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(57) ABSTRACT 

The present invention is intended to provide a polar group 
containing olefin copolymer having excellent adhesion 
properties to metals or polar resins and excellent compat 
ibility therewith, a process for preparing the copolymer, a 
thermoplastic resin composition containing the copolymer, 
and uses thereof. The polar group-containing olefin copoly 
mer comprises a constituent unit derived from an O-olefin of 
2 to 20 carbon atoms, and a constituent unit derived from a 
Straight-chain, branched or cyclic polar group-containing 
monomer having at the end a polar group Such as a hydroxyl 
group or an epoxy group and/or a constituent unit derived 
from a macromonomer having at the end a polymer Segment 
obtained by anionic polymerization, ring-opening polymer 
ization or polycondensation. The polar group-containing 
olefin copolymer can be prepared by polymerizing the 
C-olefin with the polar group-containing monomer and/or 
the macromonomer in the presence of a metallocene cata 
lyst. The polar group-containing olefin copolymer and the 
thermoplastic resin composition containing the copolymer 
are used for films, sheets, modifiers, building/civil engineer 
ing materials, automobile exterior trim, electric/electronic 
parts, coating bases, compatibilizing agents, etc. 
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POLAR GROUP-CONTAINING OLEFIN 
COPOLYMER, PROCESS FOR PREPARING THE 
SAME, THERMOPLASTIC RESIN COMPOSITION 
CONTAINING THE COPOLYMER, AND USES 

THEREOF 

FIELD OF THE INVENTION 

0001. The present invention relates to a polar group 
containing olefin copolymer, a process for preparing the 
copolymer, a thermoplastic resin composition containing the 
copolymer and uses thereof. More particularly, 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 

0002 Polyolefins generally have advantages such as 
excellent moldability, heat resistance, mechanical proper 
ties, hygienic qualities, water vapor permeation resistance 
and appearance of molded articles thereof, and hence they 
are broadly used for extrusion molded articles, blow molded 
articles and injection molded articles. 
0003. 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 poly 
olefins have problems of poor Surface hydrophilic properties 
and poor antistatic properties. 
0004) To solve such problems, there has been heretofore 
widely used a method of grafting polar group-containing 
monomers on the polyolefins through radical polymerization 
to enhance affinity for the polar materials. 
0005 Engineering plastics such as nylon have excellent 
heat resistance and Strength, 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 to improve the 
impact resistance. 
0006 The polyolefins, however, contain no polar group 
in the molecule and show low compatibility with polar 
resins, and therefore a method of grafting polar monomers 
on the polyolefins to improve compatibility with the polar 
resins has been heretofore widely used. 
0007. In this method, however, intermolecular crosslink 
ing of polyolefins and breaking of molecular chains take 
place with the graft reaction, and hence Viscosity matching 
of the graft polymer and the polar resin is difficult, and 
Satisfactory compatibility is not obtained in Some cases. 
Further, a gel component produced by intermolecular 
crosslinking or a foreign matter (foreign matter attached to 
a lip of a die) produced by breaking of molecular chains may 
cause bad appearance of the molded products. 
0008. 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-containing 
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monomer using a Ti catalyst or a V catalyst is described. 
According to this process, intermolecular crosslinking and 
breaking of molecular chains hardly take place, but in the 
use of these polymerization catalysts, the resulting copoly 
mer 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 
interface between the copolymer and the polar material may 
be unsatisfactory, and adhesion properties to the polar mate 
rials 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. 
0009. 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 Surface active agent bleeds out 
on the Surface, and after molding, the film Surface Some 
times 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. 
0010. 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 com 
patibility with polar resins and adhesion properties to polar 
resins and metals, and they have also found that the copoly 
mer and the composition have excellent Surface hydrophilic 
properties and antistatic properties. Moreover, the present 
inventors have found the copolymer and the composition 
can be favorably applied to various uses. 
0011 AS a process for preparing an olefin polymer Such 
as an ethylene homopolymer, an ethylene/C-olefin copoly 
mer, a propylene homopolymer or a propylene/C-olefin 
copolymer, a process comprising polymerizing an olefin in 
the presence of a titanium catalyst comprising a Solid 
titanium catalyst component containing magnesium, halo 
gen and an electron donor, and an organoaluminum com 
pound, or a vanadium catalyst comprising a vanadium 
compound and an organoaluminum compound has been 
heretofore known. In the copolymerization of a polar mono 
mer using Such catalyst, there reside problems that the 
molecular weight distribution or the composition distribu 
tion 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 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 organoalumi 
num 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 activity and the 
resulting olefin polymer has narrow molecular weight dis 
tribution and narrow composition distribution. 
0012. As a process for preparing a polyolefin containing 
a polar group, a proceSS using a metallocene catalyst is also 
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known. For example, it is publicly known that polymeriza 
tion of an OH group-containing olefin is conducted using a 
metallocene compound having a ligand of non-crosslinked 
cyclopentadienyl group, crosslinked or non-crosslinked bis 
indenyl group, or ethylene crosslinked unsubstituted indenyl 
group/fluorenyl group, as described in Macromolecules, 28, 
5351 (1995), Macromolecules, 29, 5255 (1966), and Poly 
mer Preprints, Japan, 49(2), 215 (2000). 
0013 If is publicly known that polymerization of an 
olefin having NR (R: alkyl group) as a polar group is 
conducted using a metallocene compound having a ligand of 
non-crosslinked cyclopentadienyl group, crosslinked or 
non-crosslinked bisindenyl group, or crosslinked unsubsti 
tuted indenyl group/cyclopentadienyl group, as described in 
Macromolecules, 31, 2019 (1998) and Macromolecules, 32, 
14(1999). 
0.014) A process using an organometallic compound other 
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 polymer 
ization activity. 
0.015. 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 Pre 
prints, Japan, 49(2), 209 (2000) and Polymer Preprints, 
Japan, 49(2), 209 (2000). 
0016. In the above processes, however, the protective 
group is introduced, and after the reaction, the protective 
group must be removed, So that the operations are compli 
cated. 

0017 Under such circumstances, the present inventors 
have Studied and found that an olefin polymer containing a 
polar group can be prepared with high polymerization 
activity by copolymerizing an olefin and a polar 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 poly 
merization or a Ziegler polymerization catalyst. Based on 
the finding, the present invention has been accomplished. 
0.018. 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 has been 
heretofore unknown. Then, the present 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 

0019. 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 there with, a process for preparing the copoly 
mer, a thermoplastic resin composition containing the 
copolymer and uses thereof. 

SUMMARY OF THE INVENTION 

0020. The first embodiment of the polar group-containing 
olefin copolymer according to the present invention com 
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prises a constituent unit represented by the following for 
mula (1), a constituent unit represented by the following 
formula (2) and a constituent unit represented by the fol 
lowing formula (3), has a molecular weight distribution 
(MW/Mn) of not more than 3, and has an intensity ratio of 
Tof to TO.C.--Tol? (To B/(To C+TO?) as determined from a 
"C-NMR spectrum of said copolymer, of not more than 1.0: 

(1) 
-CH-CH 

l 
(2) 

-CH-CH 

k 
(3) 

-at-y- 
(R') (X), 

0021) wherein R' and R 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; R is 
a hydrocarbon group; R" 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, arlamino 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 R, and if r is 1, X may be bonded 
to the same or different atom of R". 

0022. In the present invention, R in the constituent unit 
represented by the formula (3) is preferably a hydrocarbon 
group of 11 or more carbon atoms. 
0023. In the present invention, X in the constituent unit 
represented by the formula (3) is preferably 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 

0024. In the present invention, it is preferable that R' in 
the constituent unit represented by the formula (1) and R in 
the constituent unit represented by the formula (2) are each 
a hydrocarbon group of 2 or more carbon atoms, preferably 
2 to 18 carbon atoms, and the crystallinity of Said copoly 
mer, as determined by X-ray diffractometry, is not less than 
10%. 

0025) In the present invention, it is preferable that R' in 
the constituent unit represented by the formula (1) and R in 
the constituent unit represented by the formula (2) are each 
a hydrocarbon group of 2 or more carbon atoms, preferably 
2 to 18 carbon atoms, and the crystallinity of Said copoly 
mer, as determined by X-ray diffractometry, is preferably 
less than 10%. 

0026. The second embodiment of the polar group-con 
taining olefin copolymer according to the present invention 
is a branched type copolymer comprising a constituent unit 
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represented by the following formula (1) and a constituent 
unit represented by the following formula (4), and optionally 
a constituent unit represented by the following formula (5), 
having a molecular weight distribution (MW/Mn) of not 
more than 3, and having an intensity ratio of Tof to 
TO.C..+Tol? (To B/(To..C.--To?3)), as determined from a C 
NMR spectrum of said copolymer, of not more than 1.0: 

(1) 
-CH-CH 

(4) 
-CH-CH 

R5 

(5) 
-CH-CH 

R5 

(R') (W), 

0027 wherein R is a hydrogen atom or a straight-chain 
or branched aliphatic hydrocarbon group of 1 to 18 carbon 
atoms; R 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-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+qs3; when p is 2 or 3, each -O-Z 
may be the same or different, and in this case, if r is 0, 
-O-Z may be bonded to the same or different atom of R, 
and if r is 1,-O-Z may be bonded to the same or different 
atom of R; when q 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 pe1 and q21, 
if r is 0, W and -O-Z may be bonded to the same or 
different atom of R, and if r is 1, W and -O-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 0, W may be 
bonded to the same or different atom of R, and if m is 1, W 
may be bonded to the same or different atom of R". 
0028. In the present invention, it is preferable that, in the 
formula (4), r is 0 and Z is a polymer Segment obtained by 
anionic polymerization. 

0029. In the present invention, it is preferable that, in the 
formula (4), Z is a polymer Segment obtained by ring 
opening polymerization or polycondensation. 

0030 The third embodiment of the polar group-contain 
ing olefin copolymer according to the present invention 
comprises a constituent unit represented by the following 
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formula (1) and a constituent unit represented by the fol 
lowing formula (6), and optionally a constituent unit repre 
Sented by the following formula (3), has a molecular weight 
distribution (MW/Mn) of not more than 3, and has an 
intensity ratio of Tof to TO.C.--Tol? (To B/(Tot.C.--Tof)), as 
determined from a "C-NMR spectrum of said copolymer, of 
not more than 1.0: 

(1) 

(3) 

(6) 

0.031) wherein R is a hydrogen atom or a straight-chain 
or branched aliphatic hydrocarbon group of 1 to 18 carbon 
atoms; R is a hydrocarbon group; R" is a hetero atom or a 
group containing a hetero atom; R is a direct bond or an 
aliphatic hydrocarbon group of 1 or more carbon atoms; R 
is a hydrogen atom, a direct bond or an aliphatic hydrocar 
bon 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; 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 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 or different atom of R, and if r is 1, X may be bonded 
to the same or different atom of R". 

0032. The first embodiment of the process for preparing 
a polar group containing olefin copolymer according to the 
present invention comprises copolymerizing at least one 
C-olefin selected from C-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 fol 
lowing formula (7) and a polar group-containing monomer 
represented by the following formula (8) in the presence of 
a catalyst comprising: 

0033 (A) a compound of a transition metal selected 
from Group 3 (including lanthanoid and actinoid) to 
Group 10 of the periodic table, and 

0034) (B) at least one compound selected from: 
0035 (B-1) an organoaluminum oxy-compound, 
0036) (B-2) a compound which reacts with the 
compound (A) to form an ion pair, and 

0037 (B-3) an organoaluminum compound; 
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(7) 
CH2=CH 

(R') (X) 

0038 wherein R is a hydrocarbon group; R 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 car 
boxylic 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 
bonded to the same or different atom of R, and if r is 1, X 
may be bonded to the same or different atom of R"; 

(8) 
R7 (Y) 

S. R8- (Y), 

0039 wherein R7 is a direct bond or an aliphatic hydro 
carbon group of 1 or more carbon atoms; R 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. 

0040. 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 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 or an amino 
grOup, 

(11) 

R25 M R27 

0041) wherein M' is a transition metal atom of Group 4 
of the periodic table; R’, R, R-7 and R may be the same 
or different and are each a hydrogen atom, a nitrogen 
containing group, a phosphorus-containing group, a hydro 
carbon 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-con 
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taining group or a halogen atom; of the groups indicated by 
R°, R, R-7 and R, 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 X 
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 Y 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, -O-, 
CO-, -S-, -SO-, -SO-, --Ge-, -Sn-, 

-NR-, -P(R)-, -P(O)(R)-, -BR- or 
-AIR'-(each R' 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); 

(12) 
Zi-Y1 
/ / CE-M1 

V 
X 

0.042 wherein M' is a transition metal atom selected from 
Group 4 of the periodic table; Cp is a cyclopentadienyl 
group or its derivative that is n-bonded to M'; Z is a ligand 
containing an oxygen atom, a Sulfur atom, a boron atom or 
an element of Group 14 of the periodic table; Y is a ligand 
containing an atom Selected from a nitrogen atom, a phos 
phorus atom, an oxygen atom and a Sulfur atom; and each Xl 
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, 

(13) 

0043 wherein M' is a transition metal atom selected from 
Group 4 of the periodic table; R'' to R', R7 to R', and R' 
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, 
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a Sulfur-containing group, a Silicon-containing group, a 
halogen atom or a hydrogen atom; of the groups indicated by 
R'', R, R', R', R7, R, R', RandR', 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 R', R', R', R', R'7, 
R", R', R'' and R' are hydrogen atoms and a case where 
R' or R' is a tert-butyl group and the residual R'', R', 
R3, R'', R7, R, R', R and R' are hydrogen atoms); 
X and X 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-con 
taining group, a hydrogen atom or a halogen atom; and Y 
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 ger 
manium-containing group, a divalent tin-containing group, 
O-, -CO-, -S-, -SO-, -SO-, --Ge-, 
Sn-, -NR'-, -P(R)-, -P(O)(R)-,-BR'- 

or-AlR'-(each R 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); 

(14) 

0044) wherein M' is a transition metal atom selected from 
Group 4 of the periodic table; R', R', R'' and R' 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 R', 
R', R'' and R', 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 X 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 Y is a divalent hydrocarbon 
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group of 1 to 20 carbon atoms (when all of R', R', R' and 
R' 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, -O-, 
CO-, -S-, -S-, -SO-, --Ge-, -Sn-, 

-NR-, -P(R)-, -P(O)(R)-, -BR- or 
-AIR'-(each R' 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); 

(15) 

0045 wherein M' is a transition metal atom selected from 
Group 4 of the periodic table; R'' and R' 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-con 
taining group, a Silicon-containing group, a halogen atom or 
a hydrogen atom; of the groups indicated by R'' and R', 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 X 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 
atomns, an OXygen-containing group, a Sulfur-containing 
group, a Silicon-containing group, a hydrogen atom or a 
halogen atom; and Y 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, -O-, -CO-, -S-, -SO-, 
SO-, Ge-, Sn-, NR-, P(R)-, 

-P(O)(R)-, -BR- or –AllR - (each R 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 hydrocar 
bon groups of 1 to 20 carbon atoms are bonded to the 
nitrogen atom); 
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(16) 

R17 

R18 

0046) wherein M' is a transition metal atom selected from 
Group 4 of the periodic table; R'', R, R to R', and R' 
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 
R'', R, R', R, R7, R, R', RandR', 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 X 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-con 
taining group, a hydrogen atom or a halogen atom; and Y 
is a divalent hydrocarbon group of 1 to 20 carbon atoms 
(when all of R1, R12, R1, R1, R17, R1, R19, R20 and R2 
are hydrogen atoms, Y is not ethylene), a divalent haloge 
nated hydrocarbon group of 1 to 20 carbon atoms, a divalent 
Silicon-containing group, a divalent germanium-containing 
group, a divalent tin-containing group, -O-, -CO-, 
S-, -SO-, -SO-, --Ge-, -Sn-, -NR-, 

-P(R)-, -P(O)(R)-,-BR-or-AlR-(each 
R 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). 

0047. 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 (11), (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). 

0.048. The second embodiment of the process for prepar 
ing a polar group-containing olefin copolymer according to 
the present invention comprises copolymerizing at least one 
C-olefin selected from C-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 fol 
lowing formula (7), a polar group-containing monomer 
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represented by the following formula (8) and a macromono 
mer represented by the following formula (9) in the presence 
of a catalyst comprising: 

0049 (A) a compound of a transition metal selected 
from Group 3 (including lanthanoid and actinoid) to 
Group 10 of the periodic table, and 

0050 (B) at least one compound selected from: 
-1) an Organoaluminum OXy-COmpOund, O051 (B-1 9. lumi y pound 

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

0053 (B-3) an organoaluminum compound; 

(9) 
CHFCH 

(W), (R) -O-Z) 

0054 wherein R 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 poly 
merization, ring-opening polymerization and polycondensa 
tion; 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+qs3; when p is 2 or 
3, each -O-Z may be the same or different, and in this 
case, if r is 0, -O-Z may be bonded to the same or 
different atom of R, and if r is 1, -O-Z may be bonded 
to the same or different atom of R; when q 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; and in 
case of pe1 and q21, if r is 0, W and -O-Z may be each 
bonded to the same or different atom of R, and if r is 1, W 
and -O-Z may be each bonded to the same or different 
atom of R. 

0055. The third embodiment of the process for preparing 
a branched type polar group-containing olefin copolymer 
according to the present invention comprises copolymeriZ 
ing at least one olefin selected from C-olefins of 2 to 20 
carbon atoms, a polar group-containing monomer repre 
Sented by the following formula (10), and optionally, a polar 
group-containing monomer represented by the above for 
mula (8) in the presence of a catalyst comprising: 

0056 (A) a compound of a transition metal selected 
from Group 3 (including lanthanoid and actinoid) to 
Group 10 of the periodic table, and 

0057 (B) at least one compound selected from: 
0.058 (B-1) an organoaluminum oxy-compound, 

0059 (B-2) a compound which reacts with the 
compound (A) to form an ion pair, and 

0060 (B-3) an organoaluminum compound, 
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0061 and then conducting any one of the following 
Steps (i) and (ii); 

(10) 
CHFCH 

(R), (W), 

0062) wherein R 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 R, and if m is 1, W may be bonded to the 
same or different atom of R; 

0063 (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; 

0064 (ii) the W portion of the copolymerized polar 
group-containing monomer is allowed to react with 
a terminal functional group of a polymer obtained by 
anionic polymerization, ring-opening polymeriza 
tion and polycondensation. 

0065. The thermoplastic resin composition according to 
the present invention contains the polar group-containing 
olefin copolymer. 
0.066 The adhesive resin according to the present inven 
tion comprises the polar group-containing olefin copolymer 
or the thermoplastic resin composition. 
0067. The compatibilizing agent according to the present 
invention comprises the polar group-containing olefin 
copolymer or the thermoplastic resin composition. 
0068 The resin modifier according to the present inven 
tion comprises the polar group-containing olefin copolymer 
or the thermoplastic resin composition. 
0069. The filler dispersant according to the present inven 
tion comprises the polar group-containing olefin copolymer 
or the thermoplastic resin composition. 
0070 The dispersant according to the present invention 
comprises the polar group-containing olefin copolymer or 
the thermoplastic resin composition. 
0071. The film or the sheet according to the invention 
comprises the polar group-containing olefin copolymer or 
the thermoplastic resin composition. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0.072 The polar group-containing olefin copolymer, the 
proceSS for preparing the copolymer, the thermoplastic resin 
composition containing the copolymer and their uses 
according to the invention are described in detail hereinafter. 
0.073 Polar Group-containing Olefin Copolymer 
0.074 The first embodiment of the polar group-containing 
olefin copolymer of the invention comprises a constituent 
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unit represented by the following formula (1) (also referred 
to as a “constituent unit (1)' hereinafter), a constituent unit 
represented by the following formula (2) (also referred to as 
a “constituent unit (2) hereinafter) and a constituent unit 
represented by the following formula (3) (also referred to as 
a “constituent unit (3)” hereinafter). 

