one polar
group-containing monomer selected from a polar group-
containing monomer represented by the followihg formula
(7), a polar group-containing monomer represented by
the following formula (8) and a macromonomer
represented by the following formula (9) in the
presénce of a catalyst comprising:

(A) a compound of a transition metal ;elected

from Group 3 {including lanthanoid and actinoid) to



10

16

20

26

Group 10 of the periodic table,'and
{B) at least one compound sélected from:
(B~1) an organcaluminum oxy-compound,
(B~2) a compound which reacts with the
compound (A) to form aﬁ ion pair, and

(B~3) an organoaluminum compound;

CHp=CH
RS
(W);—H'a“),—(—o—z)p nee 9

wherein R is a hydrocarbon group; R6 is a heteré atom
or a group containing a hetero atom; r is 0 or 1; 2 is
a polymer segment obtained by any one of anionic
polymerization, ring—opening polymerization and
polycondensation; W is a hydroxyl group Oor an epoxy
group; p is an integer of 1 to 3, q is 0, 1 or 2, and
p+g £ 3; when p is 2 or 3, each -0-Z may be the same or
different, and in this case, if r is 0, -0~-Z may be
bonded to the same or different atom of R, and if r is
1, -0-Z may be bonded to the same or different atom of
R®; when g is 2, each W may be thé same or different,
and in this case, if r is 0, W may be bonded to the
same or different atom of R5, and if.r is 1, W may be

bonded to the same or different atom of R6; and in case
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of p21 ana g2l, if r is 0, W and -0-Z may be each
bondéd to the same or different atom of R5, and if r is
1, W and ~0-Z may be each bonded to the same or
different atom of R6,

The third embodiment of the process for preparing
a branched type polar group-containing olefin copolymer
according to the present invention comprises
copolymerizing at least one olefin selected from .o-
olefins of 2 to 20 carbon atoms, a polar group-
containing monomer represented by the following formula
(10), and optionally, a polar group-containing monoﬁer

represented by the above formulé (8) in the presence of

‘a catalyst comprising:

(A) a compound of a transition metal selected
froﬁ Group 3 (including lanthanoid and actinoid) to
Group 1O of the periodic table; and

(B) at least_one cbﬁbound selected from:

(B-1) an organoaluminum oxy-compound,
(B-2) a compound which reacts with the
compoﬁnd (A) to form an ion pair, and
(B-3) an organoaluminum compound,
and then conducting any one of the following

steps (i) and (ii);
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CH,=CH
RS
(iLs)m—(W)n ... (10)
wherein RO is a hydrocarbon group:; R6 is a hetero atom
or a group containing a hetero atom; m is 0 or 1; W is
a hydroxyl group or an epoxy group; n is an integer of

1 to 3; and when n is 2 or 3, each W may be the same or

different, and in this case, if m is 0, W may be bonded *

to the same or different afom of R?, and if m is 1, W
may be bonded to the same or different atom of RS;

(i) from the W portion of the copolymerized polar
group-containing monomer, a Z portion is formed by
anionic polymerization, ring-opening polymerization or
polycondensation;

(ii) the W portion of the copolymerized polar
groupﬁconfaining monomer is allowed to react with a
terminal functional group of a polymer obtained by
anionic polymerization, ring-opening polymerization and
polycondensation.

The thermoplastic resin composition according to
the present invention contains the polar group-

containing olefin copolymer.
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The adhesive resin according to the present
invention comprises the polar grpup—containing olefin
copolymer or the thermoplastic resin composition.

The compatibilizing agent according to the

present invention comprises the polar group-containing

olefin copolymer or the thermoplastic resin composition.

The resin modifier according to the present
invention comprises the polar group-containing olefin
copolymer or the thermoplastic resin composition. |

The filler dispersant according to the present

invention compriées the polar group-containing olefin

'copolymer or the thermoplastic resin composition.

The dispersant according to the present iﬁvention
comprises the polar group-containing olefin cépélymer_
or the thermoplastic resin composition.

The film or the sheet according to the invention
comprises fhe polar group-containing olefin copolymer

or the thermoplastic resin composition.

DETAILED DESCRIPTION OF THE INVENTION

The polar group-containing olefin copolymer, the
process for preparing the copolymer, the thermoplastic
resin compositicn containing the copolymer and their

uses according to the invention are described in detail
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hereinafter.

Polar group-containing olefin copolymer

The first embodiment of the polar group-
containing olefin copolymer of the invention comprises
a constituent unit represented by the following formula
(1) (also referred to as a "constituent unit (1)"
hereinafter), a constituent unit represented by the
following férmula (2) (also referred to as a
"constituent unit (2)" hereinafter) and a constituent
unit represented by the,fdllowing formula (3) (also

referred to as a "constituent unit (3)" hereinafter).

—CH,—CH— —CH;—CH— —CH,~CH—
R1 ) Rz ’ R3
(RY)—(X)

... (1) | ... (2) <. (3)

In the above formulas, Rl and R2 may be the same
or different and are each a hydrogen atom or a
straight-chain or branchgd aliphatic hydrocarbon group
of 1 fo 18 carbon atoms.

Examples of the straight-chain or branched
aliphatic hydrocarbon groups of 1 to 18 carbon atoms
include methyl, ethyl, n—propyi, isopropyl, 2-

methylpropyl, n-butyl, isobutyl, sec-butyl, tert-butyl,
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1,1-dimethylpropyl, 2,2-dimethylpropyl, pentyl,
neopentyl, n-hexyl, l-ethyl-l-methylpropyl, 1,1-
diethylpropyl, 2-ethylhexyl, octyl, decyl and dodecyl.
of thesé, preferable are hydrocarbon groups of 1 to 10
carbon atoms, particularly 1 to 6 carbon atoms.

R3 is a hydrocarbon group, such as a saturated or
unsaturated aliphatic hydrocarbon group, an alicyclic
hydrocarbon group or an aromatic hydrocarbon group.

The saturated or uqsaturated hydrocarbon group is,
fo; example, a straight-chain or branched hydrocarbon
group of 1 to 20 carbon afoms, and examples thereof
include methylene, ethylene, trimethylene,

methylethylene, tetramethylene, methyltrimethylene,

-pentamethylene, hekamethylene, heptamethylene,

octamethylene, nonamethylene, decamethylene,

undecémethylene, dodecamethylene, tetradecamethylene,

' pentadecamethylene, hexadecamethylene,

heptadecametﬁylene, octadecamethylene,
nonadecamethylene and eicosamethylene.

The alicyclic hydrocarbon group is preferably a
group having an alicyclic structure as a part of its
structure and having 3 to 20 carbon atoms, and examples
thereof include cyclopropylene, cyclopentylene,

cyclohexylene and cyclooctylene.
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The aromatic hydrocarbon group is preferably a
group having an arométic ring as a parf of its
structure and having 6 to 20 carbon atoms, and examples
thereof include -Ph-, -Ph-CH2-, —Ph‘(CH2)2—, -Ph-
(CH2) 3-, =-Ph-(CH2)¢-, -Ph-(CH2)10-, -Ph-(CH2)11-, -Ph-
(CH2) 12~ and -Ph-(CH2)14-~.

When r is 1 and R? is bonded to R3, fhe valence
of R3 is 2. When r is 0 and each X of p is bonded to
R3, the valence of R3 is p+1.

R4 is a hetero atom or a group containing a
hetero atom.

The hetero atom is, for example, an oxygen atom,
a nitrogen atom or a sulfur atom, preferably an oxygen
atom or a nitrogen atom.

lThe group containing a hetero atom is, fér

example, a group containing an oxygen atom, a nitrogen

atom or a sulfur atom, and exampleées thereof include -0-,

-C(=0)-, -C(=0)0-, -0C(=0)0-, -C(=0O)NH-, -NH-,

-N-
!

(tertiary amine), -S-, and aliphatic, alicyclic or
aromatic hydrocarbon groups containing these groups.
Specifically, there can be mentioned such
structures as exemplified with respect to the later-

describéd polar group-containing monomers.

The hetero atom in R4 or the carbon atom to which
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the hetero atom is bonded is prefe:ably bonded to R3,
and examples of such structures include -R3—0—R—X, -R3-
C(=0)-R-X, -R3-C(=0)0-R-X, -R3-0C(=0)0-R-X, -R3-
C(=0O)NH-R-X and -R3-S-R-X (R is methylene, phenylene or
cyclohexylene).

When R4 contains a carbon atom, the number of
carbon atoms to form R4 is in the range of preferably 1
to 20, more preferably 1 to 10, particularly preferably
1 to 5.

r is 0 or 1. When r is 0, X is bonded to any one
of carbon atoms for forming R3, When r is 1, X 1is
bonded to any one of carbon atoms for forming R4.

X is a polar group selécted'frqm an alcoholic .
hydroxyl group, a phenolic hydquyl group, a carboxylic
acid group, a carboxylic.ester group, an acid anhydride
group, an amino group (primary, secondary and tertiary),
an amide group, an epoxy group and a mercapto group.

When X is an alcoholic hydroxyl group, the polar
group-containing olefin copolymer is excellent in
coating properties, surface hydrophilic properties
(anti-fogging properties), antistatic properties,
adhesion properties to polar resins (urethane resin,
epoxy resin, etc.), filler dispersibility, moisture

absorption properties, gas barrier properties (in case
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of high content), water absorption properties (in case
of high content of alcoholic hydroxyl group),
dispersibility in water and oil resistance (in case of
high content of alcoholic hydroxyl group).

When ¥ is a phenolic hydroxyl group, the polar
group~containing olefin copolymer is excellent in
adhesion properties to polar resins (aromatic polymer,
phenolic resin, etc.) and compatibility with polar
resins (aromatic polymer, phenolic resin, etc.).

When X is a carboxyl grbup, the polar group-
.qontaining olefin copolymer is excellent in adhesion
‘properties to metals,.dispersibility in water

(particularly in case of metallic salt), pigment
dispersibility, filler dispersibilify and oil
resistance (in case of high content of carboxyi group) .

ﬁhen X is a carboxylic ester group, the polar
grdup—containing olefin copolymer is.excellent in
adhesion properties to polar resins (nylon, EVOH, etc.),
compatibility with polar resins (nylon, EVOH, etc.) and
surface hydrophilic properties.

When X is an epoxy group, the pola; group-
containing olefin copolymer is excellent in adhesion
properties to metals, adhesion properties to polar

resins (polyester, epoxy resin, nylon, EVOH, urea resin,
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etc.), compatibility with polar resins (polyester,
epoxy resin, nylon, EVOH, urea resin, etc.), pigment
dispersibility ana coating properties.

When X is an acid anhydride group, the polar
group-containing olefin copolymer is excellent in
adhesion properties to metals, adhesion properties to
polar resips {nylon, EVOH, polyester, etc.}),
compatibility with polar resins (nylon, EVOH, polyester,
eté.), pigment dispersibility,_filler dispersibility
and dispersibility in water (particularly in case of
metallic salt).

When X is an amino grcup, the polar group-
containing olefin copolymer is excellent in adhesion
properties to polar resins (epoxy resin, polyketone,
polyurethéne, etc.), coating properties, anfifungal
properties (in case of ammonium salt), ion exchange
properties (in case of ammonium salt), surface
hydrophilic properties (particularly in case of
ammonium salt), antistatic properties (particularly in
case of ammonium salt), pigment dispersibility ana
filler dispersibility (particularly in case of ammonium
salt).

When X is an amide group, the polar group-

containing olefin copolymer is excellent in adhesion
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properties to polyamide and compatibility with
polyamide.

When X is a mercapto group, the polar group-
containing olefin copolymer is excellent in adhesion
properties to rear periodic transition metals such as
Fe, Cu, Co, Ni, Cd and Zn, compatibility with polyamide
and polyester, and adhesion properties to polyamide and
polyester.

p is an integer of 1 to 3, and when p is 2 or 3,
each X may be the same or different. When p is 2 or 3
and r is 0, X may be bonded to the same or different
atom of R3, and when p is 2 or 3 and r is 1, X may be
bonded to the same or different atom of R%.

In the polar group-containing olefin copolymer of

- the invention, the constituent unit (1), the

constituent unit (2) and the constituent unit (3) are

bonded usually at random.

Composition of copolymer

In the polar group-containing olefin copoiymer of
the invention, the molar ratio K(1)+(2):(3)) between
the total of the cohstituent unit (1) and the
constituent unit (2), and the constituent unit (3) is
in the range of usually 99.99:0.01 to 0.01:99.99,

preferably 99.95:0.05 to 10:90, more preferably
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99.9:0.1 to 30:70.
The molar ratio ({(1):(2)) between the constituent
unit (1) and the constituent unit (2) is in the range

of usually 99.99:0.01 to 0.01:99.99,'preferably 99:1 to

1:99, more preferably 90:10 to 10:90.

The poiar group-contaihing olefin copolymer of
the invention may contain two or more kinds of the
constituent units (1), may contain two or more kinds of
the constituent units (2), and may contain two or more
kinds of the constituent units (3).

Other copolymerizable components

The polar group-containing olefin copolymer of
the invention may contain constituent units other than
the constituent unit (1), the constituent unit (2) and
the constituent unit (3), within limits not detrimental
to the objects of the present invention.

Examples_of the constituent units which may be
contained include constituent units derived from cyclic
olefins other than the polar group-containing monomer
represented by the formula (8), non-conjugated polyenes,
hydroxyl group-containing ethylenically unsaturated
compounds, amino group-containing ethylenically
unsaturated compounds, epoxy group-containing

ethylenically unsaturated compounds, aromatic vinyl
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compounds, unsaturated carboxylic acids and their
derivatives, vinyl ester compounds, and vinyl chloride.

When these constituent units are contained, the
amount thereof is not more than 30 mol %, preferably
not more than 20 mol %, more preferably not more than
10 mol %, based on ail constituent units to constitute
the polar group-containing olefin copolymer.

Properties of copolymer

The weight-average molecular weight (Mw) of the
polar group-containing olefin copolymer of the
invention is in the range of usually 500 to 2,000,000,
preferably 800 to i,500,000, more preferably 1,000 to’
1,300,000, and the molecular weight distribution
(Mw/Mn) thereof is usually not more than 3, preferably
noﬁ more fhan 2.8, more preferably not more than 2.7.

When the molecular weight distribution (Mw/Mn) is
not more than 3, the polar group—containing olefip
copolymer is excellent in orientation of the poiar
groups toward the interface between said copolymer and
a polar material and has excellent adhesion properties
to a polar material and excellent éompatibility with a
polar material.

The Mw and Mw/Mn were determined from data

obtained by the measurement at 140°C in an
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orthodichlorobenzene solvent using GPC (gel permeation
chromatography) .

The intensity ratio (Tafi/(Toa+TaB)) of Taf to
Toao+Tof in the 13C-NMR spectrum of the polar group-
containing olefin copolymer is not more than 1.0,
preferably not more than 0.8, more preferably not more
than 0.5.

When the intensity ratio (Taf/(Too+Tof)) is not
more than 1.0, the polar group-containing olefin
copolymer is excellent in orientation of the polar
groups toward the interface between said copolymer and
a polar material.

Tao. and TaB in the 13C-NMR spéctrum are each a
peak intensity of CH2 present in the constituent unit
derived from an a—qlefin of 4 or more carbon atomé, and
as shown below, tﬁey mean two kinds of CH2 different in

the position to the tertiary carbon.

R R R R
| | _ | IR
~C—C~C-C— ~C—C~C—C—
H Hy, Hy H H, H H, H
Too Taf

The TaB/(Taa+TaP) intensity ratio can be
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determined in the following manher.

A 13c-nNMR spectrum of the polar group-containing
olefin copolymer is measured by the use of, for example,
a Japan Electron Optics Laboratory JEOL—GX??O NMR

measuring device. The measurement is made using a

" mixed solution of hexachlorobutadiene/d6é-benzene (2/1,

by volume) having a sample concentration of 5 weight %
under the conditions of 67.8 MHz, 25°C and dé-benzene
as a standard (128 ppm). The 13c-NMR spectrum measured
is analyzed in accordance with the pro?osals by
Lindemann Adams (Analysis Chemistry 43, p. 1245 (1971))
and J.C. Randall (Review Macromolecular Chemistry
Physics, C29, 201 (1989)) to determine the 
Toaf/ (Tao+Tof) intensity ratio. |

Examples of the polar group-containing olefin
copolymer according to the first embodiment of the

invention include the following polar group-containing

-olefin copolymers (I) to (VI).

Polar group-containing olefin copolymer (I)

In the polar group-containing olefin copolymer
(I), it is preferable that Rl in the formula (1) and R2
in the formula (2) are-each a hydrogen atom or a methyl
group and Rl and RZ are the same as each other.

In the polar group-containing olefin copolymer
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(I), a preferred combination of the constituent unit
(1), the constituent unit (2) and the constifuent unit
{3) is, for example, a combination of a constituent
unit selected ﬁrom examples of the constituent units
(1) shown in Table 1 and a constituent unit selected
from examples of the constituent units (3) shown in
Table 1. Specific examples of such combinations
include combinations of 1-a, 1-B, 1-C, 1-D, 1-E, 1-F,
1l-G6, 1-4, 1-1, 1-J, 1-K, 1-L, 1-M, 2-A, 2-B, 2-C, 2-D,
2-E, 2-F, 2-G, 2-H, 2-1I, 2-J, 2-K, 2-L and 2-M.

The above combinations are those wherein R! and

_R2 are the same as each other, and the constituent

~units (1) include the constituent units (2}.

In the above-mentioned combination examples,

"numerals indicate examples of the constituent units (1),

and alphabets indicate examples of the constituent

units (3).



Table 1

Constituent unit

No. (1) No. Constituent unit (3)
—CH,—CH— _CHZ—?H"_
1 '|1 A HO—C—C—CH,
Hz Hy
—CHy—CH— —CHy—CH—
2 B
—CHy—CH—
c HO—C~( CHa }gCH,
Ha
~—CH,—CH—
D HO—C—( CH, 5CH,
Hy
—CH,—CH—
E HO—C—( CH, 35CH,
Ha
—CHy—CH—
F 'HOOC—C—C—CH;
Hp Hy
~—CHy—CH—
G HOOC—C— CHz }3CH,
Ha
—CH;—CH—
H HOOC—C~{ CH, J5CH,
Ha
—CH,—~CH—
I Hooc—ﬁ?—( CHp JCH,
—CHZ‘—CH'—
J o~
| “CH< CH, 35CH,

HyC

e
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O, '
o H H
\C,CH-c—c=c—c—C—CHz
o’z H2 H2 Hz
Oy
g GHe M GH—
\.-CH—{c—c=C}-CH
&° —<'H2 e H-); 2

—CHp—CH—

Ho—</:\>~0—g*( CH; 75(|3Hz
— 12
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The polar group-containing olefin copolymer (I)
according to the invention is excellent in adhesion
properties to polar materials such as metals and polar
resins, compatibi;ity and flexibility.

Polar group-containing olefin copolymer (II)

In the polar group-~containing olefin copolymer
(11), Rl in the formula (1) and RZ in the formula (2)
are different from each other.

In the polar group-~containing olefin copolymer
{II), a preferred combination of the constituent unit
(1), the constituent unit (2) and the constituent unit
(3) is, for example, a combination of a constituent
unit selected from examples of the constituent units
(1) and the constituent units (2) shown in Table 2 and
a constituent unit selected from examples of the
constituent units (3) shown in Table 2. Specific
examples of such combinations include combinations of
i-aA, 1-B, 1-C, 1-Dp, 1-E, 1-F, 1-G, 1-ﬁ, 1-1, 1-J, 1-K,
i-, 1-M, 2-A, 2-B, 2-C, 2-D, 2-E, 2-F, 2-G, 2-H, 2-I,
2-J, 2-K, 2-L, 2-M, 3-A, 3-B, 3-C, 3-D, 3-E, 3-F, 3-G,
3-H, 3-1, 3-J, 3-K, 3-L, 3-M, 4-A, 4-B, 4-C, 4-D, 4-E,
4-F, 4-G, 4-H, 4-1I, 4-J, 4-K, 4—L1 4-M, 5-aA, 5-B, 5-C,
5-D, 5-E, 5-F, 5-G, 5-H, 5-I, 5-J, 5-K, 5-L, 5-M, 6-A,

6-B, 6-C, 6-D, 6-E, 6-F, 6-G, 6-H, 6-I, 6-J, 6-K, 6-L,
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6-M, 7-a, 7-B, 7-C, 7-D, 7-E, 7-F, 7-G, 7-H, 7-I, 7-J,
7-K, 7—i and 7-M.

In the above-mentioned combination examples,
numerals indicate examples of the constituent units (1)
and (2), and alphabets indicate examples of the

constituent units (3).
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Table 2
No. Constituent unit (1), (2) No. Constituent unit (3)
—CH—CH—  —CH,~GH— —CHp—CH—
1 A HO—C—C—CH
2
H CH, Hp Hy
—-CHz—C':H—— ~—CH,—CH— ——CHy—CH—
2 b HaC—CH, B HO—C— CH, }3CH,
. Ha
—CHz—Cl)H— —CHy—CH— —CH,—CH—
3 H HsC—~C~C—CH, c HO—C—( CH, )5CH;
Hz H2 Hz
—CHz—(le—- —CH,—CH— —CH,—CH—
4 H HaC—E—CH, p HO~C—( CH, }7CH,
CH, | H,
——cuz-cl:H— —CHy—CH— —CH,—CH—
5 E
H HaC—( CHz }7CH; Ho—g;( CH,)5CH2
o | CHegH —CHy~CH—  —CHy~GH~ —CH—CH—
6 ‘ : F HOOC—C—C—CHj,
H CH;  HsC-CH, Hy H,
—OHy~GH—  —CH—CH— | —CHp—CH—
7 CHs  HyC—CH, Gl HOOC—C— CHp}5CH,
Hy
—CH,—CH—
H

HOOC—C—( OH, J5CH,
2

——CH,—CH—
HOOC—C~( CHy CHy
2

0]

~
| CH£CH,35CH;,
H,C
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Oss

/ \CHz _CHZ_CH—'
o) | H H
\-CH-C—C=C~C—C—CH,
o’ Ha Ha Hy

Oy

LC~cH, —CH,—CH—
0\

2
| |
—CH—t-C—C=C-1—CH
O.’fc _{HZ H H'): 2

’—CHz'—CH_'

l
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It is preferable that the polar group—conﬁaining
olefin copolymer (II) contains no other copolymerizable
components previously mentioned and is formed from only
the constituent unit (1), the coﬁstituent unit (2) and
the constituent unit (3). Especially when X is an
alcoholic hydroxyl group, a phenolic hydroxyl group or
an amino group, the polar group-containing olefin
copolymer is particularly preferably formed from only
the constituent unit (1), the constituent unit (2) and
the constituent unit (3).

The polar group—-containing olefin copolymer (II)
according to the invention is excellent in adhesion
prbperties to polar materials such as metals and polar
resins, compatibility and flexibility.

Polar group-containing olefin copolymer (III)

In the polar group-containing olefin copolymer
(ITI), R3 in the formula (3) is a hydrocarbon group of
11 or more carbon atoms.
In the polar group-containing olefin copolymer
(III), a preferred combination of the constituent unit
(1),-lhe constituent unit (2) ang the constituent unit
(3) is, for example, a combination of a constituent
"unit selected from examples of the constituent units

(1) and (2) shown in Table 3 and a constituent unit
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selected from examples of the constituent units (3)
shown in Table 3. Specific examples of such
combinations include combinations of 1-A, 1-B, 1-C, 2-3,
2-B, 2-C, 3-A, 3-B, 3-C, 4-A, 4-B, 4-C, 5-A, 5-B, 5-C, .
6-A, 6-B, 6-C, 7-A, 7-B, 7-C, 8-A, 8-B, 8-C, 9-A, 9-B,
9-C, 10-A, 10-B and 10-C.

In Table 3, by the description of one kind of a
constituent unit in the column of the constituent units
(1) and (2) is meant that Rl and R2 are the same as
each other, and by the description of three kinds of
constituent units in the column of the constituent
units (1) and (2) is meant that two kinds of the
constituent units (1) ox the constituent units (2) are
contained.

In the above-mentioned combination examples,
numerals indicate examples of the constituent units (1)
and {2), and alphabets indicate examples of the

constituent units (3).
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Table 3

No. Constituent unit (1), (2) No. Constituent unit (3)
. _CHZ_?H_ . "'-CHz"‘CH——
HO—C— CH, 5% CH
H Hy 2 35CH:
~—CHy—CH— —CHy—CH—
2 CH B HOOC—C~( CHy JFCH,
2
—CHy—CH— O~CH, —CHy—CH—
3 C Q
HaC~—CH N\ .-CH—{C—C=C-}CHj, -
3 2 O'IC’ —(-Hz i H-): 2
—CHy—CH— ~——CHy—CH—
4 {
H CH,
'—'CHz’-?H— “‘CHz‘-CH_‘
5
H H3C""CH2
—-CH_Z-—(I:H—— —CH,—CH—
6 H HsC—C—C~CH,
Ha Hp
-—CHf—?H-— ~—CHy—CH—
7 H HaC—E—CHy
CH;,
—-CHz-—(l)H— ~—CH,—CH—
8
H M3C— CHy37CH,
‘—CHZ-(l:H— —CH,~CH— —CHy-CH-—
e}
CH3 H30"'CH2
_CHZ—'CH— "—CHz"'CH'—"
10 | '

CH3 H3C"'CH2
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It is preferable that the polar group-containing
olefin copolymer (III) contains no other
copolymerizable components previously mentioned and is
formed from only the constituent unit (1), the
constituent unit (2) and the constituent unit (3).
Especially when X is an alcoholic hydroxyl group, a
phenoclic hydroxyl group or an amino group, the polar
group-containing olefin copolymer is particularly
preferably formed from only the constituent unit (1),
the constituent unit (2) and the constituent unit (3).

The polar group-containing olefin copolymer (III)
according to the invention is'excelient in adhesion
properties to polar materials such as metals and polar
resins and compatibility. |

Polar group-containing olefin copolymer (IV)

In the polar group-containing olefin copolymer
(IV), X in the formula (3) is a polar group selected
from a phenolic hydroxyl group, a carboxylic ester
group, an acid anhydride group, an amino group, an
amide group, an epoxy group and a mercapto group.

In the polar group-containing olefin copolymer
(IV), a preferred combination of the constituent unit
(1), the constituent unit (2) and the constituent unit

(3) is, for example, a combination of a constituent
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unit selected from exaﬁples of.the constituent units
(1) shown in Table 4 ahd a constituent unit selected
from examples of the constituent units (3) shown in
Table 4. Specific examples of such combinations
include combinations of 1-a, 1-B, 1-C, 1-D, 2¥A, 2-B,
2-¢, 2-b, 3-A, 3-B, 3-C, 3-D, 4-a, 4-B, 4-C, 4-D, 5-A,
5-B, 5-C, 5-D, 6-A, 6-B, 6-C, 6-D, 7-A, 7-B, 7—C; 7-D,
8-a, 8-B, 8-C, 8-D, 9-aA, 9-B, 9-C, 9-D, 10-aA, 10-B,
10-C and 10-D.

The ébove combinations are those wherein Rl and
R2 are the same as each other, and the constituent
units (1) include the constituent units (2).

In. the above-mentioned combination éxamples,

numerals indicate examples of the constituent units (1),

and alphabets indicate examples of the constituent

units (3).
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Table 4
No. Constituent unit (1) No. Constituent unit (3)
—CH,~CH— o (T
1 |!| A | CH-{ CH, }5CH,
H,C
Oy,
—CH,—CH— /°~CH, —CHp—CH—
2 B{ O l HH
CHj \C’CH‘C—C'—-C"C'—C-CHZ
o’ Hp Hz H
Oy,
—CH,—CH— /~CH, —CH;—CH—
3 HaC—~CH, °l A (l:H-'-(-C C=C-CH
3 2 OI’C/ H, Pk
—CH;—GH—  —CH,—CH— T OH R
4 D
o G, HO—@-o—ﬁ;—( CHy }13CH,
-—CHZ—(I:H— —CHy—CH—
5 o .
6 H HaC—C—C—CH,
Hz' Hz
—CHy—~CH—  —CH,—~CH—
7 l
H Hsc—ﬂ-cuz
CH,
—CHz—(i)H— —CH,—CH—
8
H HaC—( CH, 33CH
—CHz-(I:H—- -—CHz—CI.‘.H-— —CH,—CH~—
9 . .
CH3 H30-CH2
~—CHy—CH—  —CHy—CH—
10

CHs HaC—CH,
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The polar group-containing olefin copolymer (IV)

according to the invention is excellent in adhesion

properties to polar materials such as metals and polar
resins and compatibility. 1

Polar group-containing olefin copolymer (V)

In the polar grpup—containing olefin copolymer
(vV), Rl in the formula (1) and RZ in the formula (2)
are each a hydrocarbon group of 2 or more carbon atoms,
preferably 2 to 18 carbon atoms, and the crystallinity
of the copolymer, as determined by X-ray diffractometry,
is not less than 10 %, preferably 15 to 80 %, more
preferably 20 to 70 %.

The crystallinity can be measured by X-ray
diffractometry (in accordance with S.L. AGGA&WAL, J.
Polymer Sci., 18, 17 (1955)) or the like.

The stereoregularity (isotacticity) of the polar
group~containing olefin copolymer (V) is usually not
less than 20 %, preferably 20 to 100 %, more preferably
40 to 100 %.

In the polar group-containing olefin copolymer
(V), a preferred combination of the constituent unit
(1), the constituent unit (2) and the constituent unit
(3) is, for example, a combination of a constituent

unit selected from examples of the constituent units
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(1) shown in Table 5 and a constituent unit selected
from examples of the constituent units (3) shown in
Table 5. Specific examples of such combinations
include combinations of 1-A, 1-B, 1-C, 1-D, 1-E, 1-F,
1-G, 1-H, 1-I, 1-J, 1-K, 1-L, 1-M; 2-pA, 2-B, 2-C, 2-D,
2-E, 2-F, 2-G, 2-H, 2-I, 2-J, 2-K, 2-L and 2-M.

The above combihations are those wherein Rl and
R2 are the same as each other, and the constituent
units (1) include the constituent units (2).

In the above-mentioned combination examples,
numerals indicate examples of the constituent units (1),
and élphabets indicate examples of the constituent

units (3).
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Table 5
No. Constituent unit (1) No. Constituent unit (3)
1 A HO—C—~C~CH,
HyC—CH, Hy Hy
—CH,~CH— —CH,~—CH—
2 HyC—E—CH, B HO—C~( CH, 5CH,
CH3 H2
—CH,—~CH—
c HO—C~{ CH, j3CH,
Hy
. —CH,—CH—
D HO—C—( CH, )CH,
. H2_
—CHy—CH—
E HO—C—( CHz )5CH,
Hz )
—CH,—CH—
F HOOC—C~C—CH,
Hy Hy
—CH,—CH—
G HOOC—C~( CH, }3CH,
H,
—CHZ-'CH—
H HOOC—C—( CH, ¥5CH,
Hz
~—CH,—CH—
r Hooc—ﬁz—( CHp3=CH,
—~—CHy,~CH—
J O~
| “CH- CH, 3CH,
HoC
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Oy
/7~ ~CH, ~CHy—CH—
KIlO ] H H
\o-CH-C—~C=C—C—C~CH,
o’ H, Ha H,
- Oy
Ll
CH—C—C=C—H-CH
& "h-l2 H H%; 2
’_CHz"CH"—
™

l
HO‘Q—O—S-( CHa 3CH;,
2 .
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The polar group-containing olefin copolymer (V)
according to the invention is excellent in adhesion
properties to polar materials such as metals and polar
resins, compatibility and rigidity.

Polar group-containing olefin copolymer (VI)

In the polar group-containing olefin copolymex
(VI), Rl in the formula (1) and RZ in the formula (2)
are each a hydrocarbon group of 2 or more carbon atoms,

preferably 2 to 18 carbon atoms, and the crystallinity

of the copolymer, as determined by X-ray diffractometry,

is less than 10 %, preferébly not more than 5 %, more .

preferably not more than 2 %.

It is preferable that the polar group-containing

olefin copolymer (VI) contains no- other copolymerizable

‘components previously mentioned and is formed from only

the constituent unit (1), the constituent unit (2) and
the constituent unit (3). Especially when X is an |
alcoholic hydroxyl group, a phenolic hydroxyl group.or
an amino group, the polar group-containing olefin
copolymer is particularly preferably formed from only
the constituent unit (1), the constituent unit (2) and
the constituent unit (3).-

In the polar group—containing olefin copolymer

(VI), a preferred combination of the constituent unit
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{1), the constituent unit (2) and the cénstituent unit
(3) is, for eXample, a combination of a constituent
unit selected from examples of the constituent units
(1) shown in Table 6 and a constituent unit selected
from examples of the constituent units  (3) shown in
Table 6. Specific examples of such combinations
include combinations of 1-A, 1-B, 1-C, 1-D, 1-E, 1-F,
i-G, 1-4, 1-I, 1-J, 1-K, 1i-L., 1-M, 2-A, 2-B, 2-C, 2-D,
2-E, 2-F, 2-G, 2-H, 2-I, 2-J, 2-~K, 2-L and 2-M.

The above combinations are those wherein Rl and
RZ2 are the same as each other, and the constituent
units (1) include the constituent units (2).

In the above-mentioned combination examples,
numerals indicate examples of the constituent units (1),
and alphabets indicate examples of the constituent

units (3).



60

Table 6
Constituent unit (1) No. Constituent unit (3)
—CH,~CH— —CHy—CH—
HsC—C—C—CH, A HO—C—C—CH,
Hz Hp Hz H,
~—CH,—CH— ——CHz~—CH—
B —
HaC—( CHz 37CH, HO Elz—( CHy )3CH,
—CHy—CH—
C HO—C—(CH, }5CH,
Hz
D HO—C—( CH, )}CH,
H -
| ~—CHp—CH—
E HO—C~( CH,}5CH,
—CH,—CH—
F HOOC—C—C=CH,
Hy H,
~—CH,—CH—
G | HOOC—C~ CHy 15CH,
2
——CHp—CH—
H HOOC—C~( CH, ¥5CH,
H,
—CHZ_?H—
I Hooc-ﬁz—( CHa3=CH,
—CHg—CH—‘
O\
J | _CH- CH, ¥5CH,
HoC
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O,
© cH, —CH,—CH—
K (o] H H
\o-CH-C—C=C—C—~C—CH,
O’, H2 H2 H2
O\‘
/°CH, ~—CH;—CH—
L O\ |CH—€C c=C ‘)"Cl:H
el He H H/a 2
~—CH,—CH—
M

l
2
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The polar group-containing olefin copolymer (VI)
according to the invention is excellent in adhesion
properties to polar materials such as metals and polar
resins, compatibility, tackiness and flexibility.

The second embodiment of the polar group-
containing olefin copolymer of the invention is a
branched type polar group—contéining olefin copolymer
comprising a constituent unit represented by the
following formula (1) and a constituent unit
represented by the followihg formula (4) (also referred
to as a "constituent unit {(4)), and optionally a
constituent unit represented by the following formula

(5) (also referred to as a "constituent unit {5)).

—CH,—CH— —CHy;—CH— ~—CHy~—CH—
R1 . R5 RS
l l
W,—£R®%),~0—2)p - (R%%— (W),
.. (1) ... (4) ... (5)

The constituent unit represented by the formula
(1) is identical with the aforesaid constituent unit
(1).

In the formulas (4) and (5), R® is a hydrocarbon

group, such as a saturated or unsaturated hydrocarbon
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group, an alicyclic hydrocarbon groué or an aromatic
hydrocarbon group, and examples of such hydrocarbon
groups include the same groups as previously described
with respect to R3 in the formula (3).

In the formula (4), when r is 1 and R® is bonded
to R3, the valence of RS is 2. When r is 0 and each -
0-Z of p or each W of g is bonded to R, the valence of
R is p+g+l.

In the formula (5), when m is 1 and R® is bonded
to RS, the valence of RO is 2. When m is 0 and each W
of n is bonded to RO, the valence of-R5 is n+l.

Although RS in the formula (4) and, RS in the
formula {5) may be the same or different, they
preferably are the same as each other.

In the formulas (4) and (5), R® is a hetero atom
or a group containing a hetero atom, and examples the
hetero atoms and the groups containing the hetero atom
include the same atoms and groups as previously
described with respect to R4 in the formula (3).

In the formula (4), the hetero atom in R® or the
carbon atom to which the hetero atom is bonded is
preferably bonded to R5, and examples of such
structures include --R3-0-R-0-Z, -R5-C(=0)-R-0-2, -R>-

C (=0)0-R-0-2, ~R2-0C (=0) 0-R-0-Z, -R9-C (=0) NH-R-0-Z and
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-R2-S-R-0-Z (R is methylene, phenylene or
cyclohexylene). The above examples are those wherein p
is 1 and é is 0 in the formula (4), and the same shall
apply to other cases.

In the formula (5), the hetero atom in R6 or tﬁe
carbon atom to which the hetero atom is bonded is
preferably bonded to R>, and examples of such
structures include -R9-0-R-W, -R5-C(=0)-R-W, -R5-
C(=0)0-R-W, -R®-0C(=0)0-R-X, -R5-C(=0)NH~-R-W and -R5-s-
R-W (R is methylene, phenylene or cyclohexylene). The
above examples are those wherein n is 1 in the formula
{S), and the same shall apply to other cases.

Wwhen R® contains a carbon atom in the formulas
(4) and (5), the number of carbon atoms.to form R® is
in the range of preferably 1 to 20, more preferably 1
to 10, particularly preferably 1 to 5.

Although R6 in the formula (4) and R6 in the
formula (5) may be the same or different, they
preferabiylare the same as each other.

In the formula (4), r is 0 or 1. When r is 0, -

O-Z is bonded to any one of carbon atoms for forming ROS.

When r is 1, -0-Z is bonded to any one of carbon atoms

for forming R®.

In the formula (5}, m is 0 or 1. When m is 0, W
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is bonded to any one of carbon atoms for forming RS,
When m is 1, W is bonded to any one of carbon atoms for
formiﬁg RO,

In the formula (4), Z is a polymer segment
obtained by anionic polymerization, ring-opening
polymerization or polycondensation.

Examples of the polymer segments include segments
obtained by anioﬁic polymerization of one or more
monomers selected from methyl methacrylate, ethyl
methacrylate, bﬁtyl acrylate, acrylonitrile and
acrylamide, segments obtained by ring-opening
polymerization of lactone, lactide, siloxane, lactam,
cyclic ether, oxazoline, ethylene oxide, propylene
oxide, etc., and segments obtained by polycondensation
of monbmers, such as polycarboxylic acid and polyhydric
alcohol, polycarboxylic acid and polyamine, or
hydroxycarboxylic acid.

Examples of polar monomers employed in formatiéh
of the polymer segmeht include:

{meth)acrylic acid esters, such as monoesters of
monovalent alcohols and acrylic acid or methacrylic
acid, specifically,

methylacrylate, methylmethacrylate, ethylacrylate,

propylmethacrylate, butylacrylate, 2-
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ethylhexylmethacrylate, laurylacrylate,
stearylmethacrylate,
1,1,1,3,3,3-hexafluoroisopropylacrylate,
1,1,1,3,3,3-hexafluoroisopropylmethacrylate,
2,2,2-trifluoroethylacrylate,
2,2,2-trifluoroethylmethacrylate,
1H, 1H, 2H, 2H-heptadecafluorodecylacrylate, allylacrylate,
allylmethacrylate, cyclohexylmethacrylate,
glycidylacrylate, §lyéidylmethacrylate,
tetrahydrofurfurylacrylate,.benzylacrylate and B-
phenylethylmethacrylate;

| mondesters of divalent alcohols with a terminal
protected by an ether linkage and acrylic acid or
methacrylic acid, such as
2-methoxyethylacrylate, 2-ethoxyethylmethacrylate,
2-phenoxyethylacrylate,
2-dicyclopentenyloxyethylacrylate,
l-methoxy-2-propylmethacrylate, 3—metho%ypropylacrylate,
4-ethoxybutylmethacrylate, 6-methoxyhexamethylacrylate,
methoxydiethyleneglycolacrylate,
phenoxydipropyleneglycolmethacrylete,
ethoxytripropyleneglycolmethacrylate,
ethoxyéolyethyleneglycolacrylate and

methoxypolypropyleneglycolmethacrylate;
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polyvalent esters of a divalent or more alcohol

and acrylic acid or methacrylic acid, such as

ethyleneglycoldiacrylate, ethyleneglycoldimethacrylate,

propyleneglycoldiacrylate,
propyleneglycoldimethacrylate,
1,3-propanediol dimethacrylate,
1,4-butanediol diacrylate,

1, 6-hexanediol dimethacrylate,
neopentylglyccl diacrylate,
neopentylglycol dimethacrylate,
diethyieneglycol diacrylate,
dipropyleneglycol dimethacrylate,
triethyleneglycol dimethacrylate,

tripropyleneglycol diacrylate,

~ polyethyleneglycol diacrylate,

polypropyleneglycol diacrylate,
polypropyléneglycol dimethacrylate,
glycerintrimethacrylate,
pentaerythritol tetraméthacrylate,
dipentaerythritol hexaacrylate,

trimethylolpropane triacrylate,

glycerintriacrylate,

poly(ethyleneoxido)triol triacrylate,

poly(propyleneoxido)triol triacrylate and

poly(propyleneoxido)triol trimethacrylate;
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esters of alcohols having an ester linkage and
acrylic or methacrylic acid, such as
2-benzoyloxyethyl acrylate,
2-benzoyloxyethyl methacrylate, 2-acetyloxy acrylate,
5-tetrahydrofurfuryloxycarbonylpentyl acrylate,
5-tetrahydrofurfuryloxycarbonylpentyl methacrylate and
2,2,6,6-tetramethyl-4-oxy-5-oxa-heptane-1,7-diyl-
diacrylate;

esters of alcohols having a cyclic acetal linkage
and acrylic acid or methacrylic acid, such as
2—tertia1—butyl-1,B-aioxycyclopentane—Z’—ylmethacrylate
and |
2—tertial-butyl-5—eth§l#5—vinylcarbonyloxymethy1-1,3—
dioxycyclohéxane-Z'(2)-y1acrylate;

esters of oxysuccinimide and acrylic or
methacrylic acid, such as
N-oxysuccinimido acrylate and N-oxysuccinimido
methacrylate;

esters of an alcohol having a secondary amino
group and acrylic acid or methacrylic acid, such as 2-
dimethylaminoethyllacrylate and
2-ethylpropylaminoethyl methacrylate; and

esters of an alcohol having a cyano group and

acrylic acid or methacrylic acid, such as
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2-cyanoethyl acrylate and 2-cyanopropylmethacrylate.

Examples of (meth)acrylonitriles include
acrylonitrile and methacrylonitrile.

Acrylamides include acrylamide, N-monosubstituted
or N,N-disubstituted acrylamides, for example,

acrylamide; .

N-monosubstituted acrylamides, such as
N-methylacrylamide, N-ethylacrylamide,
N-propylacrylamide, N-butylacrylamide,
N-octylacrylamide, N-phenylacrylamide,
N-glycidylacrylamide and N,N’-ethylenebisacrylamide;

N,N-disubstituted monoacrylamides, such as
N, N-dimethylacrylamide, N-ethyl-N-methylacrylamide,
N,N-diethylacrylamide, N,N-di-n-propylacrylamide,
N,N—dioctylacrflamide, N,N-diphenylacrylamide,
N-ethyl-N-glycidylacrylamide, N,N-diglycidylacrylamide,
N-methyl-N-(4-glycidylox§bﬁtyl$acrylamide,
N—metﬁ&l-N-(S—glycidyloxypentyl)acrylamide,
N—methyl—N-(6-glycidyloxyhexyl)acrylémide,_
N-acryloylpyrrolidine, N-acryloyl-L-prolinemethylester,
N-acryloylpiperidine, N-acryloylmorpholine and
l-acryloylimidazole; and

N,N’ -disubstituted bisacrylamides, such as

N,N’-diethyl-N,N’-ethylenebisacrylamide,
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N,N’~-dimethyl-N,N’-hexamethylenebisacrylamide and
di (N,N’~-ethylene)bisacrylamide.

Examples of vinylpyridines include vinyl- or
isopropenyl-substituted pyridines, such as
2-vinylpyridine, 2-isopropenylpyridine and
4-vinylpyridine.

Examples of N-substituted maleimide include:

N-aliphatic-substituted maleimides, such as
N-methylmaleimide and N-ethylmaleimide; and

N-aromatic-substituted maleimides, such as
N-phenylmaleimide and N-(4-methylphenyl)maleimide.

Examples of vinyl ketones include:
methyl vinyl ketone, isopropenyl methyl ketone, ethyl
vinyl ketone, ethyl isopropenyl ketone, butyl vinyl
ketone and phenyl vinyl ketone.

Examples of styrene derivatives include:
p-methoxycarbonyl sfyrene, p~tertiary-butoxycarbonyl
styrene and p-cyano styrene.

Examples of the polar monomer include alkylene
oxide compounds, for example, epoxy compounds, such as
ethylene oxide, propylene oxide, 1,2-butylene oxide,
2,3-butylene oxide, styrene oxiae, cyclohexene oxide,
epichlorohydrin, epibromohydrin, methylglycidylether,

allylglycidylether and phenylglycidylether. Of these,
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preferable are ethylene oxide, propylene oxide, 1,2-
butylene oxide and styrene oxide; Highly preferable
are propylene oxide.and ethylene oxide. Propylene
oxide is extremely preferred.

Of these, preferable are polymer segments.
obtained by anionic éolymerization of (meth)acrylic
esters and polymer segments obtained by ring-opening
polymerization of ethylene oxide or propylene oxide.

There is no specific.limitation on the molecular
weight of the polymer segment, aﬁd for example, the
weight—-average molecular weight is in the range of 200
to 1,000,000, preferably 500 to 100,000.

When Z is polyethylene oxide or polypropylene
oxide, the polar group-containing olefin copolymer is
excellent in coating properties, surface hydrophilic
properties (anti-fogging properties), antistatic
properties, adhesion properties to polar resins
(urethane resin, epoxy resin, etc.), compatibility with
the polar resins, moisture absorption properties, water
absorption properties (in case of high content of Z),
dispersibility in water and oil resistance {in case of
high content of 2).

When 2 is PMMA, the polar group-containing olefin

copolymer is excellent in surface hardness, adhesion
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properties to metals, pigment dispersibility, filler
dispersibility, oil resistance (in case of high content
of Z), adhesion properties to polar resins (acrylic
resin, nylon, EVOH, etc.) and compatibility with the
polar resins.

When Z is polyacrylonitrile or polyacrylamide,
the polar group-containing oleﬁin copolymer is
excellent in surface hardness, surface hydrophilic
properties (anti-fogging properties), antistatic
properties, coating properties, adhesion properties to
metals, adhesion properties to polar resins

(polyacrylonitrile, polyacrylamide, polyamide,

polyester, etc.), compatibility with the.polar resins,

dispersibility in water, biocompatibility, stimulation
response, moisture absorption.properties and water
absorption properties..

When 2 is polyethyl methacrylate or polybutyl
acrylate, the polar group-containing olefin copolymer
is excellent in adhesion properties to metals, adhesion
properties to polar resins (acrylic resin, nylon, ﬁVOH,
etc.), éompatibility with the polar resins and oil
resistance.

When Z is polyamide (including ring-opening

polymer of lactam), the polar group-containing olefin
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copolymer is excellent in adhesion propertiés to polar
resins (polyamide, etc.), compatibility with the polar
resins, gas barrier properties and oil resistance.
When Z is polyester (including ring-opening
polymer of lactam), the polar group-containing olefin

copolymer is excellent in adhesion properties to polar

- resins (polyester, etc.), compatibility with the polar

resins and gas barrier properties.

In the formula (4), p is an integer of 1 to 3,
and when p is 2 or 3, each -0-Z may be the same or
different. When p is 2 or 3 and r is 0, -0-Z may be
bonded to the same or different atom of R>. When p is
2 or 3 and r is 1, -0-Z may be bonded to the same or
different atom of R6.

In the formulas (4) and (5), W is a hydroxyl
group Or an epoxy group.

Although W in the formula (4) and W in the
formula (5) may be the same or different, they are
preferably the same as each other.

In the formula (4), q is 0, 1 or 2, and when g is
2, each W may be the same or different. When q is 2
and r is 0, W may be bonded to the same or different
atom of R®. When q is 2 and r is 1, W may be bonded to

the same or different atom of R6.
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In case of p2l and 21, when r is 0, W and -0-%
may be each bonded to the same or different atom of R,
and when r is 1, W and -0-Z may be each bonded to the
same or different atom of R5, and

ptq < 3.

In the formula (5), n is an integer of 1 to 3,
and when n is 2 or 3, each W may be the same or
different. When n is 2 or 3 and m ié 0, W may be
bonded to the same or different atom of R5. When n is
2 6r 3 and m is 1, W may be bonded tb the same or
different atom of RS.

In the second embddiment of the polar group-
ééntaining olefin copolymer of the invention, the
constituent unit (1), the constituent unit (4), and

optionally, the constituent unit (5) are bonded usually

at random.

Composition of copolymer

In the second embodiment of the polar group-

containing olefin copolymer of the invention, the molar

ratio ((1):(4)+(5)) between the constituent unit (1)

and the total of the constituent unit {(4) and the
constituent unit (5) is in the range of usually
99.99:0.01 to 0.01:99.99, preferably 99.95:0.05 to

10:9C, more preferably 99.9:0.1 to 30:70. The molar
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ratio ((4):(5)) between the constituent unit (4) and
the constituent unit (5) is in the range of usually
100:0 to 0.01:99.99, preferably 100:0 to 1:99, more
preferably 100:0 to 10:90.

The second embodiment of the polar group-
containing olefin copolymer of the invention -may
contain two or ﬁore~kinds of the constituent units (1),
may contain two or more kinds of the constituent units
(4), and may contain two or more kinds of the

constituent units (5).

In the present invention, a preferred combination

of the constituent unit (1), the constituent unit (4)
and the constituent unit (5) is, for example, a
combination of a eonstituent unit selected from
examples of the constituent units (1) shown in Table 7,
a constituent unit selected from examples of the -RI-
(R6) r-0- portions and examples of the Z portions of
conetifuent units (4) shown in Table 7, and a
constituent unit selected from examples of the
constituent units (5) shown in Table 7. Specific
examples of such combinations include combinations of:
1-A-Zl1~a, 1-A~22-a, 1-A-%Z3-a, 1-A-Z4~-a, 1-A-Z5-a,
1-A-Z26~a, 1-A-27-a, 1-B-Zl-b, 1-B-Z2-b, 1-B-Z3-b,

1-p-24-b, 1-B-25-b, 1-B-26-b, 1-B-Z27-b, 1-C-Zl-c,
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1-C-22-c,
1-C-27-c,
2-A-Z1-a,
2-BA~26-a,
2-B-Z4-b,
2—C—22—¢,
2-C-27~-c,
3-A-Z1-a,
3-A-Z6-a,
3-B-Z4-b,
3-C-22-c,
3-C-27-c,
4-A-71-a,
4-~-A-Z6-a,
4-B-Z4-b,
4-C-22~-c,
4~-C-277-c,
5-A-Z1-a,
5-A-Z6-a,
5-B-Z4-b,

5-C-22-c,

. 5-C-Z27~-c,

6-A-Z1-a,

6-A-Z6-a,

1-C~%3-c,

2-A-22-a,
2-A-27-a,

2-C~-Z3-c,

3-A-Z2-a,
3-A-Z7-a,

3-C-%Z3~c,

4-A-Z2-a,

4~-A~Z7~-a,

4-C-Z3-c,

5-aA-72-a,
5-A-Z7-a,

6-A~-Z2-a,

6-A-Z7-a,

76

1-C-Z4-c,

2-A-7Z3-a,
2-B-21-b,
2-B-Z26-b,

2-C-Z4-c,

3-A-Z3-a,
3-B-21-b,
3-B-Z6-b,

3-C-Z4-c,

4-A-Z3-a,
4-B-Z1-b,

5-A-Z3-a,
5-B-Z6-b,

5~-C-Z4-c,

6-A-Z3-a,

6-B-21-b,

1-C-Z5-c,

2-A-Z4-a,
2-B-722-b,
2-B-%7-b,

2-C~25-c,

3-B-27-b,

4-A-Z4-a,
4-B-Z2-b,
4-B-27-b,

4-C-Z5-c,

5-A-Z4~-a,
5-B-22-b,
5-B-27-b,

5-C-%5-c,

6-A-Z4-a,

1-C~-Z6-c,

2-C-Z1-c,

2-C-Z6-c,

3-A-Z5-a,
3-B-Z3-b,
3-C-Z1-c,

4-A-Z25-a,

4-B~23-b,

4-C-Z1-c,

5-A-Z5-a,

6-A~Z5-a,

6-B-Z3-b,
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6-B-Z4-b,
6-C-22-c,
6-C-Z27-c,
7-A-Z1-a,
7-A-Z6-a,
7-B-24-b,
71-C-Z22-c,
7-C-Z17-¢c,
8-A-Z21-a,
8-A-Z6-a,
8-B-Z4-b,
8~-C~-%Z2-c,
8-C-27-c,
9-A~Z1-a,
9-A-Z6-a,
9-B-Z4-b,
9—9—22—0,

9-C-Z7-c.

In the above-mentioned combination examples,

numerals indicate examples of the constituent units

6-B-Z5-b,

6-C-243-c,

7-A-Z7-a,

7-C-23~c,

8-A-7Z2-a,
8-B-25-b,

9~A-Z2-a,
9-B-%5-b,

77

6-B-Z6-b,

6-C-24-c,

71-A-73-a,
7-B-Z1-b,

7-C-Z4-c,

8-A-23-a,
§-B-%1-b,
8-B-26-b,

8-C-Z4fé,

9-A-23-a,
9~-B-Z1-b,
9-B-Z6-b,

9-C-24-c,

6-B-27-b,

1~-A-Z4-a,
1-B-22-b,

8-A-Z4-a,
8-B-%22-b,
8-B-27-b,

9-B~Z22-b,
9-B-Z27-b,

9-C-%5-c,

6-C-21-c,

6-C-26-c,

7-A-25-a,
7-B-Z3-b,
1-C-21-¢,

8-B-Z3-b,

8-C-Z6-c,

9-A-Z5-a,
9-B-Z3-b,

9-C-Z1-c¢,

9-C-Z26-c and

A, B and C indicate examples of the —R5—(R6)r—0-

portions of the constituent units (4), 21 to 27

indicate examples of the 2 portions of the constituent

units (4), and a, b and C indicate examples of the ~RO-
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(RG)m—Wn— portions of the constituent units (5).
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Table 7
Constituent unit (1) Constituent unit (4) Constituent unit (5)
No. No. RS- (R®) 0~ No. y4 No. -R8~(R®) ;W
—CH;—CH— -(CH,) Polyethylene - ~
1 2 | _ A (CH,) -0~ 71 y .y R (CH,) ,-OH
H (r=0) oxide (m=0)
—CHy;—CH— = ' Polypropylene - —
o ' B (CH,) .-0- 72 IYD Py b (CH,) ;-OH
, CHy (r=0) " oxide (m=0)
s ~—CH,—CH— c ~ (CH,) ,CH (OH) CH,~0~ 23 Polymethyl o —(CH,) ,CH (OH) CH,~OH
HsC—CHj, (r=0) methacrylate (m=0)
—CH,—CH—  —CH,~CH— P
‘4 2 I ' 24 olyacrylo
H CHj nitrile
-—CHz—-(le— ~—CH,;—CH— ol l
5 : Z 8| Polyacrylamide
"H H3C_CH2 yaory
—CHy;—CH— ~—CH,~CH—
5 2 | 2 26 Polye-
' H H3C-ﬁ:g:CH2 caprolactone
—CH,—CH—  —CH;—CH— Polye-
7 | z7
H H3C~( CH233CH2 caprolactam
—CHz—?H“— _CHg"‘CH—
8
CH4 H3C—CH,
-—cnz-cI;H-— —CHp,~CH— ~~CHp=CH-—
o .
H CH3 H30-CH2
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Other copolymerizable components

The branched type polar group-containing olefin
copolymer of the invention may contain constituent units
other than the constituent unit (1), the constituent unit
(4) and the constituent unit (5), within limits not
detrimental to the objects of the present invention.

Examples of the constituent units which may be
contained include constituent units derived from cyclic
olefins other than the polar group-containing monomer
represented by the following formula (10), nonjgpnjugated
polyenes, hydroxyl group-containing ethylenically
unsaturated compounds, amino group-containing ethylenically
unsaturated compounds, epoxy group¥containing ethylenically
unsaturated compounds, aromatic vinyl compounds,
unsatﬁrated carboxylic acidé and their derivatives, vinyl
ester compounds, and vinyl chloride.

When these constituent units are contained, the
aﬁount thereof is not more than 30 mol %, preferably not
more than 20 mol %, more préferably not more than 19 mol %,
based on all constituent units to constitute the polar
group~containing olefin copolymer.

Properties of copolymer

The weight-average molecular weight (Mw) of the polar
group-containing olefin copolymer of the second embodiment

of the invention is in the range of usually 500 to
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2,000,000, preferably 1,000 to 1,500,000, more preferably
5,000 to 1,300,000, and the molecular weight distribution
(Mw/Mn) thereof is usually not more than 3, preferably not
more than 2.8, more preferably not more than 2.5.

Whén the molecular weight distribution (Mw/Mn) is not
more than 3, the polar group-containing olefin copolymer is
excellent in orientation of the polar groups toward the
interface between;said copolymer and a polar material and
has excélleﬁt adhesion properties to a polar material and
excellent compatibility with a polar material.

The intensity ratio (ToB/(Tao+TaP)) of Tup to Tao+Top
in the 13c-NMR spectrum of the ﬁolar group-containing
olefin copolymer is not more than 1.0, preferably not more
than 0.8, more preferably not more.thaﬂ §;§. .

When the intensity ratio (TGB/(T¢&+qu))'is not more
than 1.0, the polar group—containiqg_6Iefinlcopolymer is
excellent in orientation of‘the polar groups toward the
interface betwéen said copolymer and a polar materialf

The second émbodiment of the polar group-containing
olefin copolymer of the invention is excellent in adhesion
properties to metals and polar materials such as polar
resins, compatibility therewith, surface hydrophilic
properties, coating properties, printability, anti-fogging
properties, antistatic proﬁerties, oil resistance,

biocompatibility, dispersibility in water, dispersibility
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in solvent, pigment dispersibility, filler dispersibility,
transparency, mechanical strehgth and moldability.

The third embodiment of the polar group-containing
olefin copolymer of the invention comprises a constituent
unit represented by the following formula (1) and a
constituent unit represented by the following formula (6)
{also referred to as a "constituent unit (6}), and

optionally a constituent unit represented by the following

formula (3).

—CHy~CH— ~—CH,—~CH— R (V)
R ' R®
I
(RY—(X)p s R—)y

.. (1) - <o {3) )

The constituent unit répresented by the formula (1)
is identical with the aforesaid constituent unit (1), and
the constituent unit represented.by the formula (3) is
identical with the aforesaid conétituent unit (3).

In the third embodiment of the polar group-containing
olefin copolymer of the invention, the constituent unit
represented by the formula (3) is also preferably a

constituent unit represented by the following formula (3').
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—CH,—CH—
RY
k),
... (3")
In the formula (3'), R3' is a hydrocarbon group,
8§ preferably a hydfocarbon group of 1 to 20 carbon atoms,
more preferably a hydrocarbon group of 3 to 20 carbon atoms.
P is an integer of 1 to 3, preferably 1.
X' is a polar group containing O and/or N, preferably
-0OR, -COOR, -CRO, -NR2, an epoxy group, |
10
-CNR, 40ﬁR

§
i
O , O (R is hydrogen or hydrocarbon group)

-C=N, ~0H, -COOH or NH2.
The constituent unit reﬁfesented by the-fOrmula (3")
16 is, for example, a constituent unit derived fr§m the'éolar
group~containing monomer represented by the following |
formula (7').
In the formula (6), R? is a direct bond or an
aliphatié hydrocarbon group of 1 or more carbon atoms,
20 preferably a direct bond or a hydrocarbon group of 1 to 10
carbon atoms.
R8 is a hydrogen atom, a direct bond or an aliphatic

hydrocarbon group of 1 or more carbon atoms, preferably 2
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direct bond or a hydrocarbon group of 1 to 10 carbon atoms.

Y is a polar group containing O and/or N, and
preferred examples of such polar groups include the same
groups as previously described with respect to X'.

m and n are each an integer of 0 to 2, and m+tn is ﬁot
0. s is 0 or 1.

The constituent unit represented_by the formula (6)
is, for example, a constituent unit dexived from the polar
group-containing monomer represented by the following
formuia (8).

In the third embodiment of the polar group-containing
olefin copolymer of the invention, the constituent unit (1),
the constituent unit (3) and the constituent unit (6) are
bonded usually at random.

Composition of copolymer

In the thiid embodiment of the polar group-containing
olefin copoiymer of the'invention, the molar ratio
{{1): (3)+(6)) between the congtituent unit (1) and the
total of the constituent unit (3) and the bonstituent unit
(6) is in the range éf usually 99.99:0.01 to 0.01:99.99,
preferably 99.95:0.05 to 10:90, more preferably 99.9:0.1 to
30:70. The molar ratio ((3):(6)) between the constituent
unit (3) and the constituent unit (6) is in the range of
usually 0:100 to 99.99:0;0i, preferably 0:100 to 99:1, more

preferably 0:100 to 90:10.
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The third embodiment of the polar group-containing
olefin copolymer of the invention may contain two or more
kinds of the constituent units (1), may contain two or more
kinds of the constituent units (3), and may contain two or

more kinds of the constituent units (6).

Other copolymerizable components

The polar gioup;containing olefin copolymer of the
invention may conﬁain constituent units other than the
constituent unit (1), the constituent unit (3) and the
constituent unit (6), within limits not detrimental to the
objects of the present invention.

Examples of the constituent units which may be
contained include constituent units derived from cyclic
olefins othe£ than the polar group-containing monomer
represented by the following-formulé (8) or (7), non-
conjugated polyenes, hydroxyl group-containing
ethylenically unsaturated compounds, amino group—containingl
ethylenically unsaturated compounds, epoxy group-containing
ethylenically unsaturated compounds, aromatic vinyl
compounds, unsaturated carboxylic acids and their
derivatives, vinyl ester compounds, and vinyl chloride.

When these constituent units are contained, the
amount thereof is not more than 30 mol %, preferably not
more than 20 mol %, more préferably not more than 10 mol %,

based on all constituent units to constitute the
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polar group-containing olefin copolymer.

Properties of copolymer
The weight-average molecular weight (Mw) of the third

embodiment of the polar group-containing olefin copolymer

- of the invention is in the range of usually 500 to

2,000,000, preferably 1,000 to 1,500,000, more preferably
5,000 to 1,300,000, and the molecular weight distribution
{(Mw/Mn) thereof is usually not more than 3, preferably not
more than 2;8, more preferably not more than 2.5.

When the molecular weight distribution (Mw/Mn) is not
more than 3, the polar group-containing olefin copolymer is
excellent in orientation of the polar groups toward the
interface between éaid copolymer and a polar material and
has é#céllent adhesioh-properties to a polar material and
excellent cbmpatibilit§ with a polar material. |

The intensity ratio (TaB/ (Taa+TaB)) of Taf to Tau%TaB
in the 13C-ﬁMR'Spectrum of ‘the polar group-containing
olefin.copolymer is not more than 1.0, preferably not more
than 0.8, more preferably not more than 0.5. |

When the intensity ratio (TaB/(Taa*T&ﬁ)) is not more
than 1.0, the polar group-containing olefin copolymer is
excellent in orientation of the polar groups toward the
interface between said copolymer and a polar material.

The third embodiment Sf the polar group-containing

olefin copolymer of the invention is excellent in adhesion
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properties to metals and polar materials such as polar

resins, compatibility and flexibility.

Process for preparing polar group-containing olefin

copolymer

The first embodiment of the process for preparing a
polar-group containing olefin copol&mer according to the
invention comprises copolymerizing at least one a-olefin
selected from o-olefins of'2 to 20 carbon atoms and at
least one polar group-containing monomer selected from a
polar group-containing monomer represented By the following
formula (7) and a polar group-containing monomer
represénted by the following formﬁla {8) in the presence of
an olefin polymerization catalyst comprising:

() a compound of a tramsition metal.seiected from
Group 3 (including lanthanoid and actinoid) to Group 10 of
the perio&ic table,.and

(B) at least one compound selected from:

{B~1) an organoaluminum oxy-compound,
(B-2} a compound which reacts with the compound
() to form an ion pair (sometimes referred to as an
"ionizing ionic compound” hereinafter), and
(B-3) an organocaluminum compound.
When a polar group—céﬁtaining monomer represented by

the following formula (7) is used as the polar group-
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containing monomer in the invention, the aforesaid first
embodiment of the polar group-containing oléfin copolymer
is obtained. When a pblar group-containing monomer
represented by the following formula (8) and optionally a
polar group-containing monomer represented by the following
formula (7) are used as the polar group-containing monomers
in the invention, the aforesaid third embodiment of the
polar group-containing olefin copolymer is obtained.

First, the components for forming the olefin
polymerization éatalyst used in the invention are described.

{A) Transition metal compound

The transition metal compound (A) for use in the
invention is a compound of a transition metal selected from
Group 3 (includihg lanthanoid and actinoid) to Group 10 of
the.periodic.table.

N Examples éf'transition metals selected from G;oup 3

(includingilanthanoid and actinoid) to Group 10 of the

periodic table include scandium, titanium, zirconium,

hafnium, wvanadium, niobium, tantalum, palladium, nickel,
cobalt, rhodium, yttrium, chromium, molybdenum, tungsten,
manganese, rhenigm, iron and ruthenium. Of these,
preferable are scandium, titanium, girconium, hafnium,
vanadium, niobium, tantalum, palladium, nickel, cobalt and

rhodium. Particularly preferable are titanium, zirconium

and hafnium.
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As the transition metal compound (A), not only
Ziegler-Natta catalyst and a metallocene catalyst but also
a known organometallic complex is employable in the
invention.

Examples of the transition metal compounds (A)
preferably used are any compounds represented by the
following formulae (11)_to (16).

The transitipn metal compound represented by the

formula (1l1) is descfibed below.

R25 M1 RY
. Rp28
R26 R25 R27 R
28
R* ¥! R ... (11)

In the above formula, Ml is a transition metal'atom
of Group 3 (including lanthanoid and actinoid) to Group 10
of the periodic table, preferably a transition metal atom
of Group 4, specifically zirconium, titanium or héfnium,
preferably zirconium.

R25, R26, R27 and R28 may be the same or different
and are each a hydrogen atom, a nitrogen-containing group,
a phosphorus-containing gr&up, a hydrocarbon group of 1 to

20 carbon atoms, a halogenated hydrocarbon group of 1 to 20
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carbon atoms, an oxygen-containing group, a sulfur-
containing group, a silicon-containing group or a halogen
atom.

Examples of the nitrogen-containing groups include

amino group; primary amino group; alkylamino groups, such

as methylamino, dimethylamino, diethylamino, dipropylamino,
dibutylamino and dicyclohexylamino; and arylamino groups or
alkylaryl amino groups, such as phenylamino, diphenylamino,
ditolylamino, dinaphthylamino and methylphenylamino.

-Examples of the phosphorus-containing groups include
phosphino groups, such as dimethylphosphino and
diphenyléhosphino.

Examples of the hydrocarbon groups of 1 to 20 carbon

atoms ‘include alkyl groups,'cycloaikyl groups, alkenyl

groups, arylalkyl groups and aryl groups.  More
specifically, there can.be,mentioned alkyl groups, such as
methyl, ethyl, propyl, butyl, hexyl, octyl, nonyl, dodecyl
ahd eicosyl; cycloalkyl groups, such .as cyciopentyl,
cyclohexyl, norbornyl and adaméntyl; alkenyl groups, such
as vinyl, propenyl and cyclohexenyl; arylélkyl groups, éuch
as benzyl, phenylethyl and phenylpropyl; and aryl groups,
such as phenyl, tolyl, dimethylphenyl, trimethylphenyl,
ethylphenyl, propylphenyl, biphenylyl, naphthyl,

methylnaphthyl, anthryl and phenanthryl.
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Examples of the halogenated hydrocarbon groups of 1
to 20 carbon atoms include groups wherein the above-~
mentioned hydrocarbon groups of 1 to 20 carbon atoms are
substituted with halogens.

Examples of the oxygen-containing groups include
hydroxyl group; alkoxyl groups, such as methoxy, ethoxy,
propoxy and butoxy; aryloxy groups, such -as phenoxy,
methylphenoxy, diﬁethylphenoxy and naphthoxy; and
arylalkoxyl groups, such as phenylmethoxy and phenylethoxy.

Examples of the sulfur-containing groups include
gréups'wherein oxygen is replaced with sulfur in the above-
mentioned oxygen-containing groups; sulfonate groups, such
as methylsulfonate, trifluoromethanesulfonate,
phenylsulfonate, benz&lsulfonate, p;toluenesulfonate,

trimethylbenzenesulfonate, triisobutylbenzenesulfonate, p-

chlorobenzenesulfonate and pentafluorobenzenesulfonate; and

sulfinate groups, such as methylsulfinate, phgnylsulfinate,

" benzylsulfinate, p-toluenesulfinate,

trimethylbenzenesulfinafe and pentafluorobenzenesulfinate.

Examples of the silicon-containing groups include
monohydrocarbon-substituted silyls, such as methylsilyl and
phenylsilyl; dihydrocarbon-substituted silyls, such as
dimethylsilyl and diphenylsilyl; trihydrocarbon-substituted
silyls, such as trimethylsflyl, triethylsilyl,

tripropylsilyl, tricyclohexylsilyl, triphenylsilyl,
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dimethylphenylsilyl, methyldiphenylsilyl, tritolylsilyl and
trinaphthylsilyl; silyl ethers of hydrocarbon-substituted
silyls, such as trimethylsilyl ether; silicon-substituted
alkyl groups, such as trimefhylsilylmethyl; and silicon-
substituted aryl groups, such as trimethylsilylphenyl.

Examples of the halogen atoms include a fluorine atom,
a chlorine atom, a broﬁine atom and an iodine atom.

Of the groups indicated by R25, R26, R27 and R28, a
part of the groups neighboring with each other may be
bonded to form a ring together with carbon atoms to which
those groups are bonded,

R25, R26, R27 and R28 are each shown at two positions,
and for example, R25 and R25 may be the same groups or
different groups. Of the groups indicted by R25 to R28,
the groups with the same symbols are a preferred
combination of groups which are linked to form a ring.

Examples of the rings formed from a part of the
neighboring groups out of R25, R26, R27 and R28 together
with carbon atoms to which those groups are boﬁded include
condensed rings, such as benzene ring, naphthalene ring,
acenaphthene ring and indene ring; and groups wherein
hydrogen atoms on these rings are replacgd with alkyl
groups such as methyl, ethyl, propyl and butyl.

Of these, preferable is a hydrocarbon group of 1 to

20 carbon atoms or a hydrogen atom, and particularly
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preferable is a hydrocarbon group of 1 to 4 carbon atoms

such as methyl, ethyl, propyl or butyl, a benzéne ring
formed by bonding of a hydrocarbon group, or a group |
wherein a hydrogen atom on a benzene ring formed by bonding
of a hydrocarbon group is replaced with an alkyl group such
as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl or
tert-butyl.

X1 and x2 méy be the same or different and are each
the same hydrocarbon group of 1 to 20 carbon atoms,
halogenated hydrocarbon group of 1 to 20 carbon atoms,
oxygen-containing group, sulfur-cohtaining group, silicon-
containing group, hydrogen atom or halogen atom as.
described above with respect to R25, R26, R27 and R28. of
thesé,'preferable is a halogen atom, a hydrocarbon group of -
1 to 20 carbon atoms or a sulfonate group. ‘

le is a divalent hydrocarbon group of 1 to 20 carbé
atoms, a divalent halogenated hydrocarbon group of 1 to 20
carbon atoms, a divalent silicon-containing group, a .
divalent germanium-containing group, a divalent tin-
containing group, -0-, -CO-, -S-, -S0-, -S02-, -Ge-, -Sn-,
-NR21-, -p(R21)-, -P(0) (R21)-, -BR21- or -Al1R2l- (each R2l
may be the same or different and is a hydroéarbon group of
1 to 20 carbon atoms, a halogenated hydrocarbon group of 1

to 20 carbon atoms, a hydrogen atom or a halogen atom).
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Examples of the divalent hydrocarbon groups of 1 to
20 carbon atoms include alkylene groups, such as methylene,
dimethylmethylene, 1,2-ethylene, dimethyl-1,2-ethylene,
1,3-trimethylene, 1,4-tetramethylene, 1,2-cyclohexylene and
1,4-cyclohexylene; and arylalkylene groups, such as
diphenylmethylene and diphenyl-1,2-ethylene.

Examples of the diva;ent halogenated hydrocarbon
groups of 1 to 20 carbon atoms include groups wherein the
above-mentioned divalent hydrocarbon groups of 1 to 20
carbon atoms are halogenated, such as chloromethyiene.

Examples of the divalent silicon-containing groups
include alkylsilylene groups, such as silylene,
methy;silylene; dimefhyléilylene, diethylsilylene, di(n-

propyl)silylene, di(i-propyl)silylene,

di (cyclohexyl)silylene, methylphenylsilylene,

diphenylsilylene, di(p—tblyl)silYIené'and di (p-
chlorophenyl)silylene; alkylarylsilylene groups:;
arylsilylene groups; alkyldisilylene groﬁps, such as
tetramethyl-1,2~-disilylene and tetraphenyl-1,2-disilylene;
alkylaryldisilylene groups; and aryldisilylene groups.
Examples of the divalent germanium—-containing groups
include groups wherein silicon is replaced with germanium
in the above-mentioned divalent silicon~containing groups.
Examples of the divalént tin-containing groups

include groups wherein silicon is replaced with tin in the
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above-mentioned divalent silicon-containing groups.

R2l is the same hydrocarbon group of 1 to 20 carbon
atoms, halogenated hydrocarbon group of 1 to 20 carbon
atoms or halqgen atom as described above with respect to
R25, R26, R27 and R28, or a nitrogen compound residue in
which one or two hydrocarbon groups of 1 to 20 carbon atoms
are bonded to the nitrogen atom.

Of these, a ;ubstituted silylene group, such as
dimethylsilylene, diphenylsilylene or methylphenylsilylene,
is particularly preferable as Yl.

Examples of the transition metal compounds
represénted by the formulé (11) include
ethylene-bis (indenyl)dimethyl zirconium,
ethylene¥bis(indeﬁyl)iirconium dichloride,
ethylene-bis(indenyl)zirconium—
bis(trifluorémethanesulfonate),
ethylene-bis(indenyl)Zircbnium-bis(methanesulfonate),
ethylene-bis (indenyl) zirconium-bis (p~toluenesulfonate),
ethylene-bis(indenyl)zirconium'bisfp-
chlorobenzenesulfonate),
ethylene-bis(4,5,6, 7-tetrahydroindenyl)zirconium dichloride,
isopropylidene-bis(cyclopentadienyl) fluorenylzirconium
dichloride,
isopropylidene-

bis(cyclopentadienyl) (methylcyclopentadienyl)}zirconium
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dichloride,
dimethylsilylene-bis{cyclopentadienyl)zirconium dichloride,
dimethylsilylene-bis (methylcyclopentadienyl)zirconium
dichloride,
dimethylsilylene—bis(dimethylcyclopentadienyl)zirconium
dichloride,

dimethylsilylene-bis (trimethylcyclopentadienyl)zirconium
dichloride,

dimethylsilylene—bis(indenyl)zirconium aichloride,
dimethylsilylene-bis (indenyl) zirconium~
bis(trifluoromefhanesulfonate),
dimethylsilylene~bis (4,5, 6, 7-tetrahydroindenyi) zirconium
dichloride,

dimethylsilylene-bis (cyclopentadienyl) (fluorenyl) zirconium

dichloride,

diphenylsilylene-bis(indenyl)zirconium dichloride,

methylphenylsilylene-bis(indenyl) zirconium dichloride,

rac-dimethylsilylene-bis (2,3, 5~
trimethylcyclopentadienyl)zirconium dichloride,
rac-dimethylsilylene-bis (2,4, 7~
trimethylcyclopentadienyl) zirconium dichloride,
rac-dimethylsilylene-bis (2-methyl-4-tert-
butylcyclopentadienyl) zirconium dichloride,

isopropylidene- (cyclopentadienyl) (fluorenyl) zirconium

dichloride,
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dimethylsilylene- (3-tert-

butylcyclopentadienyl) (indenyl) zirconium dichloride,

isopropylidene- (4-methylcyclopentadienyl) (3~
methylindenyl) zirconium dichloride,
iéopropylidene(4—tert-butylcyclopentadienyl)(3—
methylindenyl)zirconium dichloride,

isopropylidene (4-tert-butylcyclopentadienyl) (3-tert-
butylindenyl)zircanium dichloride,
dimethylgilylene—(4—methy1cyclopentadiehyl)(3-
methylindenyl)zirconium dichloride, |
dimethylsilylene—(4—tert-butylcyclopentadienylf(3-
methylindenyl)zirconium dichloride,

dimethylsilylene- (4~tert-butylcyclopentadienyl) (3-tert-
butylindenyl)zirconiuﬁ diphloride,

dimethylsilylene- (3-tert-

butylcyclopéntadienyl)(fluorenyl)zirconium dichloride,

isopropylidene- (3-tert-

butylcyclopentadienyl)(fluorenyl)zirconium dichloride,
N,N-diphenylaminoboryliden-bis (cyclopentadienyl) zirconium

dichloride,

N,N-dinaphthylaminoboryliden-bis (cyclopentadienyl)zirconium

dichloride,

N,N-dimethylaminoboryliden-bis (cyclopentadienyl)zirconium !
dichloride and '

N-methyl-N-phenylaminoboryliden-
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bis(cyclopentadienyl) zirconium dichloride.

Also available are compounds wherein zirconium is
replaced with titanium or hafnium in the above-mentioned
compounds.

The t?ansition metal compound represented by the
formula (11) is more specifically a transition metal

compound represented by the following formula (1la) or

(11b; .

R® .. (11a)

In the above formula, M! is a transition metal atom

.of Group 4 of the periodic table, specifically zirconium,

titanium or hafnium, preferably zirconium.

Each R31 may be the same or different and is a
hydrocarbon group of 1 to 6 carbon atoms. Examples of such
hydrocarbon groups include alkyl groups, such as methyl,
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl,
tert-butyl, n-pentyl, neopentyl, n-hexyl and cyclohexyl:;
and éLkenyl groups, such a; vinyl and propenyl. Of these,

preferable are alkyl groups whose carbon atoms bonded to
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indenyl groups are primary carbon atoms, more preferable
are alkyl groups of 1 to 4 carbon atoms, and particularly
preferable are methyl and ethyl.

R32, R34, R35 and R3® may be the same or different

and are-each a hydrogen atom, a halogen atom or the same

hydrocarbon group of 1 to 6 carbon atoms as described above |

with respect to R31,
Each R33 may. be the same or different and is a

hydrogen atom or an aryl group of 6 to 16 carbon atoms.

'Examples of such aryl groups include phényl, oa-naphthyl, B-

naphthyl, anthryl, phenanthryl, pyrenyl, acenaphthyl,
phenalenyl, aceanthrylenyl, tetrahydronaphthyl, indanyl and
biphenylyl. Of these, preferable are phenyl, naphthyl,
anthryl and phenanthryl.

These aryl groups may be substituted with:

halogen étbms, such as fluorine, chlorine, bromine
and iodine;

hydrocarbon groups of 1 to 20 carbon atoms, e.g.,
alkyl groups, such as methyl, ethyl, propyl, butyl, hexyl,
cyclohexyl, octyl, nonyl, dodecyl, eicosyl, norbornyl and
adamantyl; alkenyl groups, such as vinyl, propenyl and
cyclohexenyl; arylalkyl groups, such as benzyl, phenylethyl
and phenylpropyl; and aryl groups, such as phenyl, tolyl,
dimethylphenyl, trimethylphényl, ethylphenyl, propylphenyl,

biphenylyl, a-~ or B-naphthyl, methylnaphthyl, anthryl,
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phenanthryl, benzylphenyl, pyrenyl, acenaphthyl, phenalenyl,
aceanthrylenyl, tetrahydronaphthyl, indanyl and biphenylyl;
and |

organosilyl groups, such as trimethylsilyl,
triethylsilyl and triphenylsilyl.

X1 and X2 may be the same or different and have the
same meanings as those of X! and X2 in the formula (11).

Of the aforesaid atoms and groups, preferable is a halogen
atom or a hydrocarbon group of 1 to 20 carbon atoms.

Yl has the same meaning as that of Yl in the formula
(11). Of the afdresaid groups, preferable is a divalent
silicon—containing group, ‘a divalent germanium-containing
group, a divalent alkylene group or a divalent boron-
containing boronyl group, more preferable is a divalent
silicon-containing group or a divalent alkylene group, and
particularly preferable is alkylsilylene, alkylarylsilYlene,
arylsiiylene, aikylakyiene or arylalkylene. ‘

Examples of the transition metal compounds
represented by the formula (1lla) include
rac~dimethylsilylene-bis[1l~-(2-methyl-4-
phenylindenyl) Jzirconium dichloride,
rac-dimethylsilylene-bis{l-(2-methyl-4-(a-
naphthyl)indenyl)}zirconium dichloride,
rac—dimethylsilylene—bis[1;(2—methyl—4—(B—

naphthyl)indenyl) }zirconium dichloride,
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rac-dimethylsilylene-bis{1-(2~methyl-4~(1-
anthryl)indenyl)}zirconium dichloride,
rac-dimethylsilylene-bis[1-(2-methyl-4- (2~
anthryl)indenyl)]zirconium dichloride,
rac—dimethylsilylene-bis{1~(2-methyl-4-(9-
anthryl)indenyl)]zirconium dichloride,
rac~-dimethylsilylene-bis[1-(2-methyl-4- (9~
phenanthryl) indenyl) ] zirconium dichloride,

rac-dimethylsilylene-bis[1-(2-methyl-4- (p-

fluorophenyl)indenyl)]zircbnium dichloride,

rac~dimethylsilylene-bis[1-(2-methyl-4-

(pentafluorophenyl) indenyl) 1zirconium dichloride,

rac-dimethylsilylene-bis [1-(2-methyl—4~ (p-.
chlorophényl)indenyl)]zirconium'diéhloride,
rac-dimethylsilylene-bis[1-(2-methyl-4§(mr
chlorophenyl)indenyl) ] zirconium dichloride,
rac-dimethylsilylene-bis[1-(2-methyl-4-(o-
chlorophenyl)indenyl)]éirconium dichloride,

rac-dimethylsilylene-bis[1-(2-methyl-4-(o,p-

dichlorophenyl)phenylindenyl) ] zirconium dichloride,

rac-dimethylsilylene-bis[1-(2-methyl-4-(p-
bromophenyl)indenyl)}zirconium dichloride,
rac~dimethylsilylene-bis[1-(2-methyl-4-(p-
tolyl)indenyl)]zirconium di&hloride,

rac-dimethylsilylene-bis[1l~(2-methyl-4-(m-
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tolyl)indenyl) lzirconium dichloride,
rac-dimethylsilylene~bis{l~(2-methyl-4-(o-
tolyl)indenyl)lzirconium dichloride,
rac-dimethylsilylene-bis{1-(2~methyl-4-(0,0"'~-
dimethylphenyl)~-1-indenyl)]zirconium dichloride,
rac-dimethylsilylene-bis[1-(2-methyl—-4-(p~-

ethylphenyl)indenyl) ] zirconium dichloride,

rac-dimethylsilylene-bis{l-(2-methyl-4~(p-i-

propylﬁhenyl)indenyl)]zirconium dichloride,
rac-dimethylsilylene-bis[1-(2-methyl-4-(p-
benzylphenyl)indenyl)]zirconium dichloride,
rac-dimethylsilylene-bis[1-(2-methyl—-4-(p-
biphenylyl)indenyl)]zifcﬁnium dichloride,
racfdimethjlsilylené—bis[1-(2-methyl-4—(mr
biphenylyl)indenyl) ] zirconium dichloride,
rac-dimethylsilylene-bis[1l~(2-methyl~-4~-(p-
trimethylsilylenephenyl)indenyl)]zirconium dichloride,
rac-dimethylsilylene~-bis{1-(2-methyl-4- (m-
trimethylsilylenephenyl)indenyl)]zirconium dichloride,
rac-dimethylsilylene-bis (1~ (2-phenyl-4-

phenylindenyl) }zirconium dichloride,
rac-dimethylsilylene-bis[1-(2-methyl-4-~-
phenylindenyl)]zirconium dichloride,
rac—di—(i—propyl)silylene—ﬁis{l—(2—methyl—4—

phenylindenyl) ] zirconium dichloride,
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rac-di-(n-butyl)silylene-bis{1l~(2-methyl-4-
pﬁenylindenyl)]zirconium dichloride,
rac-dicyclohexylsilylene-bis[1-(2—meth§l—4—
phenylindenyl) }zirconium dichloride,
rac-methylphenylsilylene-bis[1-(2-methyl-4-
phenylindenyl) ] zirconium dichloride,
rac-diphenylsilylene—bis[1-(24methy1-4—
phenylindenyl)]ziiconium dichloride,
rac-di(p-tolyl)éilylene-bis[1-(2—methyl-4~
phenyliﬁdenYl)]zirconium dichloride,

rac-di (p-chlorophenyl)silylene-bis[1l~-(2-methyl-4-
phenylindenyl) ]zirconium dichloride,
rac—methylene—bis[1-(2-methyl-4;phenylindenyl)]zirconium
dichloride,
rac-ethylene-bis[l—(2-methyl—§-phenylindenyl)]zirconium
dichloride, |
rac—dimethylgermylene;bié[1-(2-methyl—4-
phenylindenyl) 1zirconium dichloride,
rac~dimethylstannylene-bis[1-(2-methyl-4-
phenylindenyl) lzirconium dichloride,
rac~dimethylsilylene-bis[1-(2-methyl-4-
phenylindenyl) ] zirconium dibromide,
rac-dimethylsilylene-bis([1-({2-methyl-4-
phenylindenyl) ] zirconium diﬁethyl,

rac-dimethylsilylene-bis[1-(2-methyl-4-
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phenylindenyl) ] zirconium methylchloride,
rac~dimethylsilylene-bis[1-(2-methyl-4-
phenylindenyl))zirconium chlorideSO,Me,
rac-dimethylsilylene-bis[1l-(2-methyl-4~-
phenylindenyl)]zirconium chloride0SO,Me,
rac—-dimethylsilylene-bis[1-(2-ethyl-4-
phenylindenyl) ]zirconium- dichloride,
rac-dimethylsilylene-bis[1~(2-ethyl-4-a-
naphtyl) indenyl]zirconium dichloride,
rac-dimethylsilylene-bis[1-(2-ethyl-4-(f8 -

naphthyl) indenyl) }zirconium dichloride,

rac-dimethylsilylene-~-bis{1~(2-ethyl-4-(2-methyl-1--

naphthyl)indenyl)]zirconium dichloride,
rac-dimetﬁylsilyleneebis{1-(2—ethy1-4-(54
acenaphthyl)indenyl)]ziréonium dichloride,
rac-dimethylsilylene-bis[1-(2-ethyl-4-(9-
anthryl)indenyl)]zircénium dichléride,'
rac-dimethylsilylene-bis[1-(2-ethyl-4~(9-
phenanthryl) indenyl) ] zirconium dichloride,
rac-dimethylsilylene-bis([1-(2-ethyl-4-(o-
methylphenyl) indenyl) ] zirconium dichloride,
rac-dimethylsilylene-bis[1-(2-ethyl-4-(m-
methylphenyl) indenyl) ] zirconium dichloride,
rac—dimethylsilylene-bis[1;(2;ethyl-4-(p—

methylphenyl) indenyl)]zirconium dichloride,
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rac—dimethylsilylene-bis[1—(2—e£hyl-4-(2,3—
dimethylphenyl)indenyl) }zirconium dichloride,
rac-dimethylsilylene-bis{1-(2-ethyl-4-(2,4-
dimethylphenyl)indenyl)]zifconium dichloride,
rac-dimethylsilylene-bis{1-(2-ethyl-4-(2,5-

dimethylphenyl)indenyl)]lzirconium dichloride,

" rac-dimethylsilylene-bis[1-(2-ethyl-4-(2,4, 6~

trimethylphenyl)iﬁdenyl)]zirconium dichloride,
rac~dimethylsilylene-bis[1-(2~ethyl-4-(o-
chlorophenyl)indenyl) ] zirconium dichloride,
rac-dimethylsilylene-bis[1~(2-ethyl-4- (m~

chlorophenyl) indenyl) }zirconium dichloride,

rac—dimethylsilylene-bis[1—(2-ethyl-4—(p-

chlorophenyl) indenyl) ] zirconium dichloride,
rac-dimethylsilylene?bis[1—(2—ethyl-4-(2,3—
dichlorophenyl)indenyl)]zirconium dichloride,
fac-dimethylsilylene—bis[1-(2—ethyl-4-(2,6—
dichlorophenyl)indenyl)fzirconium dichloride,
rac-dimethylsilylene—bis[1—(2-ethyl-4-(3,5—
dichlorophenyl)indenyl) ] zirconium dichloride,
rac-dimethylsilylene-bis{l-(2~ethyl-4-(2-
bromophenyl) indenyl) ] zirconium dichloride,
rac-dimethylsilylene-bis[1~(2~-ethyl-4- (3~
bromophenyl)indenyl)]zircoﬁium dichloride,

rac-dimethylsilylene~bis{1l-(2-ethyl-4-(4-
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bromophenyl) indenyl) ] zirconium dichloride,
rac~dimethylsilylene-bis{1l-(2-ethyl-4-(4-
biphenylyl)indenyl)]zirconium dichloride,
rac~dimethylsilylene-bis(1-(2-ethyl-4- (4~
trimethylsilylphenyl)indenyl)]zirconium dichloride,
rac-dimethylsilylene-bis[1~-(2~-n-propyl-4-
phenylindenyl) ]zirconium dichloride,
rac-dimethylsilylene-bis[1-(2-n-propyl-4-{c-

naphthyl) indenyl) ] zirconium dichloride,

-rac-dimethylsilylene-bis {1~ (2-n-propyl-4-(f8 -

naphthyl) indenyl) ] zirconium dichloride,

rac-dimethylsilylene-bis [1-{2-n-propyl—4- (2-methyl-1-

naphthyl)indenyl) ]zirconium dichloride,
rac-dimethylsilyleﬁe-bis[1—(2-n-propy1-4-(5—
acenaphthyl) indenyl) ]zirconium dichloride,
rac~dimethylsilylene-bis[1- (2~n~-propyl-4-(9-
anthryl)indényl)]zirconium dichloride,
rac-dimethylsilylene-bis[i-(2-népropy1-4—(9—
phenanthryl)indenyl) Jzirconium dichloride,
rac-dimethylsilylene-bis[1-(2-i-propyl-4-
phenylindenyl)]zirconium dichloride,
rac-dimethylsilylene-bis[i-(2-i—propyl—4;(a—
naphthyl) indenyl) ] zirconium dichloride,
rac—dimethylsilylene—bis[1;(2—i~propyl-4-(B-—

naphthyl)indenyl) ] zirconium dichloride,
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rac-diméthylsilylene—bis[1—(2-i—propyl—4~(8—methyl—9—
naphthyl)indenyl) }zirconium dichloride,
rac-dimethylsilylene-bis[1-(2—i—propyl—4-(5*
acenaphthyl)indenyl)]zirconiuﬁ dichloride,
rac—-dimethylsilylene-bis[1~(2-i~-propyl-4-(9-
anthryl)indenyl)]zirconium dichloride,
rac-dimethylsilylene-bis{1l-(2-i~propyl-4-(9-
phenanthryl)indenyl)]zirconium dichlofide,
rac-dimethylsilylene-bis{1-(2-s-buty1—4-
phenylindenyl) Jzirconium dichloride,
rac—dimgthylsilylene—bis[1-(2-s—butyl;4-(a—
naphthyl)indenyl)]zirconium dichloride,
rac-dimethylsilylene-ﬁis[1-(2-s-buty1—4-(ﬁ-—
naphthyl)indenyl)]zirconium dichloride,
rac—dimgfﬁYlsilyleneebis[1-(2-s-bufyl*4-(2-methy1-1—
naphthyl)indenyl)];irconium dichloride,
rac—dimefhylsilylene—bis[1—(2-s-buty1—4-(5—
acenaphthyl)indenyl)]zirconium dichloride,
rac~dimethylsilylene-bis{1-(2-s-butyl-4-(9-
anthryl) indenyl) ] zirconium dichloride,
rac-dimethylsilylene-bis[1~(2-s-butyl-4-(9-
phenanthryl) indenyl) ] zirconium dichloride,
rac-dimethylsilylene-bis[1-(2-n-pentyl-4-
phenylindenyl) ]zirconium dichloride,

rac-dimethylsilylene-bis[l-(2-n-pentyl-4-(a-
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naphthyl) indenyl) ] zirconium dichloride,
rac-dimethylsilylene-bis[1l-(2-n-butyl-4-
phenylindenyl) ]zirconium dichloride,
rac-dimethylsilylene-bis[1-(2-n-butyl-4-(a-
naphthyl) indenyl) ]l zirconium dichloride,
rac-dimethylsilylene-bis[1l-(2-n-butyl-4-( 8-
naphthyl)indenyl) ]zirconium dichloride,
rac-dimethylsilylene-bis[1l~(2-n-butyl-4~(2-methyl-1-
naphthyl)indenyl)jzirconium dichloride,
rac-dimethylsilylene-bis[1~(2-n-butyl-4-(5-
acenaphthyl)indenyl)]zirconium dichloride,
rac—dimethylsilylene-bis[1—(2—n—butyl-4-(9—
anthryl)indenyl) ] zirconium dichloride,
racfdimethylsilylene-bis[1—(2-n-butyl—4-(9;
phénanthryl)indenyl)]zirconium dichloride,
rac-dimethylsilylene-bis[1- (2-i-butyl-4-
éhenylindenyl)]zirconium dichloride,

rac-dimethylsilylene~bis[1-(2-i-butyl-4~(ca-

" naphthyl) indenyl) ] zirconium dichloride,

rac-dimethylsilylene~bis[1l-(2-i-butyl-4-( 8-
naphthyl)indenyl) ]zirconium dichloride,
rac-dimethylsilylene-bis[l~(2~i-butyl-4-(2-methyl-1-
naphthyl)indenyl) }]zirconium dichloride,
rac—dimethylsilylene—bis[1;(2-i—butyl—4-(5—

acenaphthyl)indenyl)]zirconium dichloride,
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rac-dimethylsilylene-bis[1-(2-i-butyl-4~(9-
anthryl)indenyl) lzirconium dichloride,
rac-dimethylsilylene-bis[1l-(2-i-butyl-4-(9-
phenanthryl)indenyl) ]zirconium dichloride,
rac~dimethylsilylene-bis[1-(2-neopentyl-4-
phenylindenyl) Jzirconium dichloride,
rac—dimethylsilylene-bis[1—(2—neopentyl-4-(a-
naphthyl)indenyl)jzirconium dichloride,
rac-dimethylsilylene~bis[1-(2-n~-hexyl-4-
phenylindenyl) }Jzirconium dichloride,

rac-dimethylsilylene-bis{1-{2-n-hexyl~-4-( «-

_naphthyl)in@enyl)jzirconium dichloride,

rac~-methylphenylsilylene-bis[1-(2~-ethyl-4-
phenylindenyl)]zi:coniﬁm dichloride,
rac—meﬁhylphenylsilylene-bis[1—(2-ethyl-4—(a—
naphthyl)indenyl)]zircohium dichloride,
rac—méthylphenylsilylene-bis[1—(2-ethy1-4—(9-
anthryl)indenyl)]lzirconium dichloride,
rac-methylphenylsilylene-bis[1-(2-ethyl-4- (9~
phenanthryl) indenyl) ] zirconium dichloride,
rac-methylphenylsilylene~bis[1l-(2-ethyl-4-~
phenylindenyl) ]zirconium dichloride,
rac-diphenylsilylene-bis {1~ (2-ethyl-4-(a-
naphthyl)indenyl)]zirconiuﬁ dichloride,

rac-diphenylsilylene-bis([1~(2-ethyl-4-(9-
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anthryl)indenyl) ]lzirconium dichloride,
rac-diphenylsilylene-bis{1-(2~ethyl-4-(9-
phenanthryl)indenyl)}zirconium dichloride,
rac-diphenylsilylene-bis{1l-(2~ethyl-4~(4-
biphenylyl)indenyl) }zirconium dichloride,
rac-methylene-bis[1-(2-ethyl-4-(4-phenylindenyl))zirconium
dichloride,
rac—methylene—bis[1—(2-ethyl—4-(a-
naphthyl)indenyl) ] zirconium dichloride,
rac—-ethylene-bis[1-(2-ethyl-4-phenylindenyl) }zirconium
dichloride,
rac-ethylene-bis[1~(2-ethyl-4-(a-
naphthyl) indenyl) ] zirconium dichloride,
rac-ethylene-bis(1-(2-n-propyl-4-(a-
naphthyl) indenyl) lzirconium dichloride,
rac—dimethylgermyl—bis[14(24ethy1-4—
phenylindenyl) ]l zirconium dichloride,
rac~dimethylgermyl-bis{l~(2-ethyl-4-{a-
naphthyl)indenyl) ] zirconium dichloride and
rac-dimethylgermyl—bis[1—(2-n—propyl—4-
phenylindenyl)]zirconium dichloride.

Also available are compounds wherein zirconium is
replaced with titanium or hafnium in the above-mentioned
compounds.

In the present invention, a racemic modification of
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the transition metal compound represented by the formula
{1la) is usually used as a catalyst component, but R-form
or S-form is also employable.

The transition metal compound represented by the
formula-(lla) can be prepared in accordance with the
specification and examples of Furopean Patent A No.
0,320,762 described in Journal of Organometallic Chem., 288,
pp. 63-67 (1985). "

Next, the transition metal compound reéresented by

the formuia (11b) is described.

.«e«(11b)

In the above formula, Ml is a transition metal atom
of Group'4 of the periodic table, specifically titanium,
zirconium or hafnium, preferably zirconium.

R37 and R38 may be the same or different and are each
a hydrogen atom or the same nifrogen—containing group,
phosphorus-containing grouﬁ, hydrocarbon group of 1 to 20

carbon atoms, halogenated hydrocarbon group of 1 to 20



10

16

20

26

112

carbon atoms, oxygen-containing group, sulfur-containing
group, silicon-containing group or halogen atom as
described above with respect to R25, R25, R27 and R28 in
the formula (11).

R37 is preferably a hydrocarbon group of 1 to 20
carbon atoms, particularly preferably a hydrocarbon group
of 1 to 3 carbon atoms such as methyl, ethyl or propyl.

R38 is preferably a hydrogen atom or a hydrocarbon group of
1 to 20 carbon atoms, particularly preferably a hydrogen

atom or a hydrocarbon groﬁp of 1 to 3 carbon atoms such as

‘methyl, ethyl or propyl.

R3? and R40 may be the same or different and are each
an alkyl group of 1 to 20 carbon atoms. Examples of such
alkyl groups include straight—-chain or branched alkyl
g&oups, such as.méthyl, ethyl, n-propyl, isopropyl, n-butyl,
isobutyl, sec-butyl, tert-butyl, n-pentyl, neopentyl, n-
hexyl, cyclohexyl, octyl, nonyl, dodecyl and eicosyl; and
cycloalkyl groups, such as norbornyl and adamantyl.

R39 is preferably a secondary or tertiary alkyl group.

X1 and x2 may be the same or different and have ihe
same meanings as those of X! and X2 in the formula (11).

¥l has the same meaning as that of Yl in the formula
(11).

Examples of the transﬁtion metal compounds

represented by the formula (11lb) include
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rac-dimethylsilylene-bis[1-(2,7-dimethyl-4-

ethylindenyl)]zirconium dichloride,

rac-dimethylsilylene-bis{1-(2,7-dimethyl-4-n-
propylindenyl)]zirconium dichloride,
rac-dimethylsilylene-bis[1-(2,7~-dimethyl-4-i-
propylindenyl) ] zirconium dichloride,
rac~dimethylsilylene-bis{1-(2, 7-dimethyl~4-n-
butylindenyl)]zifgonium dichloride,
rac-dimethylsilylene-bis{1-(2, 7-dimethyl-4-sec-
butylindenyl) ]zirconium dichloride,
rac—dimethylsilylene-ﬁis[1-(2,7-dimethy1—4-t-

butylindenyl) ]zirconium dichloride,

- rac-dimethylsilylene-bis[1-(2,7-dimethyl-4-n-

pentylindenyl) ] zirconium dichloride,
rac-dimethylsilylgne-bis[1-(2,74dimethy1—4;n-
hexylindenyl) ] zirconium dichloride, |
rac-diméethylsilylene-bis{1- (2, 7-dimethyl-4-
cyclohexylindenyl)]zirconium dichloride,
rac-dimethylsilylene-bis(1-(2,7-dimethyl-4-
methylcyclohexylindenyl) ] zirconium dichloride,
rac-diméthylSilylene-bis[1-(2,7-dimethyl-4—
phenylethylindenyl)]zirconium dichloride,
rac-dimethylsilylene-bis[1-(2,7-dimethyl-4-
phenyldichloromethylindenyi)]zirconium dichloride, \

rac-dimethylsilylene-bis|1-(2, 7-dimethyl-4~
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chloromethylindenyl)}zirconium dichloride,
rac-dimethylsilylene-bis{1-(2,7-dimethyl-4-
trimethylsilylmethylindenyl)]zirconium dichloride,
rac-dimethylsilylene-bis[1-(2, 7-dimethyl-4-
trimethylsiloxymethylindenyl)]zirconium dichloride,
rac-diethylsilylene-bis([1-(2, 7-dimethyl-4-i-
propylindenyl)]zirconium dichloride,

rac—di (i-propyl)silylene-bis{1l~(2, 7-dimethyl-4-i-
propylindenyl) ] zirconium dichloride,
rac-di(n-butyl)silylene-bis[1-(2, 7-dimethyl-4~i-
propylindenyl) lzirconium dichloride,

rac-di (cyclohexyl)silylene-bis[1~(2, 7-dimethyl-4-i-
propylindenyl) Jzirconium dichloride,
rac-methylphenylsilylene-bis[1-(2,7—dimethyl—4-i-
propylindenyl)]zirconium dichioride,
rac-methylphenylsilylene-bis{1-(2, 7-dimethyl-4-t-
butylindenyl)]zirconium dichléride, |
rac~diphenylsilylene-bis{1-(2,7~dimethyl-4-t-
butylindenyl)]zirconium dichloride,
rac-diphenylsilylene-bis[1-(2,7~-dimethyl-4~-i-
propylindenyl)]lzirconium dichloride,
rac~diphenylsilylene-bis[1-(2,7-dimethyl-4-
ethylindenyl) ] zirconium diéhloride,
rac—di(p-tolyl)silylene-bié[l-(2,7—dimethyl—4—i—

propylindenyl)]zirconium dichloride,
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rac—-di (p-chlorophenyl)silylene~bis{1-(2, 7-dimethyl-4-i-
propylindenyl) ] zirconium dichloride,
rac-dimethylsilylene-bis[1~(2-methyl-4-i-propyl-7-
ethylindenyl)}zirconium dibromide,
rac—dimethylsilylene-bis[1—(2,3,7—trimethyl-4-
éthylindenyl)]zirconium dichloride,
rac-dimethylsilylene~bis([1-(2,3,7-trimethyl-4-n-
propylindenyl) ] zirconium dichloride,
rac-dimethylsilylene-bis[1-(2,3,7-trimethyl~-4-i-~
propylindenyl) ] zirconium dichloride,
rac—dimethylsilylene-bis[1-(2,3,7-trimethyl-4—n—
butylindenyl)]zirconium dichloride,
rac-dimethylsilylene-bis[1-(2,3,7-trimethyl-4-sec-
butylindenyl) ]zirconium dichloride,
rac-dimethylsilylene—bis[1-(2,3,7-trimethy1-4-t— .
butylindenyl)]zirconium dichloride,

rac-dimethylsilylene-bis{1-(2,3,7-trimethyl-4-n~-

. pentylindenyl)}]zirconium dichloride,

rac-dimethylsilylene-bis{1-(2,3,7-trimethyl-4-n-
hexylindenyl)Jzirconium dichloride,
rac~dimethylsilylene-bis[1-(2,3,7~trimethyl-4~
cyclohexylindenyl) }J zirconium dichloride,
rac~dimethylsilylene~bis{1-(2,3,7-trimethyl-4-
methylcyclohexylindenyl)]zircbnium dichloride,

rac-dimethylsilylene-bis[1-(2,3,7-trimethyl-4-~
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trimethylsilylmethylindenyl)]zirconium dichloride,
rac~dimethylsilylene-bis[1-(2,3,7-trimethyl-4-
trimethylsiloxlymethylindenyl) ]zirconium dichloride,
rac-dimethylsilylene-bis{1-(2,3,7-trimethyl-4~
phenylethylindenyl)]zirconium dichloride, \
rac-dimethylsilylene-bis[1-(2,3,7-trimethyl-4- '.
phenyldichloromethylindenyl)]zirconium dichloride,
rac~dimethylsilylene-bis[1-(2, 3, 7-trimethyl-4-
chloromethylindenyl)]zirconium-dichloride,
rac-diethylsilylene-bis[1-(2,3, 7-trimethyl-4-i-

propylindenyl)]zirconium dichloride,

rac-di (i-propyl)silylene-bis{1-(2,3,7-trimethyl-4-i-
propylindenyi)]zirconium dichloride,
rac-&i(n-but&l)silylene-bis[l-(2,3,5-trimethyl-4~i—
propylindehyl)]zirconium dichloride,
rac-di(cyclohexyl)silyleneébis[1—(2,3,7—trimethyl-4-i-
propylindenyl)]zirconium dichloride,

rac-methylphenylsilylene-bis(1-(2, 3, 7-trimethyl-4-i~

propylindenyl)]lzirconium dichloride,

rac-methylphenylsilylene-bis{1-(2, 3, 7-trimethyl-4~t-
butylindenyl)]zirconium dichloride,
rac-diphenylsilylene-bis[1-(2,3,7-trimethy144-t-
butylindenyl)]zirconium dichloride,
rac—diphenylsilylene—bis[1;(2,3,7—trimethyl—4-i—

propylindenyl)]zirconium dichloride,
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rac—diphenylsilylene—bis[1-(2,3,7—trimethyl—4~
ethylindenyl))zirconium dichloride,
rac-di{p-tolyl)silylene-bis{1-(2,3,7-trimethyl-4-i-
propylindenyl) ] zirconium dichloride,

rac-di (p-chlorophenyl)silylene-bis[1~(2,3,7-trimethyl-4-i-
propylindenyl) ] zirconium dichloride,
rac-dimethylsilylene~bis([1-(2-methyl-4-i~-propyl-7-
methylindenyl) ] zirconium dimethyl,
rac—-dimethylsilylene-bis{[1l-({2-methyl-4-i-propyl-7-
methylindenyl) ] zirconium methylchloride,
rac-dimethylsilylene—bis[1-(2—methyl-4-i-p;opyl—7—
methylindenyl) ]} zirconium-bis (methanesulfonate),
rac-dimethylsilylene-bis([1-(2~-methyl-4-i-propyl-7-
methylindenyl)]Zirconiumrbis(p—phenylsulfinate),
rac-dimethylsilylene-bis{1-({2-methyl-3-methyl-4-i-propyl-7-
methylindenyl))zirconium dichloride, -
rac~dimethylsilylene~-bis[1~-(2-methyl-4, 6-di-i-
propylindenyl)]zirconium dichloiide,
rac—-dimethylsilylene-bis[1-(2-ethyl-4-i-propyl-7-
methylindenyl) ] zirconium dichloride,
rac—dimethylsiiylene-bis[1-(2-phenyl-4-i—propyl—7-
methylindenyl) ] zirconium dichloride[
rac—dimethylsilylene—bis[l-(2-methylindenyl)]ziréonium
dichloride, -

rac—-ethylene~bis(1-(2,4,7-trimethylindenyl)]zirconium
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dichloride and
rac~isopropylidene-bis{1-(2,4,7-trimethylindenyl)]zirconium
dichloride.

Also available are compounds wherein zirconium is
replaced with titanium or hafnium in the above-mentioned
compounds.

Of the above compounds, particularly preferable are
compounds having a branched alkyl group, such as i-propyl,
sec-butyl or tert-butyl, at ‘the 4~position.

In the present invention, a racemic modification of
the transition metal compound represented by the formula
(11b) is usually used as a catalyst component, but R-form
or S-form is also employable.

The transition metal compound represented by.the
formula (11b) can be synthesized from an indene derivative
by a known process, for example, a process described in
Japanese Patent Laid-Open Publication No. 268307/1992.

Next, the transition metal compound represented by

the formula (12) is described.

Z1

Y1

/

Cp _
\x12 ... (12)




10

15

20

26

119

In the above formula, Ml is a transition metal atom
selected from Group 3 to Group 10 of the periodic table,
preferably a transition metal atom selected from Group 4 of
the periodic table, more preferably iirconium, titanium or
hafnium, particularly preferably zirconium.

Cp is a cyclopentadienyl group or its derivative that
is m-bonded to Ml. |

zl is a ligand containing an oxygen atom, a sulfur
atom, a boron atom or an element of Group 14 of the
periodic table, for example, -Si(R222)-, -C(R222)-,

-51 (R222) 81 (R222)~, -C(R222)C(R?22)~,
~C(R22)C (R222)C(R22) -, -C(R22)=C(R22)-, -C(R?22)S4 (R222)~
or -Ge(R222)-.

¥l is a ligand coﬂtaininé a nitrogen atom, a
phosphorus atom, an oxygen atom or a suifur atom, for
example, -N(R23)-, -O;, -S- or -P(R23)-,

%zl and Yl may together form a condensed ring.

R22 ig a hydrogen atom, an alkyl, aryl, silyl,
halogenated alkyl or halogenated aryl group having up to 20
of non-hydrogen atoms, or a combination of such groups.

R23 is an alkyl group of 1 to 10 carbon atoms, an aryl
group of 6 to 10 carbon atom or an aralkyl group of 7 to 10
carbon atoms, or may form a condensed ring of up to 30 non-

hydrogen atoms together with one or more R22,



10

16

20

26

120

Each X! may be the same or different and is a
hydrogen atom, a halogen atom, a hydrocarbon group which
has 20 or less carbon atoms and may contain 1 or more
double bonds, a silyl group containing 20 or less silicon
atoms, a germyl group containing 20 or less germanium atoms
or a boronyl group containing 20 or less boron atoms.

Examples of the transition metal compounds
represented by the formula (12) include
(tert-butylamide)(tetramethyl—n5-cyclopenfadienyl)-1,2-
ethanediylzirconium dichloride, |
(tert—butylamide)(tetramethyl-ns-cyclopentadienyl)-1,2-

ethanediyltitanium dichloride,

:(methylamide)(tetramethyi—n5-cyélopentadienyl)—1,2—

.ethanediylzirconium dichloride,

(methylamide)(tetramethyi-n5-¢yc16pentadienyl)f1,2¥
éthanediylfinanium dichiéride,

{ethylamide) (tetramethyl-no-
cYglopentadienyi)methylenetitanium dichloride,
(tert-butylamide)dimethyl(tetramethyl-ns-
cyclopentadienyl)silanetitanium dichloride,
(tert-butylamide)dimethyl (tetramethyl-n5-
cyclopentadienyl)silanezirconium dichloride,
(benzylamide)dimethyl(tetramethyi-n5-
cyclopentadienyl)silanetitﬁﬁiUm dichloride and

{phenylphosphide)dimethyl (tetramethyl-n9-
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cyclopentadienyl)silanezirconium dibenzyl.

Next, the transition metal compound represented by

the formula (13) is described.

... (13)

In the above formula, Ml is a transition metal atom
selected from Group 3 to Group 10 of the periodic table,
preferably a transition metal atom'selected fromﬂGroup 4 of
fhe periodic table, more preferably titanium, zirconium or
hafnium, particularly ﬁrefgrébly zirconium.

R11 to R14, R17 to R20, and R4l may be the same or

.different and are each a hydrocarbdn gtoup of 1 to 40

'carbon atoms, a halogenated hydrocarbon group of 1 to 40

carbon atoms, an oxygen-containing group, a sulfur-
containing group, a silicon-containing group, a halogen
atom or a hydrogen atom; of the groups indicated by rR11,
r12, Rr13, rl4, Rr17, Rr18, Rl19, R20 and R41l, a part of the
groups neighboring with each other may be bonded to form a

ring together with carbon atoms to which those groups are

bonded (except a case where all of R11, R12, R13, rR14, R17,

R18, R19, R20 and R4l are hydrogen atoms and a case where
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R12 or R13 is a tert-butyl group and the residual R11, R12,
r13, r14, rl7, R18, R19, R20 and R4l are hydrogen atoms).

Examples of hydrocarbons of 1 to 40 carbon atoms are

alkyl groups éf 1 to 20 carbon atoms such as methyl,
ethyl, propyl, butyl, hexyl, cyclohexyl, octyl, nonyl,
dodecyl and eicosvyl;

aryl groups of G'to 20 carbon atoms such as phenyl,
a- or f-naphthyl, biphenylyl, anthryl and phenanthryl;

aryl alkyl groups of 7 to 40 carbon atoms such as
benzyl, phenylethyl, phenylpropyl, phenanthrylmethyl,
phenanthrylethyl anq phenanthrylpropyl;

aryl alkenyl groups of 8 to 40 carbon atoms such as
vinylphenanthryi;

. alkyl aryl groups of 7 to 40 carbon'étoms such as
methylphenanthryl, eﬁhylphenanthxyl and propY1phenanthry1;
and | .

alkenyl grbups of 2 to 10 carbon atoms such és vinyl,
propenyl and cyclohexenyl.

Examples of the halogenated hydrocarbon groupé of 1
to 40 carbon atoms include groups wherein the above-
mentioned hydrocarbon groups of 1 to 40 carbon atoms are
substituted with halogens.

Examples of the oxygen-containing groups, the sulfur-
containing groups, the-silicon-containing groups and the

halogen atoms include the same groups and atoms as
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previously described with respect to R25, R26, R27 and Rr28
in the formula (11).

X1 and x2 may be the same or different and have the
same meanings as those of X! and X2 in the formula (11).

Yl has the same meaning as that of Y1 in the formula
(11)..

Examples of the transition metal compounds
represented by theiformula_(lB) include
isopropylidene-(cyclopentadienyl) (fluorenyl) zirconium
dichloride,
dimethylsilylene-(3-t§rte
butyléyclopentadienyl)(fiuorenyl)zirconium dichloride,

isopropylidene-(3-tert-

: butylcjclopentadienyi)(fluorenyl)zirconium dichloride,

isopropylidene- (cyclopentadienyl) (2, 7-tert-

_ butylfiuorenyl)zigconium_dichloride,

dimethylsilylene—(2¥methy1~cyclopentadienyl)(2,7—tert-
butylfiudreny;)zirconium-dichloride,

dimethylsilylene- (2-methyl-

cyclopentadienyl) (£luorenyl)zirconium dichloride,
dimethylsilylene~(cyclopentadienyl) (2, 7-tert-.
butylfluorenyl)zirconium dichloride,

isopropylidene- (2-methyl-cyclopentadienyl) (2, 7-tert~
butylfluorenyl)zirconium dichloride,

isopropylidene-(2—methyl-cyclopeptadienyl)(3,6-tert-
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butylfluorenyl)zirconium dichloride,
dimethylsilylene-(2-methyl-cyclopentadienyl) (3, 6-tert-
butylfluorenyl)zirconium dichloride and
diphenylmethylene (cyclopentadienyl) (fluorenyl)zirconium
dichloride.

Also available are compounds wherein zirconium is
replaced with titanium or hafnium in the above-mentioned

compounds.

Next, the transition metal compound represented by

fhe formula (14) is described.

... (14)

In the above formula, Ml is a transition metal atom
selected from Group 3 to Group 10 of the periodic table,
preferably a transition metal atom selected from Group 4 of
the periodic table, more preferably titanium, zirconium or
hafnium, particularly preferably zirconium.

R11, R12, R4l and R42 may be the same or different
and are each a hydrocarbon éroup of 1 to 40 carbon atoms, a

halogenated hydrocarbon group of 1 to 40 carbon atoms, an
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oxygen-containing group, a sulfur-containing group, a
silicon-containing group, a halogen atom or a hydrogen atom.

Examples of the hydrocarbon groups of 1 to 40 carbon
atoms include the same groups as previously described with
respect to R11 to R14, R17 to R20 and R4l in the formula
(13).

Examples of-the oxygen-éontaining groups, the sulfur-
containing group, ‘the silicon-containing groups and the
halogen atoms include the same gfoups and atoms as
previously described with respect to R25, R26, R27 and R28
in the formula (11). Of the groups indicated by R11, R1Z2,
R4l and R42, a part of the groups neighboring with each
othér may be boﬁdgd to form a ring together with carbon

atoms to which those groups are bonded. Of the groups

indicated by R11, R12, R4l and R%42, a part of the groups

neighboring with each other may be bonded to form a ring
together with carbon atoms to which those groups are bonded.
.Xl and X2 may be the same or different and have the

same meanings as those of X1 and X2 in the formula (11).

Yl has the same meaning as that of Yl in the formula
(11), but when all of R11; R12, R41 and R42 are hydrogen
atoms, Y! is not ethylene.