(1) 
-CH-CH 

l 
(2) 

-CH-CH 

k 
(3) 

-at-y- 
(R') (X), 

0075). In the above formulas, R' and R 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. 

0076 Examples of the straight-chain or branched ali 
phatic hydrocarbon groups of 1 to 18 carbon atoms include 
methyl, ethyl, n-propyl, isopropyl, 2-methylpropyl, n-butyl, 
isobutyl, Sec-butyl, tert-butyl, 1,1-dimethylpropyl, 2,2-dim 
ethylpropyl, pentyl, neopentyl, n-hexyl, 1-ethyl-1-methyl 
propyl, 1,1-diethylpropyl, 2-ethylhexyl, octyl, decY and 
dodecyl. Of these, preferable are hydrocarbon groups of 1 to 
10 carbon atoms, particularly 1 to 6 carbon atoms. 
0077 R is a hydrocarbon group, such as a saturated or 
unsaturated aliphatic hydrocarbon group, an alicyclic hydro 
carbon group or an aromatic hydrocarbon group. 
0078. The saturated or unsaturated hydrocarbon group is, 
for example, a Straight-chain or branched hydrocarbon 
group of 1 to 20 carbon atoms, and examples thereof include 
methylene, ethylene, trimethylene, methylethylene, tetram 
ethylene, methyltrimethylene, pentamethylene, hexamethyl 
ene, heptamethylene, octamethylene, nonamethylene, deca 
methylene, undecamethylene, dodecamethylene, 
tetradecamethylene, pentadecamethylene, hexadecamethyl 
ene, heptadecamethylene, octadecamethylene, nonadecam 
ethylene and eicosamethylene. 
0079 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. 

0080. The aromatic hydrocarbon group is preferably a 
group having an aromatic ring as a part of its structure and 
having 6 to 20 carbon atoms, and examples thereof include 
Ph-, Ph-CH-, Ph-(CH), Ph 

(CH) , Ph-(CH) , Ph-(CH), Ph 
(CH)-, -Ph-(CH)- and -Ph-(CH) 
0081) When r is 1 and R is bonded to R, the valence of 
R is 2. When r is 0 and each X of p is bonded to R, the 
valence of R is p+1. 
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0082) R' is a hetero atom or a group containing a hetero 
atOm. 

0.083. The hetero atom is, for example, an oxygen atom, 
a nitrogen atom or a Sulfur atom, preferably an oxygen atom 
or a nitrogen atom. 
0084. The group containing a hetero atom is, for 
example, a group containing an oxygen atom, a nitrogen 
atom or a Sulfur atom, and examples thereof include -O-, 
C(=O)-, C(=O)C)-, OC(=O)C)—, 

-C(=O)NH-, -NH-, (tertiary amine), -S-, and ali 
phatic, alicyclic or aromatic hydrocarbon groups containing 
these groups. 
0085 Specifically, there can be mentioned such struc 
tures as exemplified with respect to the later-described polar 
group-containing monomers. 
0086) The hetero atom in R' or the carbon atom to which 
the hetero atom is bonded is preferably bonded to R, and 
examples of such structures include -R-O-R-X, 
R-C(=O)-R-X, -R-C(=O)0-R-X, -R 

OC(=O)C-R-X, R-C(=O)NH-R-X and 
-R-S-R-X (R is methylene, phenylene or cyclohexy 
lene). 
0087. When R' contains a carbon atom, 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. 
0088 r is 0 or 1. When r is 0, X is bonded to any one of 
carbon atoms for forming R. When r is 1, X is bonded to 
any one of carbon atoms for forming R". 
0089 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 (primary, Secondary and tertiary), an 
amide group, an epoxy group and a mercapto group. 
0090 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 dispers 
ibility, moisture absorption properties, gas barrier properties 
(in case of high content), water absorption properties (in 
case of high content of alcoholic hydroxyl group), dispers 
ibility in water and oil resistance (in case of high content of 
alcoholic hydroxyl group). 
0.091 When X 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.). 
0092. When X is a carboxyl group, the polar group 
containing olefin copolymer is excellent in adhesion prop 
erties to metals, dispersibility in water (particularly in case 
of metallic salt), pigment dispersibility, filler dispersibility 
and oil resistance (in case of high content of carboxyl 
group). 
0093. When X is a carboxylic ester group, the polar 
group-containing olefin copolymer is excellent in adhesion 
properties to polar resins (nylon, EVOH, etc.), compatibility 
with polar resins (nylon, EVOH, etc.) and surface hydro 
philic properties. 
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0094. When X is an epoxy group, the polar group 
containing olefin copolymer is excellent in adhesion prop 
erties to metals, adhesion properties to polar resins (poly 
ester, epoxy resin, nylon, EVOH, urea resin, etc.), 
compatibility with polar resins (polyester, epoxy resin, 
nylon, EVOH, urea resin, etc.), pigment dispersibility and 
coating properties. 

0095. When X is an acid anhydride group, the polar 
group-containing olefin copolymer is excellent in adhesion 
properties to metals, adhesion properties to polar resins 
(nylon, EVOH, polyester, etc.), compatibility with polar 
resins (nylon, EVOH, polyester, etc.), pigment dispersibility, 
filler dispersibility and dispersibility in water (particularly in 
case of metallic salt). 
0096. When X is an amino group, the polar group 
containing olefin copolymer is excellent in adhesion prop 
erties to polar resins (epoxy resin, polyketone, polyurethane, 
etc.), coating properties, antifungal properties (in case of 
ammonium salt), ion exchange properties (in case of ammo 
nium salt), Surface hydrophilic properties (particularly in 
case of ammonium salt), antistatic properties (particularly in 
case of ammonium salt), pigment dispersibility and filler 
dispersibility (particularly in case of ammonium salt). 

0097 When X is an amide group, the polar group 
containing olefin copolymer is excellent in adhesion prop 
erties to polyamide and compatibility with polyamide. 

0098. When X is a mercapto group, the polar group 
containing olefin copolymer is excellent in adhesion prop 
erties 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. 

0099 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 R, and 
when p is 2 or 3 and r is 1, X may be bonded to the same 
or different atom of R". 

0100. 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. 
0101 Composition of Copolymer 

0102) In the polar group-containing olefin copolymer of 
the invention, the molar ratio ((1)+(2):(3)) between the total 
of the constituent 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 prefer 
ably 99.9:0.1 to 30:70. 

0103) 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. 

0104. 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 (2), and may contain two or more kinds of the 
constituent units (3). 
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0105. Other Copolymerizable Components 

0106 The polar group-containing olefin copolymer of the 
invention may contain constituent units other than the con 
Stituent unit (1), the constituent unit (2) and the constituent 
unit (3), within limits not detrimental to the objects of the 
present invention. 

0107 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 com 
pounds, amino group-containing ethylenically unsaturated 
compounds, epoxy group-containing ethylenically unsatur 
ated compounds, aromatic vinyl compounds, unsaturated 
carboxylic acids and their derivatives, vinyl ester com 
pounds, and vinyl chloride. 

0108. 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 all constituent units to constitute the polar 
group-containing olefin copolymer. 

0109 Properties of Copolymer 

0110. 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 
1,500,000, more preferably 1,000 to 1,300,000, and the 
molecular weight distribution (MW/Mn) thereof is usually 
not more than 3, preferably not more than 2.8, more pref 
erably not more than 2.7. 

0111) When the molecular weight distribution (Mw/Mn) 
is not more than 3, the polar group-containing olefin copoly 
mer is excellent in orientation of the polar groups toward the 
interface between Said copolymer and a polar material and 
has excellent adhesion properties to a polar material and 
excellent compatibility with a polar material. 

0112) The Mw and Mw/Mn were determined from data 
obtained by the measurement at 140 C. in an orthodichlo 
robenzene Solvent using GPC (gel permeation chromatog 
raphy). 

0113. The intensity ratio (To B/(To C+To?3)) of Tol? to 
TO.C..+Tof in the 'C-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. 

0114. When the intensity ratio (To B/(Toto.--To?)) 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. 

0115 TO.C. and Tol? in the 'C-NMR spectrum are each 
a peak intensity of CH2 present in the constituent unit 
derived from an O-olefin of 4 or more carbon atoms, and as 
shown below, they mean two kinds of CH2 different in the 
position to the tertiary carbon. 

Oct. 24, 2002 

Toto. 
R R 

-C-C-C-C- 
H H H H 

Tof 

0116. The Tolf/(Toto.--To?) intensity ratio can be deter 
mined in the following manner. 

0117). A 'C-NMR spectrum of the polar group-contain 
ing olefin copolymer is measured by the use of, for example, 
a Japan Electron Optics Laboratory JEOL-GX270 NMR 
measuring device. The measurement is made using a mixed 
solution of hexachlorobutadiene/d6-benzene (2/1, by vol 
ume) having a sample concentration of 5 weight% under the 
conditions of 67.8 MHz, 25 C. and d6-benzene aas a 
standard (128 ppm). The C-NMR spectrum measured is 
analyzed in accordance with the proposals by Lindemann 
Adams (Analysis Chemistry 43, p. 1245 (1971)) and J. C. 
Randall (Review Macromolecular Chemistry Physics, C29, 
201 (1989)) to determine the Tolf/(To.C..+To?) intensity 
ratio. 

0118. Examples of the polar group-containing olefin 
copolymer according to the first embodiment of the inven 
tion include the following polar group-containing olefin 
copolymers (I) to (VI). 

0119 Polar Group-containing Olefin Copolymer (I) 

0120 In the polar group-containing olefin copolymer (I), 
it is preferable that R' in the formula (1) and R in the 
formula (2) are each a hydrogen atom or a methyl group and 
R" and R are the same as each other. 

0121. In the polar group-containing olefin copolymer (I), 
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) 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, 1-G, 1-H, 1-I, 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-I, 2-J, 2-K, 2-L and 2-M. 

0122) The above combinations are those wherein R' and 
Rare the same as each other, and the constituent units (1) 
include the constituent units (2). 

0123. In the above-mentioned combination examples, 
numerals indicate examples of the constituent units (1), and 
alphabets indicate examples of the constituent units (3). 
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0.124. 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, compat 
ibility and flexibility. 
0125 Polar Group-containing Olefin Copolymer (II) 
0.126 In the polar group-containing olefin copolymer (II), 
R" in the formula (1) and R in the formula (2) are different 
from each other. 

0127. 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 

No. Constituent unit (1), (2) 

1. —culti- -CH-CH 
H CH 

2 -CH-CH- - -CH2-CH 

H HC-CH 

3 -CH-CH- -CH-CH 

H HC-C-C-CH 
H2 H2 

4 -CH-CH- -CH-CH 
H 

H HC-C -CH 
CH 

5 -CH-CH- —culti 
H HC-(CH2-)-CH 

6 -CH-CH- —cil-ti 
H CH 

7 -CH-CH- - -CH-CH 

CH HC-CH2 
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from examples of the constituent units (3) shown in Table 2. 
Specific examples of Such combinations include combina 
tions 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-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-I, 
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-I, 4-J, 4-K, 4-L, 4-M, 5-A, 5-B, 5-C, 5-D, 5-E, 5-F, 5-G, 
5-H, 5-, 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, 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-L and 7-M. 

0128. 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). 

TABLE 2 

No. Constituent unit (3) 

A. -CH- ti 
HO-C-C-CH 

H2 H2 

B —cil-ti 
HO-C-(CH2)3CH 

H2 

C -at-i- 
HO-C-(CH-CH 

H2 

D -at-i- 
HO-C-(CH-CH 

H2 

E —cil-ti 
HO-C-(CH2-CH2 

H2 

-CH-CH- F —cil-ti 
HC-CH HOOC-C-C-CH 

H2 H2 

G -CH-CH 

HOOC-5 - (CH2)2-CH2 2 

H -CH-CH 

HOOC-(CH-i-CH, 2 

-CH- ti 
HOOC-(CH-in-CH, 2 

J 

-CH-CH 
Pan 
cCH-CH-)s-CH, 
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TABLE 2-continued 

No. Constituent unit (1), (2) 

0129. It is preferable that the polar group-containing 
olefin copolymer (II) 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 par 
ticularly preferably formed from only the constituent unit 
(1), the constituent unit (2) and the constituent unit (3). 
0130. The polar group-containing olefin copolymer (II) 
according to the invention is excellent in adhesion properties 
to polar materials. Such as metals and polar resins, compat 
ibility and flexibility. 
0131 Polar Group-containing Olefin Copolymer (III) 
0.132. In the polar group-containing olefin copolymer 
(III), R in the formula (3) is a hydrocarbon group of 11 or 
more carbon atoms. 

0133. In the polar group-containing olefin copolymer 
(III), a preferred combination of the constituent unit (1), the 

No. Constituent unit (1), (2) 

-CH-CH 

2 -CH-CH 

CH 

No. Constituent unit (3) 

K O 
V 
CN 
/ CH, 
O H. H. 
\ld H-C-C-C-C-C-dH, 
C H H2 H2 
M 
O 

-CH-CH 

L O 
V 
C / NCH, -CH-CH 
V CH-C-CEC--CH 
o- (i. H H 2 
M 4 
O 

M -CH-CH 

to-()--i-cult 2 

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 (2) shown in Table 
3 and a constituent unit 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-A, 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. 
0.134. 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 R and Rare 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) or the constituent units (2) 
are contained. 

0135) 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). 

TABLE 3 

No. Constituent unit (3) 

-CH-CH 

-CH-CH 

HOOC-(CH-in-CH, 2 



TABLE 3-continued 

No. Constituent unit (1), (2) 
3 

-CH-CH 

HC-CH2 

4 

-CH-CH- - -CH2-CH 

H CH 

5 

-CH-CH- - -CH-CH 

H HC-CH 

6 

-CH-CH- -CH-CH 

H HC-C-C-CH2 
H2 H2 

7 -CH-CH- -CH-CH 
H 

H HC-C -CH 
CH 

8 -CH- ti- —culti 
H HC-(CH2-)-CH 

9 -CH- H -CH- H -CH-CH 
H CH HC-CH 

10 -CH- ti- -CH- ti 
CH HC-CH 

0136. 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 phenolic hydroxyl group or an amino 
group, the polar group-containing olefin copolymer is par 
ticularly preferably formed from only the constituent unit 
(1), the constituent unit (2) and the constituent unit (3). 
0137 The polar group-containing olefin copolymer (III) 
according to the invention is excellent in adhesion properties 
to polar materials. Such as metals and polar resins and 
compatibility. 

0138 Polar Group-containing Olefin Copolymer (IV) 
0.139. 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. 

Oct. 24, 2002 

No. Constituent unit (3) 
C 

O 

\ / NCH, -CH-CH 
O 

-its-ii) in 
O 

0140 
(IV), a preferred combination of the constituent unit (1), the 

In the polar group-containing olefin copolymer 

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) shown in Table 4 and 
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-C, 2-D, 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-A, 9-B, 9-C, 9-D, 10-A, 10-B, 10-C 
and 10-D. 

0141) The above combinations are those wherein R' and 
R are the same as each other, and the constituent units (1) 
include the constituent units (2). 
0142. In the above-mentioned combination examples, 
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) 

1 -CH-CH 

h 
2 -CH-CH 

CH 

3 -CH-CH 

HC-CH 

4 -CH-CH- - -CH-CH 

H CH 

5 -CH-CH- - -CH-CH 

h to-ri, 
6 -CH-CH- -CH-CH 

h tic---n, 
7 -CH-CH- -CH-CH 

H ic--in, 
CH 

8 -CH-CH- -CH-CH 

h ic-cuttle, 
9 -CH-CH- - -CH2-CH- -CH-CH 

h lu, HC-CH 
10 -CH-CH- - -CH-CH 

l, to-ri, 

0143. 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. 

0144 Polar Group-containing Olefin Copolymer (V) 

0145. In the polar group-containing olefin copolymer 
(V), R in the formula (1) and R 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%. 

No. Constituent unit (3) 

A. -CH-CH 
PS 
cCH-(-CH3)s CH, 

HC 

B O 
V 
/NCH, -CH-CH 
O H. H. 
\ld H-C-C=-C-C-dH, 
C H2 H2 H2 
M 
O 

C O 

V 
CN 

M fl. -ch-i- O 
M -d H-fc-C=CA-d-H C-1 (i. H f) 2 
/ 4 
O 

D -CH-CH 

to-( )--- (CH-CH 2 

0146 The crystallinity can be measured by X-ray dif 
fractometry (in accordance with S. L. AGGARWAL, J. 
Polymer Sci., 18, 17 (1955)) or the like. 

0147 The stereoregularity (isotacticity) of the polar 
group-containing olefin copolymer (V) is usually not less 
than 20%, preferably 30 to 100%, more preferably 40 to 
100%. 

0.148. 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 
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examples of the constituent units (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-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. 

Oct. 24, 2002 

0149) The above combinations are those wherein R' and 
R are the same as each other, and the constituent units (1) 
include the constituent units (2). 
0150. In the above-mentioned combination examples, 
numerals indicate examples of the constituent units (1), and 
alphabets indicate examples of the constituent units (3). 

TABLE 5 

No. Constituent unit (1) No. Constituent unit (3) 

-CH-CH 

HC-CH2 

-CH-CH 

HC-C-CH 
3 CH 2 

-CH-CH 

-CH-CH 

HO--(CH-CH, 2 

-CH-CH 

HO-C-(CH2) -CH2 
H 

D -CH-CH 

HO-C-(CH2) -CH2 
H 

E -CH-CH 

HO-- (CH2)9-CH2 
2 

F -CH-CH 

HOOC-C-C-CH 
H2 H2 

G -CH-CH 

HOOC-(CH-CH, 2 

H -CH-CH 

HOOC-(CH-i-CH, 2 

I -CH-CH 

HOOC-(CH-in-CH, 2 

J -CH-CH 

PN CH-CHs (H, 
HC 

K O 
V 
CN 
/ CH2 

O H. H. 
\ld H-C-C=-C-C-dH, 
C H2 H2 H2 
M 
O 

-CH-CH 
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TABLE 5-continued 

No. Constituent unit (1) No. Constituent unit (3) 

L O 

\ 
/ St. —ct-- O 
M -d H-fc-C=CA-H o1 (i. H $). 2 
M 4 
O 

M 

to-( )--- (CH2)3CH2 2 

0151. 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, compat 
ibility and rigidity. 
0152 Polar Group-containing Olefin Copolymer (VI) 
0153. In the polar group-containing olefin copolymer 
(VI), R' in the formula (1) and R 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%, 
preferably not more than 5%, more preferably not more than 
2%. 

0154 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 par 

No. 

1. -CH-CH 

HC-C-C-CH 

HC- (CH2) CH2 

-CH-CH 

Constituent unit (1) 

-CH-CH 

ticularly preferably formed from only the constituent unit 
(1), the constituent unit (2) and the constituent unit (3). 
O155 In the polar group-containing olefin copolymer 
(VI), 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) 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, 1-G, 1-H, 1-I, 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-I, 2-J, 2-K, 2-L and 2-M. 

0156 The above combinations are those wherein R and 
Rare the same as each other, and the constituent units (1) 
include the constituent units (2). 
O157. In the above-mentioned combination examples, 
numerals indicate examples of the constituent units (1), and 
alphabets indicate examples of the constituent units (3). 

TABLE 6 

No. Constituent unit (3) 

A. -CH- ti 
HO-C-C-CH 

H2 H2 

-CH-CH 

HO--(CH-CH, 2 

-CH-CH 

HO-C-(CH-CH 
H 

-CH-CH 

HO-C-(CH-CH 
H 

-CH-CH 

HO--(CH3-CH, 2 
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No. Constituent unit (1) 
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TABLE 6-continued 

No. Constituent unit (3) 

-CH-CH 

HOOC-C-C-CH 
H2 H2 

-CH-CH 

HOOC-i- (CH2)2 -CH2 2 

-CH-CH 

HOOC-(CH-CH, 2 

-CH-CH 

HOOC-(CH-i-CH, 2 

-CH-CH 
PS 
cCH-(-CH3)s CH, 

HC 

K 

O 
V 
/NCH, -CH-CH 
O H H 
Mild H-C-8=-C-Q-dH, 
C H H2 H2 
/ 
O 

L 

O 

\ 
/ St. —cu-H O 
\ -d H-fc-C=CA-H 
o1 (i. H. H. 2 
M 4 
O 

M -CH-CH 

to-( )--- (CH2)2-CH2 
0158 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, compat 
ibility, tackiness and flexibility. 
0159. The second embodiment of the polar group-con 
taining olefin copolymer of the invention is a branched type 
polar group-containing olefin copolymer comprising a con 
Stituent unit represented by the in following formula (1) and 
a constituent unit represented by the following 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)). 

W- (R6) O-Z) 

Oct. 24, 2002 

(1) 

(4) 
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-continued 
(5) 

-CH-CH 

R5 

0160 The constituent unit represented by the formula (1) 
is identical with the aforesaid constituent unit (1). 
0161). In the formulas (4) and (5), R is a hydrocarbon 
group, Such as a Saturated or unsaturated hydrocarbon group, 
an alicyclic hydrocarbon group or an aromatic hydrocarbon 
group, and examples of Such hydrocarbon groups include 
the same groups as previously described with respect to R 
in the formula (3). 
0162) In the formula (4), when r is 1 and R is bonded to 
R, the valence of R is 2. When r is 0 and each-O-Z of 
p or each W of q is bonded to R, the valence of R is p+q+1. 
0163) In the formula (5), when m is 1 and R is bonded 
to R, the valence of R is 2. When m is 0 and each W of n 
is bonded to R, the valence of R is n+1. 
0164. Although R in the formula (4) and R in the 
formula (5) may be the same or different, they preferably are 
the same as each other. 

0165) 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 R' in the formula (3). 
0166 In the formula (4), the hetero atom in R or the 
carbon atom to which the hetero atom is bonded is prefer 
ably bonded to R, and examples of such structures include 
R-O-R-O-Z, -R-C(=O)-R-O-Z, -R 

C(=O)0-R-O-Z, R-OC(=O)0-R-O-Z, 
R-C(=O)NH-R-O-Z and -R-S-R-O-Z 

(R is methylene, phenylene or cyclohexylene). The above 
examples are those wherein p is 1 and q is 0 in the formula 
(4), and the same shall apply to other cases. 
0167. In the formula (5), the hetero atom in R or the 
carbon atom to which the hetero atom is bonded is prefer 
ably bonded to R, and examples of such structures include 
R-O-R-W, R-C(=O)-R-W, R 

C(=Q)O-R-W, -R-OC(=O)C-R-X, -R 
C(=O)NH-R-W and -R-S-R-W (R is methylene, 
phenylene or cyclohexylene). The above examples are those 
wherein n is 1 in the formula (5), and the same shall apply 
to other cases. 

0168 When 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. 
0169. Although R in the formula (4) and R in the 
formula (5) may be the same or different, they preferably are 
the same as each other. 

0170 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 R. When 
r is 1, -O-Z is bonded to any one of carbon atoms for 
forming R. 
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0171 In the formula (5), m is 0 or 1. When m is 0, W is 
bonded to any one of carbon atoms for forming R. When m 
is 1, Wis bonded to any one of carbon atoms for forming R. 
0172 In the formula (4), Z is a polymer segment obtained 
by anionic polymerization, ring-opening polymerization or 
polycondensation. 

0173 Examples of the polymer segments include seg 
ments obtained by anionic polymerization of one or more 
monomerS Selected from methyl methacrylate, ethyl meth 
acrylate, butyl acrylate, acrylonitrile and acrylamide, Seg 
ments obtained by ring-opening polymerization of lactone, 
lactide, Siloxane, lactam, cyclic ether, oxazoline, ethylene 
oxide, propylene oxide, etc., and Segments obtained by 
polycondensation of monomers, Such as polycarboxylic acid 
and polyhydric alcohol, polycarboxylic acid and polyamine, 
or hydroxycarboxylic acid. 

0.174 Examples of polar monomers employed in forma 
tion of the polymer Segment include: 

0175 (meth)acrylic acid esters, such as monoesters of 
monovalent alcohols and acrylic acid or methacrylic 
acid, Specifically, 

0176 methylacrylate, methylmethacrylate, ethylacry 
late, propylmethacrylate, butylacrylate, 2-ethylhexyl 
methacrylate, 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, allylacry 
late, allylmethacrylate, cyclohexylmethacrylate, gly 
cidylacrylate, glycidylmethacrylate, tetrahydrofurfury 
lacrylate, benzylacrylate and |B 
phenylethylmethacrylate; 

0177 monoesters 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, 1-methoxy-2-pro 
pylmethacrylate, 3-methoxypropylacrylate, 4-ethoxy 
butylmethacrylate, 6-methoxyhexamethylacrylate, 
methoxydiethyleneglycolacrylate, phenoxydipropyle 
neglycolimethacrylete, ethoxytripropyleneglycol 
methacrylate, ethoxypolyethyleneglycolacrylate and 
methoxypolypropyleneglycolmethacrylate; 

0.178 polyvalent esters of a divalent or more alcohol 
and acrylic acid or methacrylic acid, Such as ethyleneg 
lycoldiacrylate, ethyleneglycoldimethacrylate, propy 
leneglycoldiacrylate, propyleneglycoldimethacrylate, 
1,3-propanediol dimethacrylate, 1,4-butanediol diacry 
late, 1,6-hexanediol dimethacrylate, neopentylglycol 
diacrylate, neopentylglycol dimethacrylate, diethyl 
eneglycol diacrylate, dipropyleneglycol dimethacry 
late, triethyleneglycol dimethacrylate, tripropylenegly 
col diacrylate, polyethyleneglycol diacrylate, 
polypropyleneglycol diacrylate, polypropyleneglycol 
dimethacrylate, glycerintriacrylate, glycerintri 
methacrylate, pentaerythritol tetramethacrylate, dipen 
taerythritol hexaacrylate, trimethylolpropane triacry 
late, poly(ethyleneoxido)triol triacrylate, 
poly(propyleneoxido)triol triacrylate and poly(propy 
leneoxido)triol trimethacrylate; 
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0179 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 acry 
late, 5-tetrahydrofurfuryloxycarbonylpentyl methacry 
late and 2,2,6,6-tetramethyl-4-oxy-5-oxa-heptane-1,7- 
diyl-diacrylate; 

0180 esters of alcohols having a cyclic acetal linkage 
and acrylic acid or methacrylic acid, Such as 2-tertial 
butyl-1,3-dioxycyclopentane-2-ylmethacrylate and 
2-tertial-butyl-5-ethyl-5-vinylcarbonyloxymethyl-1,3- 
dioxycyclohexane-2 (2)-ylacrylate; 

0181 esters of oxysuccinimide and acrylic or meth 
acrylic acid, Such as N-oxySuccinimido acrylate and 
N-oxySuccinimido methacrylate; 

0182 esters of an alcohol having a secondary amino 
group and acrylic acid or methacrylic acid, Such as 
2-dimethylaminoethyl acrylate and 2-ethylpropylami 
noethyl methacrylate; and 

0183 esters of an alcohol having a cyano group and 
acrylic acid or methacrylic acid, Such as 2-cyanoethyl 
acrylate and 2-cyanopropylmethacrylate. 

0184 Examples of (meth)acrylonitriles include acryloni 
trile and methacrylonitrile. 

0185. Acrylamides include acrylamide, N-monosub 
stituted or N,N-disubstituted acrylamides, for example, 
acrylamide; 

0186 N-monosubstituted acrylamides, such as N-me 
thylacrylamide, N-ethylacrylamide, N-propylacryla 
mide, N-butylacrylamide, N-octylacrylamide, N-phe 
nylacrylamide, N-glycidylacrylamide and N,N'- 
ethylenebisacrylamide; 

0187 N,N-disubstituted monoacrylamides, such as 
N,N-dimethylacrylamide, N-ethyl-N-methylacryla 
mide, N,N-diethylacrylamide, N,N-di-n-propylacryla 
mide, N,N-dioctylacrylamide, N,N-diphenylacryla 
mide, N-ethyl-N-glycidylacrylamide, N,N- 
diglycidylacrylamide, N-methyl-N-(4- 
glycidyloxybutyl)acrylamide, N-methyl-N-(5- 
glycidyloxypentyl)acrylamide, N-methyl-N-d(6- 
glycidyloxyhexyl)acrylamide , N-acryloylpyrrolidine, 
N-acryloyl-L-prolinemethylester, N-acryloylpiperi 
dine, N-acryloyl morpholine and 1-acryloylimidazole; 
and 

0188 N,N'-disubstituted bisacrylamides, such as N,N'- 
diethyl-N-N'-ethylenebisacrylamide, N,N'-dimethyl-N, 
N'-hexamethylenebisacrylamide and di(N,N'-ethyl 
ene)bisacrylamide. 

0189 Examples of vinylpyridines include vinyl- or iso 
propenyl-Substituted pyridines, Such as 2-Vinylpyridine, 
2-isopropenylpyridine and 4-vinylpyridine. 
0190. Examples of N-Substituted maleimide include: 

0191) N-aliphatic-substituted maleimides, such as 
N-methylmaleimide and N-ethylmaleimide; and 

0.192 N-aromatic-substituted maleimides, such as 
N-phenylmaleimide and N-(4-methylphenyl)maleim 
ide. 
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0193 Examples of vinyl ketones include: methyl vinyl 
ketone, isopropenyl methyl ketone, ethyl vinylketone, ethyl 
isopropenyl ketone, butyl vinyl ketone and phenyl vinyl 
ketone. 

0194 Examples of styrene derivatives include: p-meth 
oxycarbonyl Styrene, p-tertiary-butoxycarbonyl Styrene and 
p-cyano Styrene. 

0.195 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 oxide, cyclohexene oxide, epichlo 
rohydrin, epibromohydrin, methylglycidylether, allylgly 
cidylether and phenylglycidylether. Of these, 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. 

0196. Of these, preferable are polymer segments obtained 
by anionic polymerization of (meth)acrylic esters and poly 
mer Segments obtained by ring-opening polymerization of 
ethylene oxide or propylene oxide. 

0197) There is no specific limitation on the molecular 
weight of the polymer Segment, and for example, the 
weight-average molecular weight is in the range of 200 to 
1,000,000, preferably 500 to 100,000. 

0198 When Z is polyethylene oxide or polypropylene 
oxide, the polar group-containing olefin copolymer is excel 
lent 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 Z). 
0199 When Z is PMMA, the polar group-containing 
olefin copolymer is excellent in Surface hardness, adhesion 
properties to metals, pigment dispersibility, filler disperS 
ibility, 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. 

0200 When Z is polyacrylonitrile or polyacrylamide, the 
polar group-containing olefin copolymer is ark... excel 
lent 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, poly 
ester, etc.), compatibility with the polar resins, dispersibility 
in water, biocompatibility, Stimulation response, moisture 
absorption properties and water absorption properties. 

0201 When Z is polyethyl methacrylate or polybutyl 
acrylate, the polar group-containing olefin copolymer is 
excellent in adhesion properties to metals, adhesion prop 
erties to polar resins (acrylic resin, nylon, EVOH, etc.), 
compatibility with the polar resins and oil resistance. 

0202) When Z is polyamide (including ring-opening 
polymer of lactam), the polar group-containing olefin 
copolymer is excellent in adhesion properties to polar resins 
(polyamide, etc.), compatibility with the polar resins, gas 
barrier properties and oil resistance. 
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0203) When Z is polyester (including ring-opening poly 
mer 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. 

0204. In the formula (4), p is an integer of 1 to 3, and 
when p is 2 or 3, each-O-Z may be the same or different. 
When p is 2 or 3 and r is 0, -O-Z may be bonded to the 
same or different atom of R. When p is 2 or 3 and r is 1, 
-O-Z may be bonded to the same or different atom of R. 
0205. In the formulas (4) and (5), W is a hydroxyl group 
or an epOXy group. 

0206 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. 

0207. In the formula (4), q is 0, 1 or 2, and when q 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 R. 

0208. In case of pe1 and q21, when r is 0, W and 
-O-Z may be each bonded to the same or different atom 
of R, and when r is 1, Wand-O-Z may be each bonded 
to the same or different atom of R, and p+qs3. 
0209. 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 is 0, W may be bonded to the same or 
different atom of R. When n is 2 or 3 and m is 1, W may 
be bonded to the same or different atom of R. 

0210. In the second embodiment of the polar group 
containing olefin copolymer of the invention, the constituent 
unit (1), the constituent unit (4), and optionally, the con 
Stituent unit (5) are bonded usually at random. 
0211 Composition of Copolymer 
0212. 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 10:90, more preferably 99.9:0.1 to 30:70. The 
molar 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. 

0213 The second embodiment of the polar group-con 
taining 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 (4), and may contain two 
or more kinds of the constituent units (5). 
0214. 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 
constituent unit Selected from examples of the constituent 
units (1) shown in Table 7, a constituent unit selected from 
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examples of the -R-(R)-O-portions and examples 
of the Z portions of constituent units (4) shown in Table 7, 
and a constituent unit Selected from examples of the con 
stituent units (5) shown in Table 7. Specific examples of 
Such combinations include combinations of: 

numerals indicate examples of the constituent units (1), A, B 
and C indicate examples of the -R-(R)-O-portions 
of the constituent units (4), Z1 to Z7 indicate examples of the 
Zportions of the constituent units (4), and a, b and C indicate 
examples of the -R-(R), Wi-portions of the con 
stituent units (5). 
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0216. Other Copolymerizable Components 
0217. 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. 

0218. 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), non-conjugated 
polyenes, hydroxyl group-containing ethylenically unsatur 
ated compounds, amino group-containing ethylenically 
unsaturated compounds, epoxy group-containing ethyleni 
cally unsaturated compounds, aromatic Vinyl compounds, 
unsaturated carboxylic acids and their derivatives, Vinyl 
ester compounds, and Vinyl chloride. 

0219. 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 all constituent units to constitute the polar 
group-containing olefin copolymer. 

0220 Properties of Copolymer 

0221) 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 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. 

0222. When the molecular weight distribution (MW/Mn) 
is not more than 3, the polar group-containing olefin copoly 
mer is excellent in orientation of the polar groups toward the 
interface between Said copolymer and a polar material and 
has excellent adhesion properties to a polar material and 
excellent compatibility with a polar material. 

0223) The intensity ratio (To B/(To..C.--To..f3)) of Tol? to 
T(O.C.--Tol? in the C-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. 

0224. When the intensity ratio (To B/(To C+To?)) 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. 

0225. The second embodiment of the polar group-con 
taining 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 properties, oil resistance, biocompat 
ibility, dispersibility in water, dispersibility in Solvent, pig 
ment dispersibility, filler dispersibility, transparency, 
mechanical Strength and moldability. 

0226. The third embodiment of the polar group-contain 
ing olefin copolymer of the invention comprises a constitu 
ent 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). 
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(1) 

(3) 

(6) 

0227. The constituent unit represented 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 constituent unit (3). 
0228. In the third embodiment of the polar group-con 
taining 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). 

(3') 
-CH-CH 

(X) 

0229). In the formula (3), R is a hydrocarbon group, 
preferably a hydrocarbon group of 1 to 20 carbon atoms, 
more preferably a hydrocarbon group of 3 to 20 carbon 
atOmS. 

0230 p is an integer of 1 to 3, preferably 1. 
0231 X is a polar group containing O and/or N, prefer 
ably -OR, -COOR, -CRO, -NR, an epoxy group, 

-CNR - OCR 
| | 
O O 

0232 (R is hydrogen or hydrocarbon group) -C=N, 
-OH, -COOH or NH. 
0233. The constituent unit represented by the formula (3') 
is, for example, a constituent unit derived from the polar 
group-containing monomer represented by the following 
formula (7). 
0234) In the formula (6), R is a direct bond or an 
aliphatic hydrocarbon group of 1 or more carbon atoms, 
preferably a direct bond or a hydrocarbon group of 1 to 10 
carbon atoms. 

0235 R is a hydrogen atom, a direct bond or an aliphatic 
hydrocarbon group of 1 or more carbon atoms, preferably a 
direct bond or a hydrocarbon group of 1 to 10 carbon atoms. 
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0236 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'. 
0237 m and n are each an integer of 0 to 2, and m+n is 
not 0. S is 0 or 1. 

0238. The constituent unit represented by the formula (6) 
is, for example, a constituent unit derived from the polar 
group-containing monomer represented by the following 
formula (8). 
0239). In the third embodiment of the polar group-con 
taining olefin copolymer of the invention, the constituent 
unit (1), the constituent unit (3) and the constituent unit (6) 
are bonded usually at random. 
0240 Composition of Copolymer 
0241. In the third embodiment of the polar group-con 
taining olefin copolymer of the invention, the molar ratio 
((1):(3)+(6)) between the constituent unit (1) and the total of 
the constituent unit (3) and the constituent unit (6) 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 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 
99.99:0.01, preferably 0:100 to 99:1, more preferably 0:100 
to 90:10. 

0242. The third embodiment of the polar group-contain 
ing 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). 
0243. Other Copolymerizable Components 
0244. The polar group-containing olefin copolymer of the 
invention may contain constituent units other than the Con 
Stituent unit (1), the constituent unit (3) and the constituent 
unit (6), within limits not detrimental to the objects of the 
present invention. 
0245 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 (8) or (7), non-conju 
gated polyenes, hydroxyl group-containing ethylenically 
unsaturated compounds, amino group-containing ethyleni 
cally unsaturated compounds, epoxy group-containing eth 
ylenically unsaturated compounds, aromatic vinyl com 
pounds, unsaturated carboxylic acids and their derivatives, 
Vinyl ester compounds, and Vinyl chloride. 

0246 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 all constituent units to constitute the polar 
group-containing olefin copolymer. 
0247 Properties of Copolymer 
0248 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. 
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0249. When the molecular weight distribution (Mw/Mn) 
is not more than 3, the polar group-containing olefin copoly 
mer is excellent in orientation of the polar groups toward the 
interface between Said copolymer and a polar material and 
has excellent adhesion properties to a polar material and 
excellent compatibility with a polar material. 
0250) The intensity ratio (Tolf/(To C+Tof)) of Tol? to 
TO.C..+To B in the 'C-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. 
0251 When the intensity ratio (To B/(To C+To?)) 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. 
0252) The third embodiment of the polar group-contain 
ing olefin copolymer of the invention is excellent in adhe 
Sion properties to metals and polar materials Such as polar 
resins, compatibility and flexibility. 

ProceSS for Preparing Polar Group-containing 
Olefin Copolymer 

0253) The first embodiment of the process for preparing 
a polar-group containing olefin copolymer according to the 
invention comprises copolymerizing at least one C-olefin 
Selected from C-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 repre 
sented by the following formula (8) in the presence of an 
olefin polymerization catalyst comprising: 

0254 (A) a compound of a transition metal selected 
from Group 3 (including lanthanoid and actinoid) to 
Group 10 of the periodic table, and 

0255 (B) at least one compound selected from: 
0256 (B-1) an organoaluminum oxy-compound, 
0257) (B-2) a compound which reacts with the 
compound (A) to form an ion pair (Sometimes 
referred to as an "ionizing ionic compound here 
inafter), and 

0258 (B-3) an organoaluminum compound. 
0259 When a polar group-containing monomer repre 
sented by the following formula (7) is used as the polar 
group-containing monomer in the invention, the aforesaid 
first embodiment of the polar group-containing olefin 
copolymer is obtained. When a polar 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. 

0260 First, the components for forming the olefin poly 
merization catalyst used in the invention are described. 

(A) Transition Metal Compound 
0261) The transition metal compound (A) for use in the 
invention is a compound of a transition metal Selected from 
Group 3 (including lanthanoid and actinoid) to Group 10 of 
the periodic table. 
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0262 Examples of transition metals selected from Group 
3 (including lanthanoid and actinoid) to Group 10 of the 
periodic table include Scandium, titanium, Zirconium, 
hafnium, Vanadium, niobium, tantalum, palladium, nickel, 
cobalt, rhodium, yttrium, chromium, molybdenum, tung 
Sten, manganese, rhenium, iron and ruthenium. Of these, 
preferable are Scandium, titanium, Zirconium, hafnium, 
Vanadium, niobium, tantalum, palladium, nickel, cobalt and 
rhodium. Particularly preferable are titanium, Zirconium and 
hafnium. 