Examples of the transition metal compounds

represented by the formula'(lﬂ) include

~Ethylene[2-methyl-4 (9-phenanthryl)-1-indenyl] (9-
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fluorenyl) zirconium dichloride,

Ethylene[2-methyl-4 (9-phenanthryl)-1-indenyl] (2, 7-dimethyl-

9-fluorenyl)zirconium dichloride,

Ethylene[2-methyl-4 (9-phenanthryl)-l1l-indenyl] (2, 7-di-t~

butyl-9-fluorenyl) zirconium dichloride,

ethylene (2-methyl-4, 5-benzo-1-indenyl) (9-
fluorenyl)zirconium dichloride, |

ethylene (2-methyl-4, 5-benzo-1~indenyl) (2, 7-dimethyl-9~
fluorenyl)zirconiuﬁ dichloride,

ethylene (2-methyl-4, 5-benzo~1-indenyl) (2, 7-di-t~butyl-9-
fluorényl)zirconium dichloride,

ethylene (2-methyl-4, 5-benzo-1-indenyl) (2, 7-dibromo-9-
fluorenyl) zirconium dichloride,
éthylene(Z,6-dimethyl-4,Sfbenzo—l-indenyl)(2,7—di-t—butyl-
9-fluorenyl)zirconium dichloride,

ethylene (2, 6-dimethyl-4, 5-benzo-1-indenyl) (2, 7-dibromo-9-
fluorenyl) zirconium dichloride,

ethylene (2-methyl—- a -acenaphtho-l-indenyl) (9~
fluorenyl)zirconium dichloride,

ethylene (2-methyl- o -acenaphtho~l-indenyl) (2, 7-dimethyl-9-
fluorenyl) zirconium dichloride,

ethylene (2-methyl- ¢ ~acenaphtho-1-indenyl) (2, 7-di-t-butyl-
9-fluorenyl) zirconium dichloride,
dimethylsilylene[2-methyl-4(9~phenanthryl)—1—indenyl](9—

fluorenyl)zirconium dichioride,
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dimethylsilylene[2-n-propyl-4 (9-phenanthryl)-1-indenyl] (9-
fluprenyl)zirconium dichloride;
dimethylsilyléne[2-methyl-4(9-phenanthryi)-1-indenyl](2,7—
dimethyl-9-fluorenyl) zirconium dichloride, |
dimethylsilylene[2—methy1-4(9-phenanthryl)—l-indenyI](2,7-
di-t-butyl-9-fluorenyl) zirconium dichloride,
dimethylsilylene (2-methyl-4,5~benzo-1-indenyl) {9~
fluorenyl) zirconium dichloride,
dimethylsilylene (2-methyl-4, 5-benzo~1-indenyl) (2, 7-
dimethyl-9~fluorenyl)zirconium dichloride,
dimethylsilylene (2-methyl-4, S-benzo-1-indenyl) (2, 7-di-t-
butyl-9-fluoreny1)zirconiﬁm dichloride,

dimethylsilylene (2-methyl-a-acenaphto-l-indenyl) (9-
fluorenyl) zirconium dichloride,
dimethylsilylene (2-methyl-a -acenaphto-l-indenyl) (2,7~
dimethyl-9-fluorenyl) zirconium dichloride,
dimethylsilylene(2-meth§l-a—acenaphto-l-indenyl)(2,7-di-t#
butyl-9-fluorenyl)zirconium dichloride,
diphenylsilylene[2~methyl-4 (9-phenanthryl)~1-indenyl] (9-

fluorenyl) zirconium dichloride,

diphenylsilylene[2-methyl—4(Q-phenanthryl)-1—indenyl](2,7-

dimethyl-9-fluorenyl)zirconium dichloride,
diphenylsilylene[2-methyl-4 (9-phenanthryl)-1-indenyl] (2,7~
di—t-butyl—9—fluorenyl)zirébnium dichloride,

diphenylsilylene (2-methyl-4,5~benzo-1-indenyl) (9~
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fluorenyl)zirconium dichloride,

diphenylsilylene (2-methyl-4,5-benzo~1~indenyl) (2, 7-
dimethyl-9-fluorenyl)zirconium dichloride,
diphenylsilylene (2-methyl-4, 5-benzo-1l-indenyl) (2, 7-di-t-
butyl-9-fluorenyl) zirconium dichloride,
diphenylsilylene (2-methyl~ e -acenaphto~1l-indenyl) (9-
fluorenyl)zirconium dichloride,
diphenylsilylene(meethyl-a-acenaphto-l-indenyl)(2,7—
dimethyl-S-fluorgnyl)zirconium dichloride,
diphenylsilylene (2-methyl- « -acenaphto-1-indenyl) (2, 7-di~t~
butyl—g—fluorenyl)zirconium dichloride,
methylphenylsilylene [2-methyl-4 (S-phenanthryl)~-1-
indenyl} (9-fluorenyl) zirconium dichloride,
methylphenylsilylene[2-methyl-4(9-phenanthryl)71-
indenyl] (2, 7-dimethyl-9-fluorenyl) zirconium dichloride,
methylphenylsilylene[é-methy1—4(9-ph¢nanthry1)-1—
indenyl](2,7—di—t-buty1-9-f1ﬁoreny1)zirconium dichloride,
methylphenylsilylene(2-methyl-4,5-benzo-1-indenyl)19—
fluorenyl) zirconium dichloride,'
methylphenylsilylene (2-methyl-4, 5-benzo-1-indenyl) (2,7-
dimethyl-9~-fluorenyl) zirconium dichloride,
methylphenylsilylene (2-methyl~4, 5-benzo-1-indenyl) (2, 7-di-
t-butyl-9-fluorenyl)zirconium dichloride,
methylphenylsilylene(2—metﬁyl—a—acenaphto—l-indenyl)(9—

fluorenyl) zirconium dichloride,
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methylphenylsilylene (2-methyl- a« -acenaphto~-l~-indenyl) (2, 7-
dimethyl-9-fluorenyl)zirconium dichloride,
methylphenylsilylene (2-methyl- e -acenaphto-1-indenyl) (2, 7-
di~-t-butyl-9-fluorenyl)zirconium dichloride,
ethylene[3-methyl-4 (9-phenanthryl)-l1-indenyl] (9~

fluorenyl) zirconium dichloride,
ethylene[3-methyl—4(9—phenénthryl)—1-indeny1](2,7-dimethyl-
9-fluoreny;)zirconium dichloride,
ethylene[3-methyl;4(S-phenanthryl)-1-indenyl](2,7—di-t—

butyl-9-fluorenyl)zirconium dichloride,

‘.ethylene(3—methy1-4,S-benzo-l-indenyl)(9«

fluorenyl) zirconium dichloride, .

ethylene (3-methyl-4, 5-benzo-1-indenyl) (2, 7-dimethyl-9-
fluorenyl)z1rcon1um dlchlorlde,

ethylene (3-methyl-4, 5-benzo-1-indenyl) (2, 7-d1-t—butyl-9-
fluorenyl) zirconium dichloride,
ethylené(3-methyl-a-aceﬁaphto-l-indenyl)(9-

fluorenyl) zirconium dichloride,
ethylene(3-methy1-ajacenaphto-l-indenyl)(2,7—diméthyl-9—
fluorenyl)zirconium dichloride,

ethylene (3-methyl- ¢ -acenaphto-l-indenyl) (2, 7-di-t-~butyl-9-
fluorenyl)zirconium dichloride,
dimethylsilylene[3-methyl~4(9-phenanthryl)-1l-indenyl] (9-

fluorenyl) zirconium dichloride,

dimethylsilylene[3-methyl-4 (9-phenanthryl)-1-indenyl] (2, 7-
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dimethyl-9-fluorenyl)zirconium dichloride,
dimethylsilylene[3-methyl-4 (9-phenanthryl)-1-indenyl] (2, 7-
di-t-butyl-9-fluorenyl)zirconium dichloride,
dimethylsilylene (3-methyl-4,5-benzo-1-indenyl) (9-
fluorenyl) zirconium dichloride,

dimethylsilylene (3-methyl-4, 5-benzo-l-indenyl) (2, 7-
dimethyl-9-fluorenyl)zirconium dichloride,
dimethylsilylene (3-methyl-4,5-benzo-1-indenyl) (2, 7-di-t-
buty1—9—fluorenyljzirconium dichloride, |
dimethylsilylene(3—methyl-a-acenaphto-l-indehyl)(9-
fluorenyl)zirconium dichloride,
dimethylsilylene (3-methyl- & -acenaphto-1-indenyl) (2, 7-
dimethyl-g-fluorenyl)zirconium dichloride,
dimethylsilylene(34methyl-afgcenaphto—l-indenyl)(2,7—di-t-
butyl-9-fluorenyl) zirconium dichloride,
diphenylsilylene [3-methyl-4 (9-phenanthryl)-1-indenyl] (9~
fluorenyl) zirconium dichloride,
diphenylsilylene[3-methyl-4(9-phenanthryl)-l-indenylik2,7-
dimethyl-9-fluorenyl) zirconium dichloride,
diphenylsilylene[3-methyl-4(9-phenanthryl)-i-indenyl] (2, 7-
di-t-butyl-9-fluorenyl)zirconium dichloride,
diphenylsilylene(3-methy1-4,S—benzo-l—indenyl)(9—
fluorenyl) zirconium dichloride,
diphenylsilylene(3-methyl-4,5-benzo-1—indenyl)(2,7—

dimethyl-9-fluorenyl)zirconium dichloride,
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diphenylsilylene(3-methyl—4,5—benzo—1-indenyl)(2,7Fdi-t—
butyl-9-fluorenyl) zirconium dichloride,

diphenylsilylene (3-methyl-ea-acenaphto-1l-indenyl) (9-
fluorenyl)zirconium dichloride,
diphenylsilylene(3—methyl-a-acenaphté—l—indenyl)(2,7-
dimethyl-9-fluorenyl) zirconium dichloride,
diphenylsilylene (3-methyl-a-acenaphto-1l-indenyl) (2, 7-di-t-
butyl-9-fluorenyl)zirconium dichloride,
methylphenylsilyleﬁe[3-methyl-4(é—phenanthryl)-l-
indenyl) (9-fluorenyl) zirconium dichloride,
méthylphenylsilylene[3-methyl—4(9—phenanthryl)-1-
indenyl]} (2, 7-dimethyl-9~fluorenyl) zirconium dichloride,
methylphenylsilylene[3-methyl-4 (9-phenanthryl)-1-

indenyl](2,7—di—t-buty1-9-fluoreny1)zirconium dichloride;

methyiphenylsilylehe(3-methyl-4,5-benzo-1-indenyl)(9-

fluorenyl)zirconium dichloride,
methylphenylsilylene (3-methyl-4,5-benzo~1-indenyl) (2,7~

dimethyl-9-fluorenyl)zirconium dichloride,

- methylphenylsilylene (3-methyl-4,5-benzo-1-indenyl) (2, 7-di~

t-butyl-9-fluorenyljzirconium dichloride,
methylphenylsilylene (3-methyl- a ~acenaphto-1l-indenyl) (9~

fluorenyl) zirconium dichloride,

methylphenylsilylene (3-methyl-a -acenaphto-1-indenyl) (2,7~ |
dimethyl-9-fluorenyl)zirconium dichloride,

methylphenylsilylene (3-methyl- o -acenaphto-1l-indenyl) (2,7~ ‘
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di-t-butyl-9-fluorenyl)zirconium dichloride,

ethylene (2-methyl-4, 5-benzo-1-indenyl) (2, 7-
ditrimethylsilyl-9-fluorenyl)zirconium dichloride,
ethylene (2, 6-dimethyl-4, 5-benzo-1-indenyl) (2, 7-di-t-butyl-
9-fluorenyl)zirconium dichloride,

ethylene(2,7-dimethyl-4, 5-benzo-1-indenyl) (2, 7-di-t-butyl-
9-fluorenyl) zirconium dichloride,

ethylene (2, 7-dimethyl~-4, 5- (2-methyl-benzo)-1l-indenyl) (2, 7-
di—t-butyl-ijludrenyl)zirconium dichloride,
dimethylsilylene (2-methyl-4, 5~-benzo-1-indenyl) (2, 7~

ditrimethylsilyl-9-fluorenyl)zirconium dichloride,

_ dimethylsilylene (2-methyl~-4, 5-benzo-1-indenyl) (2, 7-di-t-

butyl-9-fluorenyl)zirconium-bis(methanesulfonate),

dimethylsilglene(2-methyl-4,5-benzo-1~indenyl)(2,7—di-t—

buty179ff1uorenyl)zirconiumrbié(triflupromethanesulfonéte),
dimethylsilylene(z,6-dimethyl-4,S-Benzo-l-indenyl)(2,7—
di(trimethylsilyl)—9—f1uo;ényl)zirconium-dichloride,
dimethylsilylene (2, 6-dimethyl-4,5-benzo-1-indenyl) (2,7~

di (trimethylsilyl)-9~fluorenyl)zirconium-

bis (methanesulfonate),
dimethylsilylene (2, 6~dimethyl-4, 5-benzo-1-indenyl) (2, 7~
di(trjmethylsilyl)-9-fluorenyl)zirconium—
bis(trifluoromethanesulfonate),
dimethylsilylene(Z,6—dimetﬁylh4,5—benzo—1—indenyl)(2,7—di—

t-butyl-9-fluorenyl)zirconium dichloride,



10

16

20

26

133

dimethylsilylene(2,7-dimethyl-4, 5-benzo-1-indenyl) (2, 7-di-
t-butyl~-9-fluorenyl) zirconium dichloride,
dimethylsilylene (2, 7-dimethyl-4,5~(2-methyl-benzo)~-1-
indenyl) (2, 7-di-t-butyl-9-fluorenyl) zirconium dichloride,
dimethylsilylene (2-methyl-4, 5-benzo-1-indenyl) (2, 7-dibromo-
9-fluorenyl) zirconium dichloride,

dimethylsilylene(2, 6-dimethyl-4,5-benzo-1-indenyl) (2, 7~
dibromo—g—fluoreny})zirconium dichloride,
dimethylsilylene(2-methy1—4,S—benzo—i-indenyl)(2,7-di-t-

butoxy-9-fluorenyl)zirconium dichloride,

.dimethylsilylene(Z;G-dimethyl-4,5-benzo—1~indenyl)(2,7—di-

't—butoxy-g-fluorenyl)zirconium dichloride,

dimethylsilylene(2-methyl-4, 5~-benzo~1-indenyl) (2,7-
diphenyl-9-fluorenyl)zirconium dichloride,
dimethylsilylene(Z,6-dimethy1-4,5-benzo-1-inden§1)(2,7-

diphenyl-g-flubrenyl)zirconium dichloride,

dimethylsilylene (2-methyl-4, 5-benzo~1-indenyl) (2, 7-di-i-

propyl-9-fluorenyl)zirconium dichloride,

dimethylsilylene (2, 6-dimethyl-4,5-benzo-1-indenyl) (2, 7-di-
i—propyl-g-flﬁorenyl)zirconium dichloride,
dimethylsilylene (2, 6-dimethyl-4, 5-benzo-1-indenyl) (2,7~
dimethyl-9-fluorenyl)zirconium dichloride,
dimethylsilylene (2, 6-dimethyl-4, 5~ (1-methyl-benzo)-1-
indenyl)(2,7—di—t—buty1-9-fluorenyl)zirconium dichloride,

dimethylsilylene (2, 7-dimethyl-~4,5- (2-methyl-benzo) -1~
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indenyl) (2, 7-di(trimethylsilyl)-9-fluorenyl)zirconium
dichloride,
dimethylsilylene (2, 7-dimethyl-4, 5~ {2-methyl-benzo)-1-
indenyl) (2, 7-dibromo~9-fluorenyl) zirconium dichloride,
dimethylsilylene (2, 7-dimethyl-4, 5~ (2-methyl-benzo) -1-
indenyl) (2, 7-di-t-butoxy-9-fluorenyl) zirconium dichloride,
dimethylsilylene (2, 7-dimethyl-4, 5~ (2-methyl-benzo)-1-
indenyl)(2,7—diphényl—9—fluorenyl)zirgonium dichloride,
dimethylsilylene(2, 7-dimethyl-4, 5~ (2-methyl-benzo)-1-
indenyl)(2,7—di-i-propyl—S—fluoreﬁyl)zirconium dichloride,
dimethylsilylene (2, 7-dimethyl-4, 5- (2-methyl~benzo) -1~
in&enyl)(2,7—dimethyi—9*fluorenyl)zirconium dichloride,
dimethylsilylene (2, 7-dimethyl-4, 5~ (1-methyl-benzo)-1-
indenyl)(2,7fdi-t—butyl-9-fluorenyl)zirconiuﬁ dichloride,
dimethylsilylene(2,7-dimethyl—4,5-(1-methy1-benzo)-1—
indenyl)(2,7-di(triﬁethylsilyl)—9—f1uoreny1)zirconium
dichloride,
dimethylsilylene (2, 7-dimethyl-4, 5- (1-methyl-benzo)-1-
indenyl) (2, 7-dibromo-9-fluorenyl) zirconium dichloride,
dimethylsilylene(2, 7-dimethyl-4, 5~ (1-methyl-~benzo) -1~
indenyl) (2, 7-di-t~-butoxy~9-fluorenyl) zirconium dichloride,
dimethylsilylene (2, 7-dimethyl-4, 5- (1-methyl-benzo)~-1-
indenyl)(2,7—diphenyl-9-fluorenyl)zirconium dichloride,
dimethylsilylene(2,7-dimetﬁyl—4,5—(1—methyl—benzo)—1—

indenyl) (2, 7-di-i~-propyl-9~fluorenyl)zirconium dichloride,



10

15

20

25

135

dimethylsilylene (2, 7-dimethyl-4,5~(l-methyl-benzo)-1-
indenyl) (2, 7-dimethyl-9-fluorenyl) zirconium dichloride,
dimethylsilylene(2-methyl-4, S~benzo~1-indenyl) (2, 7-dibromo-
9~fluorenyl) zirconium-bis {methanesulfonate),
dimethylsilylene (2, 6-dimethyl-4, 5-benzo-1-indenyl) (2,7~
dibromo-9-fluorenyl) zirconium-bis (methanesulfonate),
dimethylsilylene (2-methyl-4, 5-benzo-1-indenyl) (2, 7~-di~-t~
butoxy-9-fluorenyl)zirconium-bis (methanesulfonate),
dimethylsilylene (2, 6-dimethyl-4, 5-benzo~1-indenyl) (2, 7-di-
t-butoxy-9-fluorenyl) zirconium-bis (methanesulfonate),
dimethylsilylene (2-methyl-4, 5-benzo-l-indenyl) (2,7~
diphenyl-9-f1uoreny1)zirconium—bis(methanesulfonate),
dimethylsilylene (2, 6-dimethyl-4, 5-benzo-1-indenyl) (2,7~
diphenYl—Q-fluorenyl)zirconium—bis(methanesulfonaté),
dimgthylsilylene(2-methyl—4,5-benio-1-indeny1)(2,7—di-i-
propyl-9-fluorenyl) zirconium~bis (methanesulfonate},
diﬁethylsilylene(Z,6—dimethy1—4,S—benzo—l-indenyl)(2,7-di-
i-propyl-9-fiuoreny1)zirconium;bis(methanesulfonate)(
dimethylsilylene(2, 6-dimethyl-4, 5-benzo~1-indenyl) (2, 7-
dimethyl-9-fluorenyl)zirconium-bis (methanesulfonae),
dimethylsilylene (2, 7~dimethyl-4, 5~ (2-methyl-benzo) -1~
indenyl) {2,7-di (trimethylsilyl-2-fluorenyl)zirconium-

bis (methanesulfonate),
dimethylsilylene (2, 7-dimethyl-4, 5~ (2-methyl-benzo)~1-

indenyl) (2, 7-dibromo-9-fluorenyl) zirconium-
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bis {methanesulfonate),
dimethylsilylene (2, 7~dimethyl-4, 5~ (2-methyl-benzo)-1-
indenyl) (2, 7-di-t-butoxy-9-fluorenyl) zirconium~

bis (methanesulfonate),
dimethylsilylene (2, 7-dimethyl-4, 5- (2-methyl-benzo)-1-
indenyl) (2, 7-diphenyl-9-fluorenyl) zirconium-

bis (methanesulfonate),
dimethylsilylene (2, 7-dimethyl-4, 5- (2-methyl-benzo)-1-
indenyl)(2,7-di-i-éropyl-Q—fluorenyl)zirconiumr

bis (methanesulfonate),
dimethylsilylene(2,7-dimethyl-4,5-(2¥ﬁethyl—benzo)—1—
indenyl)(2,7-dimethyl-9-fluorényl)zirconium—

bis (methanesulfonate),

dimefhylsilylene(Z,7—dimethy1-4,5—(1—methyl—benzo)—1-

indenyl) (2, 7-di-t~butyl-9-fluorenyl) zirconium-

bis (methanesulfonate),
dimethylsilylgne(Z,5-dimethyl—4,5-(14methy1-bénzo)-1—
indenyl) (2, 7-di (trimethylsilyl)-9-fluorenyl) zirconium-
bis(methanesulfonafe),
dimethylsilylene(2,7-dimethy1-4,5-(1-methy1-behzo)-1—
indenyl)(2,7—dibromo-9-fluorenyl)iirconium-

bis {methanesulfonate),
dimethylsilylene(2;7-dimethyl-4,5—(1-methylfbenzo)—1-
indenyl)(2,7-di-t-butoxy-QJfluorenyl)zirconium—

bis (methanesulfonate),
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dimethylsilylene (2, 7-dimethyl-4, 5-{1-methyl-benzo)-1-
indenyl) (2, 7-diphenyl-9-fluorenyl) zirconium-
bis(methanesulfonate),
dimethylsilylene (2, 7-dimethyl-4,5-(1~methyl~benzo)-1-

indenyl) (2, 7-di-i-propyl-9-fluorenyl) zirconium-

‘bis (methanesulfonate),

dimethylsilylene (2, 7-dimethyl~-4, 5~ (1-methyl-benzo)-1-

~ indenyl) (2, 7-dimethyl-9-fluorenyl) zirconium-

bis{methanesulfonate),
dimethylsilylene (2-methyl-4, 5-benzo~-1-indenyl) (2, 7-dibromo-

9—(4,S-methylenephenanthryl))zirconium dichloride,

. dimethylsilylene (2, 6~dimethyl-4,5-benzo-1-indenyl) (2, 7-

dibromo-9-(4,;5-methylenephenanthryl) ) zirconium dichloride,
dimethylsilylene(2~methyl—4,§-benzo—1—indenyl)(2,7-di-t-
butoxy-9- (4, 5-methylenephenanthryl) ) zirconium dithoride,
dimethylsilylene(Z,6—dimethy1—4,5-benzo—1-indeny15(2,7—di-
t-butoxy-g-(4,S-methylehephenadfhryl))zirconium dichloride,
dimethylsilylene (2-methyl-4, 5-benzo-1-indenyl) (2, 7-
diphenyl-9- (4, 5-methylenephenanthryl))zirconium dichloride,
dimethylsilylene(2, 6-dimethyl-4, 5-benzo-l-indenyl) (2,7-
diphenyl-9- (4, 5-methylenephenanthryl))zirconium dichloride,
dimethylsilylene (2-methyl-4,5-benzo-1l~indenyl) (2, 7-di-i~
propyl-9-(4,S5-methylenephenanthryl))zirconium dichloride,
dimethylsilylene(2,6—dimetﬁ§l~4,5-benzo—1—indenyl)(2,7~di—

i-propyl-9-(4, 5-methylenephenanthryl))zirconium dichloride,
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dimethylsilylene (2, 6-dimethyl—-4, 5-benzo-1l-indenyl) (2,7-
dimethyl-9- (4, 5-methylenephenanthryl))zirconium dichloride,
dimethylsilylene(2,7-dimethyl-4, 5-(2-methyl-benzo)-1-
indenyl)(2,7-di(trimethylsilyli-9r(4,5-
methylenephenanthryl) ) zirconium dichloride,
dimethylsilylene (2, 7-dimethyl-4, 5~ (2-methyl-benzo) -1~
indenyl) (2, 7-dibromo-9-(4, 5-methylenephenanthryl}) zirconium
dichloride,’
dimethylsilylene(2;7—dimethyl-4,5-(2—methyl—benzo)-1-
indenyl) (2,7-di-t-butoxy-9-(4, 5~
methylenephenanthryl))zirconium dichloride,
dimethylsilylene(2,74dimeth§l-4,5—(2-methyl-benzo)-1-
indenyl) (2, 7-diphenyl-9- (4, 5- |

methylenephenanthryl) ) zirconium dichloride,

-dimethylsil&lene(2,7-dimethyl-4,5-(2~methyl-behzo)-1—

indenyl) (2, 7-di-i-propyl-9-(4, 5~
methylenephenanthryl))zirconium dichloride,
dimethylsilylene(2,7—dimethyl—4;5-(2-methy1—benz§)-1-'
indenyl)(2,7-dimethyl-9-(4,5-
methylenephenanthryl))zirconium dichloride,
dimethylsilylene(2, 7-dimethyl~4, 5~ (1-methyl-benzo) -1-
indenyl) (2, 7-di--t-butyl-9-(4, 5~
methylenephenanthryl))zirconium dichloride,
dimethylsilylene(2,7—dimeth§l-4,5-(1-methyl—benzo)-1—

indenyl) (2, 7-di-trimethylsilyl)-9-(4,5~
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methylenephenanthryl) ) zirconium dichloride,
dimethylsilylene (2, 7-dimethyl-4, 5-(1-methyl-benzo)-1-
indenyl) (2, 7-dibromo-9-(4, 5-methylenephenanthryl) ) zirconium
dichloride, |
diméthylsilylene(2,7-dimethyl-4,5-(1-methyl~benzo)—1-
indenyl) (2, 7-di-t-butoxy-9- (4,5~ | |
methylenephenanthryl)) zirconium dichloride,

dimethylsilylene (2, 7-dimethyl-4, 5- (1-methyl-benzo) -1~

indenyl) (2, 7-diphenyl-9-(4, 5-

methylenephenanthryl) ) zirconium dichloride,
dimethylsilylene (2, 7-dimethyl-4, 5~ (1-methyl-benzo)~1-
indenyl) (2, 7-di-i-propyl-9~(4, 5-

methylenephenanthryl) ) zirconium dichloridé,

dimethylsilylene (2, 7-dimethyl-4, 5~ (1-methyl-benzo)-1-

indenyl)(2,7-dimethy1—9-(4,5-
methylenephenanthryl) ) zirconium dichloride,
dimethylsilylene(2-methyl-4,S-benzo-l-indenyl)(2,7-di-t;
butyl-9-(4,5-methylenephenanthryl))zirconium dichloride,
dimethylsilylene(2—methy1—4,5-£enzo—1-indenyl)(2,7—
di(trimethylsilyl)-9-(4,5-methylenephenanthryl))zirconium
dichloride,
dimethylsilylene(Z,6—dimethyl—4,5-benzo-1~indenyl)(2,7—di—
t-butyl-9-(4, 5-methylenephenanthryl))zirconium dichloride,
dimethylsilylene (2, 6~dimethyl:4, 5-benzo-1-indenyl) (2, 7~

di(trimethylsilyl)-9-(4, 5-methylenephenanthryl))zirconium ' i
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dichloride,
dimethylsilylene (2, 7-dimethyl-4,5-(2-nethyl-benzo) -1~
indenyl) (2, 7-di-t-butyl-9- (4, 5-
methylenephenanthryl))zirconium dichloride, _
dimethylsilylene(2,7—dimethyl—4,5-(Z;methyl-benzo)-1—
indenyl) (2,7-di(trimethylsilyl)-9-(4,5-
methylenephenanthryl))zirconium dichloride,
dimethylmethylene(2-methy1—4,S—benzo-l-indenyl)(2,7-
dibxromo—~8-fluorenyl)zirconium dichloride,
dimethylmethylene (2, 6-dimethyl~4, 5-benzo-1-indenyl) (2, 7-
dibromo-9-fluorenyl) zirconium dichloride,
dimethylmgthylene(2—methyl-4,5—benzo-1—indenyl)(2,7—di-t—
butoxy-9-fluorenyl) zirconium dichloride,
dimethylmethylene(2,Gédimethyl—4,5-benzo—1—indenyl)(2,7-dif_f
t—butoxy—9-f1uorenyl)ziréonium dichloride,
dimethylmethylene (2-methyl-4, 5-benzo-1-indenyl) (2, 7-
diphenyl-9-fluorenyl)zirconium dichloride, |
dimethylmethylene (2, 6~dimethyl-4, 5~benzo~1-indenyl) (2,7~
diphenyl-9-fluorenyl)zirconium dichloride,
dimethylmethylene (2-methyl-4, 5-benzo-1-indenyl) (2, 7-di-i~
propyl—é—fluorenyl)zirconium dichlbride,
dimethylmethylene (2, 6~-dimethyl-4, 5-benzo-1-indenyl) (2, 7-di-
i-propyl—9—fluoreﬂyl)zirconium dichloride,
dimethylmethylene (2, 6-dimethyl-4, 5-benzo-1-indenyl) (2,7 -

dimethyl-9-fluorenyl)zirconium dichloride,
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dimethylmethylene (2, 7-dimethyl-4, 5- (2-methyl-benzo)-1-
indenyl) (2,7-di (trimethylsilyl)-9-fluorenyl) ) zirconium
dichloride,
dimethylmethylene (2, 7-dimethyl-4, 5- (2-methyl-benzo)-1-
indenyl) (2, 7-dibromo-9-fluorenyl) zirconium dichloride,
dimethylmethylene(2, 7-dimethyl-4,5- (2-methyl-benzo)~1-
indenyl)(2,7-di—t-butoxy-9—fluorenyl)zirconium_diéhloride,
dimethylmethylene{2,7—dimethyl—4,5-(2—methyl-benzo)—l—
indenyl)(2,7-diphehyl—9;f1uoienyl)zirconium dichloride,
dimethylmethylene (2, 7-dimethyl-4, 5- (2-methyl-benzo)-1-
indenyl)(2,7-di-i—propyl—Q—fluorenyl)zirconium dichloride,
dimethylmethyléne(Z,7-dimethy1-4,5-(2—methyl-benzo)-1-
indenyl)(2,7—dimethyl—9—fluorenyl)zirconium'dichloride,'
dimethylmethylene (2, 7-dimethyl-4, 5- (1-methyl-benzo)~-1-
indehjl)(2,5?di;t%5ufy;-§—fluorenyl)zifconium dichloride,
dimethylmethylene (2, 7-dimethyl-4, 5- (1-methyl-benzo)-1-
indenyl)(2,7—di(trimethylsilyl)—9-f1uoreny1)zircohium

dichloride,

dimethylmethylene (2, 7-dimethyl-4, 5~ (1-methyl-benzo)~-1-

indenyl) (2, 7-dibromo-9-fluorenyl) zirconium dichloride,
dimethylméthylene(z,7-dimethy1—4,5—(1-methyl—benzo)—1—
indenyl)(2,7-di-t—butoxy—9—fluorenyl)zirconium dichloride,
dimethylmethylene (2, 7~-dimethyl-4,5-(1-methyl-benzo)-1-
indenyl) (2, 7-diphenyl-9-fluorenyl) zirconium dichloride,

dimethylmethylene (2, 7-dimethyl-4,5-(l-methyl-benzo)-~-1-
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indenyl) (2, 7-di-i-propyl-9-fluorenyl) zirconium dichloride,
dimethylmethylene(2,7-dimethyl-4, 5~ (1-methyl-benzo)-1-
indenyl) (2, 7-dimethyl-9-fluorenyl) zirconium dichloride,
dimethylmethylene (2-methyl-4, 5-benzo-l1-indenyl) (2, 7-di-t-
butyl-9-fluorenyl)zirconium dichloride,

dimethylmethylene (2-methyl-4, 5-benzo~l1l-indenyl) (2, 7-

di(trimethylsilyl}-9-fluorenyl)zirconium dichloride,

dimethylméthylene(z,6-dimethyl—4,5-benzo~1-indenyl)(2,7—di-
t-butyl-3-flucrenyl)zirconium dichloride,
dimethylmethylene(z,6-d;methy1-4,S-benzo-l—indenyl)(2,7—
di(trimethylsilyl)-9-fluorenyl))zirconium dichloride,
dimethylmethylene(2,7—dimethyl-4,5—(2-methyl-benio)e1—
indenyl)(2,7-dift—butyl—9-f1uorenyl)zirconium dichloride,
dimethylmethylene (2, 7-dimethyl-4, 5~ (2-methyl-benzo) -1~
indehyl)(2,7—di(trimethylsilyl)—9-fluoreﬁy1)zirconium
dichloride, |
dimethylsilylene (2-methyl-4, 5-benzo-l1-indenyl) (2, 7-di-t~
butyl-9-fluorenyl))zirconium n 4-1-phenyl-1,3-pentadiene,
dimethylsilylene (2-methyl-4,5-benzo-1-indenyl) (2,7~
di(trimethylsilyl)—9-f1uorenyl));irqonium né4-1,4-
diphenylbutadiene,
dimethylsilylene(2-methyl—4,S—benzo—l—indenyl)(2,7—dibromo-
9-fluorenyl)zirconium n4-2,4-hexadiene,
dimethylsilylene(2,6—dimetﬁyl-4,5—benzo-1—indenyl)(2,7—di-

t-butyl-9-fluorenyl)zirconium 75 4-1,4~diphenyl-~1, 3-
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butadiene,
dimethylsilylene (2, 6-dimethyl-4,5-benzo-1-indenyl) (2,7~
di(trimethylsilyl)-9-fluorenyl))zirconium 7 4-3-methyl-1, 3-
pentadiene,
dimethylsilylene (2, 6-dimethyl-4, 5-benzo-1-indenyl) (2,7~
dibromo-9-fluorenyl)zirconium 7 4-2,4-hexadiene,
diphenylsilylene (2-methyl-4, 5-benzo-1-indenyl) (2, 7-
ditrimethylsilyl—QTfluorenyl)zirconium dichloride,
diphenylsilylene (2, 5~dimethyl-4, 5-benzo-1-indenyl) (2, 7-di-
t-butyl-9-fluorenyl)zi;conium dichloride,
diphenylsilylene(2,7-dimeth§1-4,5-benzo-1-indenyl)(2,7—di-
t—buty1-9-fluorenyl)zirconium dichloride, |
diphenylsilylenekz,7¥dimethyl—4,5—(2-methyl—benzo)—1—
indenyl)(2,7-di-t;butylf9-fluorenyl)zirconium dichloride,
methylphenyisilyiene'(2'-i_ne£h_y1-4,_ 5-benzo-1-indenyl) (2, 7-
di(trimethyl)silyl-g-fiudrényl))zirconium dichloride,
methylphenylsilylene(2,6—dimethyl-4,S-bénzo—l-indenyl)(2,7—
di-t-butyl-é-fluorenyl))zirconium dichloride,
methylphenylsilylene (2, 7-dimethyl-4, 5-benzo-1-indenyl) (2, 7-
di-t-butyl-9-fluorenyl))zirconium dichloride,
methylphenylsilylene(2,7-dimethyl~-4,5- (2-methyl~benzo)-1-
indenyl)(2,7—di—t;butyl-9-fluorenyl))zirconium dichloride,
ethylene(2—methyl-?-trimgthylsilyl-4,S-benzo—l—

indenyl) (2, 7-di-t~butyl-9-fluorenyl) zirconium dichloride

and
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dimethylsilylene(2-methyl-7~trimethylsilyl-4,5-(1l-methyl-
benzo)-1-indenyl) (2, 7-di-t-butyl-9-fluorenyl) zirconium
dichloride.

Also available are compounds wherein zirconium is
replaced with titanium or hafnium in the above-mentioned

compounds.

Next, the transition metal compound represented by

the formula (15) is described.

... (15)

In the above formula, Ml is a transition metal atom
selected from Group 3 to Group 10 of the periodic table,
preferably a transition metal atom selected from Group 4 of
the periodic table, more preferably titanium, zirconium or
hafnium, particularly preferably zirconium.

R41 and R42 may be the same or different and are each
a hydrocarbon group of 1 to 40 carbon atoms, a halogenated
hydrocarbon group of 1 to 40 carbon atoms, an oxygen-
containing group, a sulfur-containing group, a silicon-

containing group, a halogen atom or a hydrogen atom.
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Examples of the hydrocarbon groups of 1 to 40 carbon
atoms include the same groups as previously described with
respect to Rl to R14, R17 to R20 and R4l in the formula
(13).

Examples of the oxygen-containing groups, the sulfur-
containing group, the silicon-containing groups and the
halogen atoms include the same groups and atoms as
previously described with respect.to R25, R26, R27 and R28
in the formula (11;; Of the groups indicated by R4l and
R4Z, a part of the groups neighboring with each other may
be bonded to form a ring together with carbon atoms to
which those groups are bonded

X1 and x2 may be the same or different and have the
same meanings as those of X1 and X2 in the formula (11).

. Y1 has the same méaning as that of Y! in the formula
(11).
| Examples of the transition metal éqmpounds
represented by the formula (15) include
ethylene-bis(fluorenyl)dimethyl zirconium,
ethylene~bis(fluorenyl)zirconium dichloride,
ethylene-bis (fluorenyl)zirconium-
bis(trifluoromethanesulfonate),
ethylene-bis(fluorenyl)zirconium-bis (methanesulfonate),
dimethylsilylene-bis(fluorenyl)zirconium dichloride,

dimethylsilylene-bis(fluorenyl)zirconium-
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bis(trifluoromethanesulfonate),
diphenylsilylene-bis(fluorenyl)zirconium dichloride,
dimethylmethylene~bis (fluorenyl) zirconium dichloride,
dimethylmethylene~bis (2, 7-tert-butylfluorenyl)zirconium
dichloride,
dimethylsilylene~bis (2, 7-tert-butylfluorenyl)zirconium
dichloride,
dimethylmethylene-bis (3, 6~tert-butylfluorenyl)zirconium
dichloride,
dimethylsilylene-bis(3,Gitert-butylfluorenyl)zirconium
dichloride, and
N, N-diphenylaminoboryliden-bis (fluorenyl) zirconium
dichloride. |

Next, the transition metal compound represented by

the formula (16) is described.

2yt
N

R16

. ... (16)

In the above formula, Ml is a transition metal atom
selected from Group 4 of the periodic table, specifically
titanium, zirconium or hafnium, preferably zirconium.

Rll, R12, R15 to RZO, and R42 may be the same or
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different and are each a hydrocarbon group of 1 to 40
carbon atoms, a halogenated hydrocarbon group of 1 to 40

carbon atoms, an oxygen-containing group, a sulfur-~

- containing group, a silicon-containing group, a halogen

atom or a hydrogen atom.

Examples of the hydrocarbon groups of 1 to 40 carbon
atoms include the same groups as previously described with
respect to R11l to R14, R17 to R20 and R4l in the formula
(13). |

Exambles of the oxygen-containing groups, the sulfur-
containing group, tﬁe silicon-containing groups and the
halogen atoms include the same groups and atoms as
previously described with respect to R25, R26, R27 and R28
in the formula (11). Of the groups indicated by kll, r12,
R15, R16, Rr17, Rr18, Rr19, R20 and R42, ;fpart of the groups
neighboring with edch other may be bonded to form a ring
together with carbon atoms to which those groups are bonded.

X1 and x2 may be the same or different and have the
same meanings as those of x1 and X? in the formula (11).

¥l has the same meaning as that of Y! in the formula
(11).

Examples of'the transition metal compounds
represented by the formula (16) include the same compounds

as previously exemplified with respect to the compounds of

the formula (lla) or (11lb).
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Also available ére compounds wherein zirconium is
replaced with titanium or hafnium in the above-mentioned
compounds.

The transition metal compounds (A) mentioned above
can be used singly or in combination of two or more kinds.

(B-1) Organoamuminum oxy-compound

The organcaluminum oxy-compound {(B-1) for use in the
invention may be conventional aluminoxane (also referred to
as "alumoxane") or:such a benzene~insoluble organoaluminum
oxy-compound as exemplified in Japanese Patent Laid-Open
Publication No. 78687/1990.

The conventional aluminogane can be prepared by, for
example; the following processes, and is generally obtained
as a hydrocarbon solvent solution.

(1) An organoa;uminum compound such as
trialkylaluminum is added to a hydiocarbon medium
suspension of a compound containing adsorption water or a
salt containing water of crystallization, e.g., magnesium
chloride hydrate, cépper'sulfate hydrate; aluminum sulfate
hydrate, nickel sulfate hydrate or cerous chloride hydrate,
to allow the organoaluminum compound to react with the
adsorption water or the water of crystallization.

(2) Water, ice or wéter vapor is allowed to

directly act on an organoaluminum compound such as



10

16

20

25

149

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 with an organoaluminum
compound such as trialkylaluminum in a medium such as
decane, benzene or toluene.

The aluminoxane may contain a small amount of an
organometallic component. Further, it is possible that the
solvent or the unreacted organcaluminum compound is
distilled off from the recovered solution of aluminoxane
and the remainder is redissolved in a solvent.

Examples of the organcaluminum compounds used for
preparing the aluminoxane include
| trialkylaluminums, such as frimethylaluminum,
triethylaluminum, tripropylaluminum, triisopiopylaluminum,
tri-n-butylaluminum, triisobutylaluminum, tri-sec-
butylaluminum,
tri-tert-butylaluminum, tripentylaluminum, trihexylaluminum,
trioctylaluminum and tridecylaluminum;-

tricycloalkylaluminums, such as tricyclohexylaluminum
and tricyclopctylaluminum;

dialkylaluminum halides, such as dimethylaluminum
chloride, diethylaluminum chloride, diethylaluminum bromide
and diisobutylaluminum chloride; |

dialkylaluminum hydrides, such as diethylaluminum
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hydride and diisobutylaluminum hydride;

dialkylaluminum alkoxides, such as dimethylaluminum
methoxide and diethylaluminum ethoxide; and

dialkylaluminum aryloxides, such as diethylaluminum
phenoxide.

Of these, preferable are trialkylaluminums and
tricycioalkylaluminums.

Additionally, examples of the organoaluminum
compounds used for preparing the alumincxane include
isoprenylaluminum represented by the formula (i-
C4Hg) xAly (C5H10)z (wherein %, y and z are each a positive
number, and z=2x). '

The organoaluminum compounds are used singly or in
comSination of two or more kinds.

Examples of the solventé used for preparing the
aluminoxane.include aromatic hydrocarbons, such as benzene,
toluene, xylene, cumene and cymene; aliphatic hydrocarbons,
such as pentane, hexéne, heptane, octane, decane, dodecane,
hexadecane and octadecane; alicyclic hydrocarbons, such as
cyclopentane, cyclohex;ne, cyclooctane and
methylcyclopentane; petroleum fracﬁions, such as gasoline,
kerosine and gas o0il; and halogenated products of these
aromatic, aliphatic and alicyclic hydrocarbons (e.qg.,
chlorinated or brominated products thereof). Also

employable are ethers such as ethyl ether and
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tetrahydrofuran. Of the solvents, particularly preferable
are aromatic hydrocarbons.

The organoaluminum oxy-compound for use in the
invention is, for example, an organocaluminum oxy—compoﬁnd

containing boron and represented by the following formula

(17):

R® R® R®
l .
/AI-—O —B—0—Ai
R® R®

... (17)

wherein R8 is a hydrocarbon group of 1 to 10 carbon atoms}
and each R? may be the same or different and is a hydrogen
atom, a halogen atom or a hydrocarbon group of 1 to 10
carbon atoms.

(B-2) Ionizing ionic compound

Examples of the compound (B-2) which reacts with the
transition metal compound (A) to form an ion pair
(sometimes referred to as an "ionizing ionic compound"
hereinafter), that is used in the invention, include Lewis
acid, an ionic compound, a borane compound and a carborane
compound, which are described in National Publications of

International Patents No. 501950/1989 and No. 502036/1989,

Japanese Patent Laid-Open Publications No. 179005/1991, No.

17900671591, No. 267703/1931 and No. 2077C4/1991, and U.S.
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Patent No. 5,321,106. A heteropoly compound and an isopoly

compound are also available.

Examples of the Lewis acid include magnesium-

. containing Lewis acid, aluminum-containing Lewis acid and

boron-containing Lewis acid. Of these, boron-containing
Lewis acid is preferable. The ionic compound is a salt
comprising a cationic qompound and an anionic compound.

The anion reacts with the transition metal compound to make
the transition metal compound cationic and thereby form an
ion pair, wherebyrthe transition metal cationic species are
stabilized. Exaﬁﬁles of such anions include organoboron
compound anion, organoarsenic compound anion and
organoaluminum compound anion. Preferable are those which
are relatively bulky and stabilize the transition metal
cationic species.

The Lewis acids containing boron atoms are, for
exaﬁple, compounds repieseﬁted by the following formula
(18); _

BRR PR’ ... (18)
wherein R’, R’’ and R’’’ may be the same or different and
are each a fluorine atom or a phenyl group which may have a
substituent such as a fluorine atom, a methyl group or a
trifluoromethyl group. |

Examples of compounds represented by the formula (18)

include trifluoroboron, triphenylboron, tris(4-
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fluorophenyl)béron, tris(3,5~difluorophenyl)boron, -tris(4-
fluoromethylphenyl)boron, tris(pentafluorophenyl)}boron,
tris({p-tolyl)boron, tris(o-tolyl)boron, tris(3,5-
dimethylphenyl)boron and tris{3,5-
di(trifluoromethylphenyl))boron. Of these, preferable is
tris(pentafluorophenyl)boron.

The ionic compound is a salt comprising a cationic
compound and an anionic compound. An anion is reacted with
the aﬁove transition metal compound to cationize it and
form an ion pair whiéh has a function of étabilizing the
cation species of the transition metal compound. Examples
of such anions include organic boron compéund anion,
organic arsenic compound anion and organic aluminﬁm
compound anion, and preferable are reiatiﬁely bulky and can
staﬁilize the transition metal cationic species. Cations
include metal cation, organic metal catioﬁ, carbonium
cation, tropylium cation, oxisonium cation, sulfonium
cgtion, phosphonium cation and ammonium cation and, more in
detail, triphenylcarbenium cation, tributylammonium cation,
N, N-dimethylammonium cation and ferroceniﬁm cation.

Of these, preferable anions are ionic compounds
containing boron compounds as anion.

Examples of the trialkyl-substituted ammonium salts

include;
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triethylammoniumtetra (phenyl)boron,
tribropylammoniumtetra(phenyl)boron, tri(n-

butyl) ammoniumtetra (phenyl)boron, trimethylammoniumtetra (p~
tolyl)boron, trimethylammoniumtetra(o—tolyl)boron,
tributylammoniumtetra(penfafluorophenyl)boron,
tripropylammoniumtetra(o,p-dimethylbhenyl)boron,
tributylammoniumtetra (m, m-dimethylphenyl)boron,
tributylammoniumtetra (p~trifluoromethylphenyl)boron, tri (n-
butyl) ammoniumtetra(o-tolyl)boron and tri(n-

butyl) ammoniumtetra (4-fluorophenyl)boron.

Examples of the N,N-dialkylanilinium salts inciude
N,N-dimethylaniliniumtetra (phenyl)boron, N,N-
diethylaniliniumtetra (phenyl)boron and N,N-2,4,6-
pentamethylaniliniumtet;a(phenyl)boron.

Examples of the dialkylaﬁmonium salts include di(n-
propyl) ammoniumtetra (pentafluorophenyl)boron and
dicyclohexylammoniumtetra(phenyl)borén.

Examples of the triarylphosphonium salts include
triphenylphosphoniumtetra (phenyl)boron,
tri (methylphenyl)phosphoniumtetra (phenyl)boron and
tri (dimethylphenyl)phosphoniumtetra (phenyl)boron.

Further employable as the ionic compounds containing
boron are

triphenylcarbeniumtetrakis (pentafluorophenyl)borate, N, N-
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dimethylaniliniumtetrakis (pentafluorophenyl)borate,
ferroceniumtetra (pentafluorophenyl)borate
triphenylcarbeniumpentaphenylcyclopentadienyl complex, N,N-
diethylaniliniumpentaphenylcyclopentadienyl complex and a

boron compound represented by the fcllowing formula (19) or

{20):

CF3 CF3
@ ©
H (OEtz)z B Na B

cFy/ 4 CF3 [/ 4

... (19) . ... (20)

Furthermore employable as the ionic compounds having

"a boron atom are the following compounds. (In the following

ionic compounds, the counter ion is tri(n-butyl)ammonium
but not restricted.)

Examples of salts of anions include
bis[tri(n-butyl)ammonium]nonaborate,
bis[tri (n-butyl)ammonium]decaborate,

bis[tri (n-butyl)ammonium]undecaborate,

.bis[tri(n—butyl)ammonium]dodecaborate,

bis[tri (n-butyl)ammonium] decachlorodecaborate,

bis{tri(n-butyl)ammonium]dodecachicvrcdudecaborate,
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tri (n~butyl)ammonium-1l-carbadecaborate,
tri(n-butyl)ammonium-l-carbaundecaborate,
tri(n-butyl)ammonium-1l-carbadodecaborate,
tri(n-butyl)ammonium-1-trimethylsilyl-l-carbadecaborate and
tri (n-butyl)ammoniumbromo-l-carbadodecaborate.

Examples of salts of borane compounds, carborane
compolex compounds and carborane anion include

decaborane(14), 7,8-dicarbaundecaborane(13), 2,7-
dicarbaundecaborane (13), undecahydrido-7,8-dimethyl-7,8-
dicarbaundecaborane, dodecahydrido—l1-methy1-2,7-
dicarbaundecaborane, tri{n-butyl)ammonium-6-
carbadecaborate (14), tri(n—butyliammonium—G—
carbadecaborate (12), tri(n-butyl)ammonium-7-
carbaundecaborate(13), tri(n-butyl)ammonium-7,8-
dicarbaundecaborate(12), tri(n-butyl)ammonium-2,9-
dicarbaundec&boraté(lZ), tri(n—butyl)ammoniumdodecéhydrido-
8-methyl~7, 9~dicarbaundecaborate, tri(n-
butyl)ammoniumundecahydrido—s-ethyl-7,9—dicarbaundecéborate,
tri (n-butyl)ammoniumundecahydrido-8-butyl-7, 9~
dicarbaundecaborate, tri(n-butyl)ammoniumundecahydrido-8-
allyl-7,9-dicarbaundecaborate, tri(n-
butyl)ammoniumundecahydrido~9-trimethylsilyl-7, 8-
dicarbaundecaborate and
tri (n-butyl)ammoniumundecahydrido-4, 6-dibromo-7-

carbaundecaborate.
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Examples of salts of carborane compounds and
carborane include

4—éarbanonaborane(14); 1, 3-dicarbanonaborane (13),
6, 9-dicarbadecaborane (14),
dodecahydrido-l-phenyl~-1, 3-dicarbanonaborane,
dodecahydrido-1l-methyl-1, 3-dicarbanonaborane and
undecahydrido-1, 3-dimethyl-1, 3-dicarbanonaborane.

.Further émployable as the ionic compounds containing
a boron atom are following metallic carborane salts and
metallic boran anion. (In the following ionic compounds,
the counter ion is tri(n-butyl)ammonium but not
restricted.) |

Employable are
tri(n-butyl)ammoniumbis(nonéhydrido-1,3-
dicarbanohaborate)cobaltate(III),
tri(n—butyl)ammoniumbis(undecahydrido-?,S—
dicarbaundecaborate) ferrate (I11I),
tri (n-butyl) ammoniumbis (undecahydrido-7, 8~
dicarbaundecaborate)cobaltate (III),
tri (n-butyl) ammoniumbis (undecahydrido-7, 8-
dicarbaundecaborate)nickelate (III),
tri(n-butyl)ammoniumbis (undecahydrido-7, 8-
dicarbaundecaborate)cuprate (11I),
tri (n-butyl)ammoniumbis (undecahydrido-7, 8-

dicarbaundecaborate)aurate (II1I),



10

15

20

26

158

tri(n-butyl)ammoniumbis (nonahydrido-7, 8~dimethyl-7,8-
dicarbaundecaborate) ferrate (III),

tri(n-butyl)ammoniumbis (nonahydrido-7, 8-dimethyl~7, 8-

dicarbaundecaborate) chromate (III),
tri(n-butyl)amroniumbis (tribromooctahydrido-7, 8- ' !
dicarbaundecaborate) cobaltate (III),

tri(n-butyl)
ammqniumbis(dodecabydridodicarbadodecaborate)cobaltate(III),
bis{tri (n-butyl)

ammonium]bis (dodecahydridododecaborate)nickelate (III),
tris[tri(n¥butyl)ammonium]bis(undecahydrido—?-
carbaundecaborate)chfomate(III),

bis[tri (n-butyl)ammonium]bis (undecahydrido-7-
garbaundecaborate)manganate(IV),

bis[tri (n-butyl)ammonium]bis (undecahydrido~7-
carbaundecaborate)cobaltate (III) and
bis[tri(n-butyl)ammonium]bis (undecahydrido-7-
carbaundecaborate)nickelate (IV).

Further examples of fhe ionic compounds containing a
boron atom include following compounds such as
triphenylcarbeniumtetrakis((2,3,5,6-tetrafluoro-4-
triisopropylsilyl)phenyl]borate,
N,N-dimethylaniliniumtetrakis[(2,3,5, 6-tetrafluoro-4-
triisopropylsilyl)phenyl]borate,

triphenylcarbeniumtetrakis((2,3,5,6-tetrafluoro-4-dimethyl--
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t-butylsilyl)phenyl]borate,
N,N-dimethylaniliniumtetrakis{(2,3,5,6-tetrafluoro-4-
dimethyl-t-butylsilyl)phenyl]borate,
triphenylcarbeniumbis (octafluorcbiphenylene)borate,
N,N~dimethylaniliniumbis (octafluorobiphenylene)borate,
triphenylcarbeniumbis (octafluoro-1,1’-spiro)biboronol and
N,N-dimethylaniliniumbis (octafluoro~1,1’ -spiro)biboronol.
The heteropoly compound comprises an atom selected
from silicon, phosphorus, titanium, germanium, arsenic or
tin and one or more atoms selected from vanadium, niobium,
molybdenum and tungsten. Examples of such compounds
include phosphovanadic acid, germanovanadic acid,
arsenovanadic acid, phosphoniobic acid, germanoniobic acid,
silicomolybdic acid, phosphomolybdic acid, titanomolybdic
acid, germanomolybdic acid, arsenomolybdic acid,
stannomolybdic acid, phosphotungstic acid, germanotungstic
acid, stannotungstic acid, phosﬁhomolybdovanadic acid,
phosphotungstovanadic acid, germanotaungstovanadic acid,
phospﬁomolybdotungstovanadic acig,
germanomolybdotungstovanadic acid, phosphomolybdotungstic
acid, phoépﬁomolybdoniobic acid, salts of these acids,

specifically, salts of these acids, for example with metals

. of Group 1 or 2 of the periodic table such as lithium,

sodium, potassium, rubidium, cesium, beryllium, magnesium,

calcium, strontium and barium and organic salts of the
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above acids such as with triphenylethyl salt.
The ionizing ionic compounds may be used singly or in
combination of two or more kinds.

(B-3) Organocaluminum compound

The-organoaluminum compounds (B-3) used in the
present invention can be represented by the following

formula (21):
RanAlX3-—n ... (21)

wherein R3 is a hydrocarbon group of 1 to 12 carbon atoms,
X is a ﬁalogen atom or a hydrogen atom, and n is 1 to 3.

In the above formula (21), R* is a hydrocarbon group
of 1 to 12 carbon atoms, for example, an alkyl group, a
cycloalkyl group or an aryl group. Examples include a
methyl group, ethyl group, n;propyl group, isopropyl group,
isobutyl group, pentyl group, ﬁéxyl group, oct&l group,
cyclopentyl group, cyclohexyl group, phenyl group and télyl
group.

Examples of the organocaluminum compoﬁnds include

trialkylaluminums, such as trimethylaluminum,
triethylaluminum, triisopropylaluminum, triisobutylaluminum,
trioctylaluminum and tri-2-ethylhexylaluminum;

alkenylaluminums, such as isoprenylaluminum;
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dialkylaluminum halides, such as dimethylaluminum
chloride, diethylaluminum chloride, diisopropylaluminum
chloride, diisobutylaluminum chloride and dimethylaluminum
bromide;

alkylaluminum sesquihalides, such as methylaluminum
sesquichloride, ethylaluminum sesquichloride,
isopropylaluminum sesquichloride, butylaluminum
sesquichloride and ethylaluminum sesquibromide,

alkylaluminum diﬁalides, such as methylaluminum
dichloride, éthylaluminum dichloride, isopropylaluminum
dichloride and ethylaluminum dibromide; and

alkylaluminum hydride;, such as diethylaluminum
hydride and diisobutylaluminum hydride.

Further the organocaluminum compounds (B-3) can be

also represented by the following formula (22):
R*AlY3., .o {22)

wherein R* is the saﬁe as previously described, Y is a -OR®
group, -OSiR°; group, -OAlR% group, -NR®; group, -SiR%;
group or -N(R®)A1R®, group, n is 1 to 2, and R, R%, R® and
R" are each a methyl group, ethyl group, isopropyl group,
isobutyl group, cyclohexyl group and phenyl group, R® is

hydrogen, a methyl group, ethyl group, isopropyl group,
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phenyl group and trimethyl group, and RS and R? are each a
methyl group and ethyl group.

Examples of the organocaluminum compounds include
(i) compounds represented by R*%Al (ORb):;_n such as
dimethylaluminum ﬁlethoxide, diethylaluminum ethoxide and
diisobutylaluminum methoxide;

(ii) compounds represented by R%,Al (0SiR%);., such as
(C2Hs) 2A1 (OS1 (CH3)3) , (i50-C4Hyg)2AL (0S1i(CH3)3) and (iso-
CqHg) 3A1 (OSi (CoHs)3) 5

(1ii) compounds represented by R®,Al (OA1R%)3., such as
(C2Hs) 2A1 (OAL1 (CzHs)2) and (iso-C4Hg) Al (OAL (iso-CyHs) ) ;

(iv) compounds represented by R"’,.Al (NR%;)3-n such as E

(CH3) 2A1 (N(C2Hs)2) , (C2Hs)2A1(NH (CH3) ), (lCHs) 2A1 (NH (CzHs) ) ,
(C2Hs) 2AL [N (Si (CHs)3)2] and (1i80-C4Hg) 2A1 [N (Si(CH3)3)2]; and
(ir) compounds represented by R",,Al(S:'LRf;;);;..Il such as
(is0-CqHg) 2A1 (Si (CH3)3) .

In the present invention, of these, preferable are
organoaluminum compounds represented by R%Al, R%Al(OR®)s.,,
and R%,A1(OA1R%)3... Particularly preferable are compounds
wherein R® is an isoalkyl group and n = 2.

The organoalumihum dompounds can be used in
combinatioﬁ of two or more kinds.

The olefin polymerization catalyst ﬁsed in the
present invention comprises the transition metal compound

(A) and at least one compound selected from the arou
g F
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consisting of the organocaluminum-oxy compound (B-1), the
ionizing ionic compound (B~2) and the organoaluminum
compound (B-3). For example, in the case that the
transition metal compound (A) containes a ligand having a
cyclopentadienyl skeleton, the catalyst comp;ises said
compound (A) and the organoaluminum-oxy compound (B-1)
and/or the ionizing ionic compound (B-2), and optionally
the organcaluminum compound (B-3).

The olefin polymerization catalyst for use in the
invention may be a solid catalyst in which the transition
metal compound (A) and at least one component selected from
the organoaluminum oxy-compound (B-1}), the ionizing ionic
compound (B-2) and the organoaluminum compound (B-3) are
supportéd on a particle carrier, or a prepolymerized
catalyst comprising a particle carrier, the transition
metal compound (A), the organoaluminum oxy-compound (B-1)
(or the ionizing ionic compound (B-2)), an olefin polymer
produced by prepolymerization, and if necessary, the
organocaluminum compound (B-3).

An particulate carriers used in the solid catalyst
and the prepolymerized catalyst is an inorgénic or organic
compound in the form of.granular or particulate solid

having a particle diameter of 10 to 300 pm, preferably 20

to 200 pm.
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Preferable examples of the inorganic carrier are
porous oxides, inorganic chlorides, clay, clay minerals and
ion-exchange layred compounds. Ecamples of porous oxides
include SiO2, Al203, MgO, ZrO, TiO2, B203, Ca0O, ZnO, BaoO,
ThO2, and mixtures containing these oxides, such as SiQO2-~
MgO, Si02-Al203, S$i02-TiO2, Si02-V205, Si02-Cr203 and SiO2-
TiO2-MgO. Of these, preferable are compounds containing
S$i02 and/or Al203 as the main component.
| The inorganic oxides may contain small amounts of
carbonate, sulfate, nitrate and oxide components, such as
Na2Co03, K2C03, CaCO3, MgCO3, Na2804, Al2(SO4)3, BaSO4, KNO3,
Mg (NO3)2, Al{NO3)3, Na20, K20 and Li20.

Although the particulate carriers differ in their
properties depending upon_the type and the preparation
process therebf, the particulate carrier preferably has a
specificlsurféce area of 50 to 1,000 m2/g, preferably ioo
to 700-m2/§, and a pore volume of 0.3 to 2.5 cm3/g. If
necessary, the particulate.carrier may be calcined at 100
to 1,000-°C, preferably 150 to 700 °C, prior to use.

Further the particulate carrier is, for example, a
granular or particulate solid organic compound having a
particle diameter of 10 to 300 uﬁ. Examples_of such
organic compounds include (co)polymers produced using an
a~olefin of 2 to 14 carbon atoms such as ethylene,

propylene, l-butene or 4-methyl-l-pentene as a main
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ingredient and (co)polymers produced using viﬁylcyclohexane
or styrene as a main ingredient.

Examples of the inorganic chlorides employable in the
invention include MgCl2, MgBrz, MnClz and MnBr2. The
inorganic chloride may be used as it is, or may be used
after pulverized by, for example, a ball mill or an
oscillating mill. ‘The inorganic chloride may also be used
as fine particles of a obtained by dissolving the inorganic
chloride in a solvent such as alcohol and then
precipitating using a precipitant.

The clay is generally composed mainly of élay
minerals. The ion-exchange layered compounds are compounds
having a crystal structure wherein planes formed by ionic
bonding or the like are laminated in parallél to one
another with a weak bsnd strength, and the ions contained
thérein are exchangeable. Most of clay minerals are.ion-
exchange layered éompounds. 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.

Examples of such clay, clay minerals and ion-exchange
layered compounds include clay, clay minerals and ion
crystalline compounds having layered crystal structures
such as hexagonal closest packing type, antimony type,

CdClz type and Cdlz type.
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Particular examples of the clay and the clay minerals
include kaolin, bentonite, kibushi clay, gairome clay,
allophane, hisingérite, pyrophyllite, mica, montmorillonite,
vermiculite, chlorite, palygorskite, kaolinite, nacrite,
dickite and halloysite. Particular examples of the iop-
exchange layered compounds include crystalline acid salts
of polyvalent metals, such as oa~Zr(HAsO4)2 * H20, o~
Zr(HPO4)2, a-2r(KPO4)2 * 3H20, o-Ti(HPO4)2, a-Ti(HAsO4)2 *
H20, 0-Sn(HPO4)2 * H20, y-2Zr (HPO4)2, y-Ti(HPO4)2 and y--
Ti(NH4PO4)2 * H20.

The clay, the clay minerals and the ion-exchange
layered compounds are prgferably those having a pore volume,
as measured on pores having a radiué of not less than 20 A
by a mercury penétra;ion method, of not less than 0.1 cc/g,
and are particularly“preferably those having a pore volume
of 0.3 to 5 cc/g. The pore volume is measured on the pores
having a radius of 20 to 3x104 A 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
0.1 cc/g is used as the carrier, high polymerization
activity tends to be hardly obtained.

It is also preferable that the clay and the clay
minerals are subjected to chemical treatments. Any bf

surface treatments, for example, to remove impurities
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attached to the surface and to influence on the crystal
structure of the clay, are employable.

Examples of such chemical treatments include acid
treatment, alkali treatment, salt treatment and organic
substance treatment. The acid treatment can contribute to
not only removing impurities from the surface but also
eluting cations such as Al, Fe and Mg present in the
crystal structure to increase the surface area. The alkali
treatment can destroy crystal structure 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 surface area or the
distance between layers. - i

The ion-exchange layered compound may be a layered
compound in which the exchangeable ions between layers haﬁe
been exchanged with other large and bulky ions utilizing
ion exchange properties to enlarge the distance between the
layers. The bulky ion plays a pillar-like roll to support
the layer structure and is generally called a "pillar".
Introduction of other substances between layers of a
layered compound is called "intercalation". Exawmples of
the guest compounds to be intercalated include cationic
inorganic compounds, such as TiCl4 and Z2rCl4; metallic

alkoxideé, such as Ti(OR)4, 2r(OR)4, PO(OR)3 and B(OR)3 (R
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is a hydrocarbon group or the like); and metallic hydroxide
ions, such as [Al1304(OH)2417%, [Zr4(OH)1412% and
[Fe30(OCOCH3) 6] T. "The compounds mentioned above may be
used singly or in combinqtién of two or more kinds.

The intercalation of the compounds may be carried out
in the presence of polymers obtained by hydrolysis of
metallic alkdxides such as Si(OR)4, Al(OR)3 and Ge(OR)4 (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 layers,
followed by dehydration under héating.

The clay, clay minerals and ion-exchange layered
compounds mentioned above may be used as they are, or may
be used after they are subjecfed to a tfeatment of ball
milling, sieving or the like. Moreover, they may be used
after they are subjected to water adsorption or dehydration
under heating. The clay, clay minerals and ion-exchange
layered compounds may be used singly or in combination of
two or more kinds. |

Of the above-mentioned materials, preferable are clay
and-ciay minerals, and particularly preférable are
montmorillonite, vermiculite, hectorite, taeniolite and
synthetic mica..

The olefin polymerization catalyst for use in the
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invention may contain the following organosilicon compound
(C) and/or the following dialkylzinc compound (D).

(C) Organosilicon compound

The organosilicon compound (C) which is used
optionally is represented by the following formula (22):
RIRZR3siH (22)

wherein_Rl, R2 and R3 may be the same or different and are
each a hydrogen atom, an alkyl group of 1 to 4 carbon atoms,
such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl
or tert-butyl, an afyl group of 6 to 12 carbon atoms, such
as phenyl or tolyl, an alkylaryl group of 7 to 20 carbon
atoms, such as ethylphenyl or ethyltolyl, an arylalkyl
group of 7 to 20 carbon atoms, such as phenylethyl or
benzyl, an alkoxyl group of 1 to 4 carbon atoms, such as
mefhoxy, ethoxy, propoxy or butoxy, a fluorinated alkyl
group of 3 to é carbon atoms, such as 3,3,3-trifluoropropyl,

a dialkylamino group containing an alkyl group of 1 to 4

‘carbon atoms, such as dimethylamino, or a

diorganopolysiloxane chain containing 1 to 10 siloxane
units and represented by R935i0(SiR620)p- (R® is methyl,
phenyl, 3,3,3-trifluoropropyl, methoxy or ethoxy, and n is
an integer of 0 to 9).

Of these, preferable is a hydrogen atom, methyl,_
ethyl, isopropyl, isobutyl, 3,3,3-trifluoropropyl

dimethyamino or a group represented by R®35i0(SiR620)pn—.
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Preferred examples of the organosilicon compounds
represented by the formula (22) include phenylsilane,
diphenylsilane, phenylmethylsilane, pentamethyldisiloxane,
methylsilane and dimethylsilane.

The organosilicon compounds mentioned above can be
used singly or in combination of two or more kinds.

(D) Dialkylzinc compound

The dialkylz;nc compound (D) which is used optionally
is represented by the following formula (23):

znR4R5S _ | (23)
wherein R4 and RS may be the same or different and are each
an alkyl group of 1 to 20 carbon atoms, such as mefhyl,
ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl,
hexyl, octyl, nonyl, decyl, dodecyi or eicosyl. _

Of these, preferable is an alkyl group of 1 to 12
carbon atoms, and more preferable is an alkyl group of 1 to
6 carbon atoms.

Preferred exémples of the dialkylzinc compounds

represented by the formula (23; include diethylzinc,

diisobutylzinc an di-n-decylzinc. Of these, diethylzinc is

particularly preferable.
The dialkylzinc compounds (D) mentioned above can be
used singly or in combination of two or more kinds.
.The organosilicon compound (C) and the dialkyliinc

ccmpound (D) can be each used as a chain transfer agent in
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combination with hydroéen. When the organosilicon compound
{C) is used as a chain transfer agent, an olefin polymer
having a silyl group at the end is obtained.

Examples of the a-olefins of 2 to 20 carbon atoms
include ethylene, propylene, l-butene, 2-butene, l-pentene,
3-methyl-1-butene, l-hexene, 4-methyl-l-pentene, 3-methyl-
l-pentene, 3-ethyl-l-pentene, 4,4-dimethyl-l-pentene, 4-
methyl-1-hexene, 4,4-dimethyl-l-hexene, 4—ethYl-i-hexene,

3-ethyl-1l-hexene, l-octene, l-decene, l-dodecene, 1-

.tetradecene, l1-hexadecene, l-octadecene and l-eicosene. Of

these, preferable is an a-olefin selected from ethylene,
propylene, l-butene, 4-methyl-l-pentene, l-hexene and 1-

octene.

Next, the polar group-containing monomer represented

by the formula (7) is described more in detail, below.

CH2=CH
R®

(R)—(X),
C e (T)

wherein R3, R4, r, X and p have the same meanings as those
of R3, R4, r, X and p, respectively, in the formula (3).

Examples of the polar group-containing monomers

include:

compounds of the formula (7) wherein X is an

alcoholic hydroxyl group, specifically
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w-alkenylalcohols, such as
allylalcohol, 4-pentene-l-ol, 5-hexene-1-0l, 6-heptene-1-o01l,
7-octene-1-0l, 8-nonene-l-o0l, 9-decene-l-o0l, 10-undecene-~1l-
ol and ll-dodecene-1-o0l;

alcohols having a straight-chain hydrocarbon group,
such as
5-hexene-2-0l, 6-heptene-2-0l, 7-octene-2-0l,
8-nonene-2-01, 9—§ecene-2—ol, 10-undecene-2-01,
6-heptene-3-ol, 7-octene-3-ol, 8-nonene-3-ol,
9-deceﬂe—3—ol, 10-undecene-3-01,
11-dodecene~3-0l, 7-octene-4-o0l, 8-nonene-4-0l,
9-decene-4-o0l, 1l0-undecene-4-o0l, 8-nonene-5-o0l,
9-decene-5-0l and 10-undecene-5-ol;

alcohols having a branched hydrocarbon group, such-as
2-ethyl-5-hexene-1-o0l, 3-methy;-6-heptene-1-ol,
3—methyl-7—octene—l—ol, 4-methyl-8-nonene-1-0l1,
3-ethyl-9-decene-1-0l, 2-methyl-10-undecene-2-0l,
2,2—dimethyl—7-octene—1-61,
3~-ethyl-2-methyl-8-nonene-1-o01l,
2,2,3-trimethyl-9-decene-1-o0l and
2,3,3,4-tetramethyl-10-undecene~2-0l;

diols, such as
9-decene-1,2-diol, 10-undecene-1,2-diol,
11-dodecene~1,2~diol and ll-dodecene~1l,2-diol; and

triols, such as l1l0-undecene-1,2,3-triol;
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compounds of the formula (7) wherein X is a
carboxylic acid group, specifically

w-alkenylcarboxylic acids, such as
3-butenoic acid, 5-hexenoic acid, 6-heptenoic acid,
7-octenoic acid, 8-nonenoic acid, 9-decenoic acid,
1l0-undecenoic acid and ll-dodecenocic acid;

alkenylcarboxylic acids having a straight-chain
h&drocarbon group, such as
2-methyl-5-hexencic acid, 2-methyl-6-heptenoic acid,
2-methyl-7-octenoic aéid, 2-methyl-8-nonenoic acid,
2-methyl—-9-decenoic aciq, 2-methyl-10-undecenoic acid,
Z;methyl—ll—dodecenoic acid, 2-ethyl-S-hexenoic acid,
2-ethyl—6;heptenoic acid, 2-ethyl-7-octenoic acid,
2-ethyl-8-nonenqic acid, 2-ethyl49—decenoic acid,
Z*ethyl—lo-undecenoic acid, 2-propyl-5-hexenoic acid,
24propyl—6—heptenoic acid, 2—propyl—7—o¢tenoic acid,
2-propyl-8-nonenoic acid, 2-propyl-9-decenoic acid,
2-propyl-10-undecenoic acid, 2-butyl-5-hexenoic acid,
2-butyl-6-heptenocic acid, 2-butyl-7-octenoic acid,
2—buty1—8-nonenoic acid, 2-butyl-9-decenoic acid and
2-butyl-10-undecenoic acid; and

alkenylcarboxylic acids having a branched hydrocarbon
group, such as
2-isopropyl-5-hexencic acid,

2-isopropyl-6-heptenoic acid,
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2-isopropyl-7-octenoic acid,
2-isopropyl-8-nonenoic acid,
2-isopropyl-9-decenoic acid,
2-isopropyl-10-undecenoic acid,
2~-isobutyl-5-hexenoic acid, 2-t-butyl-6-heptenocic acid,
2-isopropyl-3-methyl-7-octenoic acid,
2-methyl-3-isopropyl-8-nonenoic acid,
3-isobutyl-3-methyl-9-decenoic acid,
2,2—dimefhy1-10-undecenoic acid and
2,3,3—trimeth§l—11-d9decenoic acid;
compounds of the formula (7) wherein X is a
carboxylic acid ester, specifically
w—-alkenylcarboxylic acid esters, such as
methyl 3-butenoate, methyl 5fhexenoate,
methyl Gjheptenqate,'methyl 7-octenoate,
methyl 8-nonencate, methyl 9-decenoate,
methyl 10-undecenoate, methyl l1ll-dodecenoate,
ethyl 5-hexenocate, ethyl 6-heptenocate,
ethyl 7-octenoate, ethyl 8-nonenoate,
ethyl 9-decenocate, ethyl 1l0-undecenoate,
ethyl 11-dodecenoate, isopropyl 5-~hexenoate,
isopropyl 6-heptencate, isopropyl 7-octenoate,
isopropjl 8-nonenoate, isopropyl 9-decenoate,
isopropyl l10-undecenoate, isopropyl ll-dodecenocate,

butyl 5-hexencate, butyl 6-heptenoate,
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butyl 7-octenoate, butyl B—nonenoate,
butyl 9-decenoate, butyl 10-undecenoate,
butyl 1ll-dodecenoate, pentyl 5-hexencate,.
pentyl 6-heptenoate, pentyi 7-octenoate,
ﬁentyl B—nonenoate, pentyl 9-decenoate,
pentyl 10-undecenoate and pentyl ll-dodecenoate;
alkenylcarboxylic acid esters having a straight-chain
hydrocarbon group, such as
methyl 2-methyl-5-hexenoate, methyl 2-methyl-6-heptencate,
ethyl 2-methyl-7-octenoate, methyl 2-methyl-8-nonenoate,
butyl 2-methyl-9-decencate, ethyl 2-methyl-10-undecenoate,
butyl 2—ethyl-5—hexenoate,_etﬁyl 2—ethyl—6-heptenoate,
isopropyl 2-ethyl-7-octenoate, ethyl é—ethyl—B—nonenoate,
methyl 2—ethyl—9—decénoat¢, ethyl 2—ethyl—10—undecenoate,
methyl 2-propyl-5-hexencate, methyl 2-propyl-6-heptenocate,
ethyl 2-propyl-7-octenocate, methyl 2-propyl-9-decenocate,
ethyl 2-propyl-10-undecenocate, methyl 2-butyl-7-octenoate,
methyl 2-butyl-8-nonenoate, methyl 2-butyl-9-decenocate and
methyl 2-bﬁtyl—10—undecenoate; and
alkenylcarboxylic acids having a branched hydrocarbon

group, such as

' butyl 2-isopropyl-5-hexenoate,

ethyl 2-isopropyl-6-heptenoate,
methyl 2-isopropyl-7-octenoate,

methyl 2-isopropyl-8-nonenocate,
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butyl 2-isopropyl~-9-decenocate,
methyl 2-isopropyl-10-undecenoate,
methyl 2-isobutyl-5-hexenoate,
methyl 2-t-butyl-6-heptenocate,
ethyl 2-isopropyl-3-methyl~7-octenocate and
propyl 3-isobutyl-3-methyl-9-decenocate;

compounds wherein X in the formula (7) is an acid
anhydride group, such as {(2,7-octadienyl)succinic anhydride,
pentapropenylsuccinic anh?dride and compounds wherein the
carboxylic acid group is replaced with a carboxylic
anhydride group in the above-exemplified compounds wherein
X is a carboxylic acid group;

compounds of the formula (7} wherein X is an amino
group, specifically

w-alkenylamines, such as allylamine, 5-hexene amine,
6-heptene amine, 7-octene amine, 8-nonene amine,
9-decene amine, 1l0-undecene amine and

ll~-dodecene amine;

alkenylamines héving a straight-chain hydrocarbon
group, such as

2-methyl-5-hexene amine, 2—methyl-6¥heptene amine,
2-methyl-7-octene amine, 2-methyl-8-nonene amine,
2-methyl-9-decene amine, 2-methyl-10-undecene amine,
2-methyl-l1ll~dodecene amine, 2-ethyi—5—hexene amine,
2-ethyl-6-heptene amine, Z2-ethyl-7-octene amine,

2—-ethyl-8-nonene amine, 2-ethyl-9-decene amine,
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2-ethyl-10-undecene amine, 2-propyl-5-hexene amine,
2-propyl-6-heptene amine, 2—propyl—5—hexene amine,
2-propyl-6-heptene amine, 2-propyl-7-octene amine,
2-propyl-8-nonene amine, 2-propyl-9-decene amine,
2-propyl-10-undecene amine, 2-butyl-5-hexene amine,
2-butyl-6-heptene amine, 2-butyl-7-octene amine,
2—butyl—8—nonéne amine, 2-butyl-9-decene amine and
2fbuty1—10rundecene amine;

alkenylamines having a branched hydrocarbon group,
such as
2-isopropyl-5-hexene amine, 2-isopropyl-6-heptene amine,
2—isop£opyl—7—optene amine, 2-isopropyl-8-nonene amine,
2-isopropyl-9-decene amine,
2—isopropyi—10-undecene amine,
2—isobutyl—5-hexene amine, 2-t-butyl-6-heptene amine,
2-isopropyl-3-methyl-7-octene amine,
2-methyl-3-isopropyl-8-nonene amine,
3-isobutyl-3-methyl-~9-decene amine,
2,2-dimethyl-10-undecene amine and
2,3,3-trimethyl-1ll-dodecene amine;

N-alkyl-w-alkenylamines, such as
N-methyl-5-hexene amine, N-methyl-6-heptene amine,
N-methyl-7-octene amine, N-methyl-8-nonene amine,
N-methyl-9-decene amine, N-methyl-10-undecene amine,

N-methyl-li-dodecene amine, N-ethyl-5-hexene amine,
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N~ethyl-6-heptene amine, N-ethyl-7-octene amine,
N-ethyl-8-nonene amine, N-ethyl-9-decene amine,
N-ethyl-10-undecene amine and
N-ethyl-l1l1-dodecene amine;

N-alkylalkenylamines having a straight-chain

hydrocarbon group, such as

" N-methyl-6-heptene-2-amine, N-ethyl-7-octene-2-amine, N~

methyl-8-nonene-2-amine, N-ethyl-9-decene-2~amine,
N-methyl-10-undecene~2-amine, N-ethyl-8-—nonene-3-amine, N-

methyl-9-decene-3-amine, N-ethyl-10-undecene-3-amine, N-

ethyl-8-nonene~4-anine, N—methyl—9-decene-4—amine and N-

ethyl-10-undecene-4-amine;
N-alkylalkenylamines having a branched hydrocarbon

group, such as

N-methyl-2-methyl-5-hexene amine,

N-ethyl-2-methyl-6-heptene amine,
N-methyl-2-methyl-7-octene amine,
N-ethyl-2-methyl-8-nonene amine,
N-ethyl-~2-methyl~-9-decene amine,
N-methyl-2-methyl-10-undecene amine,
N-methyl-2-ethyl-7-octene amine,
N~-ethyl-2-ethyl-9-decene amine and
N-methyl-2~ethyl-10-undecene amine;
N,N—dialkyl-ar—alkenylamines, such as

N, N~-dimethyl-5-hexene amine,
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N,N-dimethyl-6-heptene amine,
N,N-dimethyl-7-octene amine,
N,N-dimethyl-8-nonene amine,
N,N-dimethyl-9-decene amine,
N,N-dimethyl-10-undecene amine,
N,N-dimethyl~1ll-dodecene amine,
N,N-diethyl-5-hexene amine, N,N-diethyl-6-heptene amine,
N,N-diethyl-7-octene amine, N,N-diethyl-8-nonene amine,
N,N-diethyl-9-decene amine, -
N,N-diethyl-10-undecene amine and
N,N-diethyl-11l-dodecene amine;
N,N-dialkylalkenylamines having a straight-chain
hydrocarbon group, such as
N,N-dimethyl-6-heptene-2-amine,
N,N-diethyl-7-octene-2-amine,
N,N-dimethyl-8-nonene-2-amine,
N;N—diethyl-9—decene—2-amine,
N,N-dimethyl-10-undecene-2-amine,
N,N-diethyl-8-nonene~3-amine,
N,N~dimethyl-9-decene-3-amine,
N,N-diethyl-10-undecene~3-amine,
N,N-diethyl-8-nonene-4-amine,
N,N-dimethyl-9-decene-4-amine and
N,N—diethyl—lo—undecene—4 amine; and

N,N-dialkylalkenylamines having a branched
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hydrocérbon group, such as
N,N—dimethyl-Z-methyl-S—hexene amine,
N,N-diethyl-2-methyl-6-heptene amine,
N,N-dimethyl-2-methyl-7-octene amine,
N,N-diethyl-2-methyl-8-nonene amine,
N,N-diethyl-2-methyl-9-decene amine,
N,N-dimethyl-2-methyl-10-undecene amine,
N,N-dimethyl-2-ethyl-7-octene amine,
N,N—diethyl-Z-ethyl—9-decene amine and
N,N-dimethyl-2-ethyl-10-undecene amine}

compounds of the formula (7) wherein X is an amido
group, specifically

w-alkenylamides, such as allylamide, 5-hexene amide,
6—heptene-amide,'7foctené amide; 8-nonene amide,
9-decene amide,
10-undecene amide and ll-dodecene amide;

alkenylamides havihg.a straight-chain hydrocarbon
group, such as 6-heptene-2-amide, 7-octene-2-amide,
8-nonene-2-amide, 9-decene-2-amide, 10-undecene-2-amide, 8-
nonene-3-amide, 9-decene-3-amide, 10-undecene-3-amide, 11-
dodecene-3-amide, 8-nonene-4-amide, 9-decene~4-amide, 10-
undecene-4-amide, ll-dodecene-4-amide, 9-decene-5-amide and
10-undecene-5-amide;

N-alkyl-w-alkenylamides, such as

N-methyl-5-hexene amide,
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N-methyl-6-heptene amide, N-methyl-7-octene amide,

N-methyl-8-nonene amide, N-methyl-9-decene amide,

N-methyl-10-undecene amide, N-methyl-ll-dodecene amide,

N-ethyl-5-hexene amide, N-ethyl-6-heptene amide,

N-ethyl-7-octene amide, N-ethyl-8-nonene amide,

N-ethyl-9-decene amide, N-ethyl-10-undecene amide and

N-ethyl-ll-dodecene amide;
N,N-dialkyl-w-alkenylamides, such as

N,N-dimethyl-5-hexene amide,

N;N—dimethyl—G-heptene amide,

N,N-dimethyl-7-octene amide,

N,N-dimethyl-8-nonene amide,

N,N-dimethyl-9-decene amide,

N,N-dimethyl-10-undecene amide,

N,N-dimethyl-1ll-dodecene aﬁide,

N,N-diethyl-5-hexene amide, N,N-diethyl-6-heptene amide,

. N,N-diethyl-7-octene amide, N,N-diethyl-8-nonene amide,

N,N—diethyi-Q-decene amide,
N,N~diethyl-10-undecene amide and
N,N-diethyl-1ll-dodecene amide;

alkenylamides having a branched hydrocarbon group,

such as

'2~methy145—hexene amide, 2-methyl-6-heptene amide,

2-methyl-7-octene amide, 2-methyl-8-nonene amide,

2-methyl-9-decene amide, 2-methyl-10-undecene amide,
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2—ethyl—5—hexene amide, Z—ethyl-G—heptene amide,
2-ethyl-7-octene amide, 2-ethyl-8-nonene amide,
2-ethyl-9-decene amide, 2-ethyl-1l0-undecene amide,
2-ethyl-11-dodecene amide, 2-propyl-5-hexene amide,
2-propyl-6-heptene amide, 2-propyl-7-octene amide,
2-propyl-8-nonene amide, 2-propyl-9-decene amide,
2-propyl-10-undecene amide, 2-propyl-1ll-dodecene amide,
2-butyl-5-hexene amide, 2-butyl-6-heptene amide,
2-butyl-7~octene amide, 2-butyl-8-nonene - amide,
2—butyl-9—décene amide and 2;butyl—10-undecene amide;
N,N-dialkylalkenylamides having a branchea
hydrocarbon group, such as
N, N-dimethyl-2-methyl-5-hexene amide,
N,N-diethyl-2-methy;-6—heptene amide,
N,N-dimethyl—2-methyl-7¥o¢tene amide,
N,N-diethyl-z—mefhyl-e-nonene amide,
N,N-diéthyle-methy1—9-decene amide,
N,N-diethyl-2-methyl-10-undecene amide,
N,N-dimethyl-2-ethyl-7-octene amide,
N,N-diethyl-2-ethyl-9-decene amide and
N,N-dimethyl-2-ethyl-10-undecene amide;
alkenylamides, such as 6-heptene-1,2-diamide,
7-octene-1,2-diamide, 8-nonene-1,2-diamide,

9-decene-1, 3-diamide, 10-undecene-1,3-diamide and

- 11-dodecene amide:;
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alkenyltriamides, such as
9-decene-1,2,3-triamide and
10-undecene-1,2, 3-triamide; and

compounds of the formula (7) wherein X is an epoxy
group, specifically

w-alkenylepoxides, such as 5-hexene epoxide,

6-heptene epoxide, 7-octene epoxide, 8-nonene epoxide,

9-decene epoxide, l0-undecene epoxide and ll-dodecene
epoxide; and

w-alkenylepoxides having a branched hydrocarbon
group, such as |
2-methyl-5-hexene epoxide, 2-methyl-6-heptene epoxide,
2-methyl-7-octene epoxide, 2-methyl-8-nonene epoxide,
2-methyl—-9-decene epoxide and
2—methyl—10¥undécene epoxide; and

cpmpouhds wherein X in the formula (7) is a meréapto
group, such as CHp=CH-CH2-CHz-CH2-CH2-O-Ph-SH.

Other examples of the polar group-containing monomers

include compounds represented by the following formulas.
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Also available are n-nonyl-1-ol, n-nonyl-l-carboxylic
acid, n-nonyl-l-carboethoxy, 1,2-epoxy-nonyl, (6-hexen—1-

yl)succinic anhydride, n-undecyl-l1-o0l, n-dodecyl-1-

carboxylic acid, n-dodecyl-l-carboethoxy, 4-

hexenyloxyphenol, 4-hexenyloxy-thiophenol, n-nonyl-1-
carboxamide, n-nonyl-l-amino and n-nonyl-1-N-methylamino.
In the procesé for preparing the polar group-
containing olefin copolymer according to the firsg
embodiment of the invention, the polar group-containing
monomer represented by the formula (7) may be the polar
group-containing monomer represen;ed by the following

formula (77);
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CH,=CH
R¥

I
(X') ce (77)

wherein R3', p and X’ have the same meanings as those of

R3', p and X’, respectively, in the formula (37).

Examples of polar group-containing monomers of the

formula (7’) wherein X’ is -OR include:

o ~alkoxy-o-olefins, such as 3-methoxy-l-propene,
S5-methoxy-l-pentene, 6-methoxy-l-hexene, 7-methoxy-1-.
heptene, 8-methoxy-l-octene, 9-methoxy-1l-nonene,
10-methoxy-1—decene,'li4methoxy—1—undecene,
5-ethoxy-l-pentene, G-choxy-l—hexene,
7-ethoxy-1-heptene, Béethoxy-i-octene,
9-ethoxy-l-nonene, 10-ethoxy-l-decene,
11-ethoxy-1l-undecene, S5~-propoxy-l-pentene,
6-propoxy-l-hexene, 7—propbxy-1—heptene,
8-propoxy-l-octene, 9-propoxy-l-nonene,
10-propoxy—1~decene,'11-propoxy-1-undecene,
5-butoxy-l-pentene, 6~butoxy-l-hexene,
7-butoxy-l-heptene, 8-butoxy-l-octene,
9-butoxyf1-nonene, 10-butoxy-l-decene and
11-butoxy-l-undecene;

ethers having a branched hydrocarbon group, such

as
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7-methoxy-7-methyl-1-heptene,
8-methoxy-8-methyl-1-octene,
9-methoxy-8-methyl-l-nonene,
10-methoxy-9-methyl-1l-decene,
1l-methoxy-7-ethyl-l-undecene,
7—ethoxy-6-methyl-1l-heptene,
B-éthoxy—G—ethyl-l—octene, 9-ethoxy-7-ethyl~l-nonene,
10-ethoxy-ethyl-l—gecene, ll-ethoxy-8-propyl-l-undecene,
6-propoxy-6-methyl-1-hexene,
7—propoxy—7—methyl-l—heptene,
8-propoxy-8,8-dimethyl~l-octene,
9-propoxy-9-methyl-l-nonene,
10-propoxy-9, 9-dimethyl~l-decene,
11-propoxy-10-methyl-l-undecene,
5-butoxy-5-ethyl-1-heptene,
6-butoxy-6, 6-dimethyl-1-hexene,
7-butoxy-6-methyl-1-heptene,
8-butoxy-G-ethyl-i-octene, 9-butoxy-9-methyl-l-nonene,
10-butoxy-8, 8-dimethyl-1~-decene and
11-butoxy—8,9-diethyl—1—undecepe;

dialkoxy—-a-olefins, éuch as
9,10-dimethoxy-1~dodecene and
10,11-dimethoxy-1-undecene; and

trialkoxy~-a-olefins, such as

9,10,11-trimethoxy~l-undecene.
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Examples of the polar group-containing monomer of
formula (7°) wherein X’ is -COOR include:
w=-alkenylcarboxylic acid esters, such as
methyl 5-hexenoate, methyl 6-heptenoate,
methyl 7-octencate, methyl 8-nonenocate,
methyl 9-decencate, méethyl 1l0-undecenoate,
methyl ll-dodecenocate, ethyl 5-hexenocate,
ethyl 6-heptenocate, ethyl 7-octenoate,
ethyl 8-nonenoate, ethyl 9-decenocate,
ethyl 10-undecenocate, ethyl ll-dodecenocate,
isopropyl 5-hexenocate, isopropyl G—heptenoate,
isopropyl 7;octenoate, isopropyl 8-nonenoate,
isopropyl 9-decenoate, isopropyl l0-undecenoate,
isoprop&l 1l1-dodecenoate, bgtyl 5-hexenoate,
butyl 6-heptenocate, butyl 7—octen6a£e;
buytl 8-nonenocate, butyl 9—decehoatef
butyl 10~undecenocate, butyl ll-dodecenoate,
pentyl 5-hexenocate, pentyl 6-heptenoate,
pentyl 7-octencate, pentyl 8-nonenoate,

pentyl 9-decenoate, pentyl 10-undecenocate and

pentyl ll-dodecenoate;

the

alkenylcarboxylic acid esters having a straight-chain

hydrocarbon groﬁp, such as

ethyl 2-methyl-7-octencate, methyl 2-methyl-8-nonencate,

.methyl 2-methyl-5-hexencate, methyl 2-methyl~6-heptencate,
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butyl 2-methyl-9-decenoate, ethyl 2-methyl-10-undecenoate,

butyl 2-ethyl-5-hexencate, ethyl 2-ethyl-6-heptenocate,

isopropyl 2-ethyl-7-octencate, ethyl 2-ethyl-8-nonenoate,
methyl 2-ethyl-9-decenocate, ethyl 2-~ethyl-10-undecencate,
methyl 2—propyl-5—hexenoate, methyl 2-propyl-6-heptenocate,
ethyl 2-propyl-7-octencate, methyl 2-propyl-9-decenoate,
ethyl 2-propyl-10-undecenoate, methyl 2-butyl-7-octenoate,
methyl 2-butyl-8-nonenocate, methyl 2-butyl-%-decenocate,

and methyl 2—butyi—10—undecenoate; and
alkenylcarboxylic acids having a branched hydrocarbon
group, such as

butyl 2—i$opropyl-5-hexenoate,
éthyl 2—isopropyl—6—heptenoate,
methyl 2-isopropyl-7-octenocate,
methyl.ﬁ-isopropyl—e-nonenoate,

butyl 2-isopropyl-9-decenocate,

._ methyl 2-isopropylblO-undecenoate,

methyl 2-isobutyl-5-hexenoate,
methyl 2-t-butyl-6-heptenoate,
ethyl 2-isopropyl-3-methyl-7-octencate and
propyl 3-isobutyl-3-methyl-9-decenoate.
Examples of polar gropp—containing monomers of the

formula (7') wherein X’ is -CRO include:
alkenylketone having a straight-chain hydrocarbon
group, such as

5-hexene-2-one, 6-heptene-2-one, 7-octene-2-one,
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8-nonene-2-one, 9-decene-2-one, l1l0-undecene-2-one,
ll1-dodecene-2-one, 6;heptene—3-one, 7-octene~3-one,
8-nonene-3-one, 9-decene-3-one, l0-undecene-3-one,
1l~-dodecene-3-one, 7~octene-4-one, B8-nonene-4-one,
9-decene-4-one, 1l0-undecene-4-one, ll-dodecene-4-one, 9-
decene-5-one, l0-undecene-~5-one and

ll-dodecene-5-one;

alkenylketone having a branched hydrocarbon group,
such as

3-methyl-6-heptene-2-one, 3-methyl-7-~octene-2-one,
3-methyl-8-nonene~2-one, 3-methyl-9-decene-2-one,
3—ethyl¥10-undecene-z-one, 3-me£hyl-11-dodecene—2—one,
2-methyl-7-octene-3-one, 2-methyl-8-nonene-3-one,
2-methyl-9-decene-3-one, 2—methyl—10-undecene-3—one,
3-methyl-7-octene-4-one, 3~ethyl-8-nonene-4-one,
3-ethyl-9-decene~4~-one, 3-ethyl-l0-undecene-4-one,
3-ethyl-ll-dodecene—~4-one, 3-ethyl-9-decene~5-one,
3—-ethyl-10-undecene~5-one énd
3-ethyl-1l1~-dodecene~-5-one;

alkenyldiketone, such as

. 8-nonene-2,4-one, 9-decene-2,4-one and

10~-undecene-2, 4~one; and
alkenyltriketone, such as

10~undecene-2, 4, 6~one and ll-dodecene-2, 4, 6-one.

Examples of the polar group-contaiﬁing monomer of the
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formula (7)) wherein X’ is -NR'R’/ (R’ and R’ may be the
same or different and are a hydrogen atom and/or a
hydrocarbon group) include:

w-alkenylamines, such as
5~hexene amine,'G—heptene amine, 7-octene amine,
8-nonene amine, 9-decene amine, l0-undecene amine and 11-
dodecene amine;

alkenylamines having a straight-chain hydrocarbon
group, such as
2-methyl-5-hexene amine, 2-methyl-6-heptene amiﬁe,
2-methyl-7~-octene amine, 2-methyl-8-nonene amine,
2—methyl-9-decene:amine, 2-methyl-10~undecene amine,
Z-methyl—ll—dodecene amine, 2-ethyl-5-hexene amine,
Z—ethyl—G-heptene“aminé, 2-ethyl-7-octene amine,
2-ethyl-8-nonene amine, 2-ethyl-9-decene amine,
2-ethyl-10-undeéehe amine, 2-propyl-5-hexene amine,
2-propyl-6-heptene amine, 2-propyl-5~hexene amine,
2—propyl-6-heptene‘amine, 2-propyl-7-octene amine,
2-propyl-8-nonene amine, 2-propyl-9-detene amine,
2-propyl-10-undecene amine, 2-butyl-5-hexene amiﬁe,
2-butyl-6-heptene amine, 2-butyl-7-octene amine,
2-butyl-8-nonene amine, 2-butyl-9-decene amine aﬁd
2-butyl-10-undecene amine; and

alkenylamines having a branched h&drocarbon group ,

such as
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2-isopropyl-5-hexene amine, 2-isopropyl-6-heptene amine,
2-isopropyl-7-octene amine, 2-isopropyl-8-nonene amine,
2-isopropyl-9~decene amine,
2-isopropyl-l10-undecene amine,
2-isobutyl-5-hexene amine, 2-t-butyl-6-heptene amine,
2—isopropyl—3—methyi—7-octene amine,
2-methyl-3-isopropyl-8-nonene amine,
3-isobutyl-3-methyl-9-decene amine,
2,2-dimethyl~10-undecene amine and
2,3,3-trimethyl-11l-dodecene amine.

Also employable are

N~alkyl-w-alkenylamines, such as
N-methyl-5-hexene amine, N-methyl-6-heptene amine,

N-methyl-7-octene amine, N-methyl-8-nonene amine,

'N-methyl-9-decene amine, N-methyl-10-undecene amine,

N-methyl-ll-dodecene amice, N-ethyl-5-hexene amine,
Nfefhyl-G—heptene amine, N-ethyl-7-octene amine,
N-ethyl-8-nonene amine, N-ethyl-9-decene amine,
N-ethyl-1l0-undecene amine and

N-ethyl-ll-dodecene amine;

N-alkylalkenylamines having a straight-chain
hydrocarbon group, sﬁch as
N-methyl-6-heptene-2-amine, N-ethyl-7-octene-2-amine,
N—methyl—8-nonene—2-amiﬁe, N-ethyl-9-decene-2-amine,

N-methyl-10-undecene-2~amine, N-ethyl-8-nonene-3-amine,
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' N-methyl-9-decene~3-amine, N-ethyl-10-undecene-3-amine,

N-ethyl-8-nonene-4-amine, N-methyl—9-decene-4—émine and
N-ethyl-10-undecene-4-amine;
N-alkylalkenylamines having a branched hydrocarbon
group, such as
N-methyl-2-methyl-5-hexene amine,
N-ethyl-2-methyl-6-heptene amine,
N-methyl-2-methyl~7-octene amine,
N—ethyl—Z—methyl-S;nonene amine,
N-ethyl-2-methyl-9-decene amine,
N-methyl-2-methy-10-undecene amine,
N-methyl-2-ethyl-7-octene amine,
N-ethyl-2-ethyl-9-decene amine
and Nvmethyl-z-ethyl—lO-undecehe amine;
N,N-diélkyl—w-alkenylamihes, such as
N,N~dimethyl-5-hexene amine, | |
N, N-dimethyl-6-heptene amine,
N,N-dimethyl-7-octene amine;

N,N-dimethyl-8-nonene amine,

N,N-dimethyl-9-decene amine,

N,N—dimefhyl-lo-undecene amine,

N,N-dimethyl-1ll-dodecene amine,

N,N~-diethyl-5-hexene amine,

N,N-diethyl-6-heptene amine, N,N-diethyl-?-octene.amine,

N,N-diethyl-8-nonene amine, N,N-diethyl-9-decene amine,
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N,N-diethyl-10-undecene amine and
N,N-diethyl-1l-dodecene amine;
N,N-dialkylalkenylamines having a straight-chain
hydrocarbon group, sueh as
N,N-dimethyl-6-heptene-2-amine,
N,N-diethyl-7-octene-2-amine,
N,N-dimethyl-S-nonene—é—amine,
N,N-diethyl-9-decene-2~amine,
N, N-dimethyl-10-undecene-2-amine,
N,N-diethyl-8-nonene-3-amine,
N,N-dimethyl—9—decene-3-émine,
N,N-diethyl-10-undecene-3-amine,
N,N-diethyl-8-nonene-4-amine,
N,N-dimethyl-9~decene-4~-amine and
N,N-diethyl-10-undecene-4~amine; and
N,N-dialkylalkenylamines having a branched
hydrocarbon group, such as
N,N-dimethyl-2-methyl-5-hexene amine,
N,N-diethyl-2-methyl~6~heptene amine,
N,N-dimethyl—z-methyl-?—octéne amine,
N,N-diethyl-2-methyl-8-nonene amine,
N,N-diethyl-2-methyl-9-decene amine,
N,N-dimethyl~-2-methyl-10-undecene amine,
N,N-dimethyl~-2-ethyl-7-octene amine,

N,N-diethyl--2-ethyl-9-~decene amine and
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N,N~dimethyl-2-ethyl-10-undecene amine.

Examples of pblar group-containing monomers of the
formula (7’) wherein X’ is -CONR; (R is a hydrogen atom or
a hydrocarbon group) include:

w~alkenylamides, such as
5-hexene amide, 6-heptene amide, 7-octene amide,
8-nonene amide, 9-decene amide, 10-undecene amiae and 11-
dodecene amide; |

alkenylamides having a straight-chain hydrocarbon
group, such as
6-heptene-2-amide, 7-octene-2-amide, 8-nonene-2-amide,
9-decene-2-amide, l1l0-undecene-2-amide, 8-nonene-3-amide,
9-decene-3-amide, 10-undecene-3-amide,
1l-dodecene-3-amide, 8-nonene-4-amide, 9-dec§ne—4;amide,
10—undecene—4—amide, 11—dodecene—4-amidé,
9~decene-5-amide and 10-undecene-5-amide;

N-alkyl-w-alkenylamides, such as
ﬁ-methyl—s—hexene amide, N-methyl-6-heptene amide,
N—ﬁethyl—7—octene amide, N-methyl-8-nonene amide,
N-methyl-9-decene amide, N-methyl-10-undecene amide,
N-methyl-ll-dodecene amide, N-ethyl-5-hexene amide,
N-ethyl-6-heptene amide, N-ethyl-7-octene amide,
N-ethyl-8-nonene amide, N-ethyl-9-decene amide,
N-ethyl-10-undecene amide and

N-ethyl-1l1l-dodecene amide;
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N,N-dialkyl-w-alkenylamides, such as
N,N-dimethyl-5-hexene amide, |
N,N—dimethyl-G—hepfene amide,

N,N-dimethyl-7-octene amide,

N,N-dimethyl-8-nonene amide,

N,N-dimethyl-9-decene amide,

N,N-dimethyl-10-undecene amide,

N,N-dimethyl-1l-dodecene amide,

N,N-diethyl-5-hexene amide,

N,N-diethyl-GFheptene amide, N,N-diethyl-7-octene amide,
N,N-diethyl;B-nonene amide, N,N-diethyl-9-decene amide,
N,N-diethyl-10~uhdecene amide and
N,N-diethyl-l1l-dodecene amide;

alkenylamides having a branched hydrocarbon group,
such as
2-methyl-5-hexene amiae, 2-methyl-6-heptene amide,
2-methyl-7-octene amide, 2-methyl-8-nonene amide,
2-methyl-9-decene amide, 2-metyl-10-undecene amide,
2-ethyl-5-hexene amide, 2-ethyl-6-heptene amide,
2-ethyl-7-octene amide, 2~ethyl-8-nonene amide,
2~-ethyl-9-decene amide, 2-ethyl-10-undecene amide,
2—ethyi-11—dodecene amide, 2-propyl-~5-hexene amide,
2-propyl-6-heptene amide, 2-propyl-7-octéne amide,
2-propyl-8-nonene amide, 2-propyl-9-decene amide,

2-propyl-10-undecene amide, 2-propyl-ll-dodecene amide,
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2-butyl-5-hexene amide, 2-butyl-6-heptené amide,
2-butyl-7-octene amide, 2-butyl-8-nonene amide,
2-butyl-9-decene amide and 2-butyl-10-undecene amide;
N,N-dialkylalkenylamides having a branched
hydrocarbon group, such as
N,N-dimethyl-2-methyl-5-hexene amide,
N,N-diethyl-2-methyl-6-heptene amide,
N,N—dimethyl-é—metbyl-?-octene amide,
N,N-diethyl-2-methyl-8-nonene amide,
N,N-diethyl-2-methyl-9-decene amide, : é
N,N-diethyl-2-methyl-10-undecene amide, |
N,N-dimethyl-2-ethyl-7-octene amide,
N,N-diethyl—2;ethyl-Q—decene.amide and
N,N-dimgthyl-2—ethyl—10-undecene amide;
alkenyldiamides, such as
6-heptené-1,2-diamide, 7-octene-1,2-diamide,
8-nonene-1,2~-diamide, 9—decene-1,3-diamide,
10~undecene~1, 3-diamide and 11-dodeéene amide; and
alkenyltriamides, such as
9-decene-i,2,3-triamide and 10-undecene-i,2,3-triamide.
Examples of the polar group-containing monomer of the
formula (77) wherein X’ is -OCOR (R is a hydrocarbon group)
are:
carboxylic acid-w-alkenyl, such as

formic acid-5-hexenyl, formic acid-6-heptenyl,
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formic acid-7-octenyl, formic acid-8-nonenyl,

formic acid-9-decenyl, formic acid-10-undecenyl,

formic acid-ll-dodecenyl, acetic acid~-5-hexenyl,

acetic acid-6-heptenyl, acetic acid-7-octenyl,

acetic acid-8-nonenyl, acetic acid-9-decenyl,

acetic acid-10-undecenyl, acetic acid-1ll-dodecenyl,

propionic acid-5-hexenyl, propionic acid-6-heptenyl,

propionic acid-7-octenyl, propionic acid-8-nonenyl,

propionic acic-9-decenyl, propionic acid—lo—undecenyl,'

propionic acid-1l-dodecenyl, acetic.acid-s—hexenyl, acetic

acid—theptéhyl, acetic acid-7-octenyl,

acetic acid~8-nonenyl, acetic acid-9-decenyl,

acetic acid-10-undecenyl and acetic acid-ll-dodecenyl; and
carboxylic acid-w-alkenyl having a branched

hydrocarbon-g;oup, such as

formic acid-2-methyl-5-hexenyl,

formic acid—2—methy1—6-heptenyl,

formic acid-3-ethyl-7-octenyl,

formic acid-2-methyl-8-nonenyl,

formic acid-3-ethyl-9-decenyl,

formic acid-2-methyl-10-undecenyl,

formic acid-2-methyl-ll-dodecenyl,

acetic acid-2-methyl—5—hexenyl,

acetic acid-2-methyl-6-heptenyl,

acetic acid-3-ethyl-3--ethyl-7-octenyl,
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acetic acid-2-methyl-8-nonenyl,
acetic acid-3-ethyl-9-decenyl,

acetic acid-2-methyl-10-undecenyl,
acetic acid-3-ethyl-1l-dodecenyl,
propionic acid-2-methyl-5-hexenyl,
propionic acid-2-methyl-6-heptenyl,
proﬁionic acid-2-methyl-7-octenyl,
propionic acid-2-methyl-8-nonenyl,
propionic acid-2-methyl-9-decenyl,
propionic acid-2-methyl-10-undecenyl,
propionic acid-2-methyl-1ll-dodecenyl,
butyric acid-2-methyl-5-hexenyl,
butyric acid-2-methyl-6-heptenyl,

butyric acid-2-methyl-7-octenyl,

butyric acid-3-methyl-8-nonenyl,

butyrié acid-3-methyl-9-decenyl,
butyric acid-4-methyl-10-undecenyl and
butyric acid-3-methyl-ll-dodecenyl.

Examples of the polar group-containing monomer of the
formula (7°) wherein X’ is —CN include:

w-alkenylnitryls, such as
5-hexenenitryl, 6-heptenenitryl, 7-octenenitfyl,
8~nonenenitryl, 9-decenenitryl, l1l0-undecenenitryl and 11-
dodecenenitryl;

alkenylnitryls having a straignt-chain hydrocarbon
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2-methyl-5-hexenenitryl, 2-methyl-6-heptenenitryl,
2-methyl-7-octenenitryl, 2-methyl-8-nonenenitryl,
2-methyl-9-decenenitryl, 2-methyl-l10-undecenenitryl,
2-methyl-1ll-dodecenenitryl, 2-ethyl-5-hexenenitryl,
2-ethyl-6—hepténenitry1, 2-ethyl-7-octenenitryl,
2-ethyl-8-nonenenitryl, 2-ethyl-9—deceneﬁitryl,
2—-ethyl-10-undecenenitryl, 2-propyl-5-hexenenitryl,

2-propyl-6-heptenenitryl, 2-propyl-7-octenenitryl,

2-propyl-8-nonenenitryl, 2-propyl-9-decenenitryl,

2-propyl-10-undecenenitryl, 2-butyl-5-hexenenitryl,
2-butyl-6-heptenenitryl, 2-butyl-7-octenenitryl,
2—butyl—8-nonenenitryi, 2—butyl—9—deceﬁenitryl and
2-butyl-10-undecenenitryl;.

alkenylnitryls having a branched hydrocarbon group,
such as .
2-isoﬁropyl-5—hexenenitry1,_2-isopropyl-64héptenenitryl,
2—isopropyl-7-octeneqitry1, 2-isopropyl-8-nonenenitryl,
2-isopropyl-9~decenenitryl,
2-isopropyl-10-undecenenitryl,
2-isobutyl-5-hexenenitryl, 2-t-butyl-6-heptenenitryl,
2-isopropyl-3-methyl-7-octenenitryl,
2-methyl-3-isopropyl-8~-nonenetryl,
3~isobutyl-3-methyl-9-decenenitryl,

2,2-dimethyl-10-undecenenitryl and
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2,3,3-trimethyl-11-dodecenenitryl;

alkenyldinitryl, such as
10-undecene-1,2-dinitryl and 1ll-dodecene-1,2-dinitryl; and

| alkenyltrinitryl, such as

10-undecene-1,2,3-trinitryl.

Examples of the.polar group-containing monomers of
the formula (7’) wherein X’ is -OH include:

w-alkenylalcohols, such as
4-pentene-1-01, 5;hexene-1—ol, 6-heptene--1-01, 7-octene-1-
ol, 8-nonene—1—61,"9-decene~1—ol,
10-undecene-1-ol and ll-dodecene-1-o0l;

alcohols having a straight-chain hydrocarbon group,
such as |
5-hexene-2-01, 6—hepteﬁe-2—ol, 7-octene-2-01,
S-honene-z—ol, 9-decene~2-0l, l1l0-undecene-2-01,
6-heptene-3-0l, 7-octene-3-o0l, 8-nonene-3-ol,
9-decene-3-0l, 1l0-undecene-3-o0l,
ll-dodecene-3-0l, 7-octene-4-0l, 8-nonene-4-0l, 9-decene-4-
ol, 10-undecene-4-o0l, 8-nonene-5-0l1,
9-decene-5-ol and 10-undecene-5-ol;

alcohols having a branched hydrocarbon group, such as
2-ethyl-5~hexene-1-o0l, 3-methyl-6-heptene-1-o0l,
3-methyl-7-octene~1-0l, 4-methyl-8-nonene-1l-ol,
3-ethyl-9-decene-1-0l, 2-methyl-10-undecene-2-ol,

2,2-dimethyl-7-octene-1-01,
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3-ethyl-2-methyl-8-nonene-1-0l,
2,2,3-trimethyl-9-decene-1-o0l and
2,3,3,4-tetramethyl-10-undecene-2-01;

diols, such as
9-decene-1,2-diol, l1l0-undecene-1,2-diol,
1l-dodecene-1,2-diol and 1li-dodecene-1,2-diol; and

triols, such as 10-undecene-1,2,3-triol.

Examples of the polar group-containing monomer of the
formula (7’ wherein X’ is -CHO include:

| o ~alkenylaldehydes, such as

5-hexenal, 6-heptenal, 7-octenal, 8-nonenal, 9-decenal,
10~undecenal and ll-dodecenal;

alkenylaldehydes having a straight-chain hydrocarbon

group, such as

'2—methyl-5-hexenal, 2-methyl-6-heptenal,

2-methyl-7-octenal, 2-methyl-8-nonenal,
2—methyl—9-decénal, 2-methyl-10-undecenal,
2-methyl-ll-dodecenal, 2-ethyl-5-hexenal,
2-ethyl-6~heptenal, 2-ethyl-7-octenal,
2-ethyl-8-nonenal, 2-ethyl-9-decenal,
2-ethyl-10-undecenal, 2-propy1-5-hexénal,
2-propyl-6-heptenal, 2—pr§pyl—7—octenal,
2-propyl-8-nonenal, 2-propyl-9-decenal,
2-propyl-10-undecenal, 2-butyl-5-hexenal,

2 -butyl--6-heptenal, 2-butyl-7-octenal,
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2-butyl-8-nonenal, 2-butyl-9-decenal and
2-butyl-10-undecenal; and

alkenylaldehydes having a branched hydrocarbon group,
such as
2-isopropyl-5-hexenal, 2-isopropyl-6-heptenal,
2-isopropyl-7-octenal, 2-isopropyl-8-nonenal,
2-isopropyl-9-decenal, 2-isopropyl-10-undecenal, %
2-isobutyl—5-hexenal, 2-t—butyl—6-hepténal,
2-isopropyl-3-methyl-7-octenal,
2-methyl-3-isopropyl-8-nonenal,
3-isobuty1-3-methyl—9hdécenal,
2,2-dimethyl-10-undecenal and
2,3;34trimethyl-ll-dodecenal.

Examples of the polar group-containing monomers of
the faimula (7’) wherein X’ is -COOH include:

w-alkenylcarboxylic acids, such as acryl acid,

'5—hexenoic acid, 6-heptenoic acid, 7-octenoic acid,

8-nonenoic acid, 9-decenoic acid, 10-undecenoic acid and
ll-dodecenoic acid;

alkenylcarboxylic acids having a straight-chain
hydrocarbon group, such as
2-methyl-5-hexenoic acid, 2-methyl-6-heptenocic acid,
2-methyl-7-octenoic acid, 2-methyl-8-nonenoic acid,
2-methyl~9-decenoic acid, 2-methyl-10-undecenoic acid,

2-methyl-1l-dodecenoic acid, 2-ethyl-5-hexencic acid,
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2-ethyl-6-heptenoic acid, 2—ethyl—7-octenoic acid,
2~ethyl-8-nonenoic acid, 2-ethyl-9-decenoic acid,
2-ethyl-10-undecenoic acid, 2-propyl-5-hexenoic acid,
2-propyl-6-heptenoic acid, 2-propyl-7-octenoic acid,
2-propyl-8-nonenoic acid, 2-propyl-9-decenoic acid,
2-propyl-10-undecenoic acid, 2-butyl-5-hexencic acid,
2-butyl-6-heptenoic acid, 2-butyl-7-octenoic acid,
2-butyl-8-nonenoic acid, 2-butyl-9-decenocic acid and
2-butyl-10-undecenoic acid; and

alkenylcarboxylic acids having a branched hydrocarbon

group, such as

2—isopropyl-5;hexenoic acid,
2—isopropyl-6-hgptenoic acid,
2-isopropyl-7-octenoic acid,
2-isopropyl-8-nonenoic acid,
2-isopropyl-9-decenoic acid, -

2-isopropyl-10-undecenoic acid,

‘2-isobutyl-5-hexenoic acid,

2-t-butyl-6-heptenocic acid,
2-isopropyl-3-methyl-7-octenoic acid,
2-methyl-3-isopropyl-8-nonenoic acid,
3-isobutyl-3-methyl-9-decenoic acid,
2,2-dimethyl-10-undecenocic acid and
2,3,3~-trimethyl-1l~dodecenoic acid.

Examples of the polar group-containing monomer of the



10

16

20

208

formula (7‘) wherein X’ is an epoxy group include:
w-alkenylepoxides, such as
5-hexene epoxide, 6-heptene epoxide, 7-octene epoxide,
8-nonene epoxide, %9-decene epoxide, 10-undecene epoxide and
ll-dodecene epoxide; and
alkenylepoxides having a branched hydrocarbon group,
such as
2-methyl-5-hexene epoxide, 2-methyl-6-heptene epoxide,
2-methyl-7-octene époxide, 2-methyl-6--nonene epoxide,
2-methyl-9-decene epoxide and

2-methyl-10-undecene epoxide.

_ ' ‘ R=—Yp,

s R—Y, ... (8)

wherein R7, R3, Y, m, n and s have the same meanings as
those of R7, R8, ¥, m, n and s, respectively, in the
formula (6).

In the above formula (8), R’ and R® are preferably a
direct bond or a hydrocarbon group of 1 to 10 carbon atoms

and Y is preferably -OR, -COOR, -CRO,
-CNR, -OCR

-NR;, an epoxy group, o P O (R is a hydrogen atom or
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a hydrocarbon group}, -C=N, -OH, -COOH or -NH,.