0263. 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 inven 
tion. 

0264. Examples of the transition metal compounds (A) 
preferably used are any compounds represented by the 
following formulae (11) to (16). 
0265. The transition metal compound represented by the 
formula (11) is described below. 

(11) 

R26 Y1 R28 

0266) In the above formula, M' 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 hafnium, pref 
erably Zirconium. 
0267 R’, R, R-7 and R 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. 

0268 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 phe 
nylamino, diphenylamino, ditolylamino, dinaphthylamino 
and methylphenylamino. 
0269. Examples of the phosphorus-containing groups 
include phosphino groups, Such as dimethylphosphino and 
diphenylphosphino. 
0270. Examples of the hydrocarbon groups of 1 to 20 
carbon atoms include alkyl groups, cycloalkyl groups, alk 
enyl groups, arylalkyl groupS and aryl groups. More spe 
cifically, there can be mentioned alkyl groups, Such as 
methyl, ethyl, propyl, butyl, hexyl, octyl, nonyl, dodecyl and 
eicosyl, cycloalkyl groups, Such as cyclopentyl, cyclohexyl, 
norbornyl and adamantyl; alkenyl groups, Such as Vinyl, 
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propenyl and cyclohexenyl, arylalkyl groups, Such as ben 
Zyl, phenylethyl and phenylpropyl; and aryl groups, Such as 
phenyl, tolyl, dimethylphenyl, trimethylphenyl, ethylphenyl, 
propylphenyl, biphenylyl, naphthyl, methylnaphthyl, 
anthryl and phenanthryl. 
0271 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. 
0272 Examples of the oxygen-containing groups include 
hydroxyl group; alkoxyl groups, Such as methoxy, ethoxy, 
propoxy and butoxy, aryloxy groups, Such as phenoxy, 
methylphenoxy, dimethylphenoxy and naphthoxy; and ary 
lalkoxyl groups, Such as phenylmethoxy and phenylethoxy. 
0273 Examples of the sulfur-containing groups include 
groups wherein oxygen is replaced with Sulfur in the above 
mentioned OXygen-containing groups, Sulfonate groups, 
Such as methylsulfonate, trifluoromethaneSulfonate, phenyl 
Sulfonate, benzylsulfonate, p-toluenesulfonate, trimethyl 
benzeneSulfonate, triisobutylbenzeneSulfonate, p-chlo 
robenzeneSulfonate and pentafluorobenzeneSulfonate, and 
Sulfinate groups, Such as methylsulfinate, phenylsulfinate, 
benzylsulfinate, p-toluenesulfinate, trimethylbenzeneSulfi 
nate and pentafluorobenzeneSulfinate. 
0274 Examples of the Silicon-containing groups include 
monohydrocarbon-Substituted Sillyls, Such as methylsilyl and 
phenylsilyl, dihydrocarbon-Substituted Sillyls, Such as dim 
ethylsilyl and diphenylsilyl; trihydrocarbon-substituted 
silyls, Such as trimethylsilyl, triethylsilyl, tripropylsilyl, tri 
cyclohexylsilyl, triphenylsilyl, dimethylphenylsilyl, methyl 
diphenylsilyl, tritolylsilyl and trinaphthylsilyl; silyl ethers of 
hydrocarbon-substituted silyls, such as trimethylsilyl ether; 
Silicon-Substituted alkyl groups, Such as trimethylsilylm 
ethyl, and Silicon-Substituted aryl groups, Such as trimeth 
ylsilylphenyl. 

0275 Examples of the halogen atoms include a fluorine 
atom, a chlorine atom, a bromine atom and an iodine atom. 

0276) Of the groups indicated by R, R, R-7 and R, 
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. 

0277 R’, R, R-7 and R are each shown at two 
positions, and for example, R and R may be the same 
groups or different groups. Of the groups indicted by R to 
R, the groups with the same symbols are a preferred 
combination of groups which are linked to form a ring. 
0278 Examples of the rings formed from a part of the 
neighboring groups out of R, R, R7 and R together 
with carbon atoms to which those groups are bonded include 
condensed rings, Such as benzene ring, naphthalene ring, 
acenaphthene ring and indene ring, and groups wherein 
hydrogen atoms on these rings are replaced with alkyl 
groupS Such as methyl, ethyl, propyl and butyl. 

0279. Of these, preferable is a hydrocarbon group of 1 to 
20 carbon atoms or a hydrogen atom, and particularly 
preferable is a hydrocarbon group of 1 to 4 carbon atoms 
Such as methyl, ethyl, propyl or butyl, a benzene ring formed 
by bonding of a hydrocarbon group, or a group wherein a 
hydrogen atom on a benzene ring formed by bonding of a 
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hydrocarbon group is replaced with an alkyl group Such as 
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl or tert 
butyl. 

0280 X" and X may 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-containing group, Silicon 
containing group, hydrogen atom or halogen atom as 
described above with respect to R, R, R-7 and R. Of 
these, preferable is a halogen atom, a hydrocarbon group of 
1 to 20 carbon atoms or a Sulfonate group. 

0281) Y 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-con 
taining group, -O-, -CO-, -S-, -SO-, -SO-, 
Ge-, -Sn-, -NR'-, -P(R)-, -P(O)(R)-, 

-BR- or -AIR- (each R' 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 or a halogen atom). 

0282) Examples of the divalent hydrocarbon groups of 1 
to 20 carbon atoms include alkylene groups, Such as meth 
ylene, dimethylmethylene, 1,2-ethylene, dimethyl-1,2-eth 
ylene, 1,3-trimethylene, 1,4-tetramethylene, 1,2-cyclohexy 
lene and 1,4-cyclohexylene; and arylalkylene groups, Such 
as diphenylmethylene and diphenyl-1,2-ethylene. 

0283 Examples of the divalent 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 chloromethylene. 

0284 Examples of the divalent silicon-containing groups 
include alkylsilylene groups, Such as Sillylene, methylsi 
lylene, dimethylsilylene, diethylsilylene, di(n-propyl)si 
lylene, di(i-propyl)silylene, di(cyclohexyl)silylene, meth 
ylphenylsilylene, diphenylsilylene, di(p-tolyl)silylene and 
di(p-chlorophenyl)silylene; alkylarylsilylene groups, arylsi 
lylene groups, alkyldisilylene groups, Such as tetramethyl 
1,2-disilylene and tetraphenyl-1,2-disilylene; alkylaryldisi 
lylene groups, and aryldisilylene groups. 

0285) Examples of the divalent germanium-containing 
groups include groups wherein Silicon is replaced with 
germanium in the above-mentioned divalent Silicon-contain 
ing groups. 

0286 Examples of the divalent tin-containing groups 
include groups wherein Silicon is replaced with tin in the 
above-mentioned divalent Silicon-containing groups. 

0287) R' is the same hydrocarbon group of 1 to 20 
carbon atoms, halogenated hydrocarbon group of 1 to 20 
carbon atoms or halogen atom as described above with 
respect to R, R, R7 and R, or a nitrogen compound 
residue in which one or two hydrocarbon groups of 1 to 20 
carbon atoms are bonded to the nitrogen atom. 

0288 Of these, a substituted silylene group, such as 
dimethylsilylene, diphenylsilylene or methylphenylsilylene, 
is particularly preferable as Y'. 

Oct. 24, 2002 

0289 Examples of the transition metal compounds rep 
resented by the formula (11) include 

0290 ethylene-bis(indenyl)dimethyl zirconium, 
0291 ethylene-bis(indenyl)Zirconium dichloride, 
0292 ethylene-bis(indenyl)Zirconium-bis(trifluo 
romethaneSulfonate), 

0293 ethylene-bis(indenyl)Zirconium-bis(methane 
Sulfonate), 

0294 ethylene-bis(indenyl)Zirconium-bis(p-toluene 
Sulfonate), 

0295) ethylene-bis(indenyl)Zirconium bis(p-chlo 
robenzenesulfonate), 

0296 ethylene-bis(4,5,6,7-tetrahydroindenyl)Zirco 
nium dichloride, 

0297 isopropylidene-bis(cyclopentadienyl)fluore 
nylzirconium dichloride, 

0298 isopropylidene-bis(cyclopentadienyl)(methylcy 
clopentadienyl)Zirconium dichloride, 

0299 dimethylsilylene-bis 
nium dichoride, 

(cyclopentadienyl)Zirco 

0300 dimethylsilylene-bis(methylcyclopentadi 
enyl)Zirconium dichloride, 

0301 dimethylsilylene-bis(dimethylcyclopentadi 
enyl)Zirconium dichloride, 

0302) dimethylsilylene-bis(trimethylcyclopentadi 
enyl)Zirconium dichloride, 

0303 dimethylsilylene-bis (indenyl)Zirconium dichlo 
ride, 

0304 dimethylsilylene-bis(indenyl)Zirconium-bis(trif 
luoromethaneSulfonate), 

0305 dimethylsilylene-bis(4,5,6,7-tetrahydroinde 
nyl)Zirconium dichloride, 

0306 dimethylsilylene-bis(cyclopentadienyl)(fluore 
nyl)Zirconium dichloride, 

0307 diphenylsilylene-bis(indenyl)Zirconium dichlo 
ride, 

0308 methylphenylsilylene-bis(indenyl)Zirconium 
dichloride, 

0309 rac-dimethylsilylene-bis(2,3,5-trimethylcyclo 
pentadienyl)Zirconium dichloride, 

rac-dimethylsilylene-bis(2,4,7-trimethylcyclo O310 dimethvlsilvlene-bis(2.4.7-trimethvlcvcl 
pentadienyl)Zirconium dichloride, 

0311 rac-dimethylsilylene-bis(2-methyl-4-tert-butyl 
cyclopentadienyl)Zirconium dichloride, 

0312 isopropylidene-(cyclopentadienyl)(fluore 
nyl)Zirconium dichloride, 

0313 dimethylsilylene-(3-tert-butylcyclopentadienyl 
)(indenyl)Zirconium dichloride, 

0314 isopropylidene-(4-methylcyclopentadienyl)(3- 
methylindenyl)Zirconium dichloride, 

0315 isopropylidene(4-tert-butylcyclopentadienyl)(3- 
methylindenyl)Zirconium dichloride, 

0316 isopropylidene(4-tert-butylcyclopentadienyl)(3- 
tert-butylindenyl)Zirconium dichloride, 
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0317 dimethylsilylene-(4-methylcyclopentadienyl)(3- 
methylindenyl)Zirconium dichloride, 

0318 dimethylsilylene-(4-tert-butylcyclopentadi 
enyl)(3-methylindenyl)Zirconium dichloride, 

0319 dimethylsilylene-(4-tert-butylcyclopentadi 
enyl)(3-tert-butylindenyl)Zirconium dichloride, 

0320 dimethylsilylene-(3-tert-butylcyclopentadi 
enyl)(fluorenyl)Zirconium dichloride, 

0321 isopropylidene-(3-tert-butylcyclopentadi 
enyl)(fluorenyl)Zirconium dichloride, 

0322 N,N-diphenylaminoboryliden-bis(cyclopentadi 
enyl)Zirconium dichloride, 

0323 N,N-dinaphthylaminoboryliden-bis(cyclopenta 
dienyl)Zirconium dichloride, 

0324 N,N-dimethylaminoboryliden-bis(cyclopentadi 
enyl)Zirconium dichloride and 

0325 N-methyl-N-phenylaminoboryliden-bis(cyclo 
pentadienyl)Zirconium dichloride. 

0326. Also available are compounds wherein zirconium 
is replaced with titanium or hafnium in the above-mentioned 
compounds. 
0327. The transition metal compound represented by the 
formula (11) is more specifically a transition metal com 
pound represented by the following formula (11a) or (11b). 

(11a) 

X2 X1 
33 33 

R R32 Y R32 R 
R34 1 R34 

R35 R35 

R36 Y1 R36 

0328. In the above formula, M' is a transition metal atom 
of Group 4 of the periodic table, Specifically Zirconium, 
titanium or hafnium, preferably Zirconium. 
0329 Each R 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-hexY and cyclohexyl; and 
alkenyl groups, Such as Vinyl and propenyl. Of these, 
preferable are alkyl groups whose carbon atoms bonded to 
indenyl groups are primary carbon atoms, more preferable 
are alkyl groups of 1 to 4 carbon atoms, and particularly 
preferable are methyl and ethyl. 
0330) R, R, R and R 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 R. 
0331 Each R 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 phenyl, (C-naphthyl, 
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B-naphthyl, anthryl, phenanthryl, pyrenyl, acenaphthyl, phe 
nalenyl, aceanthrylenyl, tetrahydronaphthyl, indanyl and 
biphenylyl. Of these, preferable are phenyl, naphthyl, 
anthryl and phenanthryl. 
0332 These aryl groups may be substituted with: 
0333 halogen atoms, such as fluorine, chlorine, bromine 
and iodine, 
0334 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, trimethylphenyl, ethylphenyl, propylphe 
nyl, biphenylyl, C.- or B-naphthyl, methylnaphthyl, anthryl, 
phenanthryl, benzylphenyl, pyrenyl, acenaphthyl, phenale 
nyl, aceanthrylenyl, tetrahydronaphthyl, indanyl and biphe 
nylyl; and 
0335) organosilyl groups, such as trimethylsilyl, triethyl 
silyl and triphenylsilyl. 

0336 X" and X may be the same or different and have 
the same meanings as those of X" and X 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. 
0337 Y has the same meaning as that of Y in the 
formula (11). Of the aforesaid groups, preferable is a diva 
lent Silicon-containing group, a divalent germanium-con 
taining group, a divalent alkylene group or a divalent 
boron-containing boronyl group, more preferable is a diva 
lent Silicon-containing group or a divalent alkylene group, 
and particularly preferable is alkylsilylene, alkylarylsi 
lylene, arylsilylene, alkylakylene or arylalkylene. 

0338 Examples of the transition metal compounds rep 
resented by the formula (11a) include 

0339 rac-dimethylsilylene-bis 1-(2-methyl-4-phenyl 
indenyl)Zirconium dichloride, 

0340 rac-dimethylsilylene-bis 1-(2-methyl-4-(o- 
naphthyl)indenyl)Zirconium dichloride, 

0341 rac-dimethylsilylene-bis 1-(2-methyl-4-(B- 
naphthyl)indenyl)Zirconium dichloride, 

0342 rac-dimethylsilylene-bis 1-(2-methyl-4-(1-an 
thryl)indenyl)Zirconium dichloride, 

0343 rac-dimethylsilylene-bis 1-(2-methyl-4-(2-an 
thryl)indenyl)Zirconium dichloride, 

0344) rac-dimethylsilylene-bis 1-(2-methyl-4-(9-an 
thryl)indenyl)Zirconium dichloride, 

0345 rac-dimethylsilylene-bis 1-(2-methyl-4-(9- 
phenanthryl)indenyl)Zirconium dichloride, 

0346 rac-dimethylsilylene-bis 1-(2-methyl-4-(p-fluo 
rophenyl)indenyl)Zirconium dichloride, 

0347 rac-dimethylsilylene-bis 1-(2-methyl-4-(pen 
tafluorophenyl)indenyl)Zirconium dichloride, 

0348 rac-dimethylsilylene-bis 1-(2-methyl-4-(p-chlo 
rophenyl)indenyl)Zirconium dichloride, 
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0452 rac-diphenyisilylene-bis(1-(2-ethyl-4-(C-naph 
thyl)indenyl)Zirconium dichloride, 

0453 rac-diphenylsilylene-bis(1-(2-ethyl-4-(9-an 
thryl)indenyl)Zirconium dichloride, rac-diphenylsi 
lylene-bis 1-(2-ethyl-4-(9-phenanthryl)indenyl)Zirco 
nium dichloride, 

0454 rac-diphenylsilylene-bis(1-(2-ethyl-4-(4-biphe 
nylyl)indenyl)Zirconium dichloride, 

0455 rac-methylene-bis(1-(2-ethyl-4-(4-phenylinde 
nyl)Zirconium dichloride, 

0456 rac-methylene-bis(1-(2-ethyl-4-(C.-naphthyl)in 
denyl)Zirconium dichloride, 

0457 rac-ethylene-bis 1-(2-ethyl-4-phenylindenyl) 
Zirconium dichloride, 

0458 rac-ethylene-bis 1-(2-ethyl-4-(C.-naphthyl)inde 
nyl)Zirconium dichloride, 

0459 rac-ethylene-bis 1-(2-n-propyl-4-(C.-naphthyl 
)indenyl)Zirconium dichloride, 

0460 rac-dimethylgermyl-bis 1-(2-ethyl-4-phenylin 
denyl)Zirconium dichloride, 

0461) rac-dimethylgermyl-bis 1-(2-ethyl-4-(o-naphth 
yl)indenyl)Zirconium dichloride and 

0462 rac-dimethylgermyl-bis 1-(2-n-propyl-4-phe 
nylindenyl)Zirconium dichloride. 

0463 Also available are compounds wherein zirconium 
is replaced with titanium or hafnium in the above-mentioned 
compounds. 

0464) In the present invention, a racemic modification of 
the transition metal compound represented by the formula 
(11a) is usually used as a catalyst component, but R-form or 
S-form is also employable. 
0465. The transition metal compound represented by the 
formula (11a) can be prepared in accordance with the 
specification and examples of European Patent A No. 0,320, 
762 described in Journal of Organometallic Chem., 288, pp. 
63-67 (1985). 
0466 Next, the transition metal compound represented 
by the formula (11b) is described. 

(11b) 

X2 X1 
V / 
M 

R39 R39 R38 R38 

R37 R37 

R40 R40 

Y1 
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0467. In the above formula, M' is a transition metal atom 
of Group 4 of the periodic table, Specifically titanium, 
Zirconium or hafnium, preferably Zirconium. 
0468 R7 and R may be the same or different and are 
each a hydrogen atom or the same nitrogen-containing 
group, phosphorus-containing group, hydrocarbon group of 
1 to 20 carbon atoms, halogenated hydrocarbon group of 1 
to 20 carbon atoms, oxygen-containing group, Sulfur-con 
taining group, Silicon-containing group or halogen atom as 
described above with respect to R, R, R-7 and R in the 
formula (11). 
0469 R7 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. R 
is preferably a hydrogen atom or a hydrocarbon group of 1 
to 20 carbon atoms, particularly preferably a hydrogen atom 
or a hydrocarbon group of 1 to 3 carbon atoms Such as 
methyl, ethyl or propyl. 

0470 R and R' 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 
groups, Such as methyl, ethyl, n-propyl, isopropyl, n-butyl, 
isobutyl, Sec-butyl, tert-butyl, n-pentyl, neopentyl, n-hexyl, 
cyclohexyl, octyl, nonyl, dodecY and eicosyl; and 
cycloalkyl groups, Such as norbornyl and adamantyl. 
0471) R' is preferably a secondary or tertiary alkyl 
grOup. 

0472 X" and X may be the same or different and have 
the same meanings as those of X" and X in the formula (11). 
0473 Y' has the same meaning as that of Y in the 
formula (11). 
0474 Examples of the transition metal compounds rep 
resented by the formula (11b) include 

0475 rac-dimethylsilylene-bis 1-(2,7-dimethyl-4-eth 
ylindenyl)Zirconium dichloride, 

0476 rac-dimethylsilylene-bis 1-(2,7-dimethyl-4-n- 
propylindenyl)Zirconium dichloride, 

0477 rac-dimethylsilylene-bis 1-(2,7-dimethyl-4-i- 
propylindenyl)Zirconium dichloride, 

0478 rac-dimethylsilylene-bis 1-(2,7-dimethyl-4-n- 
butylindenyl)Zirconium dichloride, 

0479 rac-dimethylsilylene-bis 1-(2,7-dimethyl-4-sec 
butylindenyl)Zirconium dichloride, 

0480 rac-dimethylsilylene-bis 1-(2,7-dimethyl-4-t- 
butylindenyl)Zirconium dichloride, 

0481 rac-dimethylsilylene-bis 1-(2,7-dimethyl-4-n- 
pentylindenyl)Zirconium dichloride, 

0482 rac-dimethylsilylene-bis 1-(2,7-dimethyl-4-n- 
hexylindenyl)Zirconium dichloride, 

0483 rac-dimethylsilylene-bis 1-(2,7-dimethyl-4-cy 
clohexylindenyl)Zirconium dichloride, 

0484 rac-dimethylsilylene-bis1(2,7-dimethyl-4-me 
thylcyclohexylindenyl)Zirconium dichloride, 

0485 rac-dimethylsilylene-bis 1-(2,7-dimethyl-4-phe 
nylethylindenyl)Zirconium dichloride, 
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0537 rac-ethylene-bis 1-(2,4,7-trimethylindenyl)Zir 
conium dichloride and 

0538 rac-isopropylidene-bis 1-(2,4,7-trimethylinde 
nyl)Zirconium dichloride. 

0539 Also available are compounds wherein zirconium 
is replaced with titanium or hafnium in the above-mentioned 
compounds. 
0540. 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. 

0541. 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. 
0542. 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. 
0543. Next, the transition metal compound represented 
by the formula (12) is described. 

0544) In the above formula, M' 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 Zirconium, titanium or 
hafnium, particularly preferably Zirconium. 
0545 Cp is a cyclopentadienyl group or its derivative that 
is T-bonded to M'. 

0546) Z' 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(Rf)-, -C(Rf), 
—Si(RSCR). 22 - CR.)C(R)- -C(R™)C(R')C(R™)—, –C(R')=C(R')–, 
-C(Rf)Si(Rf)- or-Ge(Rf)-. 
0547 Y is a ligand containing a nitrogen atom, a phos 
phorus atom, an oxygen atom or a Sulfur atom, for example, 
N(R)-, -O-, -S- or -P(R) 

0548 Z' and Y may together form a condensed ring. 
0549 R’ is a hydrogen atom, an alkyl, aryl, silyl, halo 
genated alkyl or halogenated aryl group having up to 20 of 
non-hydrogen atoms, or a combination of Such groups. R 
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 Rf. 
0550 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 
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atoms, a germyl group containing 20 or less germanium 
atoms or a boronyl group containing 20 or less boronatoms. 
0551 Examples of the transition metal compounds rep 
resented by the formula (12) include 

0552) (tert-butylamide)(tetramethyl-m-cyclopentadi 
enyl)-1,2-ethanediylzirconium dichloride, 

0553) (tert-butylamide)(tetramethyl-m-cyclopentadi 
enyl)-1,2-ethanediyltitanium dichloride, 

0554 (methylamide)(tetramethyl-m-cyclopentadi 
enyl)-1,2-ethanediylzirconium dichloride, 

0555 (methylamide)(tetramethyl-m-cyclopentadi 
enyl)-1,2-ethanediyltinanium dichloride, 

0556) (ethylamide)(tetramethyl-m-cyclopentadienyl 
)methylenetitanium dichloride, 

0557) (tert-butylamide)dimethyl(tetramethyl-m-cy 
clopentadienyl)silanetitanium dichloride, 

0558 (tert-butylamide)dimethyl(tetramethyl-m-cy 
clopentadienyl)silanezirconium dichloride, 

0559) (benzylamide)dimethyl(tetramethyl-m-cyclo 
pentadienyl)silanetitanium dichloride and 

0560 (phenylphosphide)dimethyl(tetramethyl-m-cy 
clopentadienyl)silanezirconium dibenzyl. 

0561. Next, the transition metal compound represented 
by the formula (13) is described. 

(13) 

R14 

0562) In the above formula, M' 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. 
0563) R' to R', R7 to R', and R' 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 R', R', R', 
R'', R7, R, R, R-9 and R', 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 R', R', R', R', R'7, 
R", R', R'' and R'' are hydrogen atoms and a case where 
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R' or R' is a tert-butyl group and the residual R', R', 
R. R', R7, R, R, R and R'' are hydrogen atoms). 
0564) Examples of hydrocarbons of 1 to 40 carbon atoms 
C 

0565 alkyl groups of 1 to 20 carbon atoms such as 
methyl, ethyl, propyl, butyl, hexyl, cyclohexyl, octyl, 
nonyl, dodecY and eicosyl; 

aryl groups of 6 to Carbon atomS Such as O566 1 f 6 to 20 carb h 
phenyl, C.- or B-naphthyl, biphenylyl, anthryl and 
phenanthryl; 

0567 aryl alkyl groups of 7 to 40 carbon atoms such 
as benzyl, phenylethyl, phenylpropyl, phenanthryl 
methyl, phenanthrylethyl and phenanthrylpropyl; 

0568 aryl alkenyl groups of 8 to 40 carbon atoms 
Such as Vinylphenanthryl; 

0569 alkyl aryl groups of 7 to 40 carbon atoms such 
as methylphenanthryl, ethylphenanthryl and propy 
lphenanthryl; and 

0570 alkenyl groups of 2 to 10 carbon atoms such 
as Vinyl, propenyl and cyclohexenyl. 

0571 Examples of the halogenated hydrocarbon groups 
of 1 to 40 carbon atoms include groups wherein the above 
mentioned hydrocarbon groups of 1 to 40 carbon atoms are 
Substituted with halogens. 
0572 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 
previously described with respect to R, R, R-7 and R' 
in the formula (11). 
0573 X" and X may be the same or different and have 
the same meanings as those of X" and X in the formula (11). 
0574 Y' has the same meaning as that of Y in the 
formula (11). 
0575 Examples of the transition metal compounds rep 
resented by the formula (13) include 

0576 isopropylidene-(cyclopentadienyl)(fluore 
nyl)Zirconium dichloride, 

0577 dimethylsilylene-(3-tert-butylcyclopentadi 
enyl)(fluorenyl)Zirconium dichloride, 

0578) isopropylidene-(3-tert-butylcyclopentadi 
enyl)(fluorenyl)Zirconium dichloride, 

0579 isopropylidene-(cyclopentadienyl)(2.7-tert-bu 
tylfluorenyl)Zirconium dichloride, 

0580) dimethylsilylene-(2-methyl-cyclopentadi 
enyl)(2.7-tert-butyl fluorenyl)Zirconium dichloride, 

0581 dimethylsilylene-(2-methyl-cyclopentadi 
enyl)(fluorenyl)Zirconium dichloride, 

0582 dimethylsilylene-(cyclopentadienyl)(2.7-tert 
butyl fluorenyl)Zirconium dichloride, 

0583) isopropylidene-(2-methyl-cyclopentadienyl)(2, 
7-tert-butylfluorenyl)Zirconium dichloride, 

0584) isopropylidene-(2-methyl-cyclopentadienyl)(3, 
6-tert-butylfluorenyl)Zirconium dichloride, 
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0585 dimethylsilylene-(2-methyl-cyclopentadi 
enyl)(3,6-tert-butyl fluorenyl)Zirconium dichloride and 

0586) diphenylmethylene(cyclopenta 
dienyl)(fluorenyl)Zirconium dichloride. 

0587 Also available are compounds wherein zirconium 
is replaced with titanium or hafnium in the above-mentioned 
compounds. 

0588 Next, the transition metal compound represented 
by the formula (14) is described. 

(14) 

0589. In the above formula, M' 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. 

0590 R'', R, R'' and R' 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. 

0591 Examples of the hydrocarbon groups of 1 to 40 
carbon atoms include the Same groups as previously 
described with respect to R' to R', R7 to R' and R' in 
the formula (13). 
0592 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 R, R, R-7 and R' 
in the formula (11). Of the groups indicated by R'R'', R' 
and R', 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. Of the groups indicated by 
R', R'R'' and R', 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. 

0593 X' and X may be the same or different and have 
the same meanings as those of X" and X in the formula (11). 
0594) Y has the same meaning as that of Y in the 
formula (11), but when all of R', R', R' and R' are 
hydrogen atoms, Y is not ethylene. 
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0799 methylphenylsilylene(2,7-dimethyl-4,5-(2-me 
thyl-benzo)-1-indenyl)(2.7-di-t-butyl-9-fluorenyl))Zir 
conium dichloride, 

0800 ethylene(2-methyl-7-trimethylsilyl-4,5-benzo 
1-indenyl)(2.7-di-t-butyl-9-fluorenyl)Zirconium 
dichloride and 

0801) dimethylsilylene(2-methyl-7-trimethylsilyl-4,5- 
(1-methyl-benzo)-1-indenyl)(2,7-di-t-butyl-9-fluore 
nyl)Zirconium dichloride. 

0802 Also available are compounds wherein zirconium 
is replaced with titanium or hafnium in the above-mentioned 
compounds. 

0803) Next, the transition metal compound represented 
by the formula (15) is described. 

(15) 

0804) In the above formula, M' 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. 

0805) R' and R' 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 sili 
con-containing group, a halogen atom or a hydrogen atom. 

0806 Examples of the hydrocarbon groups of 1 to 40 
carbon atoms include the Same groupS as previously 
described with respect to R' to R', R7 to R' and R' in 
the formula (13). 
0807 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 R, R, R-7 and R' 
in the formula (11). Of the groups indicated by R' and R', 
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 

0808) X" and X may be the same or different and have 
the same meanings as those of X" and X in the formula (11). 
0809 Y has the same meaning as that of Y in the 
formula (11). 
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08.10 Examples of the transition metal compounds rep 
resented by the formula (15) include 

0811) ethylene-bis(fluorenyl)dimethyl zirconium, 
0812 ethylene-bis(fluorenyl)Zirconium dichloride, 
ethylene-bis(fluorenyl)Zirconium-bis(trifluo 
romethaneSulfonate), 

0813 ethylene-bis(fluorenyl)Zirconium-bis(methane 
Sulfonate), 

0814 dimethylsilylene-bis(fluorenyl)Zirconium 
dichloride, 

0815 dimethylsilylene-bis(fluorenyl)Zirconium-bis 
(trifluoromethaneSulfonate), 

0816 diphenylsilylene-bis(fluorenyl)Zirconium 
dichloride, 

0817 dimethylmethylene-bis(fluorenyl)Zirconium 
dichloride, 

0818 dimethylmethylene-bis(2,7-tert-butylfluore 
nyl)Zirconium dichloride, 

0819 dimethylsilylene-bis(2,7-tert-butylfluorenyl)Zir 
conium dichloride, 

0820) dimethylmethylene-bis(3,6-tert-butylfluore 
nyl)Zirconium dichloride, 

0821 dimethylsilylene-bis(3,6-tert-butylfluorenyl)Zir 
conium dichloride, and 

0822 N,N-diphenylaminoboryliden-bis(fluorenyl)Zir 
conium dichloride. 

0823) Next, the transition metal compound represented 
by the formula (16) is described. 

(16) 

0824) In the above formula, M' is a transition metal atom 
Selected from Group 4 of the periodic table, Specifically 
titanium, Zirconium or hafnium, preferably Zirconium. 
0825) R'', R, R to R', and R' 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. 
0826 Examples of the hydrocarbon groups of 1 to 40 
carbon atoms include the Same groups as previously 
described with respect to R' to R', R7 to R' and R' in 
the formula (13). 
0827. 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 
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previously described with respect to R, R, R-7 and R' 
in the formula (11). Of the groups indicated by R', R', R', 
R, R7 R', R, R and R', 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. 

0828 X" and X may be the same or different and have 
the same meanings as those of X" and X in the formula (11). 
0829. Y' has the same meaning as that of Y in the 
formula (11). 
0830) Examples of the transition metal compounds rep 
resented by the formula (16) include the same compounds as 
previously exemplified with respect to the compounds of the 
formula (11a) or (11b). 
0831. Also available are compounds wherein zirconium 
is replaced with titanium or hafnium in the above-mentioned 
compounds. 

0832 The transition metal compounds (A) mentioned 
above can be used singly or in combination of two or more 
kinds. 

0833 (B-1) Organoamuminum Oxy-compound 
0834 The organoaluminum 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. 

0835. The conventional aluminoxane can be prepared by, 
for example, the following processes, and is generally 
obtained as a hydrocarbon Solvent Solution. 
0836 (1) An organoaluminum compound such as trialky 
laluminum is added to a hydrocarbon medium Suspension of 
a compound containing adsorption water or a Salt containing 
water of crystallization, e.g., magnesium chloride hydrate, 
copper Sulfate hydrate, aluminum 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. 

0837 (2) Water, ice or water vapor is allowed to directly 
act on an organoaluminum compound Such as trialkylalu 
minum in a medium Such as benzene, toluene, ethyl ether or 
tetrahydrofuran. 

0838 (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. 

0839. The aluminoxane may contain a small amount of 
an organometallic component. Further, it is possible that the 
Solvent or the unreacted organoaluminum compound is 
distilled off from the recovered solution of aluminoxane and 
the remainder is redissolved in a Solvent. 

0840 Examples of the organoaluminum compounds used 
for preparing the aluminoxane include trialkylaluminums, 
Such as trimethylaluminum, triethylaluminum, tripropylalu 
minum, triisopropylaluminum, tri-n-butylaluminum, tri 
isobutylaluminum, tri-Sec-butylaluminum, tri-tert-butylalu 
minum, tripentylaluminum, trihexylaluminum, 
trioctylaluminum and tridecylaluminum; 
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0841 tricycloalkylaluminums, such as tricyclohexyla 
luminum and tricyclooctylaluminum; 

0842) dialkylaluminum halides, such as dimethylalu 
minum chloride, diethylaluminum chloride, diethyla 
luminum bromide and diisobutylaluminum chloride; 

0843 dialkylaluminum hydrides, such as diethylalu 
minum hydride and diisobutylaluminum hydride; 

0844 dialkylaluminum alkoxides, such as dimethyla 
luminum methoxide and diethylaluminum ethoxide; 
and 

0845 dialkylaluminum aryloxides, such as diethylalu 
minum phenoxide. 

0846. Of these, preferable are trialkylaluminums and 
tricycloalkylaluminums. 
0847. Additionally, examples of the organoaluminum 
compounds used for preparing the aluminoxane include 
isoprenylaluminum represented by the formula 
(i-CHo), Al(C-Ho) (wherein x, y and Z are each a positive 
number, and Ze2x) 
0848 The organoaluminum compounds are used singly 
or in combination of two or more kinds. 

0849 Examples of the solvents used for preparing the 
aluminoxane include aromatic hydrocarbons, Such as ben 
Zene, toluene, Xylene, cumene and cymene, aliphatic hydro 
carbons, Such as pentane, hexane, heptane, octane, decane, 
dodecane, hexadecane and octadecane, alicyclic hydrocar 
bons, Such as cyclopentane, cyclohexane, cyclooctane and 
methylcyclopentane, petroleum fractions, Such as gasoline, 
kerosine and gas oil, and halogenated products of these 
aromatic, aliphatic and alicyclic hydrocarbons (e.g., chlori 
nated or brominated products thereof). Also employable are 
ethers such as ethyl ether and tetrahydrofuran. Of the 
Solvents, particularly preferable are aromatic hydrocarbons. 
0850. The organoaluminum oxy-compound for use in the 
invention is, for example, an organoaluminum oxy-com 
pound containing boron and represented by the following 
formula (17): 

(17) 
R9 R8 R9 

M 
Al-O-B-O-A1 
A V 

R9 R9 

0851 wherein R 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. 

0852 (B-2) Ionizing Ionic Compound 
0853 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, aborane compound and a carbo 
rane compound, which are described in National Publica 
tions of International Patents No. 501950/1989 and No. 
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502036/1989, Japanese Patent Laid-Open Publications No. 
179005/1991, No. 179006/1991, No. 207703/1991 and No. 
207704/1991, and U.S. Pat. No. 5,321,106. A heteropoly 
compound and an isopoly compound are also available. 
0854 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 compound 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, whereby the transition metal cationic 
Species are Stabilized. Examples 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. 
0855. The Lewis acids containing boron atoms are, for 
example, compounds represented by the following formula 
(18); 

BRR"R" (18) 

0856 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. 
0857 Examples of compounds represented by the for 
mula (18) include trifluoroboron, triphenylboron, tris(4- 
fluorophenyl)boron, tris(3,5-difluorophenyl)boron, tris(4- 
fluoromethylphenyl)boron, tris(pentafluorophenyl)boron, 
tris(p-tolyl)boron, tris(o-tolyl)boron, tris(3,5-dimethylphe 
nyl)boron and tris(3,5-di(trifluoromethylphenyl)boron. Of 
these, preferable is tris(pentafluorophenyl)boron. 
0858. The ionic compound is a salt comprising a cationic 
compound and an anionic compound. An anion is reacted 
with the above transition metal compound to cationize it and 
form an ion pair which has a function of Stabilizing the 
cation Species of the transition metal compound. Examples 
of Such anions include organic boron compound anion, 
organic arsenic compound anion and organic aluminum 
compound anion, and preferable are relatively bulky and can 
Stabilize the transition metal cationic Species. Cations 
include metal cation, organic metal cation, carbonium cat 
ion, tropylium cation, oxisonium cation, Sulfonium cation, 
phosphonium cation and ammonium cation and, more in 
detail, triphenylcarbenium cation, tributylammonium cation, 
N,N-dimethylammonium cation and ferrocenium cation. 
0859. Of these, preferable anions are ionic compounds 
containing boron compounds as anion. 
0860) Examples of the trialkyl-substituted ammonium 
Salts include; 

0861) 
0862 tripropylammoniumtetra(phenyl)boron, tri(n- 
butyl)ammoniumtetra(phenyl)boron, trimethylammo 
niumtetra(p-tolyl)boron, trimethylammoniumtetra(o- 
tolyl)boron, 

0863 tributylammoniumtetra(pen 
tafluorophenyl)boron, 

0864) 
boron, 

triethylammoniumtetra(phenyl)boron, 

tripropylammoniumtetra(op-dimethylphenyl) 
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0865) 
boron, 

0866 tributylammoniumtetra(p-trifluoromethylphe 
nyl)boron, tri(n-butyl)ammoniumtetra(o-tolyl)boron 
and tri(n-butyl)ammoniumtetra(4-fluorophenyl)boron. 

0867 Examples of the 
include 

tributylammoniumtetra(m,m-dimethylphenyl) 

N,N-dialkylanilinium salts 

0868 N,N-dimethylaniliniumtetra(phenyl)boron, 
N,N-diethylaniliniumtetra(phenyl)boron and N,N-2,4, 
6-pentamethylaniliniumtetra(phenyl)boron. 

0869. Examples of the dialkylammonium salts include 
di(n-propyl)ammoniumtetra(pentafluorophenyl)boron and 
dicyclohexylammoniumtetra(phenyl)boron. 
0870) Examples of the triarylphosphonium salts include 
O871) 
0872 tri(methylphenyl)phosphoni 
umtetra(phenyl)boron and 

0873 tri(dimethylphenyl)phosphoni 
umtetra(phenyl)boron. 

triphenylphosphoniumtetra(phenyl)boron, 

0874) Further employable as the ionic compounds con 
taining boron are 

0875 triphenylcarbeniumtetrak 
is(pentafluorophenyl)borate, N,N-dimethylanilini 
umtetrakis(pentafluorophenyl)borate, 

0876 ferroceniumtetra(pentafluorophenyl)borate 
triphenylcarbeniumpentaphenylcyclopentadienyl com 
plex, N,N-diethylaniliniumpentaphenyl 
cyclopentadienyl complex and a boron compound rep 
resented by the following formula (19) or (20): 

(19) 
CF 

s 
HP (OEt).B 

CF 3/4 
(20) 

CF 

es Nap B 

CF 

0877. 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-buty 
l)ammonium but not restricted.) 
0878 Examples of salts of anions include 
0879 bistri(n-butyl)ammoniumnonaborate, 
0880 bistri(n-butyl)ammonium decaborate, 
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0881 bistri(n-butyl)ammonium undecaborate, 
0882 bistri(n-butyl)ammoniumdodecaborate, 
0883 bistri(n-butyl)ammonium decachlorodecabo 
rate, 

0884 bistri(n-butyl)ammoniumdodecachlorodode 
caborate, 

0885 tri(n-butyl)ammonium-1-carbadecaborate, 
0886 tri(n-butyl)ammonium-1-carbaundecaborate, 
0887 tri(n-butyl)ammonium-1-carbadodecaborate, 
0888 tri(n-butyl)ammonium-1-trimethylsilyl-1-carba 
decaborate and 

0889 tri(n-butyl)ammoniumbromo-1-carbadodecabo 
rate. 