Examples of polar group-containing monomer
represented by the formula (8) wherein Y is -OR (R is a
hydrogen atom or a hydrocarbon group) include

bicyclic monoethers such as

OCHj CH,OCHj CH,OCH,

=

CHj

CH,CH,0CH; CH,CH,CH,0CH;

=
=

CH,) (OCHg CH,) sOCH;

CH,) ¢OCH, CH,) ,0CH,

=2 <

CH,) gOCH,

SO

@/‘ CH,) 4OCH,
@ OCH,CH, ocH,
CH, :>/ : CH,CH,



OCH,4

=

CH,CH,CH,4

CH,OCH,

=

CH,CH,CH,

CH,CH,0CH,

CH,CH,

CH,CH,CH,0CH,4

= =

CH,

CH,CH,

<
<

CH,CH,CH,0CH,

~
&

H,OCH,CH,CH,

~
=
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= =

bicyclic diethers such as

==

CH,OCH,
CH,CH,
CH,CH,OCH,4
CH,
CH,CH,0CH,

CH,CH,CH,

CH,CH,CH,OCH,

CH,CH,

CH,OCH,CH,4

CH,OCH,CH,CH,CH,



211

CH,0OCH,4 H,OCH;

OCH, CH,0CH,
CH,CH,CH,0CH, (CH,) ,OCHj
CH,0CH,; OCH,CH,
CH,CH,0CH; CH,CH,0CH;
CH,CH,0CH; - ~N CH,OCH,

tetracyclic monoethers such as
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w OCH 3 _ OCH 3
OCH, CH,OCH,
CH209H3 CH,OCHj :

CH,CH,

wc%c}lzoc% CH,CH,OCH,
CH, @:)i

CH,CH,
;. and

tetracyclic diethers such as
OCH, _. ' | CHy |
OCH4 WCHZOC}%
CH,OCH, H,CH,0CH,
CH,0CH, m:CCHZOCH3
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Examples of polar group-containing monomer

represented by the formula (8) wherein ¥ is ~-COOR (R is a

hydrogen atom or a hydrocarbon group) include

bicyclic carboxylic acid esters such as

00CH,4

~

H,CH,COOCH,

=

CH,) 4COOCH,

CH,) gCOOCH,

SO

COOCH,

Q
oo
w

H,COOCH, CH,COOCH,
CH,
@/CH20H2CH2COOCH3
@4 CH,) ,COOCH,
©/ CH,) COOCH,4

=

COOCH,4

CH,CH,
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COOCH; CH,COOCH,
H,CH,CH, @:ﬂlzc%
CH,COOCH,

@:OHZCHZCOOCH3
CH,CH,CH3 CH,

CH,CH,COOCH;

E)::HZCHZGOOCH3
CH,CH, ’ H,CH,CH,
CH,CH,CH,COOCH,

~,
CHs H,CH,
OOCH,CH3 @/‘()OCHZCHZCHS

COOCH,CH,CH,CH,

= ==

SE=P=

bicyclic dicarboxylic acid esters such as
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CH,COOCH; CH,COOCH,
CH,COOCH, . COOCH,4
COOCH; COOCH,CH,
COOCH; COOCH,CH,
CH,CH,COOCH; COOCH,CH,CH,
CH,CH,COOCH; COOCH,CH,CH,

tetracyclic monocarboxylic acid esters such as
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COOCH,

COOCH,
CH,
COOCH, CH,COOCH,
CH,CH,
CH,COOCH, CH,COOCH,
Hy H,CH,
CH,CH,COOCH,4

Hj

tetracyclic dicarboxylic acid esters such as

OOCH; COOCH,

OOCH3 H,COOCH;

COOCH,CH,

CH,COOCH,
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, and

acid anhydrides such as

Q 0

'c' @
N, N,
% S

g i

Examples of polar group-containing monomer
represented by the formula (8) wherein Y is -CRO (R is a
hydrocarbon group) include

bicyclic ketones such as




COCH;

=

H,CH,COCH5

=
SRS

CH,) ,COCH,

CH,) (COCH

SO

=

COCH,CH,

=

CHj,

CH,) gCOCH;

218

CH,COCH; : CH,COCH,
CH,

H,CH,CH,COCH;

CH,) COCH,

CH,) ;COCH,

CH,) COCH,

5

COCH,

=

CH,CH,




COCH,

=

CH,CH,CHj

CH,COCH,

=

CH,CH,CH,

H,CH,COCH;

~

CH,CH,

@:CHZCHZCHzCOCH3
~ NCH,

COCH,CH,

COCH3CH,CH,CHj

SE=

CH,COCH,CH,CHj

=

219

@:CHZCHZCOCH3
CH,

QREIR X

CH,CH,COCH,

CH,CH,CHj

H,CHj

OCH,CH,CH,

CH,COCH,CH,

CH,COCH,CH,CH,CH,
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bicyclic diketones such as

CH,COCH; | CH,COCH,
CO¢H3 CH,COCH,
CH,CH,CH,COCH,4 CH,) ,COCH,
CH,COCH; | COCH,CH;
CH,CH,COCH; H,CH,COCH,
CH,CH,COCH,

CH,COCH,
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tetracyclic ketones such as

@i)/COCHa

@i}( OCH,
CH,CH,

w@lzmcna
CH,

') CH,CH,COCHj

CH,

CH,
m/ CH2COCH3

CH,COCH,

CH CH
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, and

tetracyclic diketones such as

COCH, COCH,
COCH, CH,COCH,
CH,COCH; _~CH,CH,COCH,

CH,COCH; CH,COCH,
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Examples of polar group-containing monomer
represented by the formula (8) wherein Y is -NR, (R is a
hydrogen atom or a hydrocarbon group) include

bicyclic amines such as

j . N(CH,), CH,N (CHz) , CH,N (CH3) ,

CH,

@/CHzCHzN(Cﬂa)z j . CH,CH;CH,N (CH,) ,
©/(CH2)4N(CH3)2 j (CH,) sN (CH3) ,

©/CH2) e |: § ]’ CH,) 4N (CHs) ,
@/Cﬂz) oM (CHy) j ACH,) ¢N (CH;) ,
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N (CHj),
“CH,

H,CHj

@/CHZNHCH3 @cnzn (CH,CH3) ,
CH, |

@iQ 2N (CH,CHs) ,
Hs
@:CHZN (CH,CH5) ,
CHy

@/CHZNHCHZCH;; ©/CH2)3N(CH2CH3)2 @/cn3)znncn3

bicyclic diamines'suéh as
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CH,N (CH,) , j :CHZN (CH3) ,
CH,N (CH;), ~ TN(CHy),
@iCHZNHCHB | CH,NHCH,4
CH,N (CH,), CH,NHCH,
@iCHZCHzN (CHz), CH,CH,N (CHy) ,
CH,CH,N (CH3) , CH,N (CH3) 5

tetracyclic amines such as

N(CH,), | N (CH,),

N (CH,), | CH,N (CH3) ,
CH,CH,

CH,N (CH,) , CH,N (CH,) ,
CH, CH,CH,

. and
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tetracyclic diamines such as

O0C T oo
~ NN(CH,),

CH,N (CH;) ,
wwzm‘ms)z j j :CHZCHZNHZ
CH,N (CH3) » CH,N (CH3) ,
Examples of polar group-containing monomer
b
represented by the formula (8) wherein Y is ) (R is a.

hydrogen atom or a hydrocarbon group) include

bicyclic amides such as
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@/ CONH, H,CONH, CH,CONH,
CH,
@/CHZCHZCONHZ

H,CH,CH,CONH,

CH,) ,CONH, CH,) LCONE,

CH,) CONH,

@/ CH,) ¢CONH,
@/‘CHZ ) 8CONH2

SO

CH,) yCONH,

Q |




228

CONH
T CONH, CONH,

CHj CH,CH,
CH,CONH, CH,CONH,
H,CH, [:::§:[::cnzc32cn3
H,CH,CONH, CH,CH,CONH,
©i,ﬂ3 ) IIB:CHzcﬂa
H,CH,CONH, H,CH,CH,CONH,
mHZCHZCH:, ~CHj |
[:::Z[:i:HZCHZCHZCONH2 H,CON (CHs) ,
cnzén3 ©/€
©/cnzc_on (CH,CH,) , @/cnzcncoﬁ (CH;),

CH,CONHCH,4 CH,CONHCH,CH,4

H,CH,CH,

CH, CH,

@/cnzc (CH3) ,CH,CONH,

bicyclic diamides such as




b

229
CH,CONH, CH,CONH,
H,CONH, j :CONH2
@:CI‘lzCHzCHzNHz CH,) ;CONH,
CH,CONH
2CONE, CONH,

@CHzCHzCONHz CH,CH,CONH,
CH,CH,CONH, CH,CONH,

tetracyclic amides such as

ONHCH, ' ' ~CON (CH3) ,

ONH, | H,CONH,

ONH, ONH,
CH, CH,CH,
CH,CONH, CH,CONH,
CH, CH,CH,

, and
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tetracyclic diamides such as

ONH, ON (CH3) ,
CONH,, CON (CH3) ,
H,CONH, H,CH,CONH,
CH,CONH, CH,CONH,

Examples of polar group-containing monomer

-OCR

represented by the formula (8) wherein Y is 0o {(R is a

hydrogen atom or a hydrocarbon group) include

bicyclic esters such as
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@/OCOCHs H,OCOCH; CH,OCOCH;

CH,

@(cmcmocows ©/CHZCHZCHZOCOCH3
@/cnz) 4OCOCH3 @/(CHz) 5OCOCH,

CH,) OCOCH; CH,) ,OCOCH,

©/4CH2> 4OCOCHj
(}(ococnzcng COCH, COCHg
CHj, H,CHj #~ “\CH,CH,CHj3

@/( CHz) 8OCOCH3
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CH,CH,
@/cuzcxizocou : CH,0COH

CH,CH,0COCH, CH,CH,CH,0COCH,

@/OCOH ._~OCOCH,CH,
@/OCOCHzcﬂzcﬂs @/OCOCHZCH20H20H3

©/°32W00H2033 -CH,0COCH,CH,CH,
©/cnzococnzcazcnzcn3
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bicyclic diesters such as

CH,OCOCH,

CH,OCOCH,4
OCOCH, CH,OCOCH,

CH,CH,CH,0COCH; CHy) (OCOCH;
CH,0COCH; OCOCH,CH,
CH,CH,0COCH; CH,CH,0COCH;
CH,CH,OCOCH,

CH,OCOCH;

tetracyclic estexrs such as:
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COCH, COCH,
CH,4
COCH, H,OCOCH,
CH,CH,4
H,0COCH, CH,0COCH,4
CH, | CH,CH,
H,CH,OCOCH,4 CH,CH,0COCH;4
:z /v> : WCHZCH.%

, and

'tetracyclic digsters such as
j j :OCOCH3 COCH,
OCOCH; CH,OCOCH,
CH,OCOCH4 H,CH,0COCH4
w%ococn3 3 3 icnzococrx;,

Examples of polar group-containing monomer
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represented by the formula (8) wherein Y is -C = N include

bicyclic nitriles such as

~CH,CN H,CN

%

H,CH,CN

j ~CH,CH,CH,CN
©/4CH2) sCN -
@/(cnz)-,cn
@/Cﬂz) oCN

CH,) (CN

CH,) (CN

SO

CH,) ¢CN

=

CN CN

=

CHs CH,CHy CH,CH,CH,
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CH,CN CH,CN
CHZCH; ©icnzcnzcn3
._~CH,CH,CN CH,CH,CN
: @chﬂg

Hj

@CHZCHZCN (XCHZCHZCHZCN
\CH,CH,CH; CHy

CH,CH,CH,CN @/tn (CN) CH,
CH,;CH, '

H(CN) CH,CH, CH4CH (CN) CH,

[XH o o
CH CH,

3

@/Cﬁzc (CHj) ,CH,CN

bicyclic dinitriles such as
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CH,CN CH,CN
H,CN CN
@[CHZCH20H2CN CH,) ,CN
CH,CN | ;:N
j :CHZCH2CN | CH,CH,CN
| . CHzCHéCN _ CH,CN

tetracyclic nitriles such as
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N N

CH,

N H,CN
CH,CH,

H,CN CH,CN
CHy ' CH,CH,4
CH,CH,CN H,CH,CN
CHy CH,CH,4

. and

tetracyclic dinitriles such as

CN N

CN CH,CN
CH,CH,CN
CH,CN

Examples of'polar group-~containing monomer
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represented by the formula (8) wherein Y is -OH include

bicyclic alcohols such as

CH,0H H,OH

~

CH,

@/ @cﬁg sOH

CHZ ) BOH @/ CH2 ) 90H

H,CH3 CH,CH,CH5

H,CH,OH

Q

CH,) (OH

Q e
B &
=
i
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CH,OH ():CHZOH
(Z[ CH,CH, CH,CH,CH,
@cnzcnzoa CH,CH,0H
L., X

CH,CH,
CH,CH,0H CH,CH,CH,0H
CH,CH,CH, CH,
CH,CH,CH,0H

CH (OH) CH,CHj

CH,CH, : ()/

CH(OH) CH, H,CH (OH)CH, CH (OH) CH,
O
@(cn (OH) CH,CHj , H,C (CH;) ,CH,0H

~CH, @‘ |

bicyclic diols such as



5

CH,OH

™~

CH,OH

CH,CH,CH,OH

=

CH,OH

CH,CH,OH

=

CH,CH,O0H °

241

CH,OH

OH

CH,) ,OH

OH

CH,CH,OH

CH,OH

tetracyclic alcohols such as

m/oﬂ
OH
CH,CH,
H,OH

CH,

H,CH,OH

CHj

, and

H,0H

CH,CH,

H,CH,OH

CH,CH;4
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tetracyclic diols such as
OH OH
woﬂ wcnzoﬁ
H,OH CH,CH,0H
CH,OH ww OH
Examples of polar group-containing monomer

represented by the formula (8) wherein Y is -COOH include

bicyclic monocarboxylic acids such as
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©/COOH CH,COOH CH,COOH

CH,

CH,) oCOOH

@/cnz) gCOOH

=



COOH

=

CH,

CH,COOH

=

H,CH,

CH,CH,COOH

=

CH-,

-~

CH,CH,COOH

=

CH,CH,CH,

CH,CH,CH,COOH

=

CH,CH;

CH (COOH) CHj

CH,

SO

H,C (CH3) ,CH,COCH

244

COOH COOH
mﬂzcow
H,CH,CH,
CH,CH,COOH
CH,CH,
@icﬂzcrlzcnzcooxi
“CH,

@/Cﬂ (COOH) CH,4
@CHZCH (COOH) CH;

CH (COOH) CH,CHj

CHj

bicyclic dicarboxylic acids such as




CH,COOH H,COOH
CH,COOH COOH
CH,CH,CH,COOH CH,) ,COOH
CH,COOH | COOH
CH,CH,COOH CH,CH,COOH
CH,CH,COOH CH,COOH

tetracyclic carboxylic acids such as
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OOH OOH
CH,
OOH H,COOH
CH,CH,
H,COOH _CH,COO0H
CH, “CH,CH,
H,CH,COOH H,CH,COOH
CH, CH,CH,

¢« and

tetracyclic dicarboxylic acids such as

m:cow miﬂxm
COOH -~C

H,COOH
j :z jCHchOH @@:wzcnzcoox{
CH,COOH CH,COOH

Examples of polar group-containing monomer

represented by the formula (8) wherein Y is -CHG include
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bicyclic aldehydes such as

CHO ' H,CHO H,CHO

=

CHj

©/CH2CH2CH2CHO

H,CH,CHO

Q

CH,) 4CHO
CH,) ,CHO

CH,) ¢CHO

CH,) gCHO

2 KR

j {CH,) 4CHO
@:ﬂm N
CHy CH,CHj

HO

CH,CH,CH5



CH,CHO

o

CH,CH,

CH,CH,CHO

=

CH,

CH,CH,CHO

=

CH,CH,CH; .

CH,CH,CH,CHO

=

CH,CH,

CH (CHO) CH,CH,

=

CH (CHO) CH,4

=

CH,

CH,C (CH3) ,CH,CHO

=

248

=

=02

SO

=

CH,CHO

CH,CH,CH,

CH,CH,CHO

CH,CH,

CH,CH,CH,CHO

CHj

CH (CHO) CH,

CH,CH (CHO) CH,

CH (CHO) CH,CH,

CH,
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bicyclic dialdehydes such as

oH,CHO CH,CHO
CH,CHO CHO
CHZCHZCHZCHd CH,) ,CHO
CH,CHO CHO
CH,CH,CHO CH,CH,CHO
CH,CH,CHO CH,CHO

tetracyclic aldehydes such as
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HO

HO
CH,
HO H,CHO
CH,CH,
H,CHO CH,CHO
CHy “CH,CH,
CH,CH,CHO CH,CH,CHO
CHy CH,CH,4
¢+ and
_tetracyglic dialdehydes such as
CHO HO
CHO CH,CHO
Hzcﬁo H,CH,CHO
. . CH,CHO CH,CHO

Examples of polar group-containing monomer
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represented by the formula (8) wherein Y is -NH; include

bicyclic monoamines such as

2 CHpNH, CH,NH,

=

CH,

@cnzcnzcnzmz '
@/ ( C‘HZ ) 5NH2

H,CH,NH,

~

(CH,) [NH,

S

®/(CH2) " { ZJ/ (CH,) gNH,

NH, NH,

=
&
©

CH, CH,CH, ' CH,CH,CH;
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CH,NH, E):CHZNHZ .
CH,CH,4 CH,CH,CH,4
CH,CH,NH, | CH,CH,NH,
CHy ED: CH,CH,
@\/CﬂchzNHz CH,CH,CH,NH,

CH,CH,CH, ()i CH,

. CH,CH,CH,NH, CH(NH,) CH,

' 'CHZCH3 @/

H (NH,) CH,CH, ,CH (NH, ) CH,

. _~CH(NH,) CH, ' _
@: CH (NH,) CH,CH,
N\CH;

CH,

= =

H,C (CH;) ,CH,NH,

bicyclic diamines such as
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E):CHzNHz CH,NH,
CH,NH,

NH,
@ECHzCHzCHzNHz (CH,) ,NH,
C.H2NH2 NH,
CHZCHZNH; H,CH,NH,
H,CH,NH, CH,NH,

tetracyclic monoamines such as
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NH, | NH,
CH,
NH, CH,NH,
CH,CH,4
CH,NH, CH,NH,
CH, CH,CH,
CH,CH,NH, CH,CH,NH,
CH; CH,CH4

+ and

tetracyclic diamines: such as
@:XN% NH,
NH2 | wCHZNHZ
wﬂizma CH,CH,NH,
5 CH,NH, CH,NH, _
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In this invention, it is also possible to
copolymerize polyenes with the a-olefins and the polar
group-containing monomers. Exemplified polyenes are
olefins having an aliphatic ring or an aromatic ring, such
as cyclopentene, cycloheptene, 2-methyl-1,4,5,8-dimethano-
1,2,3,4,4a,5,8,8a-octahydronaphthalene, styrene and
vinylcyclohexane; chain or cyclic diene, such as butadiene,
isoprene, 1,4-hexadiene, dicyclopentadiene,
5~ethylidene-2-norbornene, 7-methyl-1l,6-octadiene; chain or
éyclic triene, such as 6,10—dimethyl—1,5,9—undecatriene
and 5,9—dimethyl-i,4,8—decatriene; and
chain or cyclic tetraene, such as 6,10,14-trimethyl-
1,5,9,13-pentadecatetraene and 5,9,13-trimethyl-1,4,8,12~
tetradecatetraene.

In one process for preparing a polar group-containing
copolymer according to the first embodiment of the
invention, at least one olefin selected from the above-—
mentioned a-olefin of 2 to 20 carbon atoms is polymerized
with a polar group~containing monomer represented by the
formula (7) and/or a polar group-containing monomer
representéd by the formula (8) in the presence of the -
aforesaid olefin polymerization catalyst under the
following polymerization conditions.

When the polar group-containing monomer is such a

monomer that X in the formula (7) is ~-OH and Y in the
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formula (8) is -OH, it is preferable to use a transition
metal compound (A) represented by any one of the formulas
(11) to (16), more preferably a transition metal compound
(A) represented by any one of the formulas (11) to (15).
When the polar group-containing monomer is such a monomer
that X in the formula (7) is -NR’R’‘’ (R’ and R’’ may be the
same as or different from each other and are a hydrogen
atom and an alkyl group) and Y in the formula (8) is -NR2
{R is hydrogen or an alkyl group), it is preferable to use
a transition metal compound (A) represéented by any one of
the formulas (11) to (16), more preferably a trapgition
metal compound (A) represeﬁted by any one of the formulas
(11), (12), (14), (15) and (16). |
In the process for preparing a polar group-containing
copolymer accordihg to the first embodiment of the
invention, a polar group can be selectively ihfroduced to a
terminal end of a polymer chain or inside of the main chain
by the selection of type of polar group and reaction
conditions. Further, characteristics of the polar group-
'containing poiymer can be diversified by using two or more
kinds of olefins at polymerization.
Deactivation of the catalyst by the functional group-

contaiﬁing monomer can be made as low as possible by
previously contacting the transition metal éompound (2)

and/or the polar group-containing monomer with the
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organoaluminum compound.

To contact the polar group-containing monomers with
the organoaluminum compound, there are a method of
previously contacting them prior to adding them to the
polymerization system and a method of adding the two
components successively to the polymerization system, and
any of these méethods is useful.

To contact the transition metal compounds with the
organoaluminum coﬂpound, there are a method of previously

contacting them prior to adding them to the polymerization-

_system and a method of adding the two components

succéssively to the polymerization system similarly to the
above, and any of these methods is useful.

In:the polymerization, the transition metal compound
(A) is used in an amount of usually about 0.00005 to 0.1
mmol, preferably about 0.0001 t6 0.05 mmol, in terms of the
transitioﬁ metal atom, based on 1 liter of the
polymeriéation volume.

The organocaluminum oxy-compound (B-1l) is used in such

an amount that the amount of the aluminum atom becomes

. usually about 1 to 10,000 mol, preferably 10 to 5,000 mol,

based on 1 mol of the transition metal atom.
The ionizing ionic compound (B-2) is used in such an
amount that the amount of the boron atom becomes usually

about 0.5 to 500 mol, pfeferably 1 to 100 mol, based on 1
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mol of the transition metal atom.

The organoaluminum compound (B-3) is used in such an
amount that the amount of the aluminum atom becomes usually
about 10 to 500 mol, preferably about 20 to 200 mol, based
on 1 mol of the transition metal atom.

When the organcaluminum oxy-compound (B-1) and the
organoaluminum compound (B-3) are used in combihation, the
organoaluminum compound (B-3) is used when needed in an-’
amount of usualiy about 0 to 200 mol, preferably about 0 to
100 mol, based on 1 mol of the aluminum atom in the
organcaluminum oxy-compound (B-1). When the ionizing ionic
&ompound_(B-Z) and the orqanoéluminum compound (B-3) are
used in combination, the organcaluminum compound (B-3) is
used when needed in an amount of usually about 0 to 1060
mol, preferably about 0 to 500 mol, based on 1 mol of the
boron atom in the ionizing ionic compound (B-2).

When the organosilicon compound (C) is used, this
compound is used in an amount of 1 to 10000 mol, preferably
10 to 5000 mol, based on 1 mol of the transition metal atom.

When the dialkylzinc compound (D) is used, this
compound is used in an amount of 1 to'10000 mol, preferably
10 to 5000 mol, based on 1 mol of the transition metal atom.

When hydrogen is used, the hydrogen is used in an
amount of 105 to 1 mol, preferably 10~4 to 10~ mol, based

on 1.mol of the totali ¢f the olefin and the polar group-
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containing monomer used in the polymerization.

Although there is no specific limitation on the ratio

between the polar group-containing monomer and the

transition metal atom, the polar group-containing
monomer/transition metal atom molar ratio is in the range
of usually 1/100 to 10000/1, preferably 1/10 to 5000/1.

Copolymerization of an olefin and the polar group-
containing monomer can be carried out by any of a liquid
phase polymerization process such as suspension
polymerization or solution polymerization, a gas phase
polymerization process and a high-pressure process.

In the liquid phase polymerization, an inert
hydrocarbon ﬁedium is used, and examples thereof include
aliphatic hydrocarboﬁs, such as propane, butane, pentane,
hexane, heptane, octane, decane, dodecane and kerosiﬁe; )
alicyclic hydrocarbons, such as cyclopentane, cyélohexane
and methylcyclopentane; aromatic hydrocarbons, such as
benzene, toluene and xylene; and halogenated hydrocarbons,
such as ethylene chloride, chlorobenzene and
dichloromethane. The olefin itself can be sued as a
solvent. These solvents may be used in combination.

When the suspension polymerization is conducted, the
polymerization temperature is usually in the range of —-50
to 100°C, preferably 0 to 90°C; when the solution

polymerization is conducied, the polymerization temperature
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is usually in the range of 0 to 300°C, preferably 20 to
250°C; when the gas phase polymerization is conducted, the
polymerization temperature is usually in the range of 0 to
120°C, preferably 20 to 100°C; and when the high-pressure
process is conducted, the polymerization temperature is
usually in the range of 50 to 1000°C, preferably 100 to
500°C. The polymerization pressure is usually in the range
of atmospheric pressure to 100 kg/cm?, preferably
atmospheric pressure to 50 kg/cmz. In case of the high-
pressure process, thg pressure is usually in the range of
100 to 10000 kg/cm?2, preferably 500 to 5000 kg/cm2. The
polymerization reaction can be carried out by any of
batchwise, semi-continudus and éontinuous processes.
Further, the polymerization can be carried out in_two or
more steps under different reaction conditions.

The molecular weight of the resulting polar grbup-
containing olefin copolymer can be regulated by controlling
the amount of hydrogen, the organosilicon compound or the
dialkylzinc compound or changing the polymerization
temperature or the polymerization pressure.

In the process for preparing a polar group-éontaining
copolymer according to the first embodiment of the
invention, an a-olefin of 2 to 20 carbon atoms and a polar
group-containing mbnomer represented by the following

formula (7’7} and/or (8') are copolymerized in the presence
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of a catalyst comprising:
(A) the transition metal compound, and
(B) at least one compound selected froﬁ:
(B-1) an organoaluminum oxy-compound,
(B-2) a compound which reacts with the compound
(A) to form an ion pair, and

(B-3) an organocaluminum compound.

CHo=CH-R3' ' -X'’p e (771
wherein_R3" is a hydrocarbon group of 2 or more carbon
aﬁoms, Xt ié -OR, -COOR, -CRO, —-C(O)NR2, -OC(O)R (R is a
hydrogen atom or a hydrocarbon group), an epoxy group, -C=N
or -NH2, and p is a positive integer of 1 to 3.

The poiar'group—contéining_ﬁonomer represgnted by the
formula (7’’) is, for example, the bolar group-containing
nmonomer repfesented by the aforesaid formﬁla (7') wherein X

is other group than -OH and -NR3.

R—Y,

s R—Y,

... (8")

wherein R7 is a direct bond or an aliphatic hydrocarbon

group of 1 or more carbon atoms, R8 is a hydrogen atom, a
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direct bond or an aliphatic hydrocarbon group of 1 or more
carbon atoms, Y; is -OR, -COOR, -CRO, ~-C(O)NR2, -OC{(O)R (R
is a hydrogen atom or a hydrocarbon group), an epoxy group,
-C=N or -NH2, m and n are each an integer of 0 to 2, m+n is
not 0, and p is 0 or 1.

The polar group-containing monomer represented by the
formula (8’) is, for example, the polar group-containing
monomer represented by the aforesaid formula (8) wherein Y
is other group than -OH and -NRj.

Such polar group—coﬁtaining monomers can be used
singly or in combination of two or more kinds.

The_poiymerization conditions are the same as used
above. |

Next, the process for preparing a polar group-
containing olefin copolymer according to the second
embodiment of the invention is described.

.The process for preparing a polar group-containing
olefin copolymer according to the second embodiment of the
invention comprises copolymerizing at least one a~oclefin
selected from o-olefins of 2 to 20 carbon atoms, a
macromonomer represented by the following formula (%), and

at least one polar group-containing monomer selected from a

polar group-containing monomer represented by the above

formula (7) and a polar group-containing monomer

represented by the above formula (8) in the presence of the
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olefin polymerization catalyst comprising:
{(A) a compound of a transition metal selected from
Group 3 (including lanthaﬁoid and actinoid) to Group 10 of
the periodic table, preferably a transition metal compound
5 represented by any one of the above formulas (11) to (15),
and
(B) at least one compound selected from:
(B-1) .an organoaluminum oxy-compound,
(B-2) a compound which reacts with the compound
10 (A) to form an ion pair, and

{(B-3) an organocaluminum compound;

CH,=CH
R5

(W)q—ﬂlz“),—(-o—z)p
16 <o (9)

wherein R5, RG, Z, W, p, gand r héve the éame meanings as
those of R5, RG, Z, W, p, q and r in the formula (4),
respectively."
20 When a polar group-containing monomer represented by
the formula (7) is used as the polar group-containing
monomer in the invention, the aforesaid second embodiment
of the polar group-containing olefin copolymer of the
invention is obtained.

26
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Examples of macromonomers represented by the formula

(9) include the following macromonomers.

/\/\/\/\/\/()\(\/\(H',!1

ot "
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/\/\/\/\/\[]/NVO\(\/\UAH/H

0

YR

/\/\/\/\/\[]/N\/O\%H |
. 0 0 ?
- | H

etc..

The macromonomer can be prepared by the use 6f,_for
example, the polar monoﬁer {(later described), and
specifically, the macromonomer can be prepared by producing
a polymer segment from the polar group of the polar group-
containing monomer through anionic polymerization, ring-
opening polymerization or polycondensation similarly to the
following process (i).

The copolymerization of the a~olefin of 2 to 20
carbon atoms and the macromonomer represented by the

formula (3} is carried out using the same olefin
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polymerization catalyst as used in the copolymerization of

an a-olefin of 2 to 20 carbon atoms and the polar group-

containing monomer represented by the formula (10) in the

following process (i) under the same conditions as used in
the copolyﬁerization of an o-olefin of 2 to 20 carbon

atoms and the polar group-containing monomer represented by
the formula (10) in the following process (i).

In the process for preparing a polar group-containing
copolymer according to the second embodiment of the
invention, at least one olefin selected from the above-
mentioned a-olefin of 2 to 20 carbon atoms, a macromonomer
represented by the formula (9) and at least one polar
group—contaihing?monomer selected from the group consisting
of a polér g?bup-cbntaining monomer represented by the’ |
formula (7) and a polar group-containing monomer
representéd.by the formhla (8) are polymerized in the
présénbe of'fhe aforesaid olefin polymerization catalyst
under the same polymerization.éonditions as in the process
for preparing the polar group-~containing olefin copolymer
according to the first embédimeﬁt.

The process for preparing a polar group-containing
olefin copolymer according to the third embodiment of the
invention comprises copolymerizing at least éne o-olefin
selected from o-olefins of 2 to 20 carbon atoms, a polar

group-containing monomer represented by the following
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formula (10) (also referred to as a "polar group-containing
monomer (10)" hereinafter), and optionally, a polar group-
- containing monomer represented by the above formula (8) in
the presence of the catalyst comprising:
5 (A) a compound of a transition metal selected from
Group 3 (including lantﬁanoid and actinoid) to Group 10 of
the periodic table, and
(B) at least one compound selected from:
(B-1) an organoaluminum oxy-compound,
10 (B-2) a compound which reacts with the compound
(A) to form an ion pair, and
(B-3) an organoaluminum combound,
and then conducting any one of the following steps
(i) and (ii), to prepare a branched type polar group-

15 containing olefin copolymer;

CHp=CH
R5
(lla“)m—(W),. ...(10)

20 wherein R3, RS, m, W and n have the same meanings as those
of R5, RG, m, W and n in the formula (5), respectively;
(i) from the W portion of the copolymerized polar
group-containing monomer (10), a Z portion is formed by
anionic polymerization, ring-opening polymerization or

26 polycondensation;
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(ii) the W portion of the copolymerized polar'group-
containing monomer (10) is allowed to react with a terminal
functional group of a polymer obtained by anionic
polymerization, ring-opening polymerization and
polycondensation.

The process (i) is described below in more detail.
In the process (i), an c~olefin of 2 to 20 carbon

atoms and the polar group—contéining monomer (10), and

.optionally a poiar group-containing monomer represented by

the formula (8) are copolymerized to prepare a functional
group-containing olefin copolymer, and ;hen from the polar
group contained in the W portion of the copolymerized
functional.group—containing monomer, a pclymer segment (Z)
is formed by anionic polymerigatien, ring—opening
polymerization or polycondensation.

When a polymer segment ié formed from the polar éroup
contained in any one of W porﬁions in the constituent unit
of the functional group-containing-olefin copolymer, said
constituent unit being derived from the polar group-
containing monomer (10), this constituent unit becomes. the
constituent unit (4). When no polymer segment is formed
from thé polar group contained in any one of W portions in
the constituent unit of the peclar group-containing olefin
copolymer, said constituent unit being derived from the

pclar group-containing monomer (10), this constituent unit
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becomes the constituent unit (5).

Examples of the a—oiefins of 2 to 20 carbon atoms
include ethylene. propylene, 1-butene, 2-butene, l-pentene,
3~-methyl-l-butene, l-hexene, 4-methyl-l-pentene, 3-methyl-
l~pentene, 3-ethyl-l-pentene, 4,4-dimethyl-l-pentene, 4-
methyl-1l-hexene, ‘4,4-dimethyl-1-hexene, 4-ethyl-1l-hexene,
3-ethyl-1l-hexene, l-octene, l-decene, l-dodecene, 1-
tetradecene, 1-hexgdecene, l-octadecene and l-eicosene. Of
these, preferable are at lieast twq'a—olefins selected from
ethylene, propylene, l-butene, 4-methyl-l-pentene, l-hexene
and l-octene.

Examples of the polar group-containing mﬁnomer (10)
include:

compounds represented by_the.fqrmula {10) wherein W
is a hydroxyl group, specifically

' é-alkenylalqohols, such as
4-pentene-1-01; 5-hexene-1-ol,'6—heptene-1-ol,-7-octene-1—
ol, 8-nonene-l-ol, 9-decene-l-ol, l0-undecene-~1l-ol and 11-
dodecene-1-01l;

alcohols having straight-chain hydrocarbon groups,
such as
5-hexene-2-0l, 6-heptene-2-0l, 7-octene-2-o0l,
8-nonene-2-0l, 9-decene-2-0l, 1l0-undecene-2-o0l,
6-heptene-3-o0l, 7-octene-3-o0l, B8-nonene-3-ol,

9-decene-3-0l, l0-undecenes-3-0l,
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ll~-dodecene-3-0l, 7-octene-4-o0l, 8-nonene-4-o0l,
9-decene-4-0l, 1l0-undecene-4-ol, 8-nonene-5-o0l,
9-decene-5-0l1 and 10-undecene-5-0l;

alcohols having branched hydrocarbon groups,
such as 2-ethyl-5-hexene-1-0l, 3-methyl-6-heptene~l1l-0l,
3-methyl-7-octene~1-0l, 4-methyl-8-nonene-l-ol,
3-ethyl-9-decene-1-0l, 2-methyL—lO-undecene-Zfol,
2,2-dimethyl—7-octgne-1-ol,
3-ethyi-Z-methyl-8-honene-1-o0l,
2,2,3-trimethyl-9-decene~-1-0l and
2,3,3,4-tetramethyl-10-undecene-2-0l;

diols, such as
9-decene~1,2-diol, l1l0-undecene-1,2-diol,
11-dodecene-1,2-diol and 1l-dodecene-1,2-diol; and

triols, such as 10-undecene-1,2,3—tri§1;
and

cdmpoundsirepresented by the formﬁla (10) wherein W
is an epoxy group, specifically

®w-alkenylepoxides, such as_5-hexepe epoxide,
6-heptene epoxide, 7-octene epoxide, 8-nonene epoxide,
9-decene epoxide, l0-undecene epoxide and ll-dodecene
epoxide; and

o -alkenylepoxides having branched hydrocarbon groups,

such as

2-methyl-5-hexene epoxide, 2-methyl-6-heptene epoxide,
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2-methyl-7-octene epoxide, 2¥methyl-8-nonene epoxide,
2-methyl-9-decene epoxide and
2-methyl-10-undecene epoxide.

Further,  examples of the polar group-containing

monomer (10) also include the following compounds.
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Also available afe n-nonyl-1-o0l, 1,2-epoxy-nonyl, n-
undecyl-1-0l, and 4-hexenyloxyphenol.

The copolymerization of the a-olefin of 2 to 20

-carbon atoms and the polar group-containing monomer (10),

and optionally a polar group-containing monomer represented
by the formula (8) is carried out in the presence of, for
example, the above mentioned olefin polymerization catalyst
comprising:

(A) a compound of a transition metal selected from
Group 3 (including lanthanoid and actinoid) to Group 10 of

the periodic table, and
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(B) at least one compound selected from:

(B-1) an organocaluminum oxy-compound,

(B-2) a compound which reacts wiﬁh the compound
(3) to form an ion pair, and

{(B-3) an organoaluminum compound,
under the same polymerization conditions as in the pfocess
for preparing the polar group-containing olefin copolymer
according to the fi;st embodiment.

Then, from the W portion of the copolymerized polar
group-containing monomer (10} in the functinal group-
containing olefin copolymer obtained as above, a Z portion
is formed by anionic polymerization, ring-oéening
poiymerization or polycondensation.

To prepare the Z portion from the w portion of the
copolymerized polar group-containing monomer (10) by
anionic polymerization, ring-opening polymerization or
polycondenéation, for example, a polar monomer is subjected
ﬁo anionic polymerization in the bresence of the polar
group-containing olefin copolymer and a proton abstracting
agent or in the presence of the polar group-containing
olefin copolymer, a proton abstracting agent and an active
hydrogen compound.

Examples of the polar monomers include the examples
at the aforesaid constituent unit (4) such as (meth)acrylic

esters, (meth)acrylonitriles, acrylamides, vinylpyridines,
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N¥substituted maleimides, vinyl ketones and styrene
derivatives.

Of these polar monomers, compounds having two or more
ethylenically unsaturated bonds in one molecule give highly
crosslinked polymers in the polymerization of the compounds
themselves, but when the compounds are copolymerized with
polar group-containing ethylenically unsaturated monomers
having only one ethylenically pnsaturated boﬁd, main chains
of the polymers prcduced from the polar group-containing
ethylenically unsaturated monomers having only one
ethylenically unsaturated bond can be crosslinked to each
other.

Of the above polar monomers, preferable are
monoesters of monohydric alcohols and acrylic acid or
methacrylic acid, monoesters of dihydric alcohols having
one end protected by an ether bond and acrylic acid or
methacrylic acid, polyesters wherein all hydroxyl groups of
dihydric or higher alcohols and acrylic acid or methacrylic
acid are esterified, acrylonitrile, methacrylonitrile, N,N-'
disﬁbstituted moncacrylamides, vinyl or isopropenyl
substituted pyridines, N-aromatic substituted maleimides-
and vinyl ketones.

More preferable are monoesters of monohydric alcohols
and acrylic acid or.methacrylic acid, monoesters of

dihydric alcohcls having one end protected by an ether bond
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and acrylic acid or methacrylic acid, polyesters wherein
all hydroxyl groups of dihydric or higher alcohols and
acrylic acid or methacrylic acid are esterified,
acrylonitrile, methacrylonitrile and N,N-disubstituted
monoacrylamides.

_Exampleé of the polar monomers include examples at
the aforesaid constituent unit (4) such as alkylene oxide
compounds.

The polar monomers can be used singly or in
combination of two or more kinds. In the use of a

combination of two or more polar monomers, a combination of

. the above polar monomer other than the alkylene oxide

compound (such a monomer being sometimes referred to as an
"ethyienically unsaturated monomer"” hereinafter) and an
alkylene oxide compoundlis preferable.

In the ¢opolymerization using plural polar monomers
in combination, use of plural ethylehicaily unsaturated
monomers, use of a single ethylenically unsaturated monomer
and plural alkylene oxide compoﬁnds, use of plural
ethylenically unsaturated monomers and a single.alkylene
oxide compound, or use of plural ethylenically unsaturated
monomers and plural alkylene oxide compounds is available,
and for adding these compbnents to the polymerization
reactor, a method of adding at the same time, a method of

addirg successively, or a method of repeating successive
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addition is adoptable.

If plural polar monomers are used in combination and
cbpolymerized at the same time, a polymer segment composed
of a copolymer of relatively high randomness is obtained,
though it depends upon a difference between reactivities of
the compounds used. If two or more monomers are
copolymerized successively, a polymer segment composed of a
block copolymer containing two or more blocks is_obtained.
If such successive addition is repeated, a polymer segment
composed qf a complicated copolymer is obtained.

Above all, it is preferable to use the ethylenically
unsaturated monomer and the alkylene oxide compound
successively to prepare a polymer segment composed of a
block copolymer. formed from the plural monomers. In this
case, it is more preferable that the alkylene oxide
compouﬁd is p;opylene oxide.or ethylene oxide, and it is
still more preferable that the alkylene oxide is propylene
oxide. |

The active hydrogen compound is, for example, an
active hydrogen compound having active hydrogen on the
carbon atom, an active hydrogen cdmpound having active
hydrogen on the oxygen atom, an active hydrogen compound
having active hydrogen on the nitrogen atom, or an active
hydrogen compound hgving active hydrogen on the sulfur atom.

Examples of the active hydrogen compounds having
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active hydrogen on the carbon atom inclﬁde hydrogen
cyanide; monocarboxylic esters, such as ethyl acetate,
cyclohexyl propionate, isopropyl butyrate, methyl
isobutyrate, tert-butyl isobutyrate, hexyl caproate, butyl
laurate, methyl stearate, ethyl oleate, methyl
phenylacetate, methyl cyclohexanecarboxylate, 1,2~bis(2-
propylcarbonyloxy)ethane and 1,2,3-tris(2-
propylcarbonyloxy)propane; polycarboxylic esters, such as
dimethyl malonate; dimethvl methylmalonate, diethyl
succinate, butyl 2,3~dimethylsuccinate, methyl adipate,
ethyl suberate, methyl butanetetracarboxylate, 1,2-bis(2-
methoxycarbonylethoxy)ethane, 1,2~bis(2-
ethoxycarbonylpropoky)ethane, 1,2-bis(2-
ethoxycarbonylpropylmercapto)ethane and N,N,N', N'-
tetrakis (2-butoxycarbonylpropyl)ethylenediamine;
ketocarboxylic esters, such as ethyl acetoacetate,
cyclopentyl acetoacetate, methyl carbamoylacetate, ethyl 2-
cyclohexylcarbonylacetate and butyl benzoylacetate;
nitriles, such as acetonitrile, 2-cyanopropane,
malononitrile, methyl malononitrile, 1,3~dicyanopropane and
adiponitrile; and ketones, such as acetone, methyl ethyl
ketone, diisopropyl ketone, dicyclohexyl ketone,
acetophenone and isopropyl phenyl ketone.

Examples of the active hydrogen compounds having

active hydrogen on the oxygen atom include water;
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monohydric alcohols, such as methanol, ethanol, n-propanol,
isopropanol, n-butyl alcohol, sec-butyl alcohol, tert-butyl
alcohol, isopentyl alcohol, tert-pentyl alcohol, n-octyl
alcohol, lauryl alcohol, cetyl alcohol, cyclopentanol,
cyclohexanol, allyl alcohol, crotyl alcohol,
methylvinylcarbinol, benzyl alcochol, l-phenYlethyl alcohol,
triphenylcarbinol, cinnamyl alcohol, perfluoro-tert-butyl
alcohol, a-hydroxyisopropyl phenyl ketone, o-
hydroxycyclohexyl phenyl ketone, a-hydroxyisopropyl
naphfhyl keﬁone and methyl a-hydroxyisobutyrate;

polyhydric alcohols, such as ethylene glycol, propylene
glycol, diethylene glycol, dipropylené glycol, 1,3-
propanediol, 1,3-butanediol, 1,4-butanediol, 1,6-hexanediol,

1, 4-cyclohexanediol, trimethylolpropane, glycerol,

diglycerol, pentaerythritol and dipentaerythritol; and

aromatic hydroxy compounds, such as phenol, cresol, xylenol,

2-naphthol, 2,6-dihydroxynaphthalene and bisphenol A.
ﬁxampleS'of the active hydrogen .compounds having
active hydrogen on the nitrogen atom include aliphatic or
aromatic primary amines, such as methylamine, ethylamine,
n-propyiamine, isopropylamine, n-butylamine, isobutylamine,
sec~butylamine, tert-butylamine, cyclohexylamine,
benzylamine, P-phenylethylamine, aniline, o-toluidine, m-
toluidine and p-toluidine; aliphatic or aromatic secondary

amines, such as dimethylamine, methylethylamine,
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diethylamine, di-n-propylamine, ethyl-n-butylamine, methyl-
sec-butylamine, dipentylamine, dicyclohexylamine, N-
methylaniline and dipheylamine; polyamines having primary
or secondary amino group, such as ethylenediamine, di(2-
aminoethyl)amine, hexamethylenediamine, 4,4'-
diaminodiphenylethané, tri (2-aminoethyl)amine, N,N'-
dimethylethylenediamine, N,N'-diethylethylenediamine and
di (2-methylaminoethyl)amine; saturated cyclic secondary
amines, such as pyrrblidine, piperidine, morpholine and
1,2,3,4-tetréhydroquinoline; unsaturated cyclic secondary
amines, such as 3-pyrroline, pyrrole, indole, carbazole,
imidazole, pyrazole and purine; cyclic polyamines having
secondary amino group, such as piperazine, pyrazine and
1,4,7-triazacyclononane; unsubstituted or_N-monosubstitutéd
acid amides, such as acetamide, propionamide, N-
methylpropionamide, N-methylbenzamide and N-
ethjlstearamide; cyclic amides, such as p-propiolactam, 2;
pyrrolidone, 8-valelolactam and g-caprolactam; and imides
of dicarboxylic acids, such as succinimide, maleimide and
phthalimide.

Examples of the active hydrogen compounds having
active hydrogen on the sulfur atom include monothiols, such
as methanethiol, ethanethiol, n-butanethiol, tert-
butanethiol, hexanethiol, decanethiol, cyclopentylmercaptan

and cyclohexylmercaptan; polythiolis, such as 1,2-
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ethanedithiol, 1,3-propanedithiol, 2,3-butanedithiol, 1,6-
hexanedithiol, 1,2,3-propanetrithiol and 2,3-
di (mercaptomethyl) -1, 4-butanedithiol; and aromatic mercapto

compounds, such as thiophenol, o-thiocresol, thionaphthol

-and 1,2-benzenedithiol.

Also employable as the active hydrogen compounds are,
for example, poly(alkylene oxides) having active hydrogen
at the end, such as polyethylene oxide and polypropylene
oxide; polymers obtained by anionic polymerization or otherx
polymerization of (meth)acrylic esters,
(meth)acrylonitriles, acrylamides, vinylpyridines, N-
substituted maleimdes, vinyllketones and styrene
derivatives; polymers obtained by ring-opening
polymerization of lactoﬁes, lactams, lactides and cyclic
siloxanesg.polymgrs having active hydrogen at the end
and/or in the main chain, su@h as poly((meth)acrylic
esters), poly((meth)acrylonitriles), poly(acrylamides),
poly(vinylpyridines), poly(N~-substituted maleimdes),
poly(vinyl ketones) and poly(styrene derivatives),
polyesters, polyamides, polylactides and polysiloxanes; and
copolymers thereof. |

Of the above active hydrogen compounds, preferable
are hydrogen cyanide, monocarboxylic esters, polycarboxylic
esteré, water, monohydric alcohols, polyhydric alcohols,

monothiols, polymers having active hydrogen at the end
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and/or in the main chain, such as poly(alkylene oxides),
poly( (meth)acrylic esters), poly((meth)acrylonitriles),
poly(acrylamides), poly(vinylpyridines), poly(N-substituted
maleimdes), poly(vinyl ketones) and poly(styrene
derivatives), and copolymers thereof.

The proton abstracting agents may be used singly or
as a mixture of two or more kinds.

In the present invention, at least a polar monoﬁer is
subjected to anionic polymerization in the presence of a
proton abstracting agént and an active hydrogen compound or

in the presence of a proton abstracting agent. In this

process, ring-opening polymerization can be carried out.

As the process in which the proton abstracting agent
is_used or the process in which a proton is abstracted from

the active hydrogen compound to give an anion, the

'following processes are employable:

(1) a process using an alkali metal hydroxidg or an
alkali metal carbonate,

(2) a process using an alkali metal, an alkali metal
hydride, an alkali metal amide or an alkaii metal alkyl,

(3) a process using a zinc compound,

(4) a process using ammonium hydroxide, and

(5) a procegs using a phosphazenium salt.

The phosphazenium compound can be prepared by the

process described in EP0791600, pp. 12-13, or 1its analogous
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process.

The process for preparing a Z portion from the W
portion of the polar group-containing monomer (10) by.
anionic polymerization is not specifically limited, as far
as at least the proton abstractipg agent and the polar
monomef can be effectively contacted, and any of a
batchwise process and a process comprising feeding the
polar monomer intermittently or continuously is employable.

The polymerizétion réaction can be carried out when
the polar monomer is in a molten state or can be carried
out in a liquid phase using an appropriate solvent. The
liquid phase may be a homogeneous phase or a suspension
phase. Examples of the solvents employable herein include
aliphatic or alicyclic hydrocarbons, such as n-hexane, n-
heptane and cyclohexane; aromatic hydrocarbéns;'such as
benzene, toluene and xylene; arbmatic halides, such as
chlorobenzene and dichlorobenzene; ethers, such as diethyl
ether, diphenyl ether, tetrahydrofuran, tetrahydropyran,
1,4-dioxane, ethylene glycol dimethyl ether and diethylene
glycol diethyl ether; and aprotic polar solvents, such as
dimethylformamide, dimethylsulfoxide, sulfolane and N,N'-
dimethylimidazolidinone.

Although there is no specific limitation on the
amount of the proton abstracting agent used, the amount

thereof is in the range of usually 1x10~6 to 1x10-1 mol,
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preferably 1x10"4 to 3x10-1 mol. The polymerization
reaction temperature is in the range of usually -50 to
250°C, preferably -20 to 150°C, though it varies depending
upon the types and amounts of the proton abstracting agent
and the polar monomer used, etc. The polymerization
reaction pressure is in the range of usually not more than
3.0 MPa (absolute pressure expressed in megapascal, the
same shall apply hereinafter), preferably 0.01 to 1.5 MPa,
more preferably 0.1 to 1.0 MPa, though it varies depending
upon the type and amount of the polar monomer used; the
reaction temperature, etc.

The polymerization reaction time is usually not more
than 50 hours, preferably 0.1 to 24 hours, though it varies
depending upon the types and amounts of the proton
abstracting agent and the polar monomer, the reaction
tempefatﬁre, etc.

Next, the process (ii) is described in more detail.

In the process (ii), an a-olefin of 2 to 20 carbon
atoms and a polar group—éontaining-mbnomer (10), and
optionally the polar group-containing monomer represented
by the formula (8) are copolymerized to prepare a polar
groupfcontaining olefin copolymer, and then the W portion
of the copolymerized polar group-containing monomer (10) is
allowed to react with a terminal functional group of the

polymer obtained by anionic polymerization, ring-opening
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polymerization or polycondensation.

The terminal functional group-containing olefin copolymer
can be prepared in the same manner as in the process (i).

Examples of the polymers (sometimes referred to as
"terminal functional group-containing poiymer“ hereinafter)
obtained by anionic polymerization, ring-opening
polymerization or polycondensation include segments
obtained by anionic polymerization of one or more monomers
selected from methyl methacrylate, ethyl methacrylate,
butyl acrylate, acrylonitrile and acrylamide, segments
obtained by ring-opening polymerization of lactone, lactide,
siloxane, lactam, cycliclether, oxazoline, ethylene oxide,
propylene oxide, etc.; and polymers obtained by |
polycondensation of monomers, such as polycarboxylic acid
and polyhydric alcohol, or polycarboxylic acid and.
polyamide 6r hydroxycarboxyiic acid. Of these, preferable
are segments obtained bf anionic polymerization of acryiic
esters or methacrylic esters and polymers obtained_by ring-
opening polymerization of ethylene oxide or propilene oxide.

Such a terminal functional group-;ontaining polymer
can be prepared by, for example, subjecting the same polar
monomer as used in the process (i) to anionic
polymerization, ring-opening polymerization or
polycondensation in the presence of the proton abstracting

agent or in the presence of the proton abstracting agent
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and the active hydrogen compound.

Then, the polar group-containing olefin copolymer
obtained as above is copolymerized with the terminal
functional group-containing polymer.

Thermoplastic resin composition

The thermoplastic resin composition of the invention
may bé formed from two or more copolymers selected from the
polar group-containing olefin copolymers or may be formed
from the polar groub—containing olefin copolymer and a
thermoplastic resin other than the polar group-containing
olefin copolymer.

Thermoplastic resin

The thermoplastic resin preferably used in the
invention is one kind of a thermoplastic resin selected

from.bolyolefin, polyamide, polyester, polyaéetal,

‘polystyrene, acrylonitrile/butadiene/styrene copolymer

(ABS), polymethacrylate, polycarbonate, polyphenylene oxide,

polyvinyl chloride, polyvinylidene chloride, polyvinyl

acetate, ethylene/(meth)acrylic ester copolymer and diene
rubber.

Examples of the polyolefins include olefin
homopolymers, such as polyethylene, polypropylene, poly-1-
butene, polymethylpentene and polymethylbutene; and olefin
copolymers, such as an ethylene/a-olefin random copolymer,

an ethylene/propylene/diene terpolymer, a
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propylene/ethylene random copolymer, a propylene/c-olefin
random copolymer and a propylene/ethylene/a-olefin
terpolymer. Of these, preferable are polyethylene,
polypropylene, an ethylene/o~olefin random copolymer, an

ethylene/propylene/diene tefpolymer, a propylene/ethylene

random copolymer and a propylene/a-olefin random copolymer.

If the polyolefin is a polyolefin obtained from an olefin
of 3 or more carbon atoms, this polyolefin may be an
isotactic polymer or may be a syndiotactic polymer.

As the catalyst for the preparation of the polyolefin,
any of Ziegler-Natta catalyst, a metallocene catalyst and a
known catalyst may be used.

Examples of the polyamides include aliphatic
bolyamides, such as nylon-6, nylon-66, nylon-10, nylon-12
and nylon-46; and aromatic polyamides prepared from
aromatic diéarboxylic acids and aliphatic diamines. Of
these, ﬁylon—G is preferable.

Examples of the polyesters include aromatic

‘polyesters, such as polyethylene terephthalate,

polyethylene naphthalate and polybutylene terephthalate:

_polycaprolactone; and polyhydroxybutyrate. Of these,

polyethylene terephthalate is preferable.
Examples of the polyacetals include polyformaldehyde
(polyoxymethylene), polyacetaldehyde, polypropionaldehyde

and polybutylaldehyde. Of these, polyformaldehyde is




10

16

20

26

289

preferable.

The polystyrene may be a homopdlymer of styrene or
may be a copolymer of styrene and acrylonitrile, methyl
methacrylate, a-methylstyrene or the like, such as an
acrylonitrile/styrene copolymer.

As the ABS, preferably used is ABS comprising
constituent units derived from acrylonitrile in amounts of
20 to 35 mol %, constituent units derived from butadiene in
amounts of 20 to 36.mol % and constituent units derived
from styrene in amounts of 40 to 60 mol %.

As the polymethacrylate, polymethyl methacrylate
(PMMA) is preferable.

Examples of the polycarbonates include those obtained
from bis(4-hydroxyphenyl)methane, 1,1l-bis(4- _
hydroxyphehyi)ethane, 2,2-bis(4—hydroxyphenyl)prqpane and

2,2-bis (4-hydroxyphenyl)butane. Of these, polycarbonate

obtained from 2,2-bis(4-hydroxyphenyl)propane is preferable.

As the polyphenylene oxide, poly(2,6-dimethyl-1,4-
phenylene oxide) is preferable..

The polyvinyl chloride may be é homopolymer of vinyl
chloride or may be a copolymer of vinyl chloride_and
vinylidene chloride, aérylic ester, acrylonitrile,
propylene or the like.

As the polyvinylidene chloride, a copolymer

comprising vinylidene chloride and vinyl chloride,
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acrylonitrile, (meth)acrylic ester, allyl ester,
unsaturated ether, styrene or the like and generally
containing vinylidene chloride units in amounts of not less
than 85 % is used.

The polyvinyl acetate may be a homopolymer of vinyl
acetate or may be a copolymer of vinyl acetate and ethylene
or vinyl chloride. Of these, an ethylene/vinyl acetate
copolymer is preferable. |

As the ethylene/(meth)acrylic ester copolymer,
preferable is an ethylene/methyl acrylate copolymer, an
ethylene/ethyl acrylate copolymer, an ethylene/methyl
methacrylate copolymer or an ethylene/ethyl methacrylate
copolymer. |

Examples of the diene rubbers include conjugated
polydienes sych as polybutadiene, polyisoprene, aﬁ
elastomer type styrene/butadiene cobolymer that is known as
SBR (sty;ene/butadiene rubber). In the diene rubbers, at
least a part of double bonds in the molecule may be
hydrogenated. |

The thermoplastic resins mentioned abcve can be used
singly or in combination of two or more kinds.

Of the thermoplastic resins, polyolefin, pclyester,
polyamide or polystyrene is preferably used.

The thermoplastic resin compositioﬁ of the invention

can be prepared by blending the polar group-containing
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olefin copolymer with the thermoplastic resin using, for
e#ample, a ribbon blender, a tpmbling blender or a Henschel
blender.

The thermoplastic resin composition of the invention
can be prepared also by melt kneading the polar group-

containing olefin copolymer and the thermoplastic resin by

“the use of a melt kneading device, for example, a kneader

such as a co-kneadgr, a Banbury mixer, a Brabender, a
single-screw extruder or a twin—écrew;extruder, a
horizontal stirrer such as a twin-screw surface replacement
machine or a twin-screw multi-disc device, or a vertical
stirrer such as a double helical ribbon stirrer.
.Additives

To the polar group-containing olefin copolymer and
the thermoplastic resin composition-according to the |
invention, additives, such as inorganic.fillér, organic
filler, nucleating agent, heat stabilizer, weathering
stabilizer, antistatic agent, colorant, lubricant, flame
retardant and blooming inhibitor, may be added within
limits not detrimental to the objects of the inventioq.

Inorganic Filler

Examples of the inorganic fillers include silica,
diatomaceocus earth, alumina, titanium oxide, magnesium
oxide, pumice powder, pumice balloon, aluminum hydroxide,

magnesium hydroxide, basic magnesium carbcnate, dolomite,
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calcium sulfate, calcium titanate, barium sulfate, calcium
sulfite, talc, clay, mica, asbestos, glass fiber, glass
flake, glass bead, calcium silicate, montmorillonite,
bentonite, graphite, aluminum powder énd molybdenum sulfide.

Among these, layered compounds are preferred, and
clay minerals having swelling and cleavage properties in
dispersion media are particularly preferred for use. The
clay m;neéals are generally classified into a type of two-
layerlétructure 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-layer structure consistiﬁg of.tetrahedral
layers of silica and an octéhedral layer containing
aluminum or magnesium as a central metal sandwiched between
the tetrahedra; layers. The two-layer structure type
(former type) is, for example, a kaolinite group or an
antigorite group, and the three-layer structure type-
(latter type) is, for example, a smectite group, a
vermiculite group or a mica group that.are-grouped
according to the number of interlaminar cations.

Specific examples of the clay mineréls include
kaolinite, dickite, nacrite, halloysite, antigorite,
chrysotile, pyrophyllite, montmorillonite, beidellite,
nontronite, saponite, sauconite, stevensite, hectorite,

tetrasilicic mica, sodium taeniorite, muscovite, margarite,
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falc, vermiculite, phlogopite, xanthophyllite and chlorite.

Clay minerals having been treated with organic
materials (sometimes referred to as "organically-modified
clay minerals™) are also employable as the inorganic
layered compounds. (On the clay minerals having been
treated with organic materials, see "Dictionary'of Clay" by
Asakura Shoten.) -

Of the above.clay minerals, preferable are a smectite
group, a vermiculife group and a mica group, and more
preferable is a smectite group, from the viewpoints of
swelling propertieé or cleavage properties. Examples of
the smectite group clay mineréls inclﬁde montmorilionite,
beidellite, nontronite, saponite, sauconite, stevensite and
hectorite.

Examples of the dispersion ﬁedia to swell or cleave
the inorganic layered compounds’in tﬁe'case of natural
swelling élay minerals are water; alcbﬁols,.suCh as
methanol, ethanol, propanol, isopropanol, ethylene glycol
and diethylene glycol;

Dimethylformamide; dimethyl sulfoxide and acetone. Of
these, water and an alcohol such as méthanol are preferable.

In the case cf the organically-modified clay minerals,
there can be mentioned aromatic hydrocarbons, such as
benzene, toluene and xylene:; ethers, such as ethyl ether

and tetrahydrofuran; ketones, such as acetone, methyl ethyl
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ketone and methyl isobutyl ketone; aliphatic hydrocarbons,
such as n-pentane, n-hexane and n-octane; halogenated
hydrocarbons, such as chlorobenzene, carbon

tetrachloride, chloroform, dichloromethéne, 1,2-
dichloroethane and

perchloroethylene; ethyl acetate; methyl methacrylate
(MMA); dioctyl phthalate (DOP); dimethylformamide:; dimethyl
sulfoxide; methyl cellosolve and silicone oil.