0890 Examples of salts of borane compounds, carborane 
compoleX compounds and carborane anion include 

0891 decaborane(14), 7,8-dicarbaundecaborane(13), 
2,7-dicarbaundecaborane(13), undecahydrido-7,8-dim 
ethyl-7,8-dicarbaundecaborane, dodecahydrido-11-me 
thyl-2,7-dicarbaundecaborane, tri(n-butyl)ammonium 
6-carbadecaborate(14), tri(n-butyl)ammonium-6- 
carbadecaborate(12), tri(n-butyl)ammonium-7- 
carbaundecaborate(13), tri(n-butyl)ammonium-7,8- 
dicarbaundecaborate(12), tri(n-butyl)ammonium-2.9- 
dicarbaundecaborate(12), tri(n- 
butyl)ammoniumdodecahydrido-8-methyl-7.9- 
dicarbaundecaborate, tri(n- 
butyl)ammoniumundecahydrido-8-ethyl-7.9- 
dicarbaundecaborate, 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. 

0892 Examples of salts of carborane compounds and 
carborane include 

0893) 4-carbanonaborane(14), 1,3-dicarbanonabo 
rane(13), 6,9-dicarbadecaborane(14), dodecahydrido 
1-phenyl-1,3-dicarbanonaborane, dodecahydrido-1- 
methyl-1,3-dicarbanonaborane and undecahydrido-1,3- 
dimethyl-1,3-dicarbanonaborane. 

0894 Further employable as the ionic compounds con 
taining a boron atom are following metallic carborane Salts 
and metallic boran anion. (In the following ionic com 
pounds, the counter ion is tri(n-butyl)ammonium but not 
restricted.) 
0895 Employable are 
0896 tri(n-butyl)ammoniumbis(nonahydrido-1,3-di 
carbanonaborate)cobaltate(III), 

0897 tri(n-butyl)ammoniumbis(undecahydrido-7,8- 
dicarbaundecaborate)ferrate(III), 

0898 tri(n-butyl)ammoniumbis(undecahydrido-7,8- 
dicarbaundecaborate)cobaltate(III), 
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0899) tri(n-butyl)ammoniumbis(undecahydrido-7,8- 
dicarbaundecaborate)nickelate(III), 

0900 tri(n-butyl)ammoniumbis(undecahydrido-7,8- 
dicarbaundecaborate)cuprate(III), 

0901 tri(n-butyl)ammoniumbis(undecahydrido-7,8- 
dicarbaundecaborate)aurate(III), 

0902 tri(n-butyl)ammoniumbis(nonahydrido-7,8- 
dimethyl-7,8-dicarbaundecaborate)ferrate(III), 

0903 tri(n-butyl)ammoniumbis(nonahydrido-7,8- 
dimethyl-7,8-dicarbaundecaborate)chromate(III), 

0904 tri(n-butyl)ammoniumbis(tribromooctahydrido 
7,8-dicarbaundecaborate)cobaltate(III), 

0905) tri (n-butyl)ammoniumbis(dodecahydri 
dodicarbadodecaborate)cobaltate(III), 

0906) bistri(n-butyl)ammoniumbis(dodecahydrido 
dodecaborate)nickelate(III), 

0907 tristri(n-butyl)ammoniumbis(undecahydrido 
7-carbaundecaborate)chromate(III), 

0908 bistri(n-butyl)ammoniumbis(undecahydrido 
7-carbaundecaborate)manganate(IV), 

0909 bistri(n-butyl)ammoniumbis(undecahydrido 
7-carbaundecaborate)cobaltate(III) and 

0910 bistri(n-butyl)ammoniumbis(undecahydrido 
7-carbaundecaborate)nickelate(IV). 

0911 Further examples of the ionic compounds contain 
ing a boron atom include following compounds Such as 

0912 triphenylcarbeniumtetrakis(2,3,5,6-tetrafluoro 
4-triisopropylsilyl)phenylborate, 

0913 N,N-dimethylaniliniumtetrakis(2,3,5,6-tet 
rafluoro-4-triisopropylsilyl)phenylborate, 

0914 triphenylcarbeniumtetrakis(2,3,5,6-tetrafluoro 
4-dimethyl-t-butylsilyl)phenylborate, 

0915 N,N-dimethylaniliniumtetrakis(2,3,5,6-tet 
rafluoro-4-dimethyl-t-butylsilyl)phenylborate, 

0916 triphenylcarbeniumbis(oc 
tafluorobiphenylene)borate, 

0917 N,N-dimethylaniliniumbis(octafluo 
robiphenylene)borate, 

0918 triphenylcarbeniumbis(octafluoro-1,1'-spiro)bi 
boronol and 

0919) N,N-dimethylaniliniumbis(octafluoro-1,1'- 
spiro)biboronol. 

0920. The heteropoly compound comprises an atom 
Selected from Silicon, phosphorus, titanium, germanium, 
arsenic or tin and one or more atoms Selected from Vana 
dium, niobium, molybdenum and tungsten. Examples of 
Such compounds include phosphovanadic acid, germanova 
nadic acid, arsenovanadic acid, phosphoniobic acid, ger 
manoniobic acid, Silicomolybdic acid, phosphomolybdic 
acid, titanomolybdic acid, germanomolybdic acid, arse 
nomolybdic acid, Stannomolybdic acid, phosphotungstic 
acid, germanotungstic acid, Stannotungstic acid, phospho 
molybdovanadic acid, phosphotungStovanadic acid, ger 
manotaungStovanadic acid, phosphomolybdotungstova 
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nadic acid, germanomolybdotungstovanadic acid, 
phosphomolybdotungstic acid, phosphomolybdoniobic 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 above acids Such as with triphenylethyl 
Salt. 

0921. The ionizing ionic compounds may be used singly 
or in combination of two or more kinds. 

0922 (B-3) Organoaluminum Compound 
0923. The organoaluminum compounds (B-3) used in the 
present invention can be represented by the following for 
mula (21): 

RAIXs (21) 
0924 wherein R is a hydrocarbon group of 1 to 12 
carbon atoms, X is a halogen atom or a hydrogen atom, and 
n is 1 to 3. 

0925) 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, hexY' group, octY' group, 
cyclopentyl group, cyclohexY' group, phenyl group and 
tolyl group. 
0926 Examples of the organoaluminum compounds 
include 

0927 trialkylaluminums, such as trimethylaluminum, 
triethylaluminum, triisopropylaluminum, triisobutyla 
luminum, trioctylaluminum and tri-2-ethylhexylalumi 
num, 

0928) 
0929 dialkylaluminum halides, such as dimethylalu 
minum chloride, diethylaluminum chloride, diisopro 
pylaluminum chloride, diisobutylaluminum chloride 
and dimethylaluminum bromide; 

0930 alkylaluminum sesquihalides, such as methyla 
luminum Sesquichloride, ethylaluminum Sesquichlo 
ride, isopropylaluminum Sesquichloride, butylalumi 
num Sesquichloride and ethylaluminum Sesquibromide, 

0931 alkylaluminum dihalides, such as methylalumi 
num dichloride, ethylaluminum dichloride, isopropyla 
luminum dichloride and ethylaluminum dibromide; and 

0932 alkylaluminum hydrides, such as diethylalumi 
num hydride and diisobutylaluminum hydride. 

alkenylaluminums, Such as isoprenylaluminum; 

0933) Further the organoaluminum compounds (B-3) can 
be also represented by the following formula (22): 

RAIY (22) 
0934 wherein R is the same as previously described, Y 
is a -OR group, -OSiR group, -OAIR group, 
-NR group, -SiR's group or -N(R)AlR" 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, phenyl group and trimethyl group, 
and Rf and Rg are each a methyl group and ethyl group. 
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0935 Examples of the organoaluminum compounds 
include 

0936) (i) compounds represented by R. Al(OR), 
Such as dimethylaluminum methoxide, diethylalumi 
num ethoxide and diisobutylaluminum methoxide, 

0937 (ii) compounds represented by RaAl(O- 
SiR). Such as (CH)Al(OSi(CH)), (iso 
CHo). Al(OSi(CH)) and (iso 
CHo). Al(OSi(CH)); 

0938 (iii) compounds represented by 
RaAl(OAIR). Such as (CH3)2Al(OAl(CH3)2) 
and (iso-CHo). Al(OAl(iso-CHo)); 

0939 (iv) compounds represented by R.Al(NR) 
Such as (CH)Al(N(CH)), (CH)Al(NH(CH)), 
(CH)Al(NH(CH3)), (CH)AlN(Si(CH)) and 
(iso-CH3)2AlN(Si(CH)); and 

0940 (v) compounds represented by R.Al(SiR) 
Such as (iso-CH3)2Al(Si(CH)). 

0941. In the present invention, of these, preferable are 
organoaluminum compounds represented by R Al, 
R"Al(OR), and R, Al(OAIR). Particularly prefer 
able are compounds wherein R is an isoalkyl group and 
n=2. 

0942. The organoaluminum compounds can be used in 
combination of two or more kinds. 

0943. The olefin polymerization catalyst used in the 
present invention comprises the transition metal compound 
(A) and at least one compound Selected from the group 
consisting of the organoaluminum-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 cyclopen 
tadienyl skeleton, the catalyst comprises said compound (A) 
and the organoaluminum-oxy compound (B-1) and/or the 
ionizing ionic compound (B-2), and optionally the orga 
noaluminum compound (B-3). 
0944. 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 ioniz 
ing ionic compound (B-2) and the organoaluminum com 
pound (B-3) are Supported on a particle carrier, or a prepo 
lymerized 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 nec 
essary, the organoaluminum compound (B-3). 

0945) An particulate carriers used in the Solid catalyst and 
the prepolymerized catalyst is an inorganic or organic com 
pound in the form of granular or particulate Solid having a 
particle diameter of 10 to 300 um, preferably 20 to 200 um. 

0946 Preferable examples of the inorganic carrier are 
porous oxides, inorganic chlorides, clay, clay minerals and 
ion-exchange layred compounds. Ecamples of porous oxides 
include SiO, Al-O, MgO, ZrO, TiO, BO, CaO, ZnO, 
BaO, Th(O, and mixtures containing these oxides, Such as 
SiO-MgO, SiO-Al-O, SiO TiO, SiO-V-Os, 
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SiO-Cr-O and SiO TiO-MgO. Of these, preferable 
are compounds containing SiO2 and/or Al-O as the main 
component. 

0947 The inorganic oxides may contain small amounts 
of carbonate, Sulfate, nitrate and oxide components, Such as 
NaCO, KCO, CaCO, MgCO, NaSO, Al(SO), 
BaSO, KNO, Mg(NO), Al(NO), NaO, K-O and LiO. 
0948 Although the particulate carriers differ in their 
properties depending upon the type and the preparation 
process thereof, the particulate carrier preferably has a 
specific surface area of 50 to 1,000 m/g, preferably 100 to 
700 m/g, and a pore volume of 0.3 to 2.5 cm/g. If 
necessary, the particulate carrier may be calcined at 100 to 
1,000° C., preferably 150 to 700° C., prior to use. 
0949 Further the particulate carrier is, for example, a 
granular or particulate Solid organic compound having a 
particle diameter of 10 to 300 lum. Examples of such organic 
compounds include (co)polymers produced using an O-ole 
fin of 2 to 14 carbon atoms Such as ethylene, propylene, 
1-butene or 4-methyl-1-pentene as a main ingredient and 
(co)polymers produced using vinylcyclohexane or Styrene 
as a main ingredient. 
0950 Examples of the inorganic chlorides employable in 
the invention include MgCl, MgBr, MnOl and MnBr. 
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. 

0951. The clay is generally composed mainly of clay 
minerals. The ion-exchange layered compounds are com 
pounds having a crystal Structure wherein planes formed by 
ionic bonding or the like are laminated in parallel to one 
another with a weak bond strength, and the ions contained 
therein are exchangeable. Most of clay minerals are ion 
eXchange layered compounds. The clay, the clay minerals 
and the ion-exchange layered compounds employable in the 
invention are not limited to natural ones but include Syn 
thetic ones. 

0952 Examples of Such clay, clay minerals and ion 
eXchange layered compounds include clay, clay minerals 
and ion crystalline compounds having layered crystal Struc 
tures Such as hexagonal closest packing type, antimony type, 
CdCl type and CdI2 type. 
0953 Particular examples of the clay and the clay min 
erals include kaolin, bentonite, kibushi clay, gairome clay, 
allophane, hisingerite, pyrophyllite, mica, montmorillonite, 
Vermiculite, chlorite, palygorskite, kaolinite, nacrite, dickite 
and halloysite. Particular examples of the ion-exchange 
layered compounds include crystalline acid Salts of polyva 
lent metals, such as C-Zr(HASO).HO, C-Zr(HPO), C-Zr 
(KPO).3H2O, C-Ti(HPO), C-Ti(HASO). HO, 
C-Sn(HPO).HO, Y-Zr(HPO), Y-Ti(HPO) and 
Y-Ti(NHPO).H.O. 
0954. The clay, the clay minerals and the ion-exchange 
layered compounds are preferably those having a pore 
Volume, as measured on pores having a radius of not leSS 
than 20 A by a mercury penetration method, of not leSS than 
0.1 cc/g, and are particularly preferably those having a pore 
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volume of 0.3 to 5 cc/g. The pore volume is measured on the 
pores having a radius of 20 to 3x10" A by a mercury 
penetration method using a mercury porosimeter. 
0955. 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. 
0956. It is also preferable that the clay and the clay 
minerals are Subjected to chemical treatments. Any of Sur 
face treatments, for example, to remove impurities attached 
to the Surface and to influence on the crystal Structure of the 
clay, are employable. 
0957 Examples of Such chemical treatments include acid 
treatment, alkali treatment, Salt treatment and organic Sub 
stance 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 Ad 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 com 
posites, molecular composites, or organic derivative to 
change the Surface area or the distance between layers. 
0958) The ion-exchange layered compound may be a 
layered compound in which the exchangeable ions between 
layerS have 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'. Examples of the guest 
compounds to be intercalated include cationic inorganic 
compounds, Such as TiCl, and ZrOl; metallic alkoxides, 
such as Ti(OR), Zr(OR), PO(OR) and B(OR) (R is a 
hydrocarbon group or the like); and metallic hydroxide ions, 
such as AllO(OH)", Zr(OH)" and 
FeO(OCOCH).". The compounds mentioned above may 
be used Singly or in combination of two or more kinds. 
0959. The intercalation of the compounds may be carried 
out in the presence of polymers obtained by hydrolysis of 
metallic alkoxides such as Si(OR), Al(OR) and Ge(OR), 
(R is a hydrocarbon group or the like) or in the presence of 
colloidal inorganic compounds Such as SiO2. Examples of 
the pillars include oxides produced by intercalation of the 
above-mentioned metallic hydroxide ions between layers, 
followed by dehydration under heating. 
0960 The clay, clay minerals and ion-exchange layered 
compounds mentioned above may be used as they are, or 
may be used after they are Subjected to a treatment of ball 
milling, Sieving or the like. Moreover, they may be used 
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. 

0961. Of the above-mentioned materials, preferable are 
clay and clay minerals, and particularly preferable are mont 
morillonite, Vermiculite, hectorite, taeniolite and Synthetic 
mica. 

0962. The olefin polymerization catalyst for use in the 
invention may contain the following organosilicon com 
pound (C) and/or the following dialkylzinc compound (D). 
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(C) Organosilicon Compound 
0963 The organosilicon compound (C) which is used 
optionally is represented by the following formula (22): 

RRRSiH (22) 

0964 wherein R', RandR 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 aryl 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 
methoxy, ethoxy, propoxy or butoxy, a fluorinated alkyl 
group of 3 to 6 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 diorganopolysi 
loxane chain containing 1 to 10 siloxane units and repre 
sented by RSiO(SiRO) (R is methyl, phenyl, 3,3,3- 
trifluoropropyl, methoxy or ethoxy, and n is an integer of 0 
to 9). 
0965 Of these, preferable is a hydrogen atom, methyl, 
ethyl, isopropyl, isobutyl, 3,3,3-trifluoropropyl dim 
ethyamino or a group represented by RSiO(SiRO), . 
0966 Preferred examples of the organosilicon com 
pounds represented by the formula (22) include phenylsi 
lane, diphenylsilane, phenylmethylsilane, pentamethyldisi 
loxane, methylsilane and dimethylsilane. 
0967 The organosilicon compounds mentioned above 
can be used singly or in combination of two or more kinds. 

(D) Dialkylzinc Compound 
0968. The dialkylzinc compound (D) which is used 
optionally is represented by the following formula (23): 

ZnRR (23) 

0969 wherein RandR may be the same or different and 
are each an alkyl group of 1 to 20 carbon atoms, Such as 
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, 
hexyl, octyl, nonyl, decyl, dodecY or eicosyl. 
0970. 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. 

0971 Preferred examples of the dialkylzinc compounds 
represented by the formula (23) include diethylzinc, diisobu 
tylzinc an di-n-decylzinc. Of these, diethylzinc is particu 
larly preferable. 
0972 The dialkylzinc compounds (D) mentioned above 
can be used singly or in combination of two or more kinds. 
0973 The organosilicon compound (C) and the dialky 
lzinc compound (D) can be each used as a chain transfer 
agent in combination with hydrogen. When the organosili 
con compound (C) is used as a chain transfer agent, an olefin 
polymer having a silyl group at the end is obtained. 
0974 Examples of the C-olefins of 2 to 20 carbon atoms 
include ethylene, propylene, 1-butene, 2-butene, 1-pentene, 
3-methyl-1-butene, 1-hexene, 4-methyl-1-pentene, 3-me 
thyl-1-pentene, 3-ethyl-1-pentene, 4, 4-dimethyl-1-pentene, 
4-methyl-1-hexene, 4, 4-dimethyl-1-hexene, 4-ethyl-1-hex 
ene, 3-ethyl-1-hexene, 1-octene, 1-decene, 1-dodecene, 
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1-tetradecene, 1-hexadecene, 1-octadecene and 1-eicosene. 
Of these, preferable is an O-olefin selected from ethylene, 
propylene, 1-butene, 4-methyl-1-pentene, 1-hexene and 
1-octene. 

0975 Next, the polar group-containing monomer repre 
sented by the formula (7) is described more in detail, below. 

(7) 
CHFCH 

(R') (X), 

0976) wherein R, R", r, X and p have the same meanings 
as those of R, R", r, X and p, respectively, in the formula 
(3). 
0977 Examples of the polar group-containing monomers 
include: 

0978 compounds of the formula (7) wherein X is an 
alcoholic hydroxyl group, Specifically 

0979) ()-alkenylalcohols, such as allylalcohol, 4-pen 
tene-1-ol, 5-hexene-1-ol, 6-heptene-1-ol, 7-octene-1- 
ol, 8-nonene-1-ol, 9-decene-1-ol, 10-undecene-1-ol 
and 11-dodecene-1-ol; 

0980 alcohols having a straight-chain hydrocarbon 
group, Such as 5-hexene-2-ol, 6-heptene-2-ol, 
7-Octene-2-ol, 8-nonene-2-ol, 9-decene-2-ol, 10-un 
decene-2-ol, 6-heptene-3-ol, 7-octene-3-ol, 8-nonene 
3-ol, 9-decene-3-ol, 10-undecene-3-ol, 11-dodecene-3- 
ol, 7-octene-4-ol, 8-nonene-4-ol, 9-decene-4-ol, 
10-undecene-4-ol, 8-nonene-5-ol, 9-decene-5-ol and 
10-undecene-5-ol; 

0981 alcohols having a branched hydrocarbon group, 
Such as 2-ethyl-5-hexene-1-ol, 3-methyl-6-heptene-1- 
ol, 3-methyl-7-Octene-1-ol, 4-methyl-8-nonene-1-ol, 
3-ethyl-9-decene-1-ol, 2-methyl-10-undecene-2-ol, 
2,2-dimethyl-7-octene-1-ol, 3-ethyl-2-methyl-8-non 
ene-1-ol, 2,2,3-trimethyl-9-decene-1-ol and 2,3,3,4-tet 
ramethyl-10-undecene-2-ol; 

0982 diols, such as 9-decene-1,2-diol, 10-undecene 
1,2-diol, 11-dodecene-1,2-diol and 11-dodecene-1,2- 
diol, and 

0983 
0984) compounds of the formula (7) wherein X is a 
carboxylic acid group, Specifically 

triols, Such as 10-undecene-1,2,3-triol; 

0985) ()-alkenylcarboxylic acids, such as 3-butenoic 
acid, 5-hexenoic acid, 6-heptenoic acid, 7-octenoic 
acid, 8-nonenoic acid, 9-decenoic acid, 10-undecenoic 
acid and 11-dodecenoic acid; 

0986 alkenylcarboxylic acids having a straight-chain 
hydrocarbon group, Such as 2-methyl-5-hexenoic acid, 
2-methyl-6-heptenoic acid, 2-methyl-7-octenoic acid, 
2-methyl-8-nonenoic acid, 2-methyl-9-decenoic acid, 
2-methyl-10-undecenoic acid, 2-methyl-11-dodecenoic 
acid, 2-ethyl-5-hexenoic acid, 2-ethyl-6-heptenoic 
acid, 2-ethyl-7-octenoic acid, 2-ethyl-8-nonenoic acid, 
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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-hexenoic acid, 2-butyl-6-heptenoic 
acid, 2-butyl-7-Octenoic acid, 2-butyl-8-nonenoic acid, 
2-butyl-9-decenoic acid and 2-butyl-10-undecenoic 
acid; and 

0987) alkenylcarboxylic acids having a branched 
hydrocarbon group, Such as 2-isopropyl-5-hexenoic 
acid, 2-isopropyl-6-heptenoic acid, 2-isopropyl-7- 
octenoic acid, 2-isopropyl-8-nonenoic acid, 2-isopro 
pyl-9-decenoic acid, 2-isopropyl-10-undecenoic acid, 
2-isobutyl-5-hexenoic acid, 2-t-butyl-6-heptenoic acid, 
2-isopropyl-3-methyl-7-Octenoic acid, 2-methyl-3-iso 
propyl-8-nonenoic acid, 3-isobutyl-3-methyl-9-de 
cenoic acid, 2,2-dimethyl-10-undecenoic acid and 2,3, 
3-trimethyl-11-dodecenoic acid; 

0988) compounds of the formula (7) wherein X is a 
carboxylic acid ester, Specifically 

0989) ()-alkenylcarboxylic acid esters, such as methyl 
3-butenoate, methyl 5-hexenoate, methyl 6-heptenoate, 
methyl 7-octenoate, methyl 8-nonenoate, methyl 9-de 
cenoate, methyl 10-undecenoate, methyl 11-dode 
cenoate, ethyl 5-hexenoate, ethyl 6-heptenoate, ethyl 
7-Octenoate, ethyl 8-nonenoate, ethyl 9-decenoate, 
ethyl 10-undecenoate, ethyl 11-dodecenoate, isopropyl 
5-hexenoate, isopropyl 6-heptenoate, isopropyl 
7-octenoate, isopropyl 8-nonenoate, isopropyl 9-de 
cenoate, isopropyl 10-undecenoate, isopropyl 11-dode 
cenoate, butyl 5-hexenoate, butyl 6-heptenoate, butyl 
7-Octenoate, butyl 8-nonenoate, butyl 9-decenoate, 
butyl 10-undecenoate, butyl 11-dodecenoate, pentyl 
5-hexenoate, pentyl 6-heptenoate, pentyl 7-Octenoate, 
pentyl 8-nonenoate, pentyl 9-decenoate, pentyl 10-un 
decenoate and pentyl 11-dodecenoate; 

0990 alkenylcarboxylic acid esters having a straight 
chain hydrocarbon group, Such as methyl 2-methyl-5- 
heXenoate, methyl 2-methyl-6-heptenoate, ethyl 2-me 
thyl-7-octenoate, methyl 2-methyl-8-nonenoate, butyl 
2-methyl-9-decenoate, ethyl 2-methyl-10-undecenoate, 
butyl 2-ethyl-5-hexenoate, ethyl 2-ethyl-6-heptenoate, 
isopropyl 2-ethyl-7-Octenoate, ethyl 2-ethyl-8-non 
enoate, methyl 2-ethyl-9-decenoate, ethyl 2-ethyl-10 
undecenoate, methyl 2-propyl-5-hexenoate, methyl 
2-propyl-6-heptenoate, ethyl 2-propyl-7-Octenoate, 
methyl 2-propyl-9-decenoate, ethyl 2-propyl-10-unde 
cenoate, methyl 2-butyl-7-octenoate, methyl 2-butyl-8- 
nonenoate, methyl 2-butyl-9-decenoate and methyl 
2-butyl-10-undecenoate, and 

0991 alkenylcarboxylic acids having a branched 
hydrocarbon group, Such as butyl 2-isopropyl-5-hex 
enoate, ethyl 2-isopropyl-6-heptenoate, methyl 2-iso 
propyl-7-octenoate, methyl 2-isopropyl-8-nonenoate, 
butyl 2-isopropyl-9-decenoate, methyl 2-isopropyl-10 
undecenoate, methyl 2-isobutyl-5-hexenoate, methyl 
2-t-butyl-6-heptenoate, ethyl 2-isopropyl-3-methyl-7- 
octenoate and propyl 3-isobutyl-3-methyl-9-decenoate; 

0992 compounds wherein X in the formula (7) is an 
acid anhydride group, Such as (2.7-octadienyl)Succinic 
anhydride, pentapropenylsuccinic anhydride and com 
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pounds wherein the carboxylic acid group is replaced 
with a carboxylic anhydride group in the above-exem 
plified compounds wherein X is a carboxylic acid 
grOup, 

0993 compounds of the formula (7) wherein X is an 
amino group, Specifically 

0994) ()-alkenylamines, such as allylamine, 5-hexene 
amine, 6-heptene amine, 7-octene amine, 8-nonene 
amine, 9-decene amine, 10-undecene amine and 
11-dodecene amine; 

0995 alkenylamines having a straight-chain hydrocar 
bon group, Such as 2-methyl-5-hexene amine, 2-me 
thyl-6-heptene amine, 2-methyl-7-octene amine, 2-me 
thyl-8-nonene amine, 2-methyl-9-decene amine, 
2-methyl-10-undecene amine, 2-methyl-11-dodecene 
amine, 2-ethyl-5-hexene amine, 2-ethyl-6-heptene 
amine, 2-ethyl-7-octene amine, 2-ethyl-8-nonene 
amine, 2-ethyl-9-decene amine, 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-un 
decene amine, 2-butyl-5-hexene amine, 2-butyl-6-hep 
tene amine, 2-butyl-7-Octene amine, 2-butyl-8-nonene 
amine, 2-butyl-9-decene amine and 2-butyl-10-un 
decene amine; 

0.996 alkenylamines having a branched hydrocarbon 
group, Such as 2-isopropyl-5-hexene amine, 2-isopro 
pyl-6-heptene amine, 2-isopropyl-7-octene amine, 
2-isopropyl-8-nonene amine, 2-isopropyl-9-decene 
amine, 2-isopropyl-90-undecene amine, 2-isobutyl-5- 
hexene amine, 2-t-butyl-6-heptene amine, 2-isopropyl 
3-methyl-7-octene amine, 2-methyl-3-iso propyl-8- 
nonene amine, 3-isobutyl-3-methyl-9-decene amine, 
2,2-dimethyl-10-undecene amine and 2,3,3-trimethyl 
11-dodecene amine; 

0997 N-alkyl-(o-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-11-dodecene amine, N-ethyl-5-hexene 
amine, 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-11 
dodecene amine; 

0998) 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-un 
decene-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-amine, N-methyl-9- 
decene-4-amine and N-ethyl-10-undecene-4-amine; 

0999 N-alkylalkenylamines having a branched hydro 
carbon 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-19-undecene amine, N-methyl-2-ethyl-7- 
octene amine, N-ethyl-2-ethyl-9-decene amine and 
N-methyl-2-ethyl-19-undecene amine; 
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1000 N,N-dialkyl-w-alkenylamines, 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- 
dimethyl-10-undecene amine, N,N-dimethyl-11 
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-di 
ethyl-11-dodecene amine; 

1001 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-10-undecene-4 amine; and 

1002 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-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-di 
ethyl-2-ethyl-9-decene amine and N,N-dimethyl-2- 
ethyl-10-undecene amine; 

1003 compounds of the formula (7) wherein X is an 
amido group, Specifically 

1004) ()-alkenylamides, such as allylamide, 5-hexene 
amide, 6-heptene amide, 7-octene amide, 8-nonene 
amide, 9-decene amide, 10-undecene amide and 
11-dodecene amide; 

1005 alkenylamides having a straight-chain hydrocar 
bon group, Such as 6-heptene-2-amide, 7-octene-2- 
amide, 8-nonene-2-amide, 9-decene-2-amide, 10-un 
decene-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, 11-dodecene-4-amide, 9-decene-5-amide and 
10-undecene-5-amide, 

1006 N-alkyl-(o-alkenylamides, such as N-methyl-5- 
hexene amide, 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-11-dodecene amide, N-ethyl-5-hexene 
amide, N-ethyl-6-heptene amide, N-ethyl-7-octene 
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1008 alkenylamides having a branched hydrocarbon 
group, Such as 2-methyl-5-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, 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-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 
11-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-decene amide and 2-butyl-10 
undecene amide; 

1009 N,N-dialkylalkenylamides having a branched 
hydrocarbon group, such as N,N-direthyl-2-methyl-5- 
hexene anide, N,N-diethyl-2-methyl-6-heptene amide, 
N,N-dimethyl-2-rnethyl-7-octene amide, N,N-diethyl 
2-mnethyl-8-nonene amide, N,N-diethyl-2-methyl-9- 
decene amide, N,N-diethyl-2-methyl-10-undecene 
amide, N,N-dimethyl-2-ethyl-7-octene amide, N,N-di 
ethyl-2-ethyl-9-decene amide and N,N-dimethyl-2- 
ethyl-10-undecene amide, 

1010 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, 

1011 alkenyltriamides, such as 9-decene-1,2,3-tria 
mide and 10-undecene-1,2,3-triamide, and 

1012 compounds of the formula (7) wherein X is an 
epoxy group, Specifically 

1013 co-alkenylepoxides, Such as 5-hexene epoxide, 
6-heptene epoxide, 7-octene epoxide, 8-nonene 
epoxide, 9-decene epoxide, 10-undecene epoxide and 
11-dodecene epoxide, and 

1014) ()-alkenylepoxides having a branched hydrocar 
bon group, Such as 2-methyl-5-hexene epoxide, 2-me 
thyl-6-heptene epoxide, 2-methyl-7-octene epoxide, 
2-methyl-8-nonene epoxide, 2-methyl-9-decene 
epoxide and 2-methyl-90-undecene epoxide, and 

1015 compounds wherein X in the formula (7) is a 
mercapto group, such as CH=CH-CH-CH 
CH-CH-O-Ph-SH. 

1016 Other examples of the polar group-containing 
monomers include compounds represented by the following 

amide, N-ethyl-8-nonene amide, N-ethyl-9-decene 
amide, N-ethyl-10-undecene amide and N-ethyl-11 
dodecene amide, formulas. 

1007 N,N-dialkyl-(o-alkenylamides, such as N,N- 
dimethyl-5-hexene a2ide, N,N-dimethyl-6-heptene 
amide, N,N-dimethyl-7-octene amide, N,N-dimethyl- HO 21 21 N OH 

HO 8-nonene amide, N,N-dimethyl-9-decene amide, N,N- 
dimethyl-10-undecene amide, N,N-dimethyl-11 
dodecene amide, 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-diethyl-9-decene 
amide, N,N-diethyl-10-undecene amide and N,N-di 
ethyl-11-dodecene amide; 

n1n 1\1\1\eaf 21 

HO N n1 N11N1 N1S 
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-continued 

4n-n-n-n-1 
O 

1017 Also available are n-nonyl-1-ol, n-nonyl-1-car 
boxylic acid, n-nonyl-1-carboethoxy, 1,2-epoxy-nonyl, 
(6-hexen-1-yl) Succinic anhydride, n-undecyl-1-ol, n-dode 
cyl-1-carboxylic acid, n-dodecyl-1-carboethoxy, 4-hexeny 
loxyphenol, 4-hexenyloxy-thiophenol, n-nonyl-1-carboxa 
mide, n-nonyl-1-amino and n-nonyl-1-N-methylamino. 
1018. In the process for preparing the polar group-con 
taining olefin copolymer according to the first embodiment 
of the invention, the polar group-containing monomer rep 
resented by the formula (7) may be the polar group-con 
taining monomer represented by the following formula (7); 

(7) 
CHFCH 

(X) 

1019 wherein R, p and X have the same meanings as 
those of R, p and X, respectively, in the formula (3'). 
1020 Examples of polar group-containing monomers of 
the formula (7) wherein X is -OR include: 

1021 (O-alkoxy-C-olefins, such as 3-methoxy-1-pro 
pene, 5-methoxy-1-pentene, 6-methoxy-1-hexene, 
7-methoxy-1-heptene, 8-methoxy-1-octene, 9-meth 
oxy-1-nonene, 10-methoxy-1-decene, 11-methoxy-1- 
undecene, 5-ethoxy-1-pentene, 6-ethoxy-1-hexene, 
7-ethoxy-1-heptene, 3-ethoxy-1-octene, 9-ethoxy-1- 
nonene, 10-ethoxy-1-decene, 11-ethoxy-1-undecene, 
5-propoxy-1-pentene, 6-propoxy-1-hexene, 7-propoxy 
1-heptene, 8-propoxy-1-octene, 9-propoxy-1-nonene, 
10-propoxy-1-decene, 11-propoxy-1-undecene, 5-bu 
toxy-1-pentene, 6-butoxy-1-hexene, 7-butoxy-1-hep 
tene, 8-butoxy-1-octene, 9-butoxy-1-nonene, 10-bu 
toxy-1-decene and 11-butoxy-1-undecene; 

1022 ethers having a branched hydrocarbon group, 
Such as 7-methoxy-7-methyl-1-heptene, 8-methoxy-8- 
methyl-1-octene, 9-methoxy-8-methyl-1-nonene, 
10-methoxy-9-methyl-1-decene, 11-methoxy-7-ethyl 
1-undecene, 7-ethoxy-6-methyl-1-heptene, 8-ethoxy-6- 
ethyl-1-octene, 9-ethoxy-7-ethyl-1-nonene, 10-ethoxy 
ethyl-1-decene, 11-ethoxy-8-propyl-1-undecene, 
6-propoxy-6-methyl-1-hexene, 7-propoxy-7-methyl-1- 
heptene, 8-propoxy-8,8-dimethyl-1-octene, 9-propoxy 
9-methyl-1-nonene, 10-propoxy-9,9-dimethyl-1- 
decene, 11-propoxy-10-methyl-1-undecene, 5-butoxy 
5-ethyl-1-heptene, 6-butoxy-6,6-dimethyl-1-hexene, 
7-butoxy-6-methyl-1-heptene, 8-butoxy-6-ethyl-1- 
octene, 9-butoxy-9-methyl-1-nonene, 10-butoxy-8.8- 
dimethyl-1-decene and 11-butoxy-8,9-diethyl-1-un 
decene; 

1023 dialkoxy-C.-olefins, such as 9,10-dimethoxy-1- 
dodecene and 10,11-dimethoxy-1-undecene, and 

1024 trialkoxy-C-olefins, such as 9,10,11-trimethoxy 
1-undecene. 
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1025 Examples of the polar group-containing monomer 
of the formula (7) wherein X is -COOR include: 

3-ethyl-10-undecene-4-one, 3-ethyl-11-dodecene-4- 
one, 3-ethyl-9-decene-5-one, 3-ethyl-10-undecene-5- 
one and 3-ethyl-11-dodecene-5-one; 

1026 ()-alkenylcarboxylic acid esters, such as methyl 
5-hexenoate, methyl 6-heptenoate, methyl 7-Octenoate, 
methyl 8-nonenoate, methyl 9-decenoate, methyl 
10-undecenoate, methyl 11-dodecenoate, ethyl 5-hex 
enoate, ethyl 6-heptenoate, ethyl 7-octenoate, ethyl 
8-nonenoate, ethyl 9-decenoate, ethyl 10-undecenoate, 
ethyl 11-dodecenoate, isopropyl 5-hexenoate, isopro 
pyl 6-heptenoate, isopropyl 7-octenoate, isopropyl 
8-nonenoate, isopropyl 9-decenoate, isopropyl 10-un 
decenoate, isopropyl 11-dodecenoate, butyl 5-hex 
enoate, butyl 6-heptenoate, butyl 7-octenoate, buytl 
8-nonenoate, butyl 9-decenoate, butyl 10-undecenoate, 
butyl 11-dodecenoate, pentyl 5-hexenoate, pentyl 
6-heptenoate, pentyl 7-octenoate, pentyl 8-nonenoate, 
pentyl 9-decenoate, pentyl 10-undecenoate and pentyl 
11-dodecenoate, 

1027 alkenylcarboxylic acid esters having a straight 
chain hydrocarbon group, Such as methyl 2-methyl-5- 
heXenoate, methyl 2-methyl-6-heptenoate, ethyl 2-me 
thyl-7-octenoate, methyl 2-methyl-8-nonenoate, butyl 
2-methyl-9-decenoate, ethyl 2-methyl-10-undecenoate, 
butyl 2-ethyl-5-hexenoate, ethyl 2-ethyl-6-heptenoate, 
isopropyl 2-ethyl-7-Octenoate, ethyl 2-ethyl-8-non 
enoate, methyl 2-ethyl-9-decenoate, ethyl 2-ethyl-10 
undecenoate, methyl 2-propyl-5-hexenoate, methyl 
2-propyl-6-heptenoate, ethyl 2-propyl-7-octenoate, 
methyl 2-propyl-9-decenoate, ethyl 2-propyl-10-unde 
cenoate, methyl 2-butyl-7-octenoate, methyl 2-butyl-8- 
nonenoate, methyl 2-butyl-9-decenoate, and methyl 
2-butyl-10-undecenoate, and 

1028 alkenylcarboxylic acids having a branched 
hydrocarbon group, Such as butyl 2-isopropyl-5-hex 
enoate, ethyl 2-isopropyl-6-heptenoate, methyl 2-iso 
propyl-7-octenoate, methyl 2-isopropyl-8-nonenoate, 
butyl 2-isopropyl-9-decenoate, methyl 2-isopropyl-10 
undecenoate, methyl 2-isobutyl-5-hexenoate, methyl 
2-t-butyl-6-heptenoate, ethyl 2-isopropyl-3-methyl-7- 
octenoate and propyl 3-isobutyl-3-methyl-9-decenoate. 

1032 alkenyldiketone, such as 8-nonene-2,4-one, 
9-decene-2,4-one and 10-undecene-2,4-One, and 

1033 alkenyltriketone, such as 10-undecene-2,4,6-one 
and 11-dodecene-2,4,6-One. 