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, benzylidenesorbitol,
aromatic carboxylic acid and rosin nucleating agent.

| .Examples of,arométic phosphoric ester salt are

compounds represented by the following formula (A).

... (A)
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In the above formula, R is an oxygen atom, a sulfur
atom or a hydrocarbon group of 1 to 10 carbon atoms; R?
and R? are each hydrogen or a hydrocarbon group of 1 to 10
carbon atoms and may be the same or different, and ﬁns,
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 infeger of 1 to 3.

Concrete examples of the compounds represented by the
above formula (A) include
sodium-2,2'-methylené—bis(4,G;di—t-butylphenyl)phosphate,
sodium-z,2'-ethylidene-bis(4,6-di-t-butylphenyl)phosphate,
lithium—2,2'—meéhylene-bis(4,S-di-t-butylphenyl)phosphéte,.
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-6-t—-
butylphenyl)phosphate,
lithium-2,2'-methylene~-bis(4-ethyl-6-t-
butylphenyl)phosphate,
calcium-bis(2,2'-thiobis(4-methyl-6-t-
butylphenyl)phosphate],
calcium—bis[2,2'-thiobis(4-ethy1-6—t-butylphenyl)phosphate],
calcium-bis[2,2'-thiobis (4, 6-di-t~butylphenyl)phosphate],
magnecium—bisf2,2'-thiobis(4,6—di—t—butylpheny1)phosphate],

magnecium-bis[2,2'-thiobis (4-t-octyiphenyl)phosphate],
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sodium-2,2"'-butylidene-bis (4, 6-di-methylphenyl)phosphate,
sodium—2,2'-butylidene-bis(4,G—di-t-buthylphenyl)phospﬁate,
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-butylphenyl)
phosphate],
barium-bis{2,2'-methylene-bis (4, 6-di~-t-

butylphen?l)phosphate],

- sodium~2,2"-methylene-bis (4-methyl-6-t-

butylphenyl)phosphate,
sodiumr2,2'-methylene-bis(4-ethyl-6-t-butylphenyl)phosphate,
sodium-(4,4'~-dimethyl-5,6"'~di-t-butyl-2,2'-

_biphenyl)phosphate,

calciumrbis—[(4,4'-dimethy1-6,6'-di—tfbuty1-2,2'-biphen§l)
phosphatel],

sodium-2,2'-ethylidene-bis (4-m-butyl-6-t-
butylphenyl)phosphate,
sodium-2,2'-methylene-bis(4,6—di-methy1phenyl)phosphate,
sodium-2,2'-methylene-bis (4, 6-di~-ethylphenyl)phosphate,
potassium~2,2'~ethylidene~bis (4, 6~-di-t-

butylphenyl)phosphate,
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calcium-bis[2,2'-ethylidene-bis (4, 6~di~t-butylphenyl)
phosphate],
magnecium-bis([2,2'~-ethylidene-bis (4, 6-di-t-butylphenyl)
phosphate],
barium-bis{2,2'~ethylidene-bis (4, 6-di-t-
butylphenyl) phosphate],
aluminium-tris[2,2'-methylene~bis (4, 6~di~-t-butylphenyl)
phosphate] and aluminium-tris[2,2'-ethylidene-bis
4;6-di-t-butylphenyi)phosphate], and mixtures of two or
more thereof. Particdlarly preferable is sodium-2,2°-
methylene-bis (4, 6-di-t-butylphenyl)phosphate.

Examples of aromatic phosphoric ester salt are

compounds represented by the following formula (B).

0
| (R"_O—O);L M ...(B)

In the above formula, R denotes hydrogen or a

hydrocarbon group 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 (B) include
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sodium-bis (4-t-butylphenyl)phosphate,

sodium-bis (4-methylphenyl)phosphate,

sodium-bis (4-ethylphenyl)phosphate,

sodium~bis (4-i-propylphenyl)phosphate,

sodium-bis (4-t-octylphenyl)phosphate,

potassium~bis (4-t~butylphenyl)phosphate,

calcium—bis(4-t-butylphenyl)phosphaté,

magnecium-bis (4-t-butylphenyl)phosphate,

lithium-bis (4-t-butylphenyl)phosphate,

aluminum—bis(4-t-butylphenyl)phosphate, and

mixtures of two or more thereof. Particula;l& preferable

is sodium-~bis (4-t-butylphenyl)phosphate.
Exemplary benzylidenesorbitol is a compound

represented by the following formula (C).

/(R"’)..
e ey,

15
(R"m) _OH

OH «es (C)

In the formula, each R!® may be the same or different
and denotes a hydrogen atom or a hydrocarbon group of 1 to
10 carbon atoms, and m and n are each an integer of 0 to 5.

Examples of the compounds represented by the formula
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(C) inclﬁde

1,3,2,4-dibenzylidenesorbitol, 1,3-benzylidene-2,4-p-
methylbenzylidenesorbitol, 1,3-benzylidene-2,4-p-
ethylbenzylidenesorbitol, 1,3-p-methylbenzylidene-2,4-
benzylidenesorbitol, 1,3-p-ethylbenzylidene-2,4-
benzylidenesorbitol, 1,3—p-methy15enzylidene-2,4-p-
ethylbenzylidenesorbitol, 1,3-p-ethylbenzylidene-2,4-p-
methylbenzylidenesorbitol, 1,3,2,4-di(p-
methylbenzylidene)sbrbitol, 1,3,2,4-di (p-
ethylbenzylidene) sorbitol, 1,3,2{4-di(p-n—
propylbenzylidene) sorbitol, 1,3,2,4-di(p-i-
propyibenzylidene)sorbitol, 1,3,2,4-di(p—n-
butylbenzylidéne)sorbitol, 1,3,2,4-di(p-s-
butyl#enzylidene)sorbitol, 1,3,2,4-di(p-t-
butylbenzylidene) sorbitol, 1,3,2,4-di(2',4'-
dimetﬁylbenzylidene)sorbitol, 1,3,2,4-di(p-
methokybenzylidene)soibitol, 1,3,2,4-di(p-
ethoxybenzylidene)sorbitol, 1,3—benzylidené—2-4-p-
chlorobenzylidenesorbitol, 1,3-p-chlorobenzylidene-2-4-
benzylidenesorbitol, 1,3-p-chlorobenzylidene-2-4-p-
methylbenzylidenesorbitol, 1,3-p-chlorobenzylidene-2-4-p-
ethylbenzylidenesorbitol, 1,3-p-methylbenzylidene-2-4-p-
chlorobenzylidenesorbitol, 1,3-p-ethylbenzylidene-2—4-p-
chlorobenzylidenesorbitol, 1,3,2,4-di (p-

chlorobenzylidene)sorpitol, and mixtures of two or more of
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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-
5 'methylbenzylidenesorbitol, 1,3,2,4-di(p-

chlorobenzylidene)sorbitol, and mixtures of two or.more of

these compounds.

Of the above benzylidenesorbitols, preferable is a

'compound represented by the following formula (D).

10
R
0 C{ >
O
R15/ / 0
OH .
15 OH . ' . o0 (D)
In the formula, each R“’may be the same or different
and denotes a methyl group or an ethyl group. -

20 The aromwatic carboxylic acid is, for example,

aluminumhydroxydipara-t-butyl benzoate represented by the

following formula (E).

COO~AI(OH)
25 N7/, e (E)
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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 rosins, such as disproportionated
rosin, hydrogenated rosin, dehydrogenated rosin,
polymerized rosin: and a,B-ethylenically unsaturated
carboxylic acid4m6dified rosin; purified products of the
natural rosins; and purified products of the modified
rosins. Examples of unsaturated carboxylic acids used to
prepare the a,p-ethylenically unsaturated carboxylic acid-
modified rosins include maleic acid, maleic anhydride,
fumaric acid,-itaconic acid, itaconic anhydride, citraconic
acid, acrylic écid'ad methacrylic acid. Of the above
rosins, preferébie'is at least one rosin acid selected from
the group consiétihg of a natural rosin, a modified résin,
a purified product of a natural rosin and a purified
product of a modified rosin. The rosin acid comprises
plural resin acid; selected from pimaric acid,
sandarachpimaric acid, parastric acid, isopimaric acid;
abietic acid, dehydroabietic acid, neoabietic acid,
dihydropimaric acid, dihydroabietic acid and

tetrahydroabietic acid.
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The metallic compound which reacts with the rosin
acid to form a metallic salt is, for example, a comﬁound
which comprises a metallic element, such as sodium,
potassium and magnesium, and forms a salt together with the
rosin acid. Examples of the metallic salts include
chlorides, nitrates, acetates, sulfates, carbonates, oxides
and hydroxides of the above metals.

Other examples of the nucleating agents include high-
melting point polymers, metallic salts of aromatic
carboxylic acids or aliphatic carSoxylic acids, and
inorganic compounds.

Examples of the high-melting point polymers include
polyvinylcycloalkanes, such as polyvinylcyclohexane and
Polyvinylcyclopentané; poly-3-methyl-l-pentene,
poly—3-metﬁy1—1—butene,.and polyalkenylsilanes.
| '_Exapple; of the metallic salts of aromatic carboxylic
acids or aliphatic carboxylic‘acids include aluminum
benzoate, aluminum p-t-butylbenzoate, sodium adipate,
sodium thiophenecarboxylate and sodium pyrrolecarboxylate.

Molding method

The polar group-containing olefin copolymer and the
thermoplastic resin composition of the invention can be
produced by various molding methods such as calendering
extrusion molding, injection molding, blow molding, press

molding and stamping.
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The polar group-containing olefin copolymer and the
thermoplastic resin composition can be molded into sheets
or films (unstretched) by extrusion molding.

Stretched films can be obtained by stretching the
extruded sheets or extruded films (unstretched) through
tentering
(lengthwise-crosswise stretching, crosswise-lengthwise
stretching), simultaneous biaxial orientation or monoaxial
stretching. From ﬁhe pola; group-containing olefin
copolymer or the thermoplastic ;esin composition of the
invention, inflation films can also be produéed.

Filaments can be produced by, for example, extruding
a molten composition through spinneret. The filaments may
be produced by a melt blown method.

'Injection ﬁblded products can be pfoauced by-
injection moldipg the composition iﬂto various shapes by
the use of hitherto known injection mblding machines under
the known conditions. The injection molded products
obtained frdm the polar group-cdntaining olefin copolymer
or the thermoplastic resin composition of the invention are
hardly electrostaticall& charged and have excellent
rigidity, heat resistance, impact resistance, surface gloss,
chemical resistance and abrasion resistance, so that they
can be broadly used as automobile interior trim, automobile

exterior trim, housings of electric appliances, containers
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and the likes.

Blow'molded products can be produced by the use of
hitherto known blow molding machines under the known
conditions.

In the injection blow molding method, the polar
group-containing olefin copolymer or the thermoplastic

resin composition of the invention is injected into a

parisoﬁ mold at a resin temperature of 100 to 300°C to form

a parison, then 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 press molded product is, for example, a mold
stamping product.

Uses -
The polar group-containing olefin copolymer and the

thermoplastic resin composition according to the invention

can be applied to various usés, for example, the following

uses.

(1) Film and sheet

A film and a sheet comprising the polar group-
containing olefin copolymer or the thermoplastic resin
composition according to the invention is excellent in

flexibility, transparency, adhesion properties, anti-
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fogging properties, heat resistance and separating

properties.

{2) Laminate

A laminate containing at least one layer comprising
the polar group-contaiﬁing olefin copolymer or the
thermoplastic resin composition according to the invention
is, for example, agricultural film, wrapping film, shrink
film, protective film, separating film such as blood plasma
separating film crlwater permselective vaporization film,
or selective separating film such as ion exchange membrane,
battery separator or optical resolution film.

(3) The polar group-containing olefin copolymer or the .
thermoplastic resin composition aécording to the invention
can be used for microcapsule, PTP péckaging, chemical bulb
and drug delivery system. |

(4) Modifier

When the polar group-containing olefin copolymer or -
the thermoplastic resin composition according.to thé n
invention is used as a resin modifier, modifying effects in
imbact resistance, flowabilitf, coating properties,
crystallizability, adhesion properties, transparency, etc.
can be obtained.

When the polar group-containing olefin copolymer or
the thermoplastic resin composition acéording to. the
invention is used as a rubber modifier, modifying effects

in weathering resistance, heat resistance, adhesion
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properties, oil resistance, etc. can be obtained.

Examples of the rubbers include crosslinked rubbers,
such as natural rubber (NR), isoprene rubber (IR),
butadiene rubber (BR), styrene/butadiene rubber (SBR),
chloroprene rubber (CR), acrylonitrile/butadiene rubber
(NBR), butyl rubber (IIR), ethylene/propylene rubber (EPM,
EPDM), chlorosulfonated polyethylene (CSM), écrylic rubber
(ACM, ANM, etc.), epichlorohydrin rubber (CO, ECO, etc.),
silicone rubber (Q) and fluororubber (FKM, etc.); and
thermoplastic rubbers, such as rubbers of styrene type,
olefin type, urethane type, ester type, amide type and
vinyl chloride type.-

The polar group-containing olefin copolymer and the
thermoplastic resin compositién of the invention can be
used.as a mbdifie; for lubriéating §ilé, suéh;as gasoline

engine oil,'diesel-engine oil,-marine engine oil, gear oil,

metal ﬁorking oil, motor oil, machine oil, spindle oil and

insulating oil. They may also be used as a viscosity
modifier or a freezing poirnt depressant of these
lubricating oils.

When the polar group-containing olefin copolymer or
the thermoplastic resin composition of the invention is
used as a modifier for waxes, improvement may be achieved
in adhesiveness, flowability and hardnéss. Examples of the

waxes include mineral waxes, such as montan wax, peat wax,
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ozokerite/ceresin wax and petroléum wax; synthetic waxes,
such as polyethylene, Fischer-Tropsch wax, chemically
modified hydrocarbon wax and substituted amide wax;
vegetable waxes; and animal waxes.

When the polar group-containing olefin copolymer or
the thermoplastic resin composition of the invention is
used as a modifier for cement, improvement may be achieved
in moldability and hardness.

Examples of the cement include air setting cement,
such as lime, gypsum and magnesia cement; water setting
cement, such és Roman cement, natural cement, Portland
cement, alumina cement and high sulfuric salt slag cement;
and special cements, such as acid proof cement, refractory
cement, water glass cement and dental cement.

(5) Visco;ity modifier, Mbldability improver

The polar.gioup-containing olefin copolymer and_the
thermoplastic- resin composition 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, cellulose derivative paint, synthetic resin
paint, water baking paint, powdery water paint and Japanese
lacquer.

(6) Building material, Civil engineering material

The polar group-containing olefin copolymer and the
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thermoplastic resin composition of the invention can be
used for building/civil.engineering resins and
building/civil engineering molded products, such as
flooring, floor tile, floor sheet, sound insulating sheet,
heat insulating panel, dampihg material, decorative sheet,
baseboard, asphalt modifier, gasket, sealing material,
roofing sheet and cut-off sheet.
{7) Automobile interlor or exterior trim, Gasoline tank
Automobile interior or exterior trims and gasoline
tanks comprising the polar group-containing copolymer or
the thermoplastic resin composition of the present
invention are'excellent in rigidity, shock resistance, oil
resistance and heat resistance.
(8) Electric or. electronlc parts
The polar group-containing olefin copolymer and the

thermoplastic rasin-composition of the invention can be

.used for electric or electronic parts.- Examples of the

electric or electronic parts include electrical insulating
materials, electronic part treating instruments, magnetic
recording media, binders of magnetic recording media,
sealing materials of electric circuits, materials of
electric home appliances, base materials of containers such
as electronic 6ven containers, films for electronic ovens,

polymer electrolyte base materials and conductive alloy

base materials.
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Also exemplified are electric or electronic parts,
such as connector, socket, resistor, relay case switch coil
bobbin, condenser, variable condenser case, optiéal pickup,
optical connector, vibrator, various terminal assembliés,
transformer, plug, printed wiring board, tuner, speaker,
microphone, headphone, small motor, magnetic head base,
power module, housing, semiconductor, liquid crystal
display parts, FDD carriage, FDD chéssis, HDD parts, motor
blush holder, paraﬁola antenna and computef associated
parts; VIR parts, TV parts, iron, hair dryer, ricg cooker
parts, electronic oven parts, acoustic instrument parts,
audio machine parts such as audio laser disc and compact
disc, domestic or office -electric appliance parts, such as
light fitment parts, refrigerator parts, air conditioner
parts, typewﬁiter parts and wérd processor parts; office

computer associated parts, telephone associated parts,

facsimile associated parts, copy machine associated parts,

electromagnetic shielding material, speaker cone material,
and vibrating element for speaker.'
(9) Aqueous emulsion

An aqueous emulsion comprising the polar group-
containing olefin copolymer or the thermoplastic resin
composition of the invention can be used as an adhesive for

polyoclefins of excellent heat sealing properties.
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(10) Coating base

A solvent dispersion containing the polar group-
containing olefin copolymer or the thermoplastic resin
composition according to the invention has excellent
dispersing stability in a solvent and exhibits excellent
adhesion properties when metals or polar resins are bonded
to polyolefins.
(11) Medical or hygienic material

The polar group-containing olefin copolymer and the
thermoplastic resin composition of the invention can be
used for medical goods, such as nonwoveh fabric, nonwoven
fabric laminate, electret, medical_tube, ﬁédiéal container,
transfﬁsion.bag, prefill syringe and syriﬁge, medical
materials, artificiai organs, art;ficial_muscles, filter
filﬁs, food sanitation/health goqdé, ﬁéﬁoit.bags, and
freshness keeping films. '
(12) Miscellaneous goods ,
I. The polar group¥con£éining olefin copolymer and the
thermoplastic resin composition of the invention can be
used for stationery, such as desk mat, cutting mat, ruler,
pen holder, pen grip, pen cap, scissors grip, cutter grip,
magnet sheet} pen case, paper holder, binder, label seal,
tape and white board; daily use miscellaneous goods, such
as clothing, curtain, sheet, carpet, entrance hall maf,

bath mat, bucket, hose, bag, planter, air conditioner
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filter, exhaust fan filter, tableware, tray, cup, lunch box,
coffee maker funnel, eyeglass frame, container, storage

case, hanger, rope and washing net; sporting goods, such as
shoes, goggles, skis, racket, ball, tent, swimming goggles,

swim f£in, fishing rod, cooler box, leisure sheet and

- sporting net; toys, such as block and cards; containers,

such as kerosine can, drum, detergent bottle and shampoo

bottle; and display goods, such as signboard, pylon and

plastic chain.

(13) Fil;er modifier

The poiar group-containing olefin copolymer and the
thermoplastic_resin coﬁposition of the invention can be
favorably used as an additive fo prepare a filler
dispersibility'improver or a dispersiﬁility—improved filler.
(14) Cd@gﬁfibiliiing agent

Tﬁe polar_group-containing olefin éopolymer or the
thérmopiastic.resin composition according to the invention
can be used as a compatibilizing agent. ' When the polar
group-containing oiefin copolymer of the invention is used,
a polyolefin and a thermoplastic resin containing & polar
group can be mixed in an arbitrary mixing rétio. The polar

group~containing olefin copolymer of the invention has a

‘main chain of a polyolefin and a side chain having a polar

group, so that by the use thereof, components which are

inherently incompatible can be compatibilized. Hence}
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elongation at break can be remarkably improved as compared
with the case where the polar group-containing olefin
copolymer or the thermoplastic resin composition is not
used.

Next, uses of the polar group-containing olefin
copolymer and the thermoplastic resin composition according

to the invention are described in more detail.

Adhesive resin

When the polar group-containing olefin copolymer or
the thermoplastic resin composition of the invention is
used as an adhesive resin, X in the forﬁula (3) is
preferably an acid anhydride group, an epoxy group, an
amino group or a hydroxyl group, and Y_in the formula (6)
is preferably'an epoxy group, an amino group or a hydroxyl
gfgup.

If X is a hydroxyl group and R3 in the formula (3) is
a straight-chain or branched aiiphatic hydrocarbon group of
9 or legs carbon atoms, an adhesive resin having an
excellent balance between flowability and adhesion
properties can be obtained.- |

If X is a hydroxyl group and R3 in the formula (3) is
a straight-chain or branched aliphatic hydrocarbon group of
11 or more carbon atoms, an a&hesive resin having
particularly excellent adhesion properties can be obtained.

The adhesive resin of the invention ccmprises the
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polar group-containing olefin copolymer or the
thermoplastic resin composition, so that it shows excellent
adhesion properties to metals, such as iron and aluminum,
and polar group-containing polymers, such as polyamide,
polyester, polyacetal, polystyrene,
acrylonitrile/butadiene/styrene copolymer (ABS),
polymethacrylate, polycérbonate, polyphenyleﬁe oxide,
polyvinyl chloride, polyvinylidene chloride, polyvinyl
acetate, polyvinyllalcohol, complete or partial
saponification product of ethylene/vinyl acetate copolymer,
and ethylene/(meth)acrylic acid ester copolymer. Further,
because the main structure is.a structure of polyolefin,
the adhesive resin of the inventioh has excellent adhesion

properties also to polyolefins and can be used as an

.. adhesive resin between the_polaf materials or the polar

material and a polyolefin.

Compatibiliziqg_ggent-

When the polar group-containing.élefin copolymer or
the thermoplastic resin composition of the invention is
used as a'compatibilizing agent, a polyolefin and a
thermoplastic resin containing a polér group can be mixed
in an arbitrary mixing ratio. The polar group-containing
olefin copolymer or the thermoélastic resin composition of
the invention has a main chain of a polyolefin and a side

chain having a.polar group, and therefore, components which
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are inherently incompatiblé can be compatibilized with each
other. Hence, elongation at break can be remarkably
improved as compared with the case where the polar group-
containing olefin copolymer or the thermoplastic resin
composition is not used.

In the use as the compatibilizing agent, X in the
formula (3) is preferably an acid anhydride group, an epoxy
group, an amino group, a carboxylic acid group, a
carboxylic acid ester group or a hydroxyl group,
particularly breferably an acid anhydride group, an epoxy
group, an amino gfbup or a carboxylic acid ester group, and
Y in the formpla-(G) is pfeferably an epoxy group, an amino
group or a hydroxyl group. |

If X is -a hydroxyl group and R3.i$ a hyd;ocarbon
group of 9 or less carbon atoms; preferébly 8 or less
carbon atoms, more preferably 7 or less carbon atoms, in
the ‘formula (3), the compatibilizing agent shows an
excellent balance between flowability and compatibility.

If X is a hydroxyl group and R3 is a hydrocarbon
group of ii or more carbon atoms, preferably 12 or more
carbon-atoﬁs, more preferably 13 or more carbon atoms, in
the forﬁula {(3), effects of improvement in compatibility
can be particularly enhanced.

Resin modifier

When the polar group-containing olefin copolymer or
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the thermoplastic resin composition of the invention is
used as a resin modifier, effects of modification in
hydrophilic nature, antistatic properties, coating
properties, printability, etc. can be obtained.

In the use as a hydrophilic nature improver or an
antistatic pfoperty impréver, X in the formula (3) is .
preferably a hydroxyl group, a carboxylic acid group, an
amide group, an amino group, an acid anhydride group or a
carboxylic ester grdup.

In the use as a coating property improver or a

Printability improver, X in the formu;a (3) is preferably a

hydroxyl group, .a carboxylic acid group, an amide group, an

'~ amino group, an epoxy group or an acid anhydride group, and

Y in the formula (6) is preferably an epoxy group, an amino

group or a hydroxyl group.

| When the polar group-containing 61efin cépolymer or
the-thermoplastic resin composition is péed as the coating
property improver or the printability improver aﬂd when X
is a hydroxyl group and R3 is an aliphatic hydrocarbon
group of 9 or less carbon atoms, preferably 8 or less

carbon atoms, more preferably 7 or less carbon atoms, in

~the formula (3), the improver shows an éxcellent balance:

between flowability and coating properties or printability.
When X is a hydroxyl group and R3 is an aliphatic

hydrocarbon group of 11 or more carbon atoms, preferably 12
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or more carbon atoms, more preferably 13 or more carbon
atoms, in the formula (3), effects of improvement in

coating properties and printability can be further enhanced.

Filler dispersant

The polar group-containing olefih copolymer and the
thermoplastic resin composition of the invention can be
favorably used as a filler dispersant for improving
dispersibility of a filler or an additive for preparing a
filler having improved dispersibility.

For example, the filler dispersant is used when a
thermoplastic resin is mixed with a filler. Examples of
the thermoplastic resins include the aforesaid
thermoplastic resins, and preferable are polyolefins.

Examples of the fillers used in the invention include
fibers, such.as all aromatié polyamide fibers, aliphatic

polyamide fibers, polyester fibers and cellulose fibers;

- . organic fillers, such as fine dispersion of liquid

20

26

polyester or polyamide, and the aforesaid.inorganic fillers.
There is no specific limitation on the amount of the
filler used, and for example, the filler is used in_an
amount of 0.01 to 100 parts by weight, preferably 0.1 to 20
parts by weight, based on 100 parts by weight of the
thermoplastic resin.
The filler dispersant of the invention has high

affinity with a filler and is capable of improving
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dispersibility of a filler. When such a filler
dispersibility improver is used, a thermoplastic resin
composition containing a filler can be improved in
mechanical properties such as rigidity, hardness, heat
resistance, impact resistance and elongation.

The filler dispersant can be used for a thermoplastic
resin or a thermosetting resin using a filler, and is
preferably used for a polyolefin.

The polar groub-containing olefin copolymer and the
thermoplastic resin composition containing the filler
dispersant of the invention can be molded by any of known
proéesses, for example, the aforesaid processes.

The molded products obtained by such procésses are

applied to wide ﬁses such as domestic articles to

industrial goods. Examples of the molded products obtained

by such pfocesses include electrical parts; e1e¢£rbhiciL
parts, automobile parts, meqhanical mechanism parts, food
containers, films, sheets and fibers. More specifically,
there éan be mentioned office and OA suﬁplies, such aé
printer, personal computer, word processor, keyboard, PDA
{(potable data terminal), telephone, facsimile, copy machine,
FCR (electronic cash register), electronic calculator,
electronic notebook, electronic dictionary, card, holder
and stationary; electric appliances, sucﬁ as washing

machine, refrigerator, cleaner, electronic oven, lighting
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fixture, game machine, iron and foot warmer; AV eqguipments,
such as TV, VTR,'video camera, radio cassette recorder,
taper recoxrder, mini disc, CD player, speaker and liquid
crystal display; and electric or electronic parts and
communications eéuipments, such as connector, relay,
condenser, switch, printed board, coil bobbin,
semiconductor sealing material, electric wire, cable,
transformer, deflecting yoke, cabinet panel and timepiece.
Other examples include materials for automobiies,
ships or air crafts and buiiding materials, such as seats
(stuffing, cover), belt, roof foam lining, convertible top,
arm,rest,fdodr trim,.rear packagé tray, carpet, mat, sun
visor, wheel éover, mattress co?er, air bag, insulating‘
materialﬁhhange;, hand strap, wire cpéting material,
electriéal insulating material,-coating;,COating matefial,
facing material, floor material, corner wall, deck panel,
coverings, ﬁlyﬁood, ceiling board, partition board, side
wall, carpet, wall paper, wall trim material, exferior trim
material, interior trim material, roofing.material,
soundproof material, heat insulating material and window
material; and daily or sporting goods, such as clothing,
curtain, sheeting, plywood, synthetic fiber board, rug,
entrance mat, sheet, bucket, hose, container, eyeglasses,

bag, case, goggle, skis, racket, tent and musical

instrument.
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Also mentioned are bottles of shampoo and detergent,
bottles of seasonings such as cooking oil and soy source,
bottles of beverages such as mineral water and juice, heat-
resistant food containers such as lunch box and cooking
bowl, tableware such as plate and chopsticks, other various
food containers, packaging films, and packaging bags.
Dispersion

The polar group-containing olefin copolymer or the
thermoplastic resin'composition of the invention can be
used as an aqueous resin dispersion by dispersing it in
water or can be used as a solvent dispersion by dispersing

it in‘a solvent

Aqueous resin dispersion
The aqueous resin dispersion of the invention

comprises water and the polar group—-containing olefin

‘copolymer or the thermoplastic resin composition dispersed

‘therein.

The aqueous resin dispersion of the invention may
contain a modified polyolefin .and/or a surface active agent
when needed, within limits not detrimental to the objects
of the invention. _

The modified polyoléfin is a polyolefin obtained by
graft modifying a polymer of an a-olefin of 2 to 20 carbon
atoms with an ethylenically unsaturated carboxylic acid

compound.
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The viscosity-average molecuiar.weight of the
polyolefin (starting polyolefin) that is a material of the
modified polyoclefin is in the range of usually 1,000 to
50,000, preferably 2,000 to 30,000, more preferably 5,000
to 10,000. To obtain excellent emulsion properties, the
melt visdosity thereof, as measured at 180°C, is in the
range of usually 10 to 5,000 cps, preferably 20 to 2,000
cps, more preferably 30 to 1,000 cps.

To prepare the starting polyolefin, various processes
hitherto known are adoptable. For example, a process
wherein an a-olefin is polymerized so as to obtain a
desired molecular weight using a'transit;on metal catalyst
such as a known metallocene catalyst and a process wherein
a high-molécular.weight polyolefin prepared by the use of a
transition metal éatalygﬁ is heated to perform degradation
are availablé. | | | |

_Examplés of the ethylenically unsaturated carboxylic
acid compounds for use in the graft modification of a
starting polyolefin include compoundé having an
ethylenically unsaturated bond in its molecule and
containing a carboxylic acid or a carboxylic anhydride, and
their derivatives.

Specifically, there can be mentioned ethylenically
unsaturated carboxylic acids, such as acrylic acid,

methacrylic acid, oa-ethylacrylic acid, maleic acid,
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fumaric acid, itaconic acid, citraconic acid,
tetrahydrophthalic acid, methyltetrahydrophthalic acid,
endocis-bicyclo[2.2.1]hept~5-ene-2, 3-dicarboxylic acid
(nadic acid™) and methyl-endocis-bicyclo[2.2.1)}hept-5-ene-
2,3-dicarboxylic acid (methylnadic acidﬁ); and
ethylenically unsaturated carboxyiic acid derivatives, such
as acid halides, amides, imides, acid anhydrides and esters
of the above acids. Specific examples of the ethylenically
unsaturated carboxylic acid derivatives include malenyl
chloride, maleimide, maleic anhydride, citraconic anhydride,
monomethyl maleate and dimethyl maleate.

Of these, breferable'are acrylic acid, methacrylic
acid, maleic anhydride, methyl acrylate, ethyl acrylate,
methyl methacrylafe.and ethyl methécrylate. _

The ethylenically unsaturated carboxylic acid
coméounds can be used singly or in combination of two or
more kinds, or they can'be used in combination-with'other
monomers within limits not.det¥imenta1 té the effects of
the present invention. |

Examples of the monomers employable in combination
with the ethylenically unsaturated carboxylic acid compound
include amino group-containing éthylenically unsaturated
compounds, such as dimethylaminoethyl acrylate, acrylamine,
aminoethyl methacrylate, dimethylaminoethyl methacrylate,

aminopropyl methacrylate, N,N-dimethylaminopropylacrylamide
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and aminostyrene; hydroxyl group-containing ethylenically
unsaturated compounds, such as 2—hydroxyethyl acrylate, 2-
hydroxypropyl acrylate, 2-hydroxyethyl methacrylate and
allyl alcohol; and styrene type hydrocarbon compounds, such
as styrene, o-methylstyrene, o-methylstyrene, m-
methylstyrene, p-methylstyrene, m-ethylstyrene, p-
ethylstyrene, o-isopropylstyrene, m-isopropylstyrene and p-
isopropylstyrene. The proportion of the ethylenically
unsaturated carboxylic acid compound cqntained in the all
graft monomer components is preferably not less than 50.
The modified polyolefin can be prepared in accordance

with a known process, for examplé, a process described in

~Japanese Patent Publication No. 22988/1977. Specifi¢ally,

the startiqg polyolefin is heated at a temperature higher
than.the melting poiﬁt tO-be mﬁiteﬁ,'aﬁd'thereto are added
the ethylenically.uhsaturated'cafboxyiic acid coﬁpound and
a peroxide at the same timg'or succeéSiﬁely with stirring
to perform graff copolymerization-reaction;

The viscosity-average molecular weight of the
modified polyolefin is in the range of usually 1,000 to
50,000, preferably 2,000 to 20,000, more preferably 5,000
to 10,000.

The amount of the ethylenically unsaturated
carboxylic acid compound contained in the modified

polyolefin is in the range of usually 1.0x10~3 to 0.2 mol
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equivalent, preferably 5.0x10~3 to 0.15 mol equivalent,
more preferably 0.01 to 0.1 mol equivalent, based on 100 g
of the modified polyolefin.

The modified polyolefins can be ﬁsed singly or in
combination of two or more kinds.

Examples of the surface active agents include
sulfonic acid or carboxylic acid type anionic surface
active agents,.such as alkylnaphthalenesulfonic acid salt,
Na salt of naphthalenesulfonic acid formaldehyde condensate,

Na salt of cresol Shaffer's acid formaldehyde condensate,

alkyldiphenyl ether disulfonic acid Na salt, ligninsulfonic

acid Ca salt, melanin resin sulfonic acid Na salt, special
polyacrylic acid salt, gluconic acid salt, olefin/maleic
acid:salt copolymer, carboxymethyl cellulose Na salt,
metallic soap (Zn, Al, Na or K salt), oleic acid K salt,
61eic'acid Na salt, stearic acid K salt, stearic acid Na

salt, beef tallow acid K salt, beef tallow acid Na salt and

-triethanol stearate amine salt; nonionic surface active

agenté, such as fatty acid monoglyceride, sorbitan fatty
acid ester, sugar fatty acid pértial ester, polyglycerin
fatty acid partial ester, polyoxyethylene alkyl ether,
polyoxyethylene alkylphenyl ether, polyoxyethylene sorbitan
fatty acid partial ester, polyoxyethylene sorbitol fatty
acid partial ester, polyoxyethylene glycerin fatty acid

partial ester, polyoxyethylene fatty amine, polyoxyethylene
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(hardened) castor oil, polyoxyethylene glycol fatty acid
ester, polyoxyethylene polyoxypropylene block polymer,
hydroxyethyl cellulose, polyvinyl alcohol, polyvinyl
pyrrolidone and methyl cellulose; cationic surface active
agents, such as alkylammonium chloride,
trimethylalkylammonium bromide and alkylpyridinium
chloride; and amphoteric surface active agents, such as
dimethylalkylbetaine and alkylglycine.

Of these, anionic surface active agents are
preferably used béé;use more stable agqueous resin
dispersion is obtained. Of these, more preferable are
higher fatty acids, still more preferable are salfs of
saturated or unsaturated higher fatty acids of 1 té 20
carbon atoms, énd particularly preferable are_alkali metal
salts thereof. |

More specifi&ally, there can be méntioned alkali
metal salts of capric acid, undecanoic acid, lauric acid,
myristic acid, palmitic acid, margarine acid, stearic acid,
arachic acid, lindane acid, thujic acid, petroselinic acid,
oleic acid, linoleié acid, linolenic acid, arachidonic acid

and beef tallow acid.

The surface active agents can be used singly or in

combination of two or more kinds.

The aqueous resin dispersion of the invention can be

prepared by, for example, dispersing the polar group-
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containing olefin copolymer or the thermoplastic resin
composition, and optionally, the modified polyolefin, the
surface active agent and various additives in an aqueous
dispersing medium. Specifically, the following processes
(1) and (2) are available.

(1) The polaf group~containing olefin copolymer or
the thermoplastic resin composition is dissolved in an
organic solvent sugh as toluene or xylene to prepare a
solution having a concentration of 10 to 50 weight %. Then,
the solution is added to water together with a hydrophilic
solvent, such as methyl aicohol, ethyl alcohol or isopropyl
alcohol, and an emﬁisiinng agent, aﬁd they aie stirred by .
a homomixer or pﬁe_like to obtain an emulsion. Then, from
the'emulsiop,_the organic solvent and the emulsifying agent
are removed by-én é&aﬁbiééox or the like. .

(2)_The'polar group-éoﬁtaining olefin copolymer or
the molten kneadate is added water. Then, a step of
kneading the resin and water in a state where the resin is
still molten aﬁd a step of adding a basic substance if the
modified polyolefin is unneutralized are carried out at the
same time or successively.

Of the above processes, the process (2) is preferably
used to prepare the aqueous resin dispersion. The process

(2) is described below in more detail.
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First, the polar group-containing olefin copolymer or
the thermoplastic resin composition is melt kneaded. The
temperature in the melt kneéading is higher than the melting
point of the polar group-containing olefin copolymer or
higher than the melting point of a resin having the highgst
melting point among the resins contained in the
thermoplastic resin composition, préferably such a
temperature that the melt viscosity becomes not more than
109 poise.

Then, to the molten kneadate is added water, and the

resin and water are kneaded in a state wherein the resin is

. still molten so that the resin solids become dispersed

parficles. If an unneutralized and/or unsaponified
polyolefin is_used, a basic substance can be added in tﬁis
stép to ngutralize the polyolefin.

Examples of the basic substances inclﬁde substances
functionin§ as base in wateé, such as alkali metals,
aikaliné earth metals, ammonia and. amines; substances
functioning as base in water, such as oxides, hydroxides,
weak.&cid salts or hydrides of alkali metals, and oxides,
hydroxides, weak acid salts or hydrides of alkaline earth
metals; and alkoxides of these metals. Specific examples
of such substances are given below.

Examples of the alkali metals include sodium and

potassium; examples of the alkaline earth metals include



10

15

20

26

327

calcium, strontium and barium; examples of amines include
inorganic amines such as hydroxylamine and hydrazine,
methylamine, ethylamine, ethanolamine and cyclohexylamine;
exampleSjof the oxides, hydroxides and hydrides of alkali
metals and alkaline earth metals include sodium oxide,
sodium peroxide, potassium oxide, potassium peroxide,
calcium oxide, strontium oxide, barium oxide, sodium
hydroxide, potassium hydroxide, calcium hydroxide,
strontium hydroxide, barium hydroxide, sodium hydroxide,

potassium hydroxide and calcium hydtide; examples of the

" weak acid salts_of alkali metals and alkaline earth metals

include sodium carbonate, potassium carbonate, sodium
hydrogencarbonate, potassium hydrogencafbonate, calcium
hydrogencarbonate, sodium acetate, potassium acetate and
calcium acetate; and examples of ammonia and amine
compounds include quaternary ammonium COmpounds such as
ammonium'hydroxide and tetramethylammonium hydroxide.

Although the basic substance may be added as such, it
is preferably added as an aqueous solution.

The step of forming dispersed particles from the
resin solids and the step of neutralizing the unneutralized
and/or unsaponified modified polyolefin may be carried out
successively or at the same time.

Although the melt kneading may be carried out by any

known means, preferred examples of the melt kneading means
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include a kneader, a Banbury mixer and a multi-screw
extruder.

The aqueous dispersion, which is obtained by
successively adding water and melt kneading and in which
the molten resin is dispersed,'is then cooled to room
temperature naturally or artificially. At this time, the
diséersed particles are hardened to obtain a stable aqueous
resin dispersion.

It is a matter of course that, in the preﬁaration of

the aqueous resin dispersion of the invention, various side

.materials usually employabie for aqueous resin dispersions,

such as stabilizer, wetting agent, foaming agent, anti-
foaming agent, coagulating agent, gelatinizer, anti-aging
agent, plasticizer, filler, célorént, aromatizing agent,
anti-blocking aéent and releaée agént,'may-be used in
combination.

The dispersed particle contained in the aqueous resin
dispersion of the invention obtained as abové is generally
spherical, but they do not always need to be spherical.
The mean diameter of the dispersed particles is not
specifically limited, but it is in the range of usually 1
to 20 ym, preferably 5 to 15 um. The particle
concentration (solids concentration) of the aqueous resin
dispersion is not specifically limited, but it is in the

range of usually 5 to 40 % by weight.
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The agqueous resin dispersion of the invention is
suitable for bonding of polyolefins which have been
difficult to bond, such as polyethylene and polypropylene,
and the dispersion is useful for bonding a polyolefin to a
polyolefin or a polyolefin to other material.

As the other material, an arbitrary material such as
cloth, fiber, plastic, paper or metal is employable.

Examples of the cloths or the fibers include natural
fibers such as cotton and hemp; inorganic fibers, such as
glass fiber;, carbon fiber, asbestos fiber and metallic
fiber; regenerated fibers, such as viscose rayon aﬁd cupra;.

semi-synthetic fibers, such as di- or tri-acetate fiber;

. nylon-6, nylon-GG'and polyester (polyethjlene

terephthalate) fibers; and aromatic polyaﬁide'fibgr,
acrylic fiber, polyvinyl chloride fiver, .ﬁol'g_(lolefin fiber,
and insolubilized or sparingly solubilized péleinYi
alcohol fiber. Short fibers are applicablé tO'adhesion
bonding through flocking. | .

As the plastics, not only polyolefins but also other
arbitrary plastics, such as polyvinyl chloride, ABS,
polyester, polyamide, polycarbonate and an epoxy resin, are
available. The plastic molded product to be bonded may be
in any shape such as sheet, film or other shape.

The adhesion bonding can be carried out by applying

the aqueous resin dispersion of the invention to an
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adherend surface similarly to a conventional agueous

dispersion type adhesive and then heating the dispersion to

dryness when needed.

Solvent dispersion

The solvent dispersion of the invention comprises an
organic medium and the polar group-containing olefin
copolymer or the thermoplastic resin composition dispersed
therein in a solid state.

Examples of the organic media which are good solvents
to polyolefins include aromatic hydrocarbons, such as
benzene, toluene and xylene; aliphatic hydrocarbons, such
as hexane, heptane, octane and decane; alicyelic
hydrocarbons, such as cyclohexane, cyclohexene and
methylcyclohexane, aliphatic alcohols, such as ethanol and

isoprOpanol, ketone solvents, such as acetone, methyl

' isobutyl ketone and methyl ethyl ketone; and halogenated

. hydrocarbons, such as trichloroethylene, dichloroethylene

and chlorobenzene.

Examples of the onganic media which are poor solvents
to polyolefins include.alcohols, ketonea, ethers, esters
and cellosolves. Specifically, there can be mentioned
methanol, ethanol, propanol, hutanol, pentanol, hexanol,
propanediol, phenol, diethyl ether, dipropyl'ether, dibutyl
ether, anisole, dioxane, tetrahydrofuran, acetone, methyl

ethyl ketone, methyl isobutyl ketone, pentanone, hexanone,
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isophorone, acetophenone, anhydrous acetic acid, methyl
acetate, ethyl acetate, butyl acetate, methyl propionate,
butyl formate, ethyl cellosolve and methyl cellosolve.

The organic media can be used singly or in
combination of two or more kinds, and it is preferable to
use a mixture of a good solvent and a poor solvent from the
viewpoints of low-temperature flowability and dispersion
stability. There is no specific limitation on the ratio
between a good solvent and a poor solvent.

To the solvent dispersion of the invention, known
additives, such as pigment, filler and stabiiizer, can be’
added when needed, within limits not defrimentai to the
objects of the invention. | |

| In the preparation of the solvent dispersion of the
invention, for example, the polar grouprcontaining olefin

copolymer or the thermoplastic resin composition is mixed

' with the organic medium and heated to be completely

dissolved. The temperature for the melting is in the range
of usually 100 to 150°C. Then, the solution is cooled to
precipitate the polar group-containing olefin copolymer or
the thermoplastic resin composition. In order to
precipitate the copolymer or the cdmposition in the
temperature range of 60 to 100°C, it is preferable to
previously set composition of the organic medium and té

adjust the average cooling rate to 1 to 20°C/hr, preferably
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2 to 10°C/hr. It is possible to dissolve the polar group-
containing olefin copolymer or the thermoplastic resin
composition in an organic medium composed of only a good
solvent, adding a poor solvent after completion of
precipitation and then conducting further precipitation.

The dispersed particles containéd.in the solvent
dispersion of the invention obtained as above are generally
spherical, but they do not always need to be spherical.
The mean diameter of the disperéed particles is not
specifically limited, but it is in fhe range of usually 1
to_20 pm, preferably 5 to 15 pm. The particle

boncentration_(sqlids concentration) of the solvent

‘dispersion is not specifically limited, but.it is in the

range of usually 5 to 40 % by weight.

nThe resin_dispérsibﬁ used as an adhesive for bonding

.metal.to.metél;fpoiyolefiﬁ to polyolefin or metal to

polyoléfin exhibits exCellént adhesion properties, and
hence it ié effecti&ely uééd as an_adhesive for PTP
packaging of medicines, an adhesive for lamination, a -
coating material or a primer.

Film and sheet

The film and the sheet comprising the polar group-
containing olefin copolymer or the thermoplastic resin
composition may be a stretched one or an unstretched one,

and can be produced by an appropriate known method.
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Examples of the methods to produce the film and the sheet
of the invention include extrusion molding, injection
molding, inflation molding, blow molding, extrusion blow
molding, injection blow molding, press molding, wvacuum
molding, calendering and expansion molding.

When the film and the sheet comprising the polar
group-containing olefin copolymer or the thermoplastic
resin composition are produced by extrusion molding, an
extrusion molding device and molding conditions hitherto
known are adoptable. For example, using a single-screw
extrudef, a kneading extruder, a ram extruder, a gear
extruder or the.like}'the molten polar group-containing
olefin copolymer or the mblten thermoplastic resin
composition is extruded from a T-die, whereby an
unStretéhed'film or éhéet can be produced.

The film and the sheet of the invention may be those
produced by inflation molding. When the film.and the sheet
of the invention comprising the polar group-containing
olefin copolymer or the thermoplastic resin compositioﬁ are
produced by inflation molding, drawdown is hardlyv brought
about.

When the film and ﬁhe sheet of the invention
comprising the polar group-containing olefin copolymer or
the thermoplastic resin composition are produced by

injection molding, an injection molding device and molding
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conditions hitherto known are adoptable. The polar group-

containing olefin copolymer or the thermoplastic resin

. composition can be injection molded into a film or a sheet

having desired shape and thickness. The film and the sheet
obtained by injection molding may be stretched.

The stretched film or sheet can be obtained by
stretching an unstretched_film or sheet such as the above-
mentioned extruded film or sheet through a known stretching
method such as tenééring (lengthwise-crosswise stretchiﬁg,
crosswise-lengthwise stretching), simultaneous bigxial
orientation or monoaxial stretching.

In the stretching of the unstretcﬁed film or sheet,
the stﬁetch ratio is_desired to be in the range of usually

20 to 70 times in-cése of biaxial orientation and usually 2

to 10 times in case of monoaxial'Stretchiﬁg;ithough it

depends upon the thickness of.the.ﬁnstretéhéd film or sheet.
The thickness of the sfretched fi1m.Qr shéet-is preferably
in the range of 5 to 200 um; though it depends upon use of
the film or sheet.

Next, the film and the sheet of the invention having
two or more layers of different compositions (sometimes
referred to as "laminate(s)" hereinafter) are describéd
below.

. The film or the sheet of a multi-layer structure

according to the invention is a film or a sheet of a multi-
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layer structure consisting of two or more layers having
different compositions, and at least one layer of those
layers may be formed from the polar group-containing olefin
copolymer. The film or the sheet of the invention is a
film or a sheet of a multi-layer structure consisting of
two or more layers having different compositions, and at
least one layer of those layers may be formed from the
thermoplastic resin composition.

The film or the sheet of a multi-layer structure
according to the invention also preferably consists.of (a)
a iayer comprising the polar group-containing .olefin
copolymer and (b) a thermoplastic resin layer, or also

preferably consists of (b) a thermoplastic resin layer and

.(c) a 1ayer comprising the thermoplastic resin composition.

‘The laminate of the invention is a film or a sheet of

‘a multi-layer structure consisting of two or more layers

- having different conipositions, and at least one iayer of

those layers may be formed from the polar group-containing
olefin copolymer or the thermoplastic resin composition.

The laminate desirably consists of:

(a) a layer comprising the polar group-containing
olefin copolymer, and

(b) a thermoplastic resin layer,

or

(b) a thermoplastic resin layer, and
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(c) a layer comprising the thermoplastic resin
composiiion.

Examples of the thermoplastic resins for forming the
thermoplastic resin layer (b) in the film or the sheet of a
multi-layer structure include resins used for the aforesaid
thermoplastic resin composition, such as polyolefin,
polyamide, polyester, polyacetal, polystyrene,
acrylonitrile/butadiene/styrene copolymer (ABS),
polycarbonate, polyphenylene oxide, polyacrylate and
polyvinyl chloride. These thermoplastic resins can be used
singly or in combination.

The thermoplastic resin layer (bi p#eferably
comprises a thermoplastic resin containing at least one
resin selected from polyoléfin, polyamide, polyester,
polyacetal, polyvinyl chloride, polystYréné, |
acrylbnitrile/butadiene/styrene.copolymer (ABS) and
ﬁolyéarbonate,'and more preferably.comprises a
thermoplastic resin selected frqm polyolefin,
ethylene/polar group-containing vinyl copplymer, polyester,
polycarbonate and .polyamide. .

The polyester resin is a polyester formed from
dihydroxy compound units and dicarboxylic acid units. The
dihydroxy compound units are derived from aliphatiq glycols,
such as ethylene glycol, propflene glycol, 1,4-butanediol,

neopentyl glycol and hexamethylene glycol, alicyclic
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glycols, such as cyclohexanedimethanol, aromatic dihydroxy
compounds, such as.bisphenol, or derived from two or more
dihydroxy compounds selected from these compounds. The
dicarboxylic acid units are derived from aromatic
dicarboxylic acids, such as terephthalic acid, isophthalic
acid and 2,6-naphthalenedicarboxylic acid, aliphatic
dicarboxylic acids, such as oxalic acid, succinic acid,
adipic acid, sebacic acid and undecadicarboxylic acid,
alicyclic dicarbonylic acids, such as hexahydroterephthalic
acid, or derived from two or more dicarboxylic acids
selected from these acids. The polyester resin may be
modified with a small amount of a trivalent or higher
polyhydroxy compound or a polycarboxylic acid, such as
triol or tricarboxylic acid.

As the thermoplastic polyester re81n, polyethylerie
terephthalate, polybutylene terephthalate, a polyethylene
isophthalate/terephthalate copolymer_or the like is
preferably used.

As the polycarbonate resin, any of various

polycarbonates and copolycarbontes obtained by allowing

~ dihydroxy compounds to react with phosgene or diphenyl

carbonate by known processes is employable,
Examples of the dihydroxy compounds include
hydroquinone, resorcinol,'4,4'-dihydroxydipheny1methane,

4,4'~dihydroxydiphenylethane, 4,4'—dihydroxydiphenyl-n—



10

15

20

26

338

butane, 4,4'-dihydroxydiphenylheptane, 4,4'-
dihydroxydiphenylphenylmethane, 4,4'-dihydroxydiphenyl-2,2-
propane (bisphenol A), 4,4'-dihydroxy-3.3'-
dimethyldiphenyl-2, 2-propane, 4,4'-dihydroxy-3,3'-
diphenyldiphenyl-2, 2-propane, 4,4'-
dihydroxydichlorodiphenyl-2, 2-propane, 4,4'-
dihydroxydiphenyl-1, 1-cyclopentane, 4,4'-dihydroxydipheriyl-
1,1-cyclohexane, 4,4'-dihydroxydiphenylmethylphenylmethane,
4,4'~-dihydroxydiphenylethylphenylmethane, 4,4°'-
dihydroxydiphenyl-2,2,2-trichloro-1,1l-ethane, 2,2'~
dihydroxydiphenyl, 2,6-dihydroxynaphthalene, 4,4°'-
dihydroxydiphenyl ether, 4,4'-dih§droxyﬁ,3,3'-
dichlorodiphen&l ether and 4,4'~diﬁydroxy-2,5-
diethoxylphenyl ether.

Polycarbonate using 4,4 -dihydroxydiphenyl-2, 2~
propaﬂe (bisphenol A} out of the above compounds is
preferable because of its excelient mechanical properties
and transparency. |

As the polyamide resin, any of various polyamides and
copolyamides obtained by ring-opening polymerization of
caprolactam or.polycondensation reaction of diamines with
dicarboxylic acids by kncwn procesées is employable. Of
these, nylon-6, nylon-6,6 or a m-xylenediamine/adipic acid
condensation polymer is preferably used.

Examples of the polyolefins include an ethylene
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(co)polymer, a propylene (co)polymer, a butene (co)polymer,
a 4-methyl-l-pentene (co)polymer, a 3-methyl-l-butene
(co)polymer and a hexene (co)polymer. Of these, an
ethylene (co)polymer, a propvlene (co)polymer or a 4-
methyl-l-pentene (co)polymer is preferable. As the
ethylene (co)polymer, an ethylene/vinyl acetate copolymer
or an'ethylene/vinyl acetate copolymer saponification
product is more preferable.

The ethylene content of'the ethylene/vinyl acetate
copblymer is desired to be in the range of 15 to 60 % by
mol, preferably 25 to 50 % by mol. The melt flow rate of
the ethylene/vinyl acefate copolymer, as measured at 190°C,
is in the range oflo.l to 500 g/10 min, preferably 0.1 to
400 g/10 min, more preferably 0.1 to 300 g/10 min.

As the‘gthylene/vinyl acetate copolymer

saponification product, preferably used is one obtained by .

saponifying an ethylene/vinyl ‘acetate copolymer having an

ethylene content of 15 to 60 % by mol, preferably 25 to

- 50 % by mol, in such a manner that the degree of

saponification should become not less.than 50 %, preferably
not less than 90 %. When the ethylene content is in the
above range, the saponification product is hardly thermally
decomposed, easily melt molded and has excellent
extensibility, water resistance and gas permeation

resistance. When the degree of saponification is not less
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than 50 %, the saponification product has excellent gas
permeation resistance and is preferable.

In the laminate of the invention, between the
thermoplastic resin layer (b) and the polar group olefin
copolymer layer (a) or the thermoplastic resin composition
layer (c) can be interposed, for example, an ethylene
(co)polymer or a propylene polymer having been graft
copolymerized with maleic anhydride.

The £ilm and the sheet of a multi-layer structure
(laminate) according to the iﬁvention may be produced by
any'précgss. For example, materials for forming layers are
subjected to integral molding such as’ co-extrusion to.fﬁrm
a film or a sheet, or a material for forming one layer of
the multi-layer structure to form.a film or a sheet,
féllowed by molding a material for-fprmiﬂé énbther layer
thereon to form a sheef.or.a film, or ﬁaterials for forming
layers are each molded to films or sheets, foliowed by
laminating them by contact bonding, fdsioh bonding,
adhesion bonding or the like.

The laminaté of the invention desirably consists of
the pblar group-containing olefin cbpolymer layer (a) or
the thermoplastic resin composition layer (c), and.the
thermoplastic resin layer (b). To produce such a laminate,

there is employable a co-extrusion molding process wherein

a thermoplastic resin for forming the thermoplastic.resin
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layer (b) and the polar group-containing olefin copolymer
or the thermoplastic resin composition are independently
melted by.different extruders, then fed to a die of two-
layer or three-layer structure and co-extruded so that the
polar group-containing olefin copolymer or the adhesive
resin composition forms an intermediate layer, or a
sandwich laminating process wherein the thermoplastic resin
layer (b), and the polar group-containing olefin copolymer
layer (a} or the thermoplastic resin composition layer (c)
are each previously formed and between those layers an
adhesive résin.composition is melt extruded.

Oof the above.processes, the co-extrusion molding
process is preferable from the viewpoint of interlaminar |
strength. The co-extrusion molding process includes a T-
die procesé‘using_a flat die and an inflation process usihgu

a circular die. As'the flat die, any of single-manifold

‘type using black box and multi-manifold type is employable.

As the die-for'the inflatién process, any.of known dies is
employable.

The thickness of each layer of the laminate can be
properly determined according to the use of the laminate.
When the laminate is obtained as a sheet or a film, the.
thermoplastic resin layer (b) has a thickness of usually
0.01 to 1 mm, the adhesive layer functioning as an adhesive

has a thickness of usually 0.005 to 1 mm, and the polar
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group-containing olefin copolymer layer (a) or the

thermoplastic resin composition layer (c) is usually 0.01

to 5 mm.

When .the laminate of the invention comprises, for
example, the polar Qroup-containing olefin copolymer layer
(a) and the thermoplasfic resin layer (b), the structure of
the laminate may be a two-layer structure, i.e., (a)/{b), a
structure wherein ;he layer (a) is arranged on.each side,
i.e., {a)/(p)/(a), or a structure wherein another layer (x)
such as a polyoléfin layer is added, i.e.,
(a)/(b)/(x)/(b)/(a), (x)/(a)/(b) or (x)/(b)/(a).

The film or the sheet of the inveﬁtion wherein at
least one layer is the polar group-containing olefin
copolymer layer (a) or the thermoplastic resin composition

layer (c) -is favorably used as égricuitural, wrapping,

shrink or protective film or sheet. Further, the film or

the sheet of the invention can be favorably used as

selective separating film, such as blood plasma separating

'film, water permselective vaporization film, ion exchange

membrane, battery separator or optical resolution f£ilm.

The sheet or the film of the invention can be applied-

to various uses such as microcapsule, PTP packaging,

chemical bulb and drug delivery system.
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EFFECT OF THE INVENTION

The polar group-containing olefin copolymer or the
thermoplastic resin composition according to the invention
is excellent in adhesion properties to polar materials such

as metals and polar resins, compatibility and flexibility.

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 those

examples.

In the examples, various properties were measured in

the following manner.

Adhesion brope:ties

‘Production of film

On a press plate, an aluminum sheet having a
thickness of 0.1 mm, a polyimide'sheet and an aluminum
sheet having a thickness of 100 pm from the center of which

a square of 20 cm x 20 cm had been cut away were superposed

in this order, and on the center (cut portion) was placed

4.0 g of a sample (polar group-containing olefin copolymer).
Then, a polyimide sheet, an aluminum sheet and a press
plate were further superposed thereon in this order.

The sample interposed between the press plates were

placed in a hot press at 190°C and preheated for about 5
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minutes. In order to remove bubbles from the sample,
operations of pressurizing (50 kg/cmZ-G) and pressure
release were repeated several times. Subsequently, the
pressure was increased to 100 kg/cmz—G, and the sample was
heated for 5 minutes under pressure. After pressure
release, the press plates were taken out of the pressing
machine and transferred into a different pressing machine
with a compfession'section kept at 20°C, followed by
cooling for 5 minutes under a pressure of 100 kg/cm?-G.
After pressure re;ease, the sample was taken out. Of the
resulting film (polar group-containing olefin copolymer
film),_a‘portion having a uniform thickness of about 150 to
170 pm was used to measure adhesion strength.

Measurement of adhesion strength to Al

The polar group-containing olefinicopolymer film was
sandwiched between two square aluminum sheets of 20 cm x 20
cm (thickness: 50 pm), and the aluminum sheets and the

polar group-containing 61efin copolymer ‘film were laminated'

.under the same pressing conditions as in the above

"Production of film". The resulting laminate was cut to
give a strip having a width of 15 mm, and the aluminum
sheet and the polar group-containing olefin copolymer film
were peeled from each other at the adhesive interface at a

peel angle of 180°, to measure peel strength.
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Measurement of adhesion strength to PET

The polar group-containing olefin copolymer film was
sandwiched between two square homopolyethylene
terephthalate (PET) films of 20 cm x 20 cm (fhickness: 100
pm), and the PET films and the polar group-containing
olefin copolymer film were laminated under the same
pressing éonditions as in the above "Production of £ilm"
except that the press temperature was changed to 280°C and
the preset temperature of the cooling press was changed to
-8°C. The resulting laminate was cut to give a strip
having a width of 15 mm, and the PET film and the polar
group-containing olefin copolymer film were peeled from
each other at the adhesive interface at a.peel angle of
180°, to measure pgél strength.'

'Measurement of adhesion strength to Ny

The‘polar grdup-qontaining olefin copolymer film was
sandwiched between tﬁo sQuare'nylon 6 films of 20 cm x 20
cm (thickness: 100 pm), and the nylon 6 films and the polar
group-containing olefin copolymer filh were laminated under
the samé pressing conditions as in the above "Production of
film" except that the press temperature was changed to-
250°C. The resulting laminate was cut to give a strip
having a width of 15 mm, and the nylon 6 f£ilm and the polar
group~containing olefin copolymer film were peeled from

each other at the adhesive interface at a peel angle of
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180°, to measure peel strength.

Measurement of adhesion strength to EVOH

The polar group-containing olefin copolymer £film was
sandwiched between two square ethylene/vinyl alcohol
copolymer films of 20 cm x 20 cm (thickness: 100 pm), and
the ethylene/vinyl alcohol copolymer films and the polar
group~containing olefin copolymer film were laminated under

the same pressing conditions as in the above "Production of

‘£ilnm" except that the press temperatufe was changed to

200°C. The resulting laminate was cut to give a strip
having a width of 15 mm, and the ethylene/vinyl alcohol

copolymer_filmfand the polar group-containing olefin

- copolymer film were peeled from each ofher at the adhesive

interface at a peel angle of 180°, to measure peel strength.

Impact resistance'test,.tensiie test

Izod impact strength (notched)

The impact strength was measured at 23°C in

accordance with ASTM D 256.

Tensile test

A dumbbell specimen punched out of a pressed sheet
was subjected to a tensilé test under the conditions of a
temperature of 23°C,'a span of 30 mm and a pulling rate of
30 mm/min in accordance with ASTM D 638, to méasure tensile

strength and elongation at break.
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Anti-fogging properties

Production of film

On a press plate, a PET sheet and an aluminum sheet
having a thickness of 100 pm from the center of which a
square of 20 cm x 20 cm had been cut away were superposed
in this order, and on the center (cut portion) was placed
3.3 g of a sample (polar group-containing olefin copolymer).
Then, a PET sheet, an aluminum sheet and a press plate were
further superposed thereon in this oxder.

The sample interposed between the press plates were
placed in a hot press at 200°C and preheated for about 7
minutes. In order to remove bubbles from the sample, |
operations of éressﬁrizing (50 kg[cm2-G) and pressure
release were repeated several times. Subsequently, the
pressure ﬁas increaéed fo.idQ k§lcm2eG, and“the-sample was'
heated for 2 minutes under préSSure, 'Afﬁer:pressure
releasg, the press plates wereftéken out of the pressing
machine and transferred into a different pressing machine
with a compression section kept at 0°C, followed by cooling
for 4 minutes under a pressure of 100 kg/cm?—G. After
pressure release, the sample was taken out. The resulting
polar group-containing olefin copolymer film was used to
evaluate initial anti-fogging properties.

Evaluation of initial anti-fogging prgpertiés

In a 100 cc beaker, 70 cc of water was placed, and
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the upper part of the beaker was covered with the Sample
film. Then, the beaker was placed in a constant
temperature water bath at 50°C, and the water bath was
allowed to stand in a constant temperature room at 20°C.
After 24 hours, the degree of fogging on the inside surface
of the sample film was observed.

Evaluation criteria:

AA: Droplets .run on the film surface and no droplet
sticking to the film surface is observed.

BB: Large droplets are.sticking to some parts of the

£ilm surface.

CC: Fine droplets are sticking to almost all surface

-of the film.

COating properties

'erss;cut-adhesion test

A-specimen prdvided:with cross cuts in accordance

with the cross-cut adhesion test described in JIS K5400 was

prepared. To the specimen, Cellotépe (trade name,

’ available from Nichiban Co., Ltd.) was attached. Then, the

Cellotape was rapidly pulled up at aﬂ angle of 9C° and
thereby separated from the specimen. The number of cross
cuts with the coating film remaining thereon was counted
and taken as an indication of adhesion properties.

Filler dispersibility

Preparation of organicity-imparted montmorillonite
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In 1000 ml of distilled water at 70°C, 40 g of Na
type montmorillonite was dispersed. Into the resulting
suspension, a solution obtained by mixing 20 g of i2-_
aminododécanoic acid and 2 ml of hydrochloric acid in 100
ml of distilled water was introduced, and they were stirred
at 70°C for 2 hours to exchange metal ions present.between
montmorillonite layers with organic cations. Then, the
precipitate obtained was filtered, sufficiently washed with
warm water to perform purification, then freeze-dried and
pulverized to obtain 27 g of organicity-imparted

montmorillonite.

Preparation of sample for property evaluation

To a mixture of 92 parts by weight of a
propylene/ethylene block copolymer (éthylene-contenf: 5.6 |
mol %, MFR: 25 g/10 min), 5 parts by weight of the
organicity-imparted montmorillonite bbtaihéd above and 3
parts by weight of the polar group-containing olefin
copolymer obtained in each example, irganox 1010", Irgaphos
168™ and calcium stearate wére each added in an amount of
0.1 part by weight, and the resulting resin was melt mixed

by a twin-screw extruder with a diameter of 20 mm at a

'cylinder temperature of 200°C in a nitrogen atmosphere to

prepare pellets. The pellets were injection molded under
the conditions of a cylinder temperature of 200°C, a mold

temperature of 40°C and an injection pressure of 1000
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kg/cm? to obtain specimens for various property evaluation.
The specimens were maintained at 23°C for 168 hours and
then subjected to tests.

Flexural modulus (FM)

Using an injection molded specimen having a length of
S5 inches, a width of 1/2 inch and a thickness of 1/8 inch,
flexural modulus was measured in accordance with ASTM D 638.

Izod impact strength (IZ)

Using a specimen (rear notched) having a thickness of
1/4 inch, Izod impact strength was measured at 23°C in
accordance with ASTM D 258.

Heat distortion temperature (HDT)

Using an ihjection molded specimen having a length of
5 inches, a width of 1/4 inch and a thickness of 1/2 inch,
heat distoffian tempeﬁétu;e was measured in accordance with
ASTM D 648. |

Dispersibility.in water

Prgpafation of water dispersion

With 40 g of the polar group-containing olefin
copolymer obtained, 4 g of maleic anhydride'graft
polyﬁropylene (propylene/ethylene: 98/2 by mol, maleic
anhydride content: 4.0 weigpt %, viscosity-average
molecular weight: 17,000, density: 0.919 g/cm3, melting
point: 136°C, softening point: 143°C, melt viscosity

(180°C): 500 cps) as modified polyolefin and 1.2 g of
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potassium oleate as a surface active agent were mixed at
room temperature. Then, the mixture was melt kneaded for 5
minutes by a labo-plastomill (preset temperature: 200°C).
To the kneadate was then added 1.4 g of a 18.7 % aqueous
solution of potassium hydroxide, followed by melt kneading
for another 5 minutes. Subsequently, the contents were
taken.out of the mill, and the resulting viscous emulsion
was dispersed in hot water of 60°C to obtain an aqueous

resin dispersion.

Measurement of dispersed particle diameter

The dispersed particle diameter was measured using a

microtrack manufactured by_Honeyﬁell_Co.

Dispersing stability

‘The aqueous resin dispersion obtained.in each example
was placed in a glass bottle capable of being closed, and -
allowed to stand still at room temperature. After one

month, separation between the aqueous phasé_aﬁd the resin

phase was observed.

Heat-sealing strength to Al

Each dispersion was coated on an aluminum foil (50
pm) by a bar coater, air dried and then heated for 10
seconds in an air oven preset at 200°C to obtain a coated
foil having a uniform coating film. The coated foil and a
LLDPE sheet (available from Akosu Kogyo K.K., thickness:

300 pm) were heat bonded at a temperature of 180°C for 1
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second under a pressure of 1 kg/cm2 by the method in
accordance with JIS 21707, and then cut to give a.specimen
having a width of 15 mm. The specimen was subjected to a
180° peel test at a measuring temperature of 23°C to
measure adhesion strength (pulling rate: 300 mm/min).

Dispersibility in solvent

Preparation of solvent dispersion

In a 1-liter glass autoclave equipped with a stirrer, -
55 g of the polar group-containing olefin copolymer
obtained and 495 g of toluene were placed, and they were
heated to.130°C to completely dissolve the resin.
Thereafter, the solution was_cooied down to 85°C over a
périod_qf 1 hours, tﬁen cooled from 85°C dqwn to 40°C over
a period of 4.5 hours and then cooled from 40°C down to
30°C;over a-pe:iod of 30.ﬁinutes, #o obtain a iesin
dispersion.

Measurement of dispersed particleidiaﬁeter

The dispersed particle diameter was measured using a
microtrack manufactured by Honeywell Co.

Dispersing stability -

The solvent dispersion obtained in each example was
placed in a glass bottle capable of being closed, and
allowed to stand still at room temperature. After one
month, separation between the solvent phase and the resin

phase was observed.
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Heat-sealing strength to Al

Each dispersion was coated on an aluminum foil (50
pm) by a bar coater, air dried and then heated for 10
seconds in an air oven preset at 200°C to obtain a coated
foil having a uniform coating film. The coated foil and a
LLDPE sheet (available from Akosu Kogyo K.K., thickness:
300 pm) were heat bonded at a temperature of 180°C for 1
second under a pressure of 1 kg/cm2 by the method in
accordance with JIS 21707, and then cut to give a specimen'
having a width of 15 mm. The specimen was subjected to a
180° peel test at a measuring temperature of 23°C to

measure adhesion strength (pulling rate: 300 mm(min).

Example 1 _

Iﬁ.a 1000 ml giass,polymerization reactor thoroughly
purged with nitrogen, 400 ml of n-decane wés placed, then
nitrogen was passed through at a rate-of 20 1/hr, and the
contents were maintained at 13G°C for 10 minutes. Then,
0.6 ﬁmol of triisobutylaluminum was added, followed by
further adding 0.48 mmol of undecen-1-ol (having been dried

over activated alumina) represented by the following

formula.

Z undecen-1l-ol
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Then, 1.100 mmol of methylaluminoxane was further
added, and passing of nitrogen was stopped, followed by
passing ethylene at a rate of 12.5 l/hr. Final;y, a
tolhene slurry solution in which 0,002 mmol of
dimethylsilylene(2,7—dimethyl-4,5-(2-methyl-benzo)-1—
indenyl) (2, 7-di-tert~butylfluorenyl)zirconium dichloride
and 0.500 mmol of methylaluminoxane had been contacted at
room temperature for 10 minutes was added to initiate
polymerization. After the polymerization was conducted at
130°C for 1 hour at atmospheric pressure, a small amount of
isobutyl alcohol was added.to terminate thg polyme:ization.
Then, 100 ml of an isébptyl alcohol solution contaihing 1
ml of a concentrated hydrochloric acid aqueous solution was
added, followed by hegting at 75°C-iﬁ a nitrqgen atmpsphe:e.
The polymer solution §btained was introduced .into a 1arge.
excess of methanol to precipitate a poiymeiaand theh vacuum
dried at 80°C for 12 hours. As a result, 3.73 g of a |
polymer was obtained.

Properties of tﬁe resulting polar group-containing
olefin copolymer are set forth in Table 8.

The polar group-containing olefin cbpolymer_was
measured on the adhesion strength (to Al) by the aforesaid

method. The result is set forth in Table 9.
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Example 2

In a 1000 ml glass polymerization reactor'thoroughly
purged with nitrogen, 400 ml of toluene was placed, then
nitrogen was passed through at a rate of 20 l/hr, and the
contents were maintained at 90°C for 10 minutes. Then, 0.6
mmol of triisobutylaluminum was added, followed by further
adding 0.48 mmol of'1,2-époxy-9-decene (having been dried

over silica alumina) represented by the following formula.

4”\\//A5\//\\V’/\\‘17 1, 2-epoxy-9-decene

0

Then, 1.100 mmol of methylaluminoxane was further
addeq, and passihg of nitrogen was stopped, foilowed by
passing éthylene at a rate of 12.5 1/hr. Finally, a
toluene_slurr& solution in which 0.002 mmol of
dimethylsilylene (2, 7-dimethyl-4, 5~ (2-methyl-benzo) ~1-
indenyl)(2,7-di-tert-butyifluoienyl)zi;coniﬁm dichloride
and 0.500 mmol of methylaluminoxane hgd been contacted at
room temperature for 10 minutes was added to initiate
polymerization. After the polymerization was conducted at
90°C for 1 hour at atmospheric pressure, a small amount of
isobutyl alcohol was added to terminate the polymerization.
Then; 100 ml of an isobutyl alcohol solution containing 1
ml of a concentrated hydrochloric acid aqueous solution was

added, followed by heating at 75°C in a nitrogen atmosphere.
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The polymer solution obtained was introduced into a large
excess of methanol to precipitate a polymer and then vacuum
dried at 80°C for 12 hours. As a result, 3.64 g of. a
polymer was obtained.
| Properties of the resulting polar group-containing

olefin copolymer are set forth in Table 8.

The polar group-containing olefin copolymer was
measured on the adhesion strength (to PET)\by the aforesaid

method. The result is set forth in Table 9.

Example 3

| In a 1000 ml glass polymerization reactor thoroughly
purged with nitrogen, 400 ml of n-decane ﬁas placed, then
nitrogen was passed through at a réte of 20 1/hr, and the

contenﬁs were maintained at 90°C for 10 minutes. Then, 0.6

~mmol of triisobutylaluminﬁm was added, followed by further

adding 0.48 mmol of (2,7-octadien-1l-yl)succinic anhydride
(having been dried over activated alumina) represented by

the following formula..

0

0
(2,7-octadien~1l~yl)succinic anhydride
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Then, 1.100 mmol of methylaluminoxane was further
added, and passing of nitrogen was stopped, followed by
passing ethylene at a rate of 12.5 1l/hrx. Finally, a
toluene slurry solution in which 0.002 mmol of
dimethylsilylene (2, 7-dimethyl-4,5-(2-methyl-benzo)-1-
indenyl) (2, 7-di-tert-butylfluorenyl) zirconium dichloride
and 0.500 mmol of methylaluminoxane had been contacted at
room temperature for 10 minutes was added to initiate
ﬁolymerization. After the polymerization was conducted at
130°C for 1 hour at atmospheric préssure, a small amount of

isobutyl alcohol was added to terminate the polymerization.

" Then, 100 ml of an isobutyl alcohol solution containing 1

ml of a concentrated hydrochloric acid aéueous solution was
added, followed bj heating at 75°C in a nitrbgen atmosphere.
'Tﬁe pplyﬁe; solutioﬁ obtained was introduced into a 1érge
excess of methanol to précipitate a polymer and then vacuum
dried-at 80°C for 12 hours. As a result, 3.18 g of a
polymer was obtained.’

Properties of the resulting polar group-conéaining
olefin éopolymer are set forth in Table 8.

The polar group—contaiﬁing olefin copolymer was
measured on the adhesion strength (to Ny) by the aforesaid

method. The result is set forth in Table 9.
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Example 4

Copolymerization of propylene and a polar group-
containing monomer was carried out in the same manner as in
Example 1, except that 0.00075 mmol of dimethylsilylene(2-
methyl-4-phenanthryl-l-indenyl)zirconium dichloride was
used instead of dimethylsilylene(2,7-dimethyl-4,5-(2-
methyl—benzo)-l-indean)(2,7-di—tert-
butylfluorenyl)zirconium dichloride, pentapropenyl succinic
anhydfide represented by the f&llowing formula was used as
the polar group-céntaining monomer, and polymerization was
conducted at 60°C for 30 minutes with passing propylene

instead of ethylene.

Pentapropenyl succinic anhydride

Properties of the resulting polar group-containing
" olefin copolymer are set forth in Table 8.

The polar group-containing olefin copolymer was
measured on the adhesion strength (to EVOH) by the

aforesaid method. The result is set forth in Table 9.
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Example 5

Polymerization was carried out in the same manner as
in Example 4, except that 1,2-epoxy-9-decene was used
instead of pentapropenyl succinic anhydride. Properties of
the resulting polar group-containing olefin copolymer are
set forth in Table 8.

To 20 wéight % of the polar group-containing olefin
copolymer obtained above, 80 weight % of nylon 6 (relative
viscosity: 2.35 dl/g) was added, and the mixture was mslt
kneadéd by a twin-screéw extruder with a diameter of 20 mm
at 250°C to prepare a'thérmoplastic resin composition. The
thermoplastic resin cdmpoéition:was subjectegﬁtp an impact .
resistance test and a tensile test by tﬁé_aforesaid methods.

The results are set forth in Table 9.

Example 6

- To 10 weight % of_the_polar groﬁp-containing olefin
copolymer obtained in Example 4, 30 weight % of nylon 6
(relative viscosity: 2.35 dl/g) and 60 weight % of a
propylene homopolymer (MFR (230°C, load of 2.16 kg): 2.2
g/10 min) were added; and the mixture was melt kneaded by a
twin-screw extruder with a &iameter of 20 mm at 250°C té
prepare é thermoplastic resin composition. The
thermoplastic'resin composition was subjected to an impact

resistance test and a tensile test by the aforesaid methods.
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The results are set forth in Table 9.

Comparative Example 1

To 70 weight % of a propylene homopolymer (MFR (230°C,
load of 2.16 kg): 2.2 ¢g/10 min), 30 weight % of nylon 6
(relative viscosity: 2.35 dl/g) was added, and the mixture
was melt kneaded by a twin-screw extruder with a diametef
of 20 mm at 250°C to prepare a thermoplastic resin
composition. The thermoplastic resin composition was
subjected to an impact resistance test and.a tensile test

by the aforesaid methods. The results are set forth in

Table 9.

Example 7

Frém the polar group-containing olefin copolymer

obtained in Example 1, a film was produced in the aforesaid

mannér."Usiﬁg the film, anti-fogging properties were

" evaluated. The result is set forth in Table 9.

Example 8

Polymerization was carried out in the same manner as
in Example 1, except that delta 12-tridecenol represeéented
by the following formula was used instead of undecen~1-o0l

and propylene was used instead of ethylene.
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delta 12-tridecenol

Properties of the resulting polar group-containing
olefin copolymer are set forth in Table 8.
The polar group-containing olefin copolymer was

evaluated on the coating properties by the aforesaid method.

The result is set forth in Table 9.

Example 9

Using the polar group-containing olefin copolymer

‘obtained in Example 4, filler dispersibility was evaluated

by the aforesaid method. The result is set forth in Table
9. |

Comparative Example 2

Filler dispersibility was:evaluated in the same
manner as in Example 9, except-thaﬁ no polar group-.

containing olefin copolymer was used. The result is set

forth in Table 9.

Example 10
Using the polar group~-containring olefin copolymer
obtained in Example 1, a water dispersion was prepared in

the aforesaid manner, and dispersibility in water was
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evaluated by the aforesaid method. The result is set forth

in Table 9.

Example 11

Copolymerization of ethylene and a polar group-
containing monomer was carried out in the same manner ‘as in
Example 1, except that undecylenic acid represented by the

following formula was used instead of undecen-1-ol.

WYOH

0 undecylenic acid

Prbperties of thé.resulting pola; group-containing
olefin copolymer are set forth in Table 8. | '
E Uéihg the polar group-éontaiﬁiﬁg olefin copolymer
thus obtained, a water dispersion was breparéd in the
aforesaid manner, apd dispérsibility in wateéer was gvaluated

by the aforesaid method. The result is set forth in Table
9. '

Example 12
Using the polar group-containing olefin copolymer
obtained in Example 3, a solvent dispersion was prepared in

the aforesaid manner, and dispersibility in solvent was
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evaluated by the aforesaid method. The result is set forth

in Table 9.
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Takle 8
' Table 8
Constituent Constituent Composition
unit (1) unit (3) (molar ratio) Mw MFR Mw/Mn Tof
R! R? R X (1).7(3) (g/10 43) (Too+Tof)
Ex.1 CoHag - OH 99.5,70.5 (100,000 0.7 *1 | 2.7 0
-— epoxy *
Ex.2 CeHi2 __group 99.5.70.5 72,000} 2.5 1 2.8 0
: acid - l
Ex.3 H  |Ceiol —  |amhydride| 99.5.0.5 |70,000(2.5 *1| 2.2 0
group cL
. ~acid
Ex.4 CH3 [C13H1g] - lanhydride | 99.50.5 [250,000{14.6 *2| 2.5 0.13
) group
Ex.5 CHs CeHiz| = ‘;ﬂ%’%  99.5/0.5 [250,000/14.6 *2 .3 0.15
Ex.8 CHs  [CuiHaz - © OH 99.5./0.5 |250,000/14.6 *2 0.20
Ex.11 H CgHie - COOH 99.5/0.5 |70,000|2.5 *1| 2. 0.01

*1: measured at 190°C

*2:

measured at 230°C

under a load of 2.16 kg
under a load of 2.16 kg
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Table 9
Property items Pr\g:le‘fety Unit

Ex. 1 Adhesion strength (to Al) 2 Kgf/15mm

Ex. 2 Adhesion strength (to PET) m?lfsotlg:ear;:e Kgf/15mm

Ex. 3 Adhesion strength (to Ny) 6.2 Kgf/15mm

Ex. 4 Adhesion strength (to EVOH) 6.5 Kgf/1Smm

Ex. 5 12 32 J/m

------ Tensile strengthmm 41 MPamm
Elongation at break 11 %

Ex. 6 12 28 J/m
Tensile strength ] ] 40 MPa
Elongation at break 13 8

Comp Ex.1 |12 . 15 J/m
Tensile strength 22 MPa
Elongation at break 4 %

Ex. 7 | Siouas ohesroacions i -

' number cf

Ex. 8 Cross-cut adhesion test - 100/100 nmcug:i/ of

- cuts

Ex. 9 |FM 1900 MPa
iz 55 J/m
HDT 129 °c -

. |comp Ex. 2] FM 1250 MPa
12 52 J/m
HDT 115 °c
Ex. 10 Dispersed particle diameter 0.7 . rm
Dispersion stability ...§§Rg§;1.'-.e.§, __________________
Heat-cealing strength to Al 2 Kgf/15mm

Ex. 11 Dispersed particle diameter 0.6 pm
Dispers-:!.f? stability" sepgggted o
Heat-sealing strength to Al 2.5 Kgf/15mm

Ex. 12 Dispersed particle diameter 10 um

T oo sttty [
Heat-sealing strength to &l 3 Kgf/15Smm
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Example 13

In a 2-liter staiﬁless steel (SUS) autoclave
thoroughly purged with nitrogen, 120 g of l-butene, 880
ml of Mitsui hexane and 1.50 mmol of
triisobutylaluminum were placed. The SUS autoclave was

heated up to 150°C, and 1.140 mmol of methylaluminoxane

" was added, followed by further adding 1.350 mmol of

undecen-1-ol (ﬁaving been dried over activated alumina
and then vacuum distilled) represented by the.following
formula. With keeping the temperature at i50°C, the
autoclave was pressurized with ethylene so that the

total'préssure became 30 kg/cmzéG.
4;?\\)/\\v/’\\//“\gr’\Q,/DH undecen-1-ol

Separately, ipto a 20 ml glass flask thoroughly
purged with nitroggn, a toluene slurry solution in |
which 0.00075 mmol of dimethylsilylene (2-methyl-4,5-
benzo-l-indenyl)(2,7-di-te£t-butylf1uoreny1)zirconium
dichloride and 0.4300 mmol of methylaluminoxane had
been contacted at room temperature for 10 minutes was
injected with nitrogen, ;nd 600 Nml of hydrogen was
further injected. For the period of 10 minutes after

the injection, the temperature in the autoclave was
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maintained at 150°C and the pressure therein was
maintained at that immediately after the injection by
pressurizing with ethylene. Then, a small amount of
isobutyl alcohol was added to terminate the
polymerization. The polymer solution obtained was
introduced into é large excess of methanol to
precipitate a polymer and then vacuum dried at 80°C for
12 hours. As a result, 10.40 g of a polymer was
obtained. The polymerization activity was 83
kg/mmol-Zr-hr. ' |
' Properties of:the regulting polar group-.

ééntaining olefin copoiymer ére set forth in Table 10.

The polar groupfcontaining olefin copolymer was |

evaluated on the cbat;ﬁé p;ope;tiés by-the aﬁqresaid

‘method. The result is set f@rﬁh in Table 11.

Example 14

Ethylene, l-butene and a polar group-containing
monomer were polymerized in the same manner as in
Example 13, except that undecylenic acid represented by

the following formula was used instead of undecen-l-ol.

449\\/’”\\//\\v/”\\//”\wr’oH undecylenic acid

0
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Properties of the resulting polar group-
containing olefin copolymer are set forth in Table 10.

The polar group-containing oléfin copolymer was
evaluated on the adhesion strength (to Al) by the

aforesaid method. The result is set forth in Table 11.

Example 15

Ethylene; l-butene and a polar group—contaiping
monomer were pélymerized in the -same manner as in
Exaﬁple 13, except that 1,2-epoxy-9-decene represented
by the following formula was used instead of undecen-1~

ol and 550 Nml of hydrogen was used.

0 1;21ép6xy—9—decene

Propertieé of the resulting polar group-
containing olefin copolymer are set forth in Table 10.

To 20 weight % of the polar group-containing
olefin copolymer obtained above, 80 weight % of nylon 6
(relative viscosity: 2.35 dl/g) was added, and the
mixture was melt kneaaed by a twin-screw extruder with
a diameter of 20 mm at 250°C to prepare a thermoplastic

resin composition. The thermoplastic resin composition
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was subjected to an impact resistance test and a
tensile test by the aforesaid methods. The results are

set forth in Table 11l.

Example 16

Ethylene, l-butene and a polar group-containing
monomer were polymerized in the same manner as in
Example 13, except that (2,7-octadien~1-yl)succinic
anhydride represented by the following formula was used

instead of undecen-l-ol and 550 Nml of hydrogen was

used.

(2, 7-octadien~-1~yl) succinic anhydride

Properties of the resulting pola:'group-
containing olefin copolymer are set forth in Table 10.

To 20 weight % of the polar group-containing
olefin copolymer obtained above, 80 weight % of nylon 6
(relative viscosity: 2.35 dl/g) was added, and the
mixture was melt kneaded by a twin-screw extruder with

a diameter of 20 mm at 250°C to prepare a thermoplastic
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resin composition. The thermoplastic resin composition
was subjected to an impact resistance test and a
tensile test by the aforesaid methods. The results are

set forth in Table 11.

Example 17

Ethylene, propylene and a polar group-containing
monomer were polyﬁerized in the same manner as in
Example 16, except that propylene.was injected at an
initial partial pressure of 3 kg/cm? instead of 1~
butene, hydrogen was not added, and polymerization was .
conducted at a polymerizatibn femperéture of 80°C. :

Properties of the resulting polar group- |
containing olefip copolymer are sef forth in Tablg.lo._ _

To 20 weight % of tﬁe polar group-céntaiﬁing :
olefin copolymer obtained above, 80 weighf % of.ﬁjidﬁ.éz

(relative viscosity: 2.35 dl/g) was added,'and:thé

~ mixture was melt kneaded by a twin-screw extruder with

a diameter of 20 mm at 250°C to prepare a thermoplastic
resin composition. The thermoplastic resin composition
was subjected to an impact resistance test and a

tensile test by the aforesaid methods. The results are

set forth in Table 1l1.
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Table 10
Iconstitulconstituy, Constitu -
ent unitfent unit ent unit Composition
(1) (2) " (3) (molar ratio) Mw MFR Mw/Mn Top
R? R? R3 R? X (1)/(2)/(3) : {g/710 min) Toort Top
Ex. 13| H ethyl | Colis | ~ -on |88/ 11.570.5 |110,000| 4.2 2.8 0
Ex. 14| M ethyl | CgHis | ~—  -COOH  [88.711.75.70.25( 100,000 5.9 2.2 0
Ex. 18| H ethyl | Ceiz | =  |Epoxy group|ss11.75/0.25|130,000] 2.3 2.3 0.05
acid '
Ex. 16 H ethyl | CeHio - anhydride [88./11.750.25| 122,000 2.9 2.2 0.03
group.
- acid
Ex. 17 H methyl | CeHio - anhydride |80./19.75/0.25| 131,000 2.3 2.5 0.02
__group
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Table 11
] Property
Property items Unit
value
number of
Cross-cut adhesion

Ex. 13 1007100 |cuts/number

test
. of cuts
.Adhesion strength

Ex. 14 3.6 Kg£f/15mm
{to Al) :

Ex. 15 | 12 490 J/m
Tensile strength 40 MPa
Elongation at :

. 40 %
break

Ex. 16 | 1z ' 260 J/m
Tensile strength 45 MPa
Elongation at o

) 120 $
break

Ex. 17 | 1Z 265 J/m
Tensile strength . 46 MPa -
Elongation at

T . 122 - %
break
Example 18

In a 1000 ml glass polymerization reactor
thdroughly purged with nitrogen, 400 ml of n-decane was
placed, then nitrogen wés passed through at a rate of
20 1/hr, and the contents were maintained at 130°C for
10 minutes. Then, 0.6 mmol of triisobutylaluminum was
added, followed by further adding 0.48 mmol of delta

12-tridecenol (having been dried over activated alumina
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and then vacuum distilled) represented by the following

formula.

MWWOH

delta l12-tridecenol

Then, 1.100 mmol of methylaluminoxane was further

‘added, and passing of nitrogen was stopped, followed by

passing ethylene at a rate of 12.5 1l/hr. Finally, a
toluene slurry solution in which 0.002 mmol of
dimethylsilylene(2,7-dimethyl-4,5-(2-methyl—benzo)-1—
indenyl) (2, 7-di-tert-butylfluorenyl) zirconium
dichloride and 0.500 mmol of methylaluminoxane had beeﬁ
contacted-at room temperature for 10 minutes was added
to-initiate-poiyme:izatibn. After the polymerization
was conéucted at'130°c for 1 hour at atmospheric
pﬁessure; a'shéii amoﬁht of isobutyl alcohol was added
to terminate the polymerization. Then, 100 ml of an
isobutyl alcohol solution containing 1 ml of a
concentrated hydrochloric acid aqueous solution was
added. followed by heating at 75;0 in a nitrogen
atmosphere. The polymer solutién obtained was
introduced into a large excess of methanol to

precipitate a polymer and then vacuum dried at 80°C for
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12 hours. As a result, 3.44 g of a polymer was
obtained.
Properties of the resulting polar group-
containing olefin copolymer are set forth in Table 12.
The polar group-containing olefin copolymer was
evaluated on the coating properties by the aforesaid

method. The result is set forth in Table 13.

Example 19

Propylene .and a polar group-containing monomer

were copolymerized in the same manner as in Example 18,

except that 0.00075 mmol of dimethylsil&lene(2-methyl—

4-phenanthryl-l-indenyl}zirconium dichloride was used

instead of dimefhylsilylene(Z,7-dimethyl-4,5;(meethylf

benzb)-l-indenyl)(2,7-di-tert-butylfluorenyl)zirconium

- dichloride and polymerization was conducted at 60°C.for

30 minutes with paésing propylene instead of ethylene.
Properties of the resulting polar group-

containing olefin copolymer are set forth in Taﬁle 12.
The polar group-containing olefin copolymer was

evaluated on the coating properties by the aforesaid

method. The result is set forth in Table 13.

Example 20
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In a 2-liter stainless steel (SUS) autoclave
thoroughly purged with nitrogen, 120 g of 1l-butene, 950
ml of Mitsui hexane and 1.50 mmol of
triisobutylaluminum were'placed. The SUS autoclave was
heated up to 150°C, and 1.140 mmol of methylaluminoxane
was added, followed by further adding 1.350 mmol of
delta 12-tridecenol (having been dried over silica
alumina and then vacuum distilled) represented by the
above formula. With keeping the temperature ét 150°c,
the autoclave.was pressurized with ethylene so that the
total pressure beéame.Sﬁ'kqlcmer. Separately,'into a
20 ml glass flask.thoroﬁghly”pﬁrged with nitrogen, a
toluene slurry solution in which 0.00075 mmol of
dimethylsilylene (3-methyl-4,5-benzo-1-indenyl) (2, T-di~
tert-butylfluorenyl)2ir§pﬁium dichloride and 0.4300
mmol of methylalu@@ngxgggﬁk@@ beéﬁ ngtacted at réom
temperature for 10 minufe? Wés injected with nitrogen,
and 600 Nml of hydrogen was further injected. For the
period bf 10 minutes after the injection, the
temperature in the autoclave was maintained at 150°C
and the pressure therein was maintained at that
immediately after the injection by pressurizing ﬁith.
ethylene. Then, a small amount of isobutyl alcohol was

added to terminate the'p01Ymerization. The polymer
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solution obtained was introduced into a large excess of
methanol to precipitate a polymer and then vacuum dried
at 80°C for 12 hours. As a result, 10.40 g of a

polymer was obtained. The polymerization activity was

83 kg/mmol-Zx-hr.
Properties of the resulting polar group-
containing olefin copolymer are set forth in Table 12.
The polar;group—containing olefin copolymer was
evaluated on the coating properties by the aforesaid

method. The result is set forth in Table 13.

Example 21

Ethylene and a polar group-containing monomer

Qére copolymerized in the same manner as in Example 18,

éxcept that pentadec-l4-enoic acid represented by the
following formula was used instead of delta 12-

tridecenol.

R

0

pentadec-l4-enoic acid

Properties of the resulting polar group-

containing olefin copolymer are set forth in Table 12.
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The polar group-containing olefin copolymer was
evaluated on the adhesion strength (to Al) by the

aforesaid method. The result is set forth in Table 13.

Example 22

Propylene and a polar group-containing monomer
were copolymerized in the same manner as in Ekample 19,
except that pentapropenyl succinic anhydride

represented by the following formula was used instead

of delta l2-tridecenol.

Pentapropenyl succinic. anhydride

Properties of the resulting poiar group-
containing olefin copolymer are set fgrth in Table 12.

The polar group-containing olefin copolymer was
evaluated on the adhesion strength (to Al) by the

aforesaid method. The result is set forth in Table 13.
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Table 12
Constituent Constituent
unit unit Composition
(1), (2) (3) (molar ratio)|  Mw MFR Mw/Mn Tof
R' R® R X (1) +(2) /7 (3) (g/10 min) (Toer+ Ta)
Ex. 18 H Ci1Hz2 - -OH 99.5/0.5 | 70,000 2.5 *1 2.7 0
Ex. 19 methyl CuHzz - - =OH 99.5,/0.5 |250,000{ 14.6 *2 2.3 0.16
Ex. 20| H, ethyl |CyiHaz - -OH 88./11.570.5 {110,000 4.2 *1 2.8 0
Ex. 21 H _C12_H24 -_— =COOK 99.75./70.25 71,000 2.4 *1| 2.5 0
) acid o
Ex. 22 methyl CisHis| -  anhydride . 99.75/0.25 }249,000 14.7 *2] 2.2 0.18
group . )

*1 Measuring conditions: 190°C, load of 2.16 kg
*2 Measuring conditioms: 230°C, load of 2.16 kg
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Table 13
Evaluation Property )
Unit
items value
-number of
Ex. 18 Cross-cut 100100 |cuts/number
) adhesion test
of cuts
- . number of
Cross-cut
Ex. 19 | . 100,100 jcuts/numbex]
adhesion test
. of cuts
number of
Cross—cut
Ex. 20 1007100 jcuts/number
adhesion test
_ _ of cuts
Adhesion
Ex. 21 | strength - 3 Kgf/15mm
(to AL). '
Adhgsion- .
Ex. 22 |° strength 3.5 Kgf/15mm
_(to-al)
Example 23

In a 1000 ml glass polymerization reactor
thoroughly purged with nitrogen, 400 ml of toluene was
placed, then nitrogeﬁ was passed through at a rate of
20 1/hr, and the contents were maintained at 60°C for
10 minutes. Then, 0.6 mmol of triisobutylaluminum was
added, followed by further adding 0.48 mmol of (2,7-

octadien-1-yl)succinic anhydride represented by the
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following formula.

0

(2;7-octadien-1-yl) succinic anhydride

Then, 1.100 mmol of nethylaluminoxane was further
aaded, and passing of nitrogen was stopped, fcllowed by
passing propylene at a rate of 12.5 1/hr. Finally, a

toluene slurry solution in which 0.0075 mmol of

indeﬁyl)zirconium dichloride and 0.500 mmol of

_@eﬁhylaluminoxane had bgenlcontacted at room

temperature for 10 minutes was added to-initiate

polymerization. After the polymerization wés conducted
at 60°C for 30 minutes at atmospheric préssure, a small
amount of isobutyl alcohol was added to terminate the
polymerization. Then, 100 ml of an isobutyl alcohol
solution containing 1 ml of a concentrated hydrochloric
acid aqueous solution was added, followed by heating at
75°C in a nitrogen atmosphere. The polymer solution
obtained was introduced into a large excess of methanol

to precipitate a polymer and then vacuum dried at 890°C
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for 12 hours. As a result, 1.75 g of a polymer was
obtained.
Properties of the resulting polar group-
containing olefin copolymer are set forth in Table 14.
The polar group-containing olefin copolymer was
evaluated on the adhesion strength (to Al) by the

aforesaid method. The result is set forth in Table 15.

Example 24
In a 1000 ml glass polymerizatiog reactor

thorougﬁiy purged with nitrogen, 400 ml of toluene was
placed, then nitrogen was paésed through at a rate of
20 1/hr, and the contents were maintained at 90°C for
10 minutes. Then, 0.6 mmol of triisobutylaluminum was
addéd, followed by further adding 0.48 mmol of 1,2-
epoxy-9-decene (having been dried over silica alumina)

represented by the following formula.

/\/\/\/\7

0 1,2-epoxy~9Y-decene

Then, 1.100 mmol of methylaluminoxane was further
added, and passing of nitrogen was stopped, followed by

passing ethylene at a rate of 12.5 1/br. Finally, a
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toluene slurry solution in which 0.002 mmol of
dimethylsilylene (2, 7-dimethyl-4, 5- (2-methyl-benzo)-1-
indenyl) (2, 7-di~tert-butylfluorenyl)zirconium
dichloride and 0.500 mmol of methylaluminoxane had been
contacted at room temperature for 10 minutes was added
to initiate polymerization. After the polymerization
was conducted at 90°C for 1 hour at atmospheric
pressure, a sméll amount of isobutyl alcohol was added
to terminate the polymerization. Then, 100 ml of an
isobutyl alcohol solution containing 1 ml of a
concentrated hydrochloric acid aqueous solution was
added, followed by heating-at 75°C in a nitrogen
atmosphere. The polymer solution obtained. was
introduéed into a-large excess of methaéol ;6;
precipitate a polymer and then vacuum aiiéd'a£ 80°C fox
12 hours. As a result, 3.08 g of a polymér was
obtained. | -

Properties of the resulting polar group-
containing olefin copolymer are set forth in Table 14.

The polar group-containing olefin copolymer was
evaluated on the adhesion strength (to Al) by the

aforesaid method. The result is set forth in Table 15.

Fxample 25
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Ethylene and a polar group-containing monomer

were copolymerized in the same manner as in Example 24,

except that 4-hex-5-enyloxy-phenol represented by the

following formula was used instead of 1,2-epoxy-9-

b decene.

jes
NN

4-hex-5-enyloxy-phenol

10
Properties of the resulting polar group-
_containing-olefin copoifmer are set forth in Table 14.
The polar grdup-contaiﬁing olefin copolymer was
evaluated on the adhesion strength (to PET) by the
15

aforesaid method. The result is set forth in Table 15.
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Table 14
Constituent Constituent

unit unit Composition

(1) (3) (molar ratio) Mw MFR Mw/Mn Tof

R R R® X (1)7(3) (g/10 min) { Tocr+Tof)

acid
Ex. 23 methyl CsHio - ' 99,7570.25 250,000} 14.6 *1 0.23 0.13
anhydride

Ex. 24 H CgHaz - epoxy 99.75./0.25 68,000| 2.8 *2 | 0.25 0
Ex. 25 H CqHs (o) phenol 99.5 /0.5 70,000 2.5 *2 0.25 0
*1 Measuring conditions:

*2

Measuring conditions:

230°C, load of 2.16 kg
190°C, load of 2.16 kg
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Table 15
. ] Property )
Evaluation items : Unit
value
Adhesion strength
Ex. 23 _ , 3.6 Kgf/15mm
(to Al)
Adhesion strength | broken
Ex. 24 Kg£f/15mm
(to PET) substrate
Adhesion strength
Ex. 25 : 3 Kgf/15mm
. {(to PET)

6 Example 26
In a 1000 ml glass polymerization reactor
thoroughly ﬁurged with nitrogen, 400 ml of toluene Qas
placed, then nitrogen was passed through at a rate of
20 i/hr, and the:cbntents were maintained at 0°C for 10
10 minutes. Then, 0.6 mmol of triisobutylaluininim was
.éddéd, followed by further adding 0.48 mmol of undecen-

1-0l represented by the following formula.

NN NN A

15 - undecen-1-o0l

Then, 1.100 mmol of methylaluminoxane was further
added, and passing of nitrogen was stopped, followed by

passing l-butene at a rafe of 12.5 1l/hr. Finally, a
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toluene slurry solution in which 0.0020 mmol of
dimethylsilylene (2-methyl-4-phenanthryl-1-
indenyl)zirconium dichloride and 0.500 mmol of
methylaluminoxane had been contacted at room
temperature for 10 minutes was added to initiate
polymerization. After the polymerization was conducted
at 0°C for 60 minutes at atmospheric pressure, a small
amount of isoButyl alcohol was added to terminate the
polymerization. Then, 100 ml of an isobutyl alcohol
solution containing 1 ml of a concentrated hydrochloric
acid aqueous solu;ion was a&ded, foilowed by heating at
75°C in a nitrogen atmdsphere. The'polymer solution
obtained was introduced into a large excess of methanol
to precipitate a polymer and then vacuum dried at 80°C-

for 12 hours. As a result, 0.25 g of a .polymer was

- obtained.

Properties of the resulting polar group-
containing olefin copolymer are set forth in Table 16.

The polar group-containing olefin copolymer was
evaluated on the coating properties by the aforesaid

method. The result is set forth in Table 17.

Example 27

1-Butene and a polar group-containing monomer
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were polymerized in the same manner as in Example 26,
except that 1,2-epoxy-9%9-decene represented by the

following formula was used instead of undecen-1-ol.

/\/\/\/\v

1,2~epoxy-9-decene

Propertiés of the resulting polar group-
containing olefin copolymer are set forth in Table 16.

The polar group-containing olefin copolymer was
evaluated on the adhesion sﬁrength (to PET) by the

aforesaid method. . Thg result is set forth in Table 17.

Example 28 - .

14Butene and a pélar-gxoupfcontaining monomer

were polymerized in the same manner as in Example 26,

except that 1.35 mmol of undecylenic acid represented
by the following formula was used instead of uhdecen—l- :

ol and 1.5 mmol of triisobutylaluminum was used.

44’\\v//\\v/’\\~/’~\\/’ﬁ\1r’OH

0 undecylenic acid

‘Properties of the resulting polar group-
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containing olefin copolymer are set forth in Table 16.
The polar group-containing olefin copolymer was
evaluated on the adhesion strength (to Al) by the

aforesaid method. The result is set forth in Table 17.

Exanple 29

1-Butene and a polar group-containing monomer
were polymerized in the same manner as in Example 26,
- except that (2;7—octadien-1-yl)succinic anhydride
10 represented by the following formula was used instead

of undecen-1-ol.

16

(2,7-octadien-1-yl)succinic anhydride
Properties of the resulting polar group-
" containing olefin copolymer are set forth in Table 16.
20 The polar group-containing olefin copolymer was

evaluated on the adhesion strength (to Al) by the

aforesaid method. The result is set forth in Table 17.
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Table 16
lconstitu Constitu ,
ent unit ent unit Composition Crystall
(1) (3) (molar ratio) Mw _ MFR *1 |Mw/Mn To inity
R} R’ . X (1).7(3) . (g/10 min) (Tooet ToB) (%)
Ex. 26 ethyl CoHig — -OH 99.5 /0.5 770,000 2.60 2.2 0 46
epox:
Ex. 27 | ethyl | CgHiz - POXY | 99.75/0.25 |720,000| 2.72 2.3 0 48
group :
Ex. 28 ethyl CgHig - -COOH 99,.75/0.25 |}680,000 3.10 2.3 0.01 48
. acid
Ex. 29 | ethyl | CeHio —  lanhydride] '99.75/0.25 710,000 2.81 | 2.5 0 47
| group :
*1 Measuring _conditions_é' 190°C, load of 2.16 kg
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Table 17
. . Property .
Evaluation items value Unit
_ . number of
Ex. 26| CFross c‘ggs‘;’__‘dhesmn 100/100 leuts/number
of cuts
Ex. 27]|Adhesion strength 23°C séggﬂ:ile -
broken -
(to PET) 80°C substrate
Ex. 28| Adhesion strength 23°C 2.8 Kgf/15mm
) {(to Al) 80°C 2.8 Kgf/15mm
Ex. 29| Adhesion strength 23°C 3.5 | Kgf/15mm
(to Al) 80°C 3.5 Kgf/15mm
Example 30

In a 300 ml glass.polymeiization reactor

- thoroughly purged with nitrogen, 40 ml of l-octene was

placed, then nitrogen was passed thrqugh;at a rate of
20 1/hr, and the contents were maintained at 60°C for
10 minu;es. Then, 0.6 mmbl of'triisobutylalﬁminum was
added, followed by further adding 0.48 mmol of undecen-

1-ol represented by the following formula.

44’\\/’”\\/’“\\//~\~/’\\¢/0H undecen-1-o0l

Then, 1.100 mmol of methylaluminoxane and 40 ml

of l-octene were further added. Finally, a toluene
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slurry solution in which 0.002 mmol of
dimethylsilylene (2-methyl-4-phenanthryl-1-
indenyl) zirconium dichloride and 0.500 mmol of
methylaluminoxane had been contacted at room
temperature for 10 minutes was added to initiate
polymerization. Affer the polymerization was conducted
at 20°C for 60 minutes at atmospheric pressure, a small
amount of isobutyl alcohol was added to terminate the
polymerization. Then, 100 ml of an isobutyl alcohol
solution containing 1 ml of a concentrated hydrochloric
acid aqueous solution was added, followed by heating at
75°C in_a nitrogen.atmospheré; The_polymer soluﬁion
sbtained.was introauced into a large excess of methanol
to precipitate a polyﬁef and then vacuum dried at 80°C
for 12 hours. As a résqlt, 0.25 g of a polymef was
obtained. ; ' |
‘Properties of the resulting polar group-
éﬁntaining olefin copolymer are set forth in Table 18.
The polar group-containing olefin copolymer was
evaluated on the coating properties by the aforesaid

method. The result is set forth in Table 19.

Example 31

1-Octene and a polar group-containing monomer
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wefe polymerized in the same manner as in Example 30,
except that 1,2-epoxy-9-decene represented by the

following formula was used instead of undecen-1-ol.

/\/\/\/\%7

1,2~epoxy-9-decene

Properties of the resulting polar group-
containing olefin copolymer are set forth in Table 18.

The polar group-containing olefin copolymer was
subjected to an impact resistance test and a tensile
test by theiaforesaid methods. The results are set

forth in Table 19.

-Exa@pie-32

l-pétene and a polar gréup-containing monomer
wefé polymerized in the same manner as in Example 30,
except that 1.35 mmol of undecylenic acid represented
by the following formula was used instead of undecen-1-

ol and 1.5 mmol of triisobutylaluminum was used.

44¢\\/’A\~//\\v//\\w’”\wr’OH undecylenic acid

0
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Properties of the resulting polar group-
containing olefin copolymer are set forth in Table 18.

The polar group-containing olefin copolymer was
subjected to an impact resistance test and a tensile
test by the aforesaid methods. The results are set

forth in Table 19.

Example 33

1-Octene and a polar group-containing monomer
were polymerized in the same manner as in Example 30,
except that (2,7-octadien-1l-yl)succinic anhydride
represented by the following formula was used instead

of undecen-l-ol.

(2, 7-octadien-1-yl) succinic anhydride

Properties of the resulting peolar group-
containing olefin copolymer are set forth in Table 18.

The polar group;containing olefin copolymer was
subjected to an impact resistance test and a tensile
test by the aforesaid methods. The results are éet

forth in Table 19.
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Table 18
CQnstituel Constitu
nt unit ent unit Composition Crystal
(1) (3) (molar ratio)| [n) | MFR *1 |Mw/Mn Top linity
R R R' X (1)7(3)  |(dl/g) [(g/10 min) {Tocr+ ToB) (%)
Ex. 30 | heptyl | CsHig - OH 99.5. /0.5 2.5 70.00 | 2.3 0.12 0
Ex. 31 | heptyl | CeHig - SROXY | 96.75/0.25 .| 2.4 67.05 | 2.2 0.15 0
group -
Ex. 32 | heptyl | CeHiz - ‘coon | 99.75/0.25 *| 2.3 | 62.13 | 2.4 0.10 0
acid ' _
Ex. 33 | heptyl | Celio —  lanhydride 99.75/0.25 |.2.5 | 70.00 | 2.2 0.05 0
_ group

5 *1 Measuring conditions: 190°C, load of 2.16 kg
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Table 19
Evaluation Property Unit
items value
number of
Ex. 30 [cross-cut 1007100 |cuts/number]
adhesion test
of cuts
Ex. 31|12 . 260 J/m
Tensile
Ftrength _"iZ MPa o
longation at .
break 125 ¥
Ex. 3212 505 J/m
Tensile
[strength 35 MPa
tlongatlon at 42 "
__reak
_ dhesion
BEx. 33 [strength 2 Kgf/15mm
{to Al)

In the following Examples 34 to 39, preparation
of.specimEns'énd measurements of mechanical properties
were made as follows.:

Preparation of specimen

A graft copolymer obtained in the example was
molded by a 55-ton injection molding machine (ISS55EPN
manufactured by Toshiba Machine Co., Ltd.) at a

cylinder temperature of 200°C and a mold temperature of

40°C.
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In the following Examples 34 to 39, measurements
of flexural modulus, Rockwell hardness.and pencil
hardness, and calculation of (4)/(5) by 1H-NMR were
made as follows.

Flexural modulus

The flexural modulus was measured using a
specimen having a thickness of 1/8 inch under the
conditions of:a span of 51 mm and a flexural rate of 20
mm/min in accoidahce with ASTM C790.

Rockwell hardness (HR)

The Rockwell hardness was measured using a square
plate of 2 mm (thickness) x 120 mm (length) x 130 mm
(width) in accordance with ASTM D785.

Pencil hardness

. The pencil hardness was measured using a specimen
having a thickness of 1/8 inch under the conditions of
a temperature of 23°C in accordance with JIS K5401.

Calculation of (4)/(5) by lH-NMR

Device: JOEL GFX400 type nuclear magnetic
resonance device
" oObservation nucleus: lH
Observation frequency: 400 MHz.
Pulse width: 45°

Repetition time: 5.0 seconds
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Number of integration times: 8000
Measuring temperature: 115°C
Measuring solvent: orthodichlorobenzene

Measurement: The resulting polymer of 25 to 40 mg
was dissolved in orthodichlorobenzene, and NMR was

measured under the above measuring conditions.

Example 34
In a 1006 ml glass polymerization reactor

thoroughly purged with nitrogen, 400 ml of toluene was
placed, then nitrogen was passed through at a rate of
20 1/hr, and the contents were maintained at 90°C for
10 minutes. Then, 2.0 mmol of triisobutylaluminum was
added, followed by further adding 1.88 mmol of undecen-
1-0l (having been dried over activated alumina and then
vacuum distilled) répresqnted by the following formula.

NSNS

undecen-1-ol

Then. 1.100 mmol of methylaluminoxane was further
added, and passing of nitrogen was stopped, followed by
passing ethylene at a rate of 5 1/hr. Finally, a
toluene slurry solution in which 0.008 mmol of
dimethylsilylene (2, 7-dimethyl-4,5-(2-methyl-benzo)-1-

indenyl) (2, 7~di~tert-butylfluorenyl) zirconium
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dichloride and 2.00 mmol of methylaluminoxane had been
contacted at room temperature for 10 minutes was added
to initiate polymerization. After the polymerization
was conducted at 90°C for 1 hour at atmospheric
pressure, a small amount of isobutyl alcohol was'added
to terminate the polymerization. Then, 100 ml of an
isobutyl alcohol solution containing 1 ml of a
concentrated hydrochloric acid aqueous solution was
added, followed by heating at 75°C in a nitrogen
atmosphere. The polymer solution obtained was
introduced into a large excess of methanol to
precipitate a polymer and.then vacuum .dried at 80°C for
12 hours. As a result, 12.21 g of a polymer having an
ethylene/side chain monomer molar ratio of 99.2/0.8. was
obtained. B _ _

A 1500 m autoclave'equiﬁ?éaﬁﬁith‘a.theiﬁbmetry
tuSe, a manometer, a stirrer and ‘an alkylene oxide feed
pipe was charged with 12.0 g of the-etﬁyléne/éide chain
monomer copolymer (e;hylene/side chain monoﬁer =
99.2/0.8 by mol), 31.0 ﬁg of -
tetrakis(tris(dimethylamino)- .
phosphoranylideneamino] phosphonium hydroxide
([ (Me2N) 3P=N] 4P*OH™) synthesized in the same manner as
described in EP0791600, p. 32, and 800 g of tetralin.

Then, the contents were heated to 125°C and allowed to
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undergo reaction at the same temperature for 12 hours
with intermittently feeding 3.1 g of ethylene oxide so
as to maintain the pressure at 0.9 MPa (absolute
pressure). Subsequently, the unreactéd ethylene oxide
remaining in the autoclave was distilled off at the
same temperature under reduced pressure. Then, the
contents were cooled to room temperature and poured .
into 800 ml of methanol. The white solid precipitated
was separated bj filtration, and to the solid was
further added 20 ml of methanol, followed by heating
under reflux for 30 minutes. The mixture was subjected

to hot filtration, ‘and the resulting solid was'd:ied at

6b°clunder reduced pressure, to obtain 10.1 g of a

gtafﬁl?onlymer in which about 13 ethylene oxide units

.'ﬁéré;ﬁfgff p01ymérizéd'based'on one.hydroxyl group.

':Pfapéffies of the resulting polar group-

' cdhtaiﬁing branched olefin copolymer are set forth in
" Table 20.

Further, anti-fogging properties of a film
obtained from the polar group~containing branched
olefin copolymer were evaluated_by the aforesaid method.
The result is set forth in Table 21. Measurement of

the (4)/(5) ratio of the polymer by lH-NMR resulted in
100/0.
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Example 35

In a 1000 ml glass polymerization reactor
thoroughly purged with nitrogen, 400 ml of toluene was
placed, then nitrogen was passed through at a rate -of
20 l/hr, and the contents were maintained at 90°C for
10 minutes. Then, 1.08 mmol of triisobutylaluminum was
added, followed by further adding 0.90 mmol of undecen-
1-0l (having been dried over activa;ed alumina and then
vacuum distilled). Further, 1.100 mmol of
methylaluminoxane was added, and passing of nitrogen
was stopped, folloﬁed by passing ethylene at a rate of
160 1/hr. Finally, a.toluene slurry solution in which
0.008 mmol of dimethylsilylene(2,7-dimethyl-4,5-(2— |
methyl-benzo)-1-indenyl) (2, 7-di-tert-

butylfluorenyl)zircqnium dichloride and 2.00 mmol of

“methylaluminoxane had been contacted at room

temperafure for 10 minutes was added té initiate
polymeérization. After the polymerization was conducted
at 90°C for 1 hour at étmospheric pressure, a small
amount of isobutyl alcohol was added to terminate the
polymerization. Then, 100 ml of an isobutyl alcohol
solution containing 1 ml of a concentrated hydrochlcric
acid aqueous solution was added, followed by heating at

75°C in a nitrogen atmosphere. The polymer solution
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obtained was introduced into a large excess of methanol
to precipitate a pélymer and then vacuum dried at 80°C
for 12 hours. As a result, 14.83 g of a polymer having
an ethylene/side chain monomer molar ratio of
99.75/0.25 was obtained.

Then, polymerization was carried out in the same
manner as in Example 34, except that 12.0 g of the
polymer obtaiﬁgd above and 15.1 g of ethylene oxide was
used. As a result, 11.8 g of a graft copolymer in
which ab&ut 65 ethylene oxide units were graft
polymerized based on one h&drqul group was obtained.

Properties of the resﬁlting polar groﬁp-
containing branched olefin copolymer are set forth iﬁ‘
Table 20, _ _

Further, anti-fogging properties of a £ilm
obtained from the polar.group-containing branched _
olefin copolymer were evaluated by the aforesaid method.

The result is set forth in Table 21.

Example 36

The procedure of Example 34 was repeated, except
that 5.0 g of propylene oxide was used instead of
ethylene oiide. As a result, 10.3 g of a graft

copolymer in which about 10 propylene oxide units were
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graft polymerized based on one hydroxyl group was
obtained. |

Properties of the resulting polar group-~
containing branched olefin copolymer are set forth in
Table 20.

Further, anti-fogging properties of a film
obtained from the polar group-containing branched
olefin copolYmer were evaluated by the aforesaid method.
The result is set forth in Table 21. Measurement of

the (4)/(5) ratio of the polymer by lH-NMR resulted in
99/1.

Example 37

. Using the ethylene/side chain monomer pélymgr
(ethylene/side chain monomer ='99:75/0.25 by mol)
prepared in Example 35, polymerization was carried out
with intermittently feeding 3,1 g of éthYIéne oxide.
As a fesult,.ll.e g of a graft copolymer -in which about
13 ethylene oxide units wére graft polymerized based on
one hydroxyl group was obtained.

Properties of the resulting polar group-

containing branched olefin copolymer are set forth in

Table 20.

Further, anti~-fogging properties of a film
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obtained from the polar group-containing branched
olefin copolymer were evaluated by the aforesaid method.

The result is set forth in Table 21.

Example 38

The procedure of Example 34 was repeated, except
that 7.75 g of a—hyd;oxyisopropyl phenyi ketone was
further chargedlin addition té the starting materials,
the pressure was changed to 0.2 MPa from 0.9 MPa, 5.8 g
of methyl methacrylate was uéed instead of ethylene
oxide, and tetrahydrofuran was used instead of methanol.
As a result, 11.3 g'of a graft copolymer in which about
20 methyl}methacrylate units were graft polyme;ized
based'on=one hydroxyl-group"was_pbtained. _ |

.Prbéerties'of,fhe'resulting ﬁolar grouﬁé
containind branched olefin cobqumer are set forth in
Table 20.

Furthéﬁ, mechanical.propérties of the polar
group-containing branched olefin copolymer were
evaluated by the aforesaid method. The result is set

fqrth in Table 21.

Example 39

In a 2-liter stainless steel (SUS) autoclave
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thoroughly purged with nitrogen, 105 g of l-octene, 895
ml of Mitsui hexane and 1.50 mmol of
triisobutylaluminum were placed. The SUS autoclave was
heated up to 150°C, and 1.140 mmol of methylaluminoxane
was-added, followed by further adding 1.350 mmol of
undecen-1-0l (having been dried over activated alumina
and then vacuum distilled). With keeping the

temperature at 150°C, the autoclave was pressurized

. with ethylgne so that the total pressure became 30

kg/cm2-G. Separately, into a 20 ml glass flask
thoroughly purged with nitrogen, a toluene slurry

solution in which 0.00075 mmol of dimethylsilylene (2-

methyl-4, 5-benzo-1-indenyl) (2, 7~-di-tert-
~ butylfluorenyl)zirconium dichloride and 0.4300 mmol of
16

methylaluminoxane had been contacted at room

temperature for 10 minutes was injected with nitrégen,

-and 600 Nml of hydrogen was further -injected. For the

period of 10 minutes after the injection, the
température in the autoclave was maintained at 150°C
and the pressure therein was m;intained at that
immediately after the injection by pressurizing with
ethylene. Then, a small amount of isobutyl alcohol was
added to terminate the polymerization. The polymer

solution obtained was introduced into a large excess of
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methanol to precipitate a polymer and then vacuum dried
at 80°C for 12 hours. As a result, 8.45 g of a polymer
was obtained.

Using 8 g of this polymer, polymerization was
carried out with intermittently feeding 3.1 g of
ethylene oxide similarly to Example 34. As a result,
11.8 g of a graft copolymer in which about 13 ethylene
oxide units were graft polymerized based on one
hydroxyl Qroup‘was obtained.

Properties of the resulting polar group-
containing branched olefin copolymer_are_set forth ;n

Table 20.

Further, dispersiﬁility of the polar group-

containing branched olefin copolymer in water was

evaluated by fhg_aforesaid method. The.result is set

-forth in Table 21.
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Table 20 _

Constitu

Constituent unit * Composition
entuu)nit (4) : (molgr ratio) Mw Mw.”Mn
1 5 6 struc} .
R R R 2z P “ture (1) (4)+(5) { Toext ToB)
Ex. 34 H CoHis| — - (CH2CH20) 13-H 1l @ 99.2 0.8 70,000 | 2.8 Y
Ex. 35| H |CoHys| — -(CH2CH20)es-H |1| @ | 99.7570.25 | 70,000 | 2.6 0
Bx. 36 H CoHjg| — | = (CH2CH(CH3)O)13-H |1 | @ 99.2 /0.8 65,000 | 2.5 Y
Ex. 37 H |CeHio| - - (CH2CH20) 13-H 2 @ 99.75/0.25 70,000 | 2.3 0
Ex. 38/ CHj CoHig| = |~ (CH2CH (COOCH3))20-H| 1| @ 99.2 /0.8 250,000 2.7 0.08
Ex. 39|H,CgH13|CoHis| — ~(CHCHz0)13~H [1]| @ [89.5/1070.5+1| 130,000 | 2.5 0.12
@ ' )
Hy 4 ' H2 Y4
—c—Cc— . _ y —_—C—C— .

® l/\/\/\/\/o\(\/\oﬁ: o/k\/o‘); H

H2 H ' ]

—ci | oA
e 1 o=
n 2 H
. [P e P P N H

*1 Molar ratio of H/CgH13/(4)+(5) \(\j:’n\
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Table 21
. . Property .
Evaluation items value Unit
nti-fogging
Ex. 34 |properties AA -
(visual observation)
ti-fogging _
Ex. 35 jproperties AA -
{visual observation)
ti-fogging
Ex. 36 |properties . AA -
(visual observation)
Anti-fogging
Ex. 37 [properties AA -
(visual observation)
Ex. 38 |FM 2500 MPa
Rockwell hardness 115
Pencil hardness - 2H
DT 130 °c
Dispersed particle
Ex. 39 jameter 0.4 m )
lDispersion stability'sepgg:ted
Example 40

In a 500 ml glass polymerization reactor
thoroughly purged with nitrogen, 400 ml of toluene wvas
placed, then nitrogen was passed;through at a rate of
20 1/hr, and the contents were maintained at 75°C for
10 minutes. Then, 0.8000 mmol of methylaluminoxane was
added, followed by further adding 0.1000 mmol of

undecen-1-0l (having been dried over silica alumina and
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then vacuum distilled). Then, passing of nitrogen was
stopped, and ethylene was passed through at a rate of
100 1/hr.

Finally, 0.0008 mmol of
isopropylidene (cyclopentadienyl) (2, 7-di-t- .
butylfluorenyl)zirconium dichloride was added to
initiate polymeriéation. After the polymerization was
conducted at 75°C for 15 minutes at atmospheric
pressure, a smaii amount of isobutyl alcohol was added
to terminate the polymerization. The polymer solution
qbtaine& was introduced into a'large excess of meihano;
to ﬁrecipitate a polymer and then vacuum dried at 80°C
for 12 hours. As a result, 0.90 g of a polymer was
obtained. The polymerization activity was 4.5
kglmmol-Zr-hf, and the méiting.péiht of the polymer was.
129.0°C.

Example 41

In'a 500 ml glass polymerization reactor
thoroughly purged with nitrogen, 400 ml of toluene was
placed, then nitrogen was passed through at a raée of
20 1/hr, and the contents were maintained at 75°C for
10 minutés. Theﬁ, 1.1000 mmol of methylaluminoxane was

added, followed by further adding 0.15 mmol of undecen-
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1-ol (having been dried over silica alumina and then
vacuum distilled). Then, passing of nitrogen was
stopped, and ethylene was passed through at a rate of
100 1/hr.

Finally, a toluene slurry solution in which
0.0160 mmol of diphenylmethylene(cyclopentadienyl)-
(fluorenyl) zirconium dichloride and 1.1000 mmol of
methylaluminoxane had been contacted at room
temperature foi 10 minuteé was added to initiate
polymerization. After the polymerization Qas conducted
at 75°C for 30 minutes at atmospheric préssure,.a smalli
amount of isobutyl alcohol was added to terminate the
polymerization. The polymer solution obtained was
introduced into’ a large excess of methanol to
precipitate a polymer and then vacuum_dried at 80°C for
12 hours. As a result, 6.67 g of a polymer was
obtained. The polymerization activity was 0.83

kg/mmol-Zr-hr, and [n]-of the polymer was 3.82 dl/g.

Example 42

In a 500 ml glass polymerization reactor
thoroughly purged with nitrogen, 400 ml of toluene was
placed, then nitrogen was passed through at a rate of

20 1/hr, and the contents were maintained at 75°C for
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10 minutes. Then, 1.1000 mmol of methylaluminoxane was
added, followed by further adding 0.20 mmol of undecen-
1-0l (having been dried over silica alumina and then
vacuum distilled). Then, passing of nitrogen was

stopped, and ethylene was passed through at a rate of

100 1/hr. Finally, a toluene slurry solution in which

0.0160 mmol of (tert-butylamido)dimethyl-
(tetramethylcyclopentadienyl)silanetitanium dichloride
and 1.1000 mmbl of methylgluminoxane had been.contacted
at room temperature for 10 minutes was added to
initiaté.polymerization., After the polymerization was
conducted at 75°C for 1 hour at atmospheric pressure, a
small amount of isobutyl alcohol was added to terminate
the polymerization. The polymer solution obtained was
introduced into a iarge excess of methanol to
precipitate a poiymer and_thén vacﬁ@m dried at 80°C for
12 hours. As a result, 2.54 g of a polymer was
obtained. The polymerizatidn activity was 0.03
kg/mmol'Zr-hr, [n] of the polymer was 3.55 dl/g, the
melting point thereof was 129°C, and the polar group
introduction ratio thereof, as measufed by 1g-NMR, was

0.25 mol %.

Example 43
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In a 500 ml glass polymerization reactor
thoroughly purged with nitrogen, 400 ml of toluene was
placed, then nitrogen was passed through at a rate of
20 1/hr, and the contents were maintained at 75°C for
10 minutes. Then, 1.1400 mmol of methylaluminoxane was
added, followed by further adding 0.20 mmol of undecen-
1-0l (having been dried over silica alumina and then
vacuum distilled). Then,.passing of nitrogen was
stopped, and eﬁhylene was passed through at a rate of
100 1/hr.

Finally, a toluene slurry solution in which

0.0008 mmol of dimethylsilylene (2-methyl-4,5-benzo-1-

indenyl)(2,7—di-tert-butylfluoreﬁyl)zirconium
dichloride and 0.4300 mmol of methylaluminoxane had
been contacted at room temperatﬁre for 10 minutes was
added to initiate polymerization. After the

polymerization was conducted at 75°C for 5 minutes at

atmospheric pressure, a small amount of isbbutjl

alcohol was added to terminate the polymerization. The
polymer solution obtained was introduced into a large

excess of methanol to precipitate a polymer and then

- vacuum dried at 80°C for 12 hours. As a result, 3.23 g

of a polymer was obtained. The polymerization activity

was 48.45 kg/mmol-Zr-hr, and [n] of the polymer was
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9.37 dl/g.

Example 44

In a 500 ml glass polymerizatioﬁ reactor
thoroughly purged with nitrogen, 400 ml of toluene was
placed, then nitrogen was passed through at a rate of
20 1/hr, and the contents were maintained at 75°C for
10 minutes. Then, 1.1400 mmol of methylaluminoxane was
added, followed.by fﬁrther adding 0.30 mmol of undecen-
1-o0l (having been dried over silica alumina and then

vacuum distilled). Then, passing of nitrogen was

" stopped, and ethylene was passed through at a rate of

100 1/hr.

Finally, a toluene sluprylgp;gt;on in which _
0.0016 mmol of dimethylsilylene(2-methyl-4,5-benzo-1-
indenyl) (2, T-di-tert-butylfluorenyl) zirconium
dichloride and 0.4300 mmol of methylaluminoxane had
been contacted at .room temperatﬁre'for 10 minutes was
added to initiate polymerization. After thé
polymerization was conducted at 75°C for 5 minutes at
atmospheric pressure, a small amount of isobutyl
alcohol was added to terminate the polymerization. The
polymer solution obtained was introduced into a large

excess of methanol to precipitate a polymer and then
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vacuum dried at 80°C for 12 hours. As a result, 2.46 g
cf a polymer was obtained. The polymerization activity
was 18.45 kg/mmol-Zr-hr, and [n] of the polymer was
7.89 dl/qg.

Example 45

In.a 500 ml glass polymerization reactor
thoroughly purged with nitrogen, 400 ml of toluene was
placed, then ﬁitrogen was passed through at a rate of
20 1l/hr, and the contents were maintained at 75°C for
10 minutes. Then, a toluene solution of 0.480 mmol of
triethylaiuminum and 0.480 mmol of undecen-l-ol (having
been dried over silica alumina and then vacuum
distilled) having been pretreated at room temperature
fér_lo minutes was'added, followed by further adding
1.1400 mmol of mefhylaluminox;ne. Then, passing of
nitrogen was stopped, and ethylene was passed through
at a rate of 100 1l/hr. | |

Finally, ;.toluene slurry solution in which
0.0020 mmol of dimethylsilylene(2-methyl-4,5~-benzo~-1-
indenyl) (2, 7-di-tert-butylfluorenyl) zirconium
dichloride and 0.4300 mmol of methylaluminoxane had
been contacted at room temperature for 10 minutes was

added to initiate polymerization. After the
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polymerization was conducted at 75°C for 2 minutes at
atmospheric pressure, a small amount of isobutyl
alcohol was added to terminate the polymerization. The
polymer solution obtained was introduced into a large
excess of methanol to precipitate a polymer and then
vacuum dried at 80°C for 12 hours. As a result, 3.63 g
of a polymer was obtained. The polymerization activity

was 36.3 kg/mmol-Zr-hr, and [n] of the polymer was 4.97
dl/g.

Example 46

In a 500 ml glass polymerization feactor
thoroughly purged with nitrogen; 400 mi of toluene was
placed, then nitrqgen was passed through.ét a rate of
20 1/hr, ahd”fﬁé"éoﬁtents.were-maintained at 75°C for
10 minutes. Then, 0.480 mmol of triisobutylaluminum
was added, followed by further ad;ing'0.48 mmol of
undecen-1-ol (having been dried over silica alumina and
then vaéuum distilled). After stirring for 3 minutes,
1.1400 mmol of methylaluminoxane was added, then
passing of nitrogen was stopped, and ethylene was
passed through at a rate of 100 1l/hr.

Finally, a toluene slurry solution in which

0.0017 mmol of dimethylsilylene(2-methyl-4,5-benzo-1-
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indenyl) (2, 7-di-tert~butylfluorenyl)zirconium
dichloride and 0.4300 mmol of methylaluminoxane had
been contacted at room temperature for 10 minutes was
added to initiate polymerization. After the
polymerization was conducted at 75°C for 2.5 minufes at
atmospheric pressure, a small amount of isobutyl
alcohol was added to terminate the polymerization. The
polymer solution obtained was introduced into a large
excess of methaﬁol to precipitate a polymer and then
vacuum dried at 80°C for 12 hours. As a result, 3.00 g
of a polymer was obtained. The polymerization activity

was 42.3 kg/mmol-Zr-hr.

' iﬁ”é’500:ml glass polymerization reactor

fhoroﬁghly'purged with nitrogen, 400 ml of toluene was

placed, then nitrogen was passed through at a rate of

20 llhg, and the contents were maintained at 75°C for
10 minutes. Then, 0.750 mmol of triisobutylaluminum
was added, followed by further adding 0.48 mmol of
undecen-l-aldehyde (having been dried ovér silica

alumina and then vacuum distilled). After stirring for

3 minutes, 1.1400 mmol of methylaluminoxane was added,

then passing of nitrogen was stopped, and ethylene was
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passed through at a rate of 100 1/hr.

Finally, a toluene slurry solution in which
0.0017 mmol of dimethylsilylene{2-methyl-4,5-benzo-1-
indenyl) (2, 7-di-tert-butylfluorenyl) zirconium
dichloride and 0.4300 mmol of methylaluminoxane had
been contacted at room temperature for 10 minutes was
added to initiate polymerization. After the

polymerization was conducted at 75°C for 2.5 minutes at

. atmospheric pressuré, a small amount of isobutyl

alcohol was added to terminate the polymerization. The
polymer solution obtained was introdpced into a large
excess of methanol to precipitate a polymer and then

vacuum dried at 80°C for 12 hours. As a result, 4:.50 g

of a polymer was obtained, The polymerization activity

was 63.5 kg/mmol-Zr-hr.

Example 48

In a 500 ml glass polymerization reactor
thoroughly purged with nitrogén, 400 ml of toluene was
placed, then nitrogen was passed through at a rate of
20 1/hr, and the contents were maintained at 75°C for
10 minutes. Then, 0.480 mmol of triisobutylaiuminum
was added, followed by further adding 0.48 mmol of

decene-l-amine (having been dried over silica alumina
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and then vacuum distilled). After stirring for 3
minutes, 1.1400 mmol of methylaluminoxane was added,
then passing of nitrbgen was stopped, and ethylene was
passed through at a rate of 100 1l/hr.

| Finally, a toluene slurry solution in which
0.0017 mmol of dimethylsilylene(2-methyl-4,5-benzo-1-
indenyl) (2, 7-di-tert-butylfluorenyl) zirconium
dichloride and 0.4300 mmol of methylaluminoxane had
been coﬁtacted at room tempera;ure for 10 minutes was
added to initiate polymerization. After the
polymerization was conducted at 75°C for 2.5 minutes ‘at
atmospherié preésﬁre; a.small amount of iéobut&l
alcohol was added to terminate the polymerization. The
polymer sdlutipn dbtainéd'was int;odﬁqedlinto a iarée :
expess'of mé£ﬁahd;_;orprecipitate a polymer and then
vacuum dried at 80°C for 12 hours. As a result, 0.80 g
of a polymef-ﬁas 6b£ained. The polymerization activity
was 11.3 kg/mmol-Zr-hr.

Examples 49, 50, 51, 52, 53, 54,’55L756, 57 and 58
Polar group-containing olefin copolymers were

prepared under the same conditions as in Example 40,

except that the types and the amounts of the a-olefin

and the polar group-containing monomer, the type and
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the amount of the trialkylaluminum compound, and the
polymerization temperature and the polymerization time
were changed as shown in Table 22. The results are set

forth in Table 22.




419

Table 22
Metallo Co Polymeri
cene Monomer Comonomer MAO | Alkylaluminum | Temp | Time | Yield [n] monomer zation
*1 ' activity
Ex. Feed :
(umol) | Type | rate Type Amount Type | AMOUNE | ecy | (miny | () | (dl/g) | (mol%) *2
(mmol) {rumol) (mmol) (mmol)
allyl .
49 25 ethylene 2 . alcohol 40 1.57 TEA 48 50 105 5.05 0.41 0.33 0.12
allyl
50 25 ethylene 2 alcohol 40 1.57 TIBA 48 50 25 0.95 1.55 1.20 0.09
51 25 ethylene 2 allylamine 40 1.57 TEA 48 50 75 1.52 1.68 0.47 0.05
52_ 25 ethylene 2 allylamine 40 1.57 TIBA 48 50 75 1.26 1.96 0.22 0.04
53 { 2.5 |ethylene| 50 “ndegin"l‘ 40 1.57 | TEA 48 80 5 5.25 [ 0.54 6.56 22.5
nonbornene
54 25 ethylene 50 methanol 40 1.57 TEA 48 50 8 6.25 0.55 0.53 1.50
‘norbornene
55 25 ethylene 20 methylamine 40 1.57 TEA 48 _50 8 3.27 0.55 0.10 - 0.98
i Tetracyclo
56 25 ethylene 50 dodecene 40 1.57 TEA 48 50 8 5.10 0.62 5.13 1.37
methanol
Tetragyclo
57 25 ethylene 20 dodecene 40 1.57 TEA 48 .50 8 3.91 0.58 0.11 1.05
methylamine
58 25 | propylene 100 ?ndegfn'l‘ 4 1.57 | TEA 4.8 50 15 | 2.20 | 0.68 0.93 0.88

*l:dimethylsilylene(Z?methyl-4,5-benzo-1-indenyl)(2,7—di—£ert—butylfluorenyl)zirconium

dichloride

*2: unit:

kg/mmol~Zr-hr
6 MAO: methylaluminoxane, TEA:

triethylaluminum, TIBA: triisobutylaluminum
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- Comparative Example 3

In a 500 ml glass polymerization reactor
thoroughly pufged with nitrogen, 400 ml of toluene was
placed, then nitrogen was passed through at a rate of
20 1/hr, and the contents were maintained at 75°C for
10 minutes. Then, 0.480 mmol of ethylaluminum
sesquichloride was added, followed by further adding
0.48 mmol of dé;ene-l-amine (having been dried over
silica alumina and then vacuum distilled). After
stirring for 3 minutes, 1.1400 mmol of ethylaiuminum
sesquichloride was added, then passing of nitrogen was
stopped, and ethflene.was passed ;hrough atxa rate of
100 1/hr. |

Finally, a toluene slurry solution in which
20.0017 mmol of VO(OCsz)Cl-#nd 0.4300 mmol of
ethylalumiﬂum sesquichloride had been contacted at room

temperature for 10 minutes was added to initiate

polymerization. After the polymerization was conducted

at 75°C for 2.5 minutes at atmospheric pressure, a
small amount of isobutyl alcohol was added to terminate
the polymerization. The polymer solutioﬁ obtained was
introduced into a large'excess of methanol to attempt

precipitation of a polymer, however, any polymer was

not obtained.
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Example 59

In a 2-liter stainless steel (SUS) autoclave
thoroughly purged with nitrogen, 120 g of 1-butene, 880
ml of Mitsui hexane and 1.50 mmol of
triisobutylaluminum were placed. The SUS autoclave was
heated up to 150°C, and 1.140 mmol of methylaluminoxane
was added, followed by further adding 1.350 mmoi of
undecen-l1l-ol (ﬂaving been dried over activated alumina
and then vacuum distilled) represented by the following
formula. With keeping the temperature at 150°C, the
autoclave was. pressurized with ethylene so that the

total pressure became 2.9 MPa-G (30'kg/cm2-G).
44’\\z/“\\/’“\~/’\\v/’\\//0H © ' 'undecen-1-ol

Separately,'into a 20 ml glass flask thoroughly

purged with nitrogen, a toluene slurry solution in

which 0.00075 mmol of dimethylsilylene (2-methyl~4,5-
benzo—l-indenyl}(2,7-di-tert-buty1f1uorenyi)zirconium
dichloride and 0.4300 mmol of methylaluminoxane had
been contacted at room temperature for 10 minutes was
injected with nitrogen, and 600 Nml of hydrogen was
further injected. For the period of 10 minutes after

the injection, the temperature in the autoclave was
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maintained at 150°C and the pressure therein was
maintained at that immediately after the injection by
pressurizing with ethylene. Then, a small amount of
isobutfi alcohol was added to terminate the
polymerization. The polymer solution obtained was
introduced into a large excess of methanol to
precipitate a polymer and then vacuum dried at 80°C for
12 hours. As“a result, 10.40 g of a polymer was
obtained. The polymerization activity was 83
kg/mmol-Zr-hr.

‘Prpperties of the resulting poiar group-

contéining olefin copolymer are set forth in Table 23.

. Example 60

' Eihylenef l-butene and a polar group-containing
monomer were polyﬁerized in the same manner as in
Ekaﬁple SSL except that undecylenic acid represented by

the following formula was used instead of undecen-i—él.

44¢\\/’~\~//\\v//\\¢/ﬁ\1r’OH

0 undecylenic acid

Properties of the resulting polar group-

containing olefin copolymer are set forth in Table 23.
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Example 61

Ethylene, l-butene and a polar group-containing
monomer were polymerized in the same manner as in
Example 59, except that 1;2—epoxy-9-decene represented
by the following formula was used instead of undecen-1-

ol and 550 Nml of hydrogen was used.

44’\\¢/f\\«/’\\v/’\\\<77
0
1, 2-epoxy-9-decene
Properties of the resulting polar group-

containing olefin copolymer are set forth in Table 23.

Example 62

Ethylene, l-butene and a polar group-containihg
monomer were polymerized in the same mannér as in
Example 59, except that (2,7-octadien-l1-yl)}succinic
anhydride represented by the following formula ﬁas uséd

instead of undecen-1-ol and 550 Nml of hydrogen was '

used.
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0

(2, 7-octadien-1-yl) succinic anhydride

Properties of the resulting polar group~

containing oléfin copolymer are set forth in Table 23.

Example 63
Ethylene, propylere ana a polar group-containing
monomer were poiymerized in the same manner as in

Example'62, except that propylene was injected at an

‘initial partial*p:essure of 3 kg/cm2'instead of 1-

butene, hydrogen was not added, and the polymerization
was conducted at .a pqumerization temperature of 80°C.
Properties of the resulting polar group~

containing olefin copplymer are set forth in Table 23.
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Table 23
[constitu|Constitue
Constituent unit
ent unit| nt unit (3) Composition
(1) (1) (molar ratio) Mw MFR Mw/Mn Tap
(g/10
R? ~ Xp (1)*1/ (1)~ (3) : Toort-Top
. _ min)
Ex. 59 [ethylene| 1-butene | CgHye -oH |88/ 11.5.70.5 | 110,000| 4.2 2.8 0
Ex. 60 |ethylene| 1-butene | CgHig -COOH 88.711.75.70.25} 100,000 5.9 2.2 0
Ex. 61 [ethylene| 1-butene | CgHiz ;ﬁgﬁg 88./11.75.70.25| 130,000 | 2.3 2.3 0.05
_ acid
Ex. 62 |ethylene| l1-butene | C¢Hio | anhydride |88./11.750.25| 122,000 2.9 2.2 0.03
group '
: acid
Ex. 63 |ethylene|propylene| CgHio | anhydride |80.719.750.25| 131,000 2.3 2.5 0.02
group

*] : ethylene
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what is claimed is:

1. A polar group-containing olefin copolymer
comprising a constituent unit represented by the
folloﬁing formula (1), a constituent unit represented
by the following formula (2) and a constituent unit
represented by the following formula (3), having a
molecular weight distribution (Mw/Mn) of not more than
3, and having an intensity ratio of Tdﬂ to Too+Tof
(TaB/(Taa+TaB)i, as determined from-a 13c-NMR spectrum

of said copolymer, of not more than 1.0:

"—CHz"‘CH'—‘ —CHz—CH—' _CHz"‘CH"—
R . R? R®
(RO —(X)

e (1) .,.(2)’ | e (3)

wherein Rl and R2 may be the same or different and are
each a hydrogen atom or a straight-chain or branched
aliphatic hydrocarbon group of 1 to 18 carbon atoms; R3
is a.hydrocarbon group; R4 is a hetero atom or a group
containing a hetero atom; r is 0 or 1; X is a polax
group selected from an aicoholic hydroxyl group, a
phenolic hydroxyl group, a carboxylic acid group, a

carboxylic acid ester group, an acid anhydride group,

* c L- M § *
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an amino group, an amide group; an epoxy group and a
mercapto group; p is an integer of 1 to 3; and when p
is 2 or 3, each X may be the same or different, and in
this case, if r is 0, X may be bonded to the same or
different atom of R3, and if r is 1, X may be bonded to

the same or different atom of R4.

2. Thé polar group-containing olefin copolymer
as claimed in claim 1, wherein R3 in the constituent
unit represented by the formula (3) is a hydrocarbon

group of 11 or more carbon atoms.

3. The polar group-containing olefin copolymer
as claimed in claim 1, wherein X in the constituent
unit represented by the formula (3) is a polar groﬁp
selected from a_phenolic.hydgoxyl group, a carboxylic
acid ester group, an acid anhydride group, an aﬁino

group, an amide group, an epoxy group and a mercapto

group.

4, The polar group-containing olefin copol ymer
as claimed in claim 1, wherein Rl in the constituent
unit represented by the formula (1) and RZ in the

constituent unit represented by the formula (2) are

S

A
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each a hydrocarbon group of 2 or more carbon atoms and
the crystallinity of said copolymer, as determined by

X-ray diffractometry, is not less thén 10 %.

5. The polar group-containing olefin copolymer
as claimed in claim 1, wherein Rl in the constituent
unit represented by the formula (1) and R2 in the
constituent uﬁit represented by the formula (2) are
each a hydrocarbon group of 2 or more carbon atoms and
the crystallinity of said copolymer,_as determined by

X-ray diffractometry, is less than 10 $.

6. A branched type polar group-containing
olefin copolymer comprising a constituent unit
represented by the following formula'(i)-and a
constituent unit represented by the’foilowing-formula
(4), and optionally a constituent unit répreséﬁted by
the following formula (5), havin§ a molecular weight
distribution (Mw/Mn)} of not more than 3, and having an
intensity ratio of Taf to Tao+TafB (Tab/(Ta&+Taﬁ)), as
determined from a 13C-NMR spectrum of said copolymer,

of not more than 1.0:

* ¢ L M S I *
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~—CH,—CH— ——CH;—~CH— ——CHy—CH—
R1 R5 R5
| W— ILG),-(—O—'Z)p - il%")m—(W)n
... (1) .oo (4) .o o (5)

wherein Rl is a hydrogen atom or a straight-chain or
branched aliphatic hydrocarbon group of 1 to 18 carbon
atoms; k5 is a hydrocarbon group; R® is a hetero atom
or a group containing a hetero atom; r is 0 or 1; Z is
a polymer segment obtained by any one of anionic
polymerization, ring—openihg polymerization and
polycondensation; W is a hydroxyl group or an epoxy
group; p is an integer of 1 to 3, g is 0, 1 or 2, and

ptg £ 3; when p is 2 or 3, each -0-Z may be the same or

. different, and in this case, if r is.o, -0-Z may be

bonded to the same or different atom- of R®, and if r is
1, -0-Z may be bonded to the same or differeﬁt atom of
R®; when g is 2, each W may be the same or different,
and in this case, if r is 0, W may be bonded to the
same or different atom of RS, and if r is 1, W may be

bonded to the same or different atom of R®; in case of

'~ p21 and g2l, if r is 0, W and ~0O~-Z may be bonded to the

same or different atom of R5, and if r is 1, W and -0-2

-

T
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may be bonded to the same or different atom of R®; m is
0 or 1; n is an integer of 1 to 3; and when n is 2 or 3,
each W may be the same or different, and in this case,
if m is 0, W may be bonded to the same or different

5 atom of R®, and if m is 1, W may be bonded to the same

or different atom of R7.

7. The branched type polar group-containing
olefin copolymer as claimed in claim 6, wherein, in the
10 formula (4), r is 0 and 2 is a polymer segment obtained

by anionic polymerization.

8. The branched type polar group—containing
olefin copolymer as claimed in claim 6, wherein, in the
15° formula (4), Z is a polymer segment obtained- by ring-

opening polymerization or polycondensation.

S. A polar group-containing olefin copolymer
comprising a constituent unit represented by the
20 following formula (1) and a constituent unit
represented by the following formula (6) and,
optionally a constituent unit represented by the
following formula (3), having a molecular weight

distribution (Mw/Mn) of not more than

| AR RO




10

16

20

431

3, and having an intensity ratio of Tof to Tox+Tof
(ToB/ (Tao+TaB) ), as determined from a 13C-NMR spectrum

of said copolymer, of not more than 1.0:

~—CH,—CH— —CH,—CH— R™—()m
L1 é; '
(R*)—(X)p s R—(Y),
ceo (1) e (3) ce . (6)

wherein Rl is a hydrogen atom or a straight~-chain or
branched aliphatic hydrocarbon group of 1 to 18 carbon
atoms; R3 is a hydrocarbon group; k4 is a hetero atom
or a group containing a hetero atom; R7 is a direct
bond or an aliphatic hydrocarbon group of 1 or more
carbon atoms; R8 is a hydrogen atom, a diréct bond or
an aliphatic hydrocarbon group of 1 or mo¥é carbon
atoms; Y isla polar group containing 6 éhd/oi N;:m éﬁd
n are each an integer of 0 to 2, and m+n is not 0; s is
0 or 1; r is 0 or 1; X is a polar group selectéd from
an alcoholic hydroxyl group, a phenolic hydéoxyl group,
a carboxylic acid group, a carboxylic acid ester group,
an acid anhydride group, an amino group, an amide group,
an epoxy group and a mercapto group; p is an integer of

1l to 3; when p is 2 or 3, each X may be the same or

* c L M S *
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different, and in this case, if r is 0, X may be bonded
to the same or different atom of R3, and if r is 1, X

may be bonded to the same or different atom of R%.

10. A process for preparing a polar group
containing olefin copolymer, comprising copolymerizing
at least one o-olefin selectéd from o-olefins of 2 to
20 carbon atoms and at least one polar group-containing
monomer selected from a polar group-containing monomer
;epresented by the following formula (7) and a polar
group~-containing monomer represented by the foliowing
formula (8) in the presence of a catalyst comprising:

() a compound of a transition metal selected
from Group 3 (including lanthanoid and actinoid) to
Group 10 df the periodic table, and |

(B) at least ohe compound selected from:

(B-1) an Jrganocaluminum oxy-compound,
(B;Z) a compound which reacts with the
compound (A) to form an ion pair, and

(B~-3) an organocaluminum compound;

CH,=CH
Ra

|
(RY)e—(X)p
AT

A AR
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wherein R3 is a hydrocarbon group; R4 is a hetero atom
or a group containing a hetero atom; r is 0 or 1; X is
a polar group selected from an alcoheolic hydroxyl group,
a phenolic hydroxyl group, a carboxylic acid group, a
carboxylic acid ester group, an acid anh&dride group,

an amino group, an amide group, an epoxy group and a
mercapto group; p is an integer of 1 to 3; when p is 2
or 3, each X may be the same or different, and in this
case, if r is 0, X may be bonded to the same ér
different atom of R3, and if r is 1, X may be bonded to

the same or different atom of R4;
. I|I[ RL—omn

8

“1s RrR"

wherein R7 is a direct bond or an aliphatic hydrocarbon

... (8)

group of 1 or more carbon atoms; R8 is a hydrogen atom,
a direct bond or an aliphatic hydrocarbon group of 1 or
more carbon atoms; Y is a polar group containing O
and/or N; m and n are each an integer of 0 to 2, and

m+n is not 0; and s is 0 or 1.

* [ L M S *
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11. The process for preparing a polar group-
containing olefin copolymer as claimed in claim 10,
wherein the transition metal compound (&) is
represented by any one of the following formulas (11),
(12), (13), (14), (15) and (16) and the polar group-
containing monomer is a polar group-containing monomer

of the formula (7) wherein X is ~-OH;

1 x2
o

'st R
R R ;;\\rS)

st

Y1
... {11)

wherein Ml is a transition metal atom of Group 4 of the

. periodic table; R25, R26, R27 and R28 may be the same

or difféfent and are eéch a hydrogen atom, a nitrogen4
containing group, a phosphorus-containing group, a
hydrocarbon group of 1 to 20 carbon atoms, a
halogenated hydrocarbon group of 1 to 20 carbon atoms,
an'oxygen—containing group, a sulfur-containing group,
a silicon-containing group or a halogen atom; of the
groups indicated by R25, R26, R27 and R28, a part of
the groups neighboring with each other may be bonded to
form a_ring togethér with carbon atoms to which those

groups are bonded; x1 and X2 may be the same or

* [+ L L] S *
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different and are each a hydrocarbon group of 1 to 20
carbon atoms, a halogenated hydrocarbon group of 1 to
20 carbon atoms, an dxygen—containing group, a sulfur- .
containing group, a silicon-containing group, a
hydrogen atom or a halogen atom; and Yl is a divalent
hydrocarbon group of 1 to 20 carbon atoms, a divalent
halogenated hyarocarbon group of 1 to 20 carbon atoms;
a divalent silicon-~-containing group, a divalent
germanium-containing groﬁp, a divalent tin-containing
group, -0-, -CO-, -S§-, -SO-, -SO2-, -Ge-, -Sn-, -NR21l-,
-P(R21)-, -P(0) (R21)-, -BR?1- or -A1R21- (each R2l may
be the same or different and is a hydrocarbon group of
1 to 20 carbon atoms, a halogenated hydrocarbon group
of 1 to 20 carbon atoms, a hydrogen atom, a halogen
atom or a nitrpgen compound residue in which one or two
hydrocarbon groups of 1 to 20 carbén atoms are bonded

to the nitrogen atom);

Z1

Cp

ee.(12)

wherein Ml is a transition metal atom selected from

Group 4 of the periodic table; Cp is a cyclopentadienyl

[
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group or its derivative that is m-bonded to Ml; zl is a
ligand contéining an oxygen atom, a sulfur atom, a
boron atom or an element of Gioup 14 of the periodic
table; Y! is a ligand containing an atom selected from
a nitrogen atom, a phosphorus atom, an oxygen atom and
a sulfur atom; and each X1 may be the same or different
and is a hydrogen atom, a halogen atom, a hydrocarbon
group which has 20 or less carbon atoms and may contain
1 or more double bonds, a silyl groﬁp containing 20 or
less silicon atoms, a germyl group containing 20 oxr
less germanium atoms or a boronyl group containing 20

or less boron atoms;

e (13)
wherein M} is a transition metal atom selected from
Group 4 of the periodic table; R1l to R14, rR17 to R20,
and R4l may be the same or different and are each a
hydrocarbon group of 1 to 40 carbon atoms, a
halogenated hydrocafbon group of 1 to 40 carbon atoms,

an oxygen-containing group, a sulfur-containing group,

B c - L WM s =
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a silicon-containing group, a halogen atom or a

hydrogen atom; of the groups indicated by Rl?, r12, R13,
R4, R17, R18, R19, R20 and R41, a part of the groups
neighboring with each other may be bonded to form a
ring together with carbon atoms to which those groups

are bonded (except a case where all of R11, r12, Rr13,

R14, r17, r18, R19, R20 and R4l are hydrogen atoms and

a case where R12 or R13 is a tert-butyl group and the
residual R1l, §12, R13, r14, Rrl17, r18, R19, R20 zpngq r41l
are hydrogen atoms); Xl and X2 may be the same or
differenf and are each a hydrocarbon group of 1 to 20
carbon atoms, a halogenated hydrocarbon group of 1 to
20 carbon atoms, an oxygen-containing group, a sulfur-
containing group, a silicon-containing group, a
hydrogen atom or a halogen atom; and Yl is a divalent
hydrocarbon group of 1 to 20 carbon atoms, a divalent
halogenated hydrocarbon group of 1 to 20 carbon atoms,
a divalent silicon-containing group, a divalent
germanium-containing group, a divalent tin-containing
group, -0-, -CO-, -S-, -SO-, -SO2-, -Ge-, -Sn-, -NR21l-,
-pP(R21)-, -P(0) (R21)-, -BR21l- or -alR2?1l- (each R?1l may
be the same or different and is a hydrocarbon group of
1 to 20 carbon atoms, a halogenated hydrocarbon group

of 1 to 20 carbon atoms, a hydrogen atom, a halogen

e

I
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atom or a nitrogen compound residue in which one or two
hydrocarbon groups of 1 to 20 carbon atoms are bonded

to the nitrogen atom):;

5 2 x1 R41
x\ / 41
i M. RY R
R42 sg//
O+
R
R R4
R42 ~ Y1 R41I @ “
R R
10 eos(14)

wherein Ml is a transition metal atom selectgd from
Group 4 of the periodic table; R11, R12, R4l angq R42
may be the same or different and are each a hydrocarbon
group of 1 to 40 carbon atoms, a halogenated

15 hydrocarbon group of 1 to 40 carbdn atoms, an oxygen- '

| containing group, a sulfur-containing-group, -a silicpn—

containing group, a halogen atom or a hydrogen atoﬁ; 6f
the groups indicated by R1l, R12, R4l and R42, a part
of the groups neighboring with eadh other may be bonded

20 to form a ring together with carbon atoms to_wﬁich
those groups are bonded; X! and X2 may be the same or
different and are each a hydr§carbon group of 1 to 20
ca;bon atoms, a halogenated hydrocarbon group of 1 to

20 carbon atoms, an oxygen-containing group, a sulfur-

*= ¢ L W s *x
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containing group, a silicon-containing group, a
hydrogen atom or a halogen atom;.and Yl is a divalent
hydrocarbon group of 1 to 20 carbon atoms (when all of
R11, R12, R4l and R42 are hydrogen atoms, Y! is not
ethylene), a divalent halogenated hydrocarbon group of
1 to 20 carbon atoms, a divalent silicon-containing
group, a divalent germanium-containing group, a
divalent tin-containing group, -0-, -CO-, -S-, -50-, -
s0z2-, -Ge-, -Sn-, -NRZ1-, -p(R21)-, -P(0)(R21)-, -BR21-
or -A1R21- (each R21 ﬁay.be the same or different and
is a hydrocarbon'group of 1 to 20 carbon atoms, a

halogenated hydrocarbon group of 1 to 20 carbon atoms,

_ a hydrogen atom, a halogen atom or a nitrogen compound

residue in which one or two hydrocarbon groups of 1 to

20 carbon atoms are bonded to the nitrogen atom);

.o (15)
wherein Ml is a transition metal atom selected from

Group 4 of the periodic table; R4l and R42 may be the

YR
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same or different and are each a hydrocarbon group of 1
to 40 carbon atoms, a halogenated hydrocarbon group of
1 to 40 carbon atoms, an oxygen-containing.group, a
sulfur-containing group, a silicon-containing group, a
halogen atom or a hydrogen atom; of the groups
indicated by R4l and R42, a part of the groups
neighboring with each other may be bonded to form a
ring together with carbon atoms to which those groups

are bonded; X! and X2 may be the same or different and

are each a hydrocarbon group of 1 to 20 carbon atoms, a

halogenated hydrocarbon group of 1 to 20 carbon atoms,
an oxygen—-containing group, a sulfur-containing group,
a silicon-containing group, a hydrogen atom or a
halogen atom; and yl ié a divalent hydrocarbon group of
1 to 20 carbon atoms, a divalent ﬁalogenated
hydrocarbon group of 1 to 20 carbon atoms, a divalent
silicon-containing group, a divalent germanium-

containing group, a divalent tin-containing group, -0-,

-CO-, -S-, -80-, -802-, -Ge-, -Sn-, -NR2l-, -p(R21)-, -

P{0) (R21)-, -BRZ2l- or -A1RZ1- (each R21 may be the same
or different and is a hydrocarbon group of 1 to 20
carbon atoms, a halogenated hydrocarbon group of 1 to -
20 carbon atoms, a hydrogen atom, a halogen atom or a

nitrogen compound residue in which one or two

* . C - L M - § - %
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hydrocarbon groups of 1 to 20 carbon atoms are bonded

to the nitrogen atom);

... (16)
wherein Ml is é transition metal atom selected from
Group 4 of the periodic table; R1l, Rr12, R15 to R20,
and R42 may be the same or different and are each a
hydrocarbon group of 1 to 46 carbon atoms, a
halogenated hydrocarbon group of 1 to 40 carbon atoms,
anIOXyggnecontaining group, a sulfur-containing group,
a siiicoﬁféoﬂféining group, a halogen atom or a

hydrogen atom; of the groups indicated by R11, R12, Rl15,

- R16, R17, R18, R19, R20 and R%2, a part of the groups

neighboring with each other may be bonded to form a
ring together with carbon atoms ﬁo which those groups
are bonded; X! and X2 may be the same or different and
are each a hydrocarbon group of 1 to 20 carbon atoms, a
halogenated hydrocarbon group of 1 to 20 carbon atoms,
an oxygen~-containing group, a sulfur-containing group,

a silicon-containing group, a hydrogen atom or a

-
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halogen atom; and Yl is a divalent hydrocarbon group of
1 to 20 carbon atoms (when all of Rll, R12, R15, R16,
R17, R18, R19, R20 and R42 are hydrogen atoms, ¥yl is
not ethylene), a divalent halogenated hydrocarbon group
of 1 to 20 carbon atoms, a divalent silicon-containing
group, a divalent germanium-containing group, a
divalent tin—containiﬁg group, -0-, -CO-, -S-, -S0-, -
S02-, -Ge-, -Sn-, -NR2l-, -p(R2})-, -p(0) (R21)-, -BR21-
or -AlR21- (each_R21 may be the same or different and
is a hydrocarboﬁ-group of 1 to 20 carbon atoms, a
halogenated hydrocarbon group of 1 to 20 carbon atoms,
a hydrogen atom, a halogen atom or a nitrogen compound
residue in which one or two hydrocarbon groups of 1 to

20 carbon atoms are bonded to the nitrogen atom).

12. The process for preparing a polar group-
containing olefin copolymer as claimed in claim 10,'
wherein the transition metal compound (A) is
represented by any one of the following formulas (11),
(12), (13), (14), (15) and (16) and the polar group-
Eontaining monomer is a polar group-containing monomer
of the formula (7) wherein X is -NR'R" (R' and R" may
be the same or different and are each a hydrogen atom

or an alkyl group):

R RN B e
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X X
R25 M1 R27
. 28
R28
R25 1
Y .

... (11)
wherein Ml is a transition metal atom of Group 4 of the
periodic table; R25, R26, R27 and R28 may be the same
or different and aré each a hydrogen atom, a nitrogen-
containiﬁg group, a phosphorus-containing group, a
hydrocarbon group of 1 to 20 carbon atoms, a
halogenated hydrocarbon group_of'l.to 20 carbon atoms,
an oxygen-containiﬁg grOup,.a sulfur-containing group,
a silicon~containing group or a halogen atom; of the
groups indicated by R25, R26, R27 and R28, a part of
the groués neighbé:iﬁg with each other may be bonded to
form a ring togethe; with carbon-atoms to which those
groups are bondéa; X1.and x2 may be fhé séme or
different and are each a hjdrocarbon group of 1 to 20
carbon atoms, a halogenated hydrocarbon group of 1 to
20 carbon atoms, an oxygen-containing group; a sulfur-
containing group, a silicon-containing group, a
hydrogen atom or a halogen atom; and Yl is a divalent
hydrocarbon group of 1 to 20 carbon atoms, a divalent

halogenated hydrocarbon group of 1 to 20 carbon atoms,

* c L M [ *
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a divalent silicon-containing group, a divalent
germanium-containing group, a divalent tin-containing
group, -0-, -CO-, -S-, -S0-, -SO2-, -Ge-, -Sn-, -NRZ21l-,
-P(R21)-, -p(0) (R21)-, -BR21- or‘—AlR21-_ (each R?1 may
be the same or different and is a hydrocarbon group of
1 to 20 carbon atoms, a halogenated hydrocarbon group

of 1 to 20 carbon atoms, a hydrogen atom, a halogen

atom or a nitrogen compound residue in which one or two

hydrocarbon groups of 1 to 20 carbon atoms are bonded

to the nitrogen atom):;

2! vt
Cﬁ// M(/
\x12

... (12)

wherein Ml is a transition metal atom selected from

Group 4 of the pefiodiq table; Cp is a cyclopentadienyl

group or its derivative that is m-bonded to M1l; zl is a
1i§and containing an oxygen atom, a sulfur atom, a
boron atom or an element of Group 14 of the periodic
table; Yl is a ligand containing an atqm selected from
a nitrogen atom, a phosphorus atom, an oxygen atom and
a sulfur atom; and each X1 may be the same or different
and is a hydrogen atom, a halogen atom, a hydrocarbon

group which has 20 or less carbon atoms and may contain

e € L MO S o
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1 or more double bonds, a silyl group containing 20 or
\

less silicon atoms, a germyl group containing 20 or

less germanium atoms or a boronyl group containing 20

or less boron atoms;

... (13)
wherein Ml is a transition metal atom selected from
Group 4 of the periodic table; Rl to R14, R17 tq.Rzo,
and R41 may be the same or different and are each a
hydrocarbon group of 1 fo 40 carbon atoms, a
halogenated hydrocarbon group of 1 to 40 carbon étoms,
an oxygen-containing group, a sulfur—contéining.g#oup,
a silicon-containing group, a halogen atom or a
hydrogen atom; of the groups indicated by r11, Rrl2, R13,
r14, r17, r18, R19, R20 and R%1l, a part of the groups
neighboring with each other may be bonded to form a
ring together with carbon atoms to which those groups
are bonded (except a case where all of R1l, R12, R13,
r14, r17, Rr18, R19, R20 and R4l are hydrogen atoms and

a case where R12 or R13 is a tert-butyl group and the

U
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residual R11, R12, R13, Rr14, rl7, R18, R19, R20 and r41
are hydrogen atoms); X! and X2 may be the same or
different and are each a hydrocarbon group of 1 to 20
carbon atoms, a halogenated hydrocarbon grouplof 1 to
5 20 carbon atoms, an oxygen-containing group, a sulfur-
containing group, a silicon-containing group, a
hydrogen atom or a halogen atom; and Yl is a divalent
hydrocarbon group of 1 to 20 carbon atoms, a divalent
halogenated hydrocarbon group of 1 to 20 carbon atoms,
10 a divalent silicon-containing group, a divalent
germanium-containing group, a divalent tin-containing
group, -0-, -CO-, -S-, —-SO-, -SO2-, -Ge-, -Sn-, -NR21l-,
-P(R21)-, -P(0) (R2})-, -BRZ21l- or -A1R21- (each R?l may
be the same or different and is a hydrocarbon group of
16 1 to 20_carbon atoms, a halogenated hydrocarbon group
of 1 to 20 carbon atoms, a hydrogen atom, a halogen
atom or a nitrogen compound residue in which one or two
hydrocarbon grbups of 1 to 20 carbon atoms are bonded

to the nitrogen atom);

20

... (14)
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wherein M! is a transition metal atom selected from
Group 4 of the periodic table; R1l, R12, R4l and R42
may be the same or different and are each a hydrocarbon
group of 1 to 40 carbon atoms, a halogenated
hydrocarbon group of 1 to 40 carbon atoms, an oxygen-
containing group, a sdlfur—containihg group, a silicon-
containing group, a halogen atom or a hydrogen atom; of
the groupé indicated by r11l, r12, R4l and R42, a part
of the groups ﬁeighboring with each other may be bonded
to form a ring together with carbon atoms to which
those groups are bonded; X! and X2 may be the same or
different and are.each a hydrocarbon group of 1 to 20
carbon atoms, a halogenated hydrocarbon group of 1 to
20 carbon atoms, an okygen—containing group, a sulfur-
containing groub, a éilicon-containing group, a
hydrogen atom or a halogen atom; and Y1 is a divalent
hydrocarbon group of 1 to 20 cafbon atoms-(when all of
R11, R12, R4l and R42 are hydrogen atoms, ¥l is not
ethylené), a divalent halogenated hydrobarbon group.of
1 to 20 carbon atoms, a divalent siliconecdntaining
group, a divalent germanium-containiﬁg group, a
divalent tin-containing group, -0-, ~-CO-, -S8-, -50—, -

S02-, -Ge-, -Sn-, -NR21-, -p(R21)-, -p(0) (R21)-, -BR21-

* € - L M s
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or -AlRZ21- (eaéh R21 may be the same or different and
is a hydrocarbon group of 1 to 20 carbon atoms, a
halogenated hydrocarbon group of 1 to 20 carbon atoms,
a hydrogen atom, a halogen atom or a nitrogen compound
b residue in which one or two hydrocarbon groups of. 1 to

20 carbon atoms are bonded to the nitrogen atom);

10

..+ (15)

wherein Ml is é transition metal atom selected from

16 Group 4 of the periodic table; R4l and R42 may be the
séme or différent and are each a hydrocarbon group of 1
to 40 carbon atoms, a halogenated hydrocarbon group of
1 to 40 carbon atoms, an oxygen-containing group, a
sulfur;containing group, a silicon-containing group, a

20 halogen atom or a hydrogen atom; of the grbups
indicated by R4l and R42, a part of the groups
neighboring with each other may be bonded to form a
ring together with carbon atoms to which those groups

are bonded; X1 and X2 may be the same or different and
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are each a hydrocarbon group of 1 to 20 carbon atoms, a
halogenated hydrocarbon group of 1 to 20 carbon atoms,
an oxygen-containing group, a sulfur-containing group,
a silicon-containing group, a hydrogen atom or a
halogen atom; and Y1 is a divalent hydrocarbon group of
1l to 20 carbon atoms, a divalent halogenated
hydrocarbon group of 1 to 20 carbon atoms, a divalent
silicon-containing group, a divalent germanium-
containing group, a divalent tin-containing group, -0-,
-CO-, -S-, -S0-, -SO2-, -Ge-, -Sn-, -NRZl-, -p(R21)-, -
P(O) (R21)-, -BR21l- or -A1R21- (each R2l may be the same
or different and is a hydrocarbon group of 1 to 20

carbon atoms, a halogenated hydrocarbon group of 1 to

- 20 carbon atoms, a hydrogen atom, a halogen atom or a

nitrogen compound residue in which one or two
hydrocarbon groups of 1 to 20 carbon atoms are bonded

to the nitrogen atom);

... (16)

wherein Ml is a transition metal atom selected from
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Group 4 of the periodic table; rR11, R12, R15 ¢o R20,
ana R42 may be the same or different and are each a
hydrocarbon group of 1 to 40 carbon atoms, a ‘
halogenated hydrocarbon group of 1 to 40 carbon atoms,
an oxygen-containing group, a sulfur-containing group,
a silicon-containing group, a halogen atom or a
hydrogen atom; of the groups indicated by R11, r12, R15,
R16, r17, R18. R19 R20 and R42, a part of the groups
neighboring wifh each other may be bonded to form a
ring together with carbon afbms to which those groups
are bonded; X! and X2 may be the same or different and
are each a hydrodarbon group of 1 to 20 carbon atoms, a

halogenated hydrocarbon group of 1 to 20 carbon atoms,

an oxygen-containing group, a sulfur-containing group,

a silicon-containihg gfoup, a hydrogen atom or a .
halogen atom; and Y1 is a divalent hydrocarbon group of
1 to 20 carbon atoms (when all of R11, r12, Rr15, Rr1S6,
R17, R18, R19, R20 and R42 are hydrogen atoms, Yl is
not ethylene), a divalent halogenated hydrocarbon group
of 1 to 20 carbon atoms, a divalent silicon—containing
group, a divalent germanium-containing group, a
divalent tin-containing group, -0-, -CO-, -S-, ~SO-, -
so2-, -Ge-, -Sn-, -NR2l-, -p(R21)~, -p(0) (R21)-, -BR21-

or -Al1R21- (each r21 may be the same or different and

[
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is a hydrocarbon group of 1 to 20 carbon atoms, a

halogenated hydrocarbon group of 1 to 20 carbon atoms,
a hydrogen atom, a halogen atom or a nitrogen coméound
residue in which one or two hydrocarbon groups of 1 to

20 carbon atoms are bonded to the nitrogen atom).

13. A process for preparing a polar group-

containing olefin copolymer, comprising copolymerizing

, at least one o-olefin selected from ¢o-olefins of 2 to

20 carbon atoms and at least one polar group-containing

monomer selected from a polar group-containing monomer
represented by the following formula (7), a polar %
group~containing monomer represented by the following '
formula (85 and a macromonomer represénted by the
following formulé (9) in the presence of a catalyst
comprising: .
() a compound of a transition metal selected
from Group 3 (including lanthanoid and actinoid) to
Group 10 of the periodic table, and
(B) at least one compound selected from:
'(B—l) an organoaluminum oxy-compound,
(B-2) a compound which reacts with the %
compound (A) to form an ion pair, and

(B~3) an organocaluminum compound;

-
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CHy=CH
R3

I
(RY)—(X),
e {T)

b wherein R3 is a hydrocarbon group; R4 is a hetero atom
or a group containing a hetero atom; r is 0 or 1; X is
-OR, -COOR, -CRO, -C(O)NR2, -C(O)R (R is a hydrogen
atom or a hydrocarbon group), an epoxy group, -C=N or -
NR'R" (R' and k" may be the same or different and are

10 each a hydrogen atom or an alkyl group); p is an
integer of ; to 3; and when p is 2 or 3, each X may be
the same or different, and in this case, if-r is 0, X
may be bonded to the same or different atom of R3, and

if r is 1, X may be bonded to the same or different

16 atom of R4;
RL_'.Mm

e R—(Y)
20 R ... (8)
wherein R7 is a direct bond or an alibhatic hydrocarbon
group of 1 or more carbon atoms; RS is a hydrogen atom,
a direct bond or an aliphatic hydrocarbon group of 1 or

more carbon atoms; Y is -OR, -COOR, -CRO, ~-C(O)NR2, -
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C(O)R (R is a hydrogen atom or a hydrocarbon group), an
epoxXy group, —-C=N or -NR'R" (R' and R" may be the same
or different and are éach a hydrogen atom or an alkyl
group); m and n are each an integer of 0 to 2, and m+n

is not 0; and s is 0 or 1;

‘CH,=CH
RS
w)— lla“) —0—2)

«e. (9)
wherein RS is a hydrocarbon group; R® is a hetero atom
or a group containing a hetero atom; r is 0 or 1; % is
a polymer segment obtained by any one of anionic
polynerization, rigg-opening polymerization and
polycondensation; W is a hydroxyl group or an epoxy

group; p is an integer of 1 to 3, g is 0, 1 or 2, and

ptq £ 3; when'p is 2 or 3, each -0-Z may be the same or

| different, and in this case, if r is 0, -0-%Z may be

bonded to the same or different atom of R®, and if r is
1, -0-Z may be bonded to the same or different atom of
R6; when g is 2, each W may be the same or different,
and in this case, if r is 0, W may be bonded to the
same or different atom of RS, and if r is 1, W may be
bonded to the same or different atom of R6; and in  case

of p21 and g21, if r is 0, W and ~-0-Z may be each

,-—__-_____’_’_—_‘—-————'—'
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bonded to the same or different atom of R5, and if r is
1, W and -0-Z may be each bonded to the same or

different atom of RS,

14. A proceés for preparing a brancﬁed type
polar group-containing olefin copolymer, comprising
copolymerizing at least one a-olefin selected from a-
olefins of 2 to 20 carbon atoms, a polar group-
containing ménomer represented by the following formula
(10), and optionally, a polar group-containing monomer
represented by the following formula (8) in the
presence of a catalystlcomprising:

(A) a compound of a transition metal selectéd
from Group 3 (including lénthanoid and actinoid) to
Group 10 of the periodic table, and

(B) at least one compound seleCted_from:

(B-1) an orgahoalﬁminum oxy-compound,
(B—2f a compound which reacts with the
coﬁpound (A) to form an ion pair, and
(B-3) an organocaluminum compound,
and then conducting any one of the following

steps (i) and (ii):
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CH2=CH
R5
|
(R)m—(W)a ... (10)

wherein RS is a hydrocarbon group; R® is a hetero atom
or a group containing a hetero atom; m is 0 or 1; W is
a hydroxyl group or an epoxy group; n is an integer of
1 to 3; and when n is 2 or 3, each W may be the same or
different, and.in this case,  -if m is 0, W may be bonded
to the same or different atom of R5, and if m is 1, W

may be bonded to the same or different atom of R%;

IR
_ ) s Rs'_'(Y)n

wherein R7 is a direct bond or an aliphatic hydrocarbon

)]

group of 1 or more carbon atoms; R8 is'a hydrogen atom,
a direct bond or an aliphatic hydrocarbon group of 1 or
more carbon atoms; Y is -OR, -COOR, -CRO, -C(O)NRp, -
C(OfR (R is a hydrogen atom or a hydrocarbon group), an
epoxy group, -C=N or -NR'R" (R' and R" may be the same
or different and are each a hydrogen atom or an alkyl

group); m and n are each an integer of 0 to 2, and m+n

e S
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is not 0; and s is 0 or 1;

(i) from the W portion of the copolymerized polar
group-containing monomer, a Z portion is formed by
anionic polymerization, ring-opening polymerization or
polycondensation;

(ii) the W portion of the copolymerized polar
group-containing monomer is reacted with a terminal
functional group of a polymer obtained by anionic
polymerization, ring-opening polymerization and

polycondensation.

15. A thermoplastic resin composition . . ]
containing the polar group-containing olefin copolymer

of any one of claims 1 to 9.

16. An adhesive resin comﬁrising the polar
group-containing olefin copolymer of any one of claims

1l to 9.
17. A compatibilizing agent comprising the
polar group-containing olefin COpdlymer of any one of

claims 1 to 9.

18. A resin modifier comprising the polar
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457

group—containihg'olefin copolymer of any one of claims

1l to 9.

19. A filler dispersant comprising the polar
b group-containing olefin copolymer of any one of claims

1 to 9.

20. A dispersion comprising the polar group-

containing olefin copolymer of any one of claims 1 to 9.

10
21. A film-o; a sheet comprising the polar
group-cbntaining olefin copolymer of any one of claims
1 to 8.
15 22. An adhesive resin comprising the
thermbpiastic resin composition of claim 15.
23. A compatibilizing agent comprising the
thermoplastic resin composition of claim 15. |
20

24, A resin modifier comprising the

thermoplastic resin composition of claim 15.

25. A filler dispersant comprising the
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thermoplastic resin composition of claim 15.

26. A dispersion comprising the thermoplastic

resin composition of claim 15.

27. A film or a sheet comprising the

thermoplastic resin composition of claim 15.

) O A PO A