1034) Examples of the polar group-containing monomer 
of the 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: 

1035 (O-alkenylamines, such as 5-hexene amine, 
6-heptene amine, 7-octene amine, 8-nonene amine, 
9-decene amine, 10-undecene amine and 11-dodecene 
amine; 

1036 alkenylamines having a straight-chain hydrocar 
bon group, Such as 2-methyl-5-hexene amine, 2-me 
thyl-6-heptene amine, 2-methyl-7-octene amine, 2-me 
thyl-8-nonene amine, 2-methyl-9-decene amine, 
2-methyl-10-undecene amine, 2-methyl-11-dodecene 
amine, 2-ethyl-5-hexene amine, 2-ethyl-6-heptene 
amine, 2-ethyl-7-octene amine, 2-ethyl-8-nonene 
amine, 2-ethyl-9-decene amine, 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-un 
decene amine, 2-butyl-5-hexene amine, 2-butyl-6-hep 
tene amine, 2-butyl-7-Octene amine, 2-butyl-8-nonene 
amine, 2-butyl-9-decene amine and 2-butyl-10-un 
decene amine; and 

1037) alkenylamines having a branched hydrocarbon 
group, Such as 2-isopropyl-5-hexene amine, 2-isopro 
pyl-6-heptene amine, 2-isopropyl-7-octene amine, 
2-isopropyl-8-nonene amine, 2-isopropyl-9-decene 
amine, 2-isopropyl-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 
11-dodecene amine. 1029. Examples of polar group-containing monomers of 

the formula (7) wherein X is -CRO include: 
1030 alkenylketone having a straight-chain hydrocar 

1038 Also employable are 
1039 N-alkyl-(o-alkenylamines, such as N-methyl-5- 

bon group, Such as 5-hexene-2-one, 6-heptene-2-one, 
7-Octene-2-one, 8-nonene-2-one, 9-decene-2-one, 
10-undecene-2-one, 11-dodecene-2-one, 6-heptene-3- 
one, 7-octene-3-one, 8-nonene-3-one, 9-decene-3-one, 
10-undecene-3-one, 11-dodecene-3-one, 7-octene-4- 
one, 8-nonene-4-One, 9-decene-4-One, 10-undecene-4- 
one, 11-dodecene-4-One, 9-decene-5-one, 10-un 
decene-5-one and 11-dodecene-5-one, 

1031 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-2-one, 3-methyl 
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, 

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-11-dodecene amice, N-ethyl-5-hexene 
amine, 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-11 
dodecene amine; 

1040 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-un 
decene-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-amine, N-methyl-9- 
decene-4-amine and N-ethyl-10-undecene-4-amine; 
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1041 N-alkylalkenylamines having a branched hydro 
carbon 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- 
methy-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; 

1042 N,N-dialkyl-(o-alkenylamines, such as N,N-dim 
ethyl-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-dimethyl-10 
undecene amine, N,N-dimethyl-11-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-11-dodecene amine; 

1043 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-10-undecene-4-amine; and 

104.4 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-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-di 
ethyl-2-ethyl-9-decene amine and N,N-dimethyl-2- 
ethyl-10-undecene amine. 

1045 Examples of polar group-containing monomers of 
the formula (7) wherein X is -CONR (R is a hydrogen 
atom or a hydrocarbon group) include: 

1046 ()-alkenylamides, such as 5-hexene amide, 
6-heptene amide, 7-octene amide, 8-nonene amide, 
9-decene amide, 10-undecene amide and 11-dodecene 
amide, 

1047 alkenylamides having a straight-chain hydrocar 
bon group, Such as 6-heptene-2-amide, 7-octene-2- 
amide, 8-nonene-2-amide, 9-decene-2-amide, 10-un 
decene-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, 11-dodecene-4-amide, 9-decene-5-amide and 
10-undecene-5-amide, 

1048 N-alkyl-(o-alkenylamides, such as N-methyl-5- 
hexene amide, 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-11-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-11 
dodecene amide, 

1049 N,N-dialkyl-(o-alkenylamides, such as N,N- 
dimethyl-5-hexene amide, N,N-dimethyl-6-heptene 
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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-11 
dodecene amide, 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-diethyl-9-decene 
amide, N,N-diethyl-10-undecene amide and N,N-di 
ethyl-11-dodecene amide; 

1050 alkenylamides having a branched hydrocarbon 
group, Such as 2-methyl-5-hexene amide, 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-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 
11-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-decene amide and 2-butyl-10 
undecene amide; 

1051 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-2-methyl-7-octene amide, N,N-diethyl 
2-methyl-8-nonene amide, N,N-diethyl-2-methyl-9- 
decene amide, N,N-diethyl-2-methyl-10-undecene 
amide, N,N-dimethyl-2-ethyl-7-octene amide, N,N-di 
ethyl-2-ethyl-9-decene amide and N,N-dimethyl-2- 
ethyl-10-undecene amide, 

1052 alkenyldiamides, such as 6-heptene-1,2-dia 
mide, 7-octene-1,2-diamide, 8-nonene-1,2-diamide, 
9-decene-1,3-diamide, 10-undecene-1,3-diamide and 
11-dodecene amide, and 

1053 alkenyltriamides, such as 9-decene-1,2,3-tria 
mide and 10-undecene -1,2,3-triamide. 

1054 Examples of the polar group-containing monomer 
of the formula (7) wherein X is -OCOR (R is a hydro 
carbon group) are: 

1055 carboxylic acid-co-alkenyl, such as formic acid 
5-hexenyl, formic acid-6-heptenyl, formic acid-7-Octe 
nyl, formic acid-8-nonenyl, formic acid-9-decenyl, for 
mic acid-10-undecenyl, formic acid-11-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-11 
dodecenyl, propionic acid-5-hexenyl, propionic acid 
6-heptenyl, propionic acid-7-octenyl, propionic acid-8- 
nonenyl, propionic acid-9-decenyl, propionic acid-10 
undecenyl, propionic acid-11-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 and acetic acid-11-dodecenyl; and 

1056 carboxylic acid-co-alkenyl having a branched 
hydrocarbon group, Such as formic acid-2-methyl-5- 
hexenyl, formic acid-2-methyl-6-heptenyl, formic 
acid-3-ethyl-7-octenyl, formic acid-2-methyl-8-non 
enyl, formic acid-3-ethyl-9-decenyl, formic acid-2-me 
thyl-19-undecenyl, formic acid-2-methyl-11-dodece 
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nyl, acetic acid-2-methyl-5-hexenyl, acetic acid-2- 1066 alcohols having a branched hydrocarbon group, 
methyl-6-heptenyl, acetic acid-3-ethyl-3-ethyl-7- Such as 2-ethyl-5-hexene-1-ol, 3-methyl-6-heptene-1- 
octenyl, acetic acid-2-methyl-8-nonenyl, acetic acid-3- 
ethyl-9-decenyl, acetic acid-2-methyl-10-undecenyl, 
acetic acid-3-ethyl-11-dodecenyl, propionic acid-2-me 
thyl-5-hexenyl, propionic acid-2-methyl-6-heptenyl, 
propionic acid-2-methyl-7-octenyl, propionic acid-2- 

ol, 3-methyl-7-Octene-1-ol, 4-methyl-8-nonene-1-ol, 
3-ethyl-9-decene-1-ol, 2-methyl-10-undecene-2-ol, 
2,2-dimethyl-7-octene-1-ol, 3-ethyl-2-methyl-8-non 
ene-1-ol, 2,2,3-trimethyl-9-decene-1-ol and 2,3,3,4-tet 
ramethyl-10-undecene-2-ol; 

methyl-8-nonenyl, proponic acid-2-methyl-9-decenyl, 1067 diols, such as 9-decene-1,2-diol, 10-undecene propionic acid-2-methyl-10-undecenyl, propionic acid 
1,2-diol, 11-dodecene-1,2-diol and 11-dodecene-1,2- 2-methyl-11-dodecenyl, butyric acid-2-methyl-5-hex- diol; and 

enyl, butyric acid-2-methyl-6-heptenyl, butyric acid-2- 101, an 
methyl-7-octenyl, butyric acid-3-methyl-8-nonenyl, 1068 triols, such as 10-undecene-1,2,3-triol. 
butyric acid-3-methyl-9-decenyl, butyric acid-4-me 
thyl-10-undecenyl and butyric acid-3-methyl-11-dode 
cenyl. 

1069 Examples of the polar group-containing monomer 
of the formula (7) wherein X is -CHO include: 

1070 (O-alkenylaldehydes, such as 5-hexenal, 6-hep 1057 Examples of the polar group-containing monomer 
tenal, 7-octenal, 8-nonenal, 9-decenal, 10-undecenal of the formula (7) wherein X is -CN include: 

1058 ()-alkenylnitryls, such as 5-hexenenitryl, 6-hep 
tenenitryl, 7-octenenitryl, 8-nonenenitryl, 9-decenenit 
ryl, 10-undecenenitryl and 11-dodecenenitryl; 

1059 alkenylnitryls having a straight-chain hydrocar 
bon group, Such as 2-methyl-5-hexenenitryl, 2-methyl 
6-heptenenitryl, 2-methyl-7-octenenitryl, 2-methyl-8- 
nonenenitryl, 2-methyl-9-decenenitryl, 2-methyl-10 
undecenenitryl, 2-methyl-11-dodecenenitryl, 2-ethyl 
5-hexenenitryl, 2-ethyl-6-heptenenitryl, 2-ethyl-7- 
octenenitryl, 2-ethyl-8-nonenenitryl, 2-ethyl-9- 
decenenitryl, 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-nonenenitryl, 2-butyl-9- 
decenenitry and 2-butyl-10-undecenenitryl; 

1060 alkenylnitryls having a branched hydrocarbon 
group, Such as 2-isopropyl-5-hexenenitryl, 2-isopro 
pyl-6-heptenenitryl, 2-isopropyl-7-octenenitryl, 2-iso 
propyl-8-nonenenitryl, 2-isopropyl-9-decenenitryl, 

and 11-dodecenal; 
1071 alkenylaldehydes having a straight-chain hydro 
carbon group, Such as 2-methyl-5-hexenal, 2-methyl 
6-heptenal, 2-methyl-7-Octenal, 2-methyl-8-nonenal, 
2-methyl-9-decenal, 2-methyl-10-undecenal, 2-methyl 
11-dodecenal, 2-ethyl-5-hexenal, 2-ethyl-6-heptenal, 
2-ethyl-7-octenal, 2-ethyl-8-nonenal, 2-ethyl-9-dece 
nal, 2-ethyl-10-undecenal, 2-propyl-5-hexenal, 2-pro 
pyl-6-heptenal, 2-propyl-7-octenal, 2-propyl-8-non 
enal, 2-propyl-9-decenal, 2-propyl-10-undecenal, 
2-butyl-5-hexenal, 2-butyl-6-heptenal, 2-butyl-7-octe 
nal, 2-butyl-8-nonenal, 2-butyl-9-decenal and 2-butyl 
10-undecenal; and 

1072 alkenylaldehydes having a branched hydrocar 
bon group, Such as 2-isopropyl-5-hexenal, 2-isopropyl 
6-heptenal, 2-isopropyl-7-octenal, 2-isopropyl-8-non 
enal, 2-isopropyl-9-decenal, 2-isopropyl-10-undecenal, 
2-isobutyl-5-hexenal, 2-t-butyl-6-heptenal, 2-isopro 
pyl-3-methyl-7-octenal, 2-methyl-3-isopropyl-8-non 
enal, 3-isobutyl-3-methyl-9-decenal, 2,2-dimethyl-10 
undecenal and 2,3,3-trimethyl-11-dodecenal. 

2-isopropyl-10-undecenenitryl, 2-isobutyl-5-hexenen 
itryl, 2-t-butyl-6-heptenenitryl, 2-isopropyl-3-methyl 
7-Octenenitryl, 2-methyl-3-isopropyl-8-nonenetryl, 

1073 Examples of the polar group-containing monomers 
of the formula (7) wherein X is -COOH include: 

1074) ()-alkenylflearboxylic acids, such as acryl acid, 3-isobutyl-3-methyl-9-decenenitryl, 2,2-dimethyl-10 
undecenenitryl and 2,3,3-trimethyl-11-dodecenenitryl; 

1061 alkenyldinitryl, such as 10-undecene-1,2-dinit 
ryl and 11-dodecene-1,2-dinitryl; and 

1062 alkenyltrinitryl, such as 10-undecene-1,2,3-trin 
itryl. 

1063 Examples of the polar group-containing monomers 
of the formula (7) wherein X is -OH include: 

1064 co-alkenylalcohols, such as 4-pentene-1-ol, 
5-hexene-1-ol, 6-heptene-1-ol, 7-octene-1-ol, 8-non 
ene-1-ol, 9-decene-1-ol, 10-undecene-1-ol and 
11-dodecene-1-ol; 

1065 alcohols having a straight-chain hydrocarbon 
group, Such as 5-hexene-2-ol, 6-heptene-2-ol, 
7-Octene-2-ol, 8-nonene-2-ol, 9-decene-2-ol, 10-un 
decene-2-ol, 6-heptene-3-ol, 7-octene-3-ol, 8-nonene 
3-ol, 9-decene-3-ol, 10-undecene-3-ol, 11-dodecene-3- 
ol, 7-octene-4-ol, 8-nonene-4-ol, 9-decene-4-ol, 
10-undecene-4-ol, 8-nonene-5-ol, 9-decene-5-ol and 
10-undecene-5-ol; 

5-hexenoic acid, 6-heptenoic acid, 7-octenoic acid, 
8-nonenoic acid, 9-decenoic acid, 10-undecenoic acid 
and 11-dodecenoic acid; 

1075 alkenylcarboxylic acids having a straight-chain 
hydrocarbon group, Such as 2-methyl-5-hexenoic acid, 
2-methyl-6-heptenoic acid, 2-methyl-7-octenoic acid, 
2-methyl-8-nonenoic acid, 2-methyl-9-decenoic acid, 
2-methyl-10-undecenoic acid, 2-methyl-11-dodecenoic 
acid, 2-ethyl-5-hexenoic acid, 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-hexenoic acid, 2-butyl-6-heptenoic 
acid, 2-butyl-7-octenoic acid, 2-butyl-8-nonenoic acid, 
2-butyl-9-decenoic acid and 2-butyl-10-undecenoic 
acid; and 

1076 alkenylcarboxylic acids having a branched 
hydrocarbon group, Such as 2-isopropyl-5-hexenoic 
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acid, 2-isopropyl-6-heptenoic acid, 2-isopropyl-7- 
octenoic acid, 2-isopropyl-7-nonenoic acid, 2-isopro- -continued 
pyl-9-decenoic acid, 2-isopropyl-10-undecenoic acid, (CH2)4OCH3 (CH2)5OCH 
2-isobutyl-5-hexenoic acid, 2-t-butyl-6-heptenoic acid, 
2-isopropyl-3-methyl-7-Octenoic acid, 2-methyl-3-iso 
propyl-8-nonenoic acid, 3-isobutyl-3-methyl-9-de 
cenoic acid, 2,2-dimethyl-10-undecenoic acid and 2,3, (CH2)6OCH3 
3-trimethyl-11-dodecenoic acid. O 

1077 Examples of the polar group-containing monomer 
of the formula (7) wherein X is an epoxy group include: (CH2)3OCH3 

1078 ()-alkenylepoxides, such as 5-hexene epoxide, 
6-heptene epoxide, 7-octene epoxide, 8-nonene 
epoxide, 9-decene epoxide, 10-undecene epoxide and 

O 
OCHCH OCH 

11-dodecene epoxide; and 2-13 3 

1079 alkenylepoxides having a branched hydrocarbon 
group, Such as 2-methyl-5-hexene epoxide, 2-methyl- CH CHCH 
6-heptene epoxide, 2-methyl-7-octene epoxide, 2-me- OCH CHOCH 
thyl-8-nonene epoxide, 2-methyl-9-decene epoxide and 
2-methyl-10-undecene epoxide. 

CHCH2CH3 CHCH 

(8) CHOCH CHCHOCH 
8 

CH2CH2CH CH 

R8-(Y) ) r ) r 
CHCH CHCHCH 

1080 wherein R7, R, Y, m, n and s have the same CH Rioch C. Coch meanings as those of R", R, Y, m, n and s, respectively, in 2-12-12-v-113 2-12-12-v-113 
the formula (6). 
1081) In the above formula (8), R7 and Rare preferably CH CHCH 
a direct bond or a hydrocarbon group of 1 to 10 carbon atoms OCH2CHCH OCH2CH3 
and Y is preferably -OR, -COOR, -CRO, -NR, an 
epOXy group, 

N. —or OCH2CH2CH2OCH 
O O 

CHOCH2CH2CH 
1082 (R is a hydrogen atom or a hydrocarbon group), 
-C=N, -OH, -COOH or -NH. 
1083 Examples of polar group-containing monomer rep 
resented by the formula (8) wherein Y is -OR (R is a CHOCH 
hydrogen atom or a hydrocarbon group) include 

1084 bicyclic monoethers such as 

O 
CHOCH2CH 

O 
CHOCH2CH2CH2CH 

O 
CHOCH 

OC OCH 

CHCH2CH2OCH3 

OCH CHOCH CHOCH OC 
O CHOCH 

CH CH2CH2OCH 

CH2CH2OCH CH2CH2CH2OCH OC 
O CH2CH2OCH 

CHOCH 

(CH2)4OCH3 

OC OCH2CH2 
CH2CH2OCH 

OC CHOCH 
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1085 bicyclic diethers such as 

1086 tetracyclic monoethers such as 

OCH OCH 

CH 
OCH CHOCH 

CHCH 

CHOCH CHOCH 

CH CHCH 

CH2CH2OCH 

CH 
CH2CH2OCH 

CHCH 

1087) , and 

1088) 

OCH 

) ) c 
tetracyclic dietherS Such as 

) ) r CHOCH 
CHOCH 

CHOCH 
CH2CH2OCH 

CHOCH 

1089 Examples of polar group-containing monomer rep 
resented by the formula (8) wherein Y is -COOR (R is a 
hydrogen atom or a hydrocarbon group) include 

1090 bicyclic carboxylic acid esters such as 

) COOCH 
CHCOOCH3 

) 

CHCOOCH 

) CHCH2COOCH3 
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-continued ) CHCH2CH2COOCH 

) (CH2)5COOCH3 

) (CH2)7COOCH 

) (CH2)9COOCH3 

(CH2)4COOCH 

O 
(CH2)6COOCH 

(CH2)6COOCH 

COOCH 

OC CH 
COOCH COOCH 

) o ) o 
CHCOOCH3 CHCOOCH3 

) - ) - 
CH2CH2COOCH CHCHCOOCH 

CH o 
CH2CH2CH2COOCH 

OC 
CHCHCOOCH 

) - 
CHCH2CH2COOCH 

) o 
) COOCH2CH2CH 

1091) 

CH 

COOCH2CH3 

O 
COOCH2CH2CH2CH 

O 
bicyclic dicarboxylic acid esterS Such as 

CHCOOCH CHCOOCH 

COOCH 
COOCH COOCH2CH 

) o 
COOCH 

CH2CH2COOCH 

) o 
COOCH2CH 
COOCH2CH2CH3 

OC COOCH2CH2CH 
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1092 tetracyclic monocarboxylic acid esters such as 1096 Examples of polar group-containing monomer rep 
resented by the formula (8) wherein Y is -CRO (R is a 
hydrocarbon group) include 

1097 bicyclic ketones such as 
COOCH COOCH 

OO OOC COCH3 CH2COCH3 
CH 

CH2COCH CH2CH2COCH COOCH CHCOOCH O 
) o ) CH 

CHCH2CH2COCH (CH2)4COCH 

CHCOOCH O O 
CH -(CH2)5COCH3 -(CH2)6COCH3 

(CH2)7COCH (CH2)3COCH3 

CHCH O O 
CH2CH2COOCH 

(CH2)9COCH COCH2CH 

CH O CH 
COCH3 COCH3 

1093 tetracyclic dicarboxylic acid esters such as OC OC 
CHCH CH2CH2CH 
CH2COCH CH2COCH 

COOCH COOCH OC OC 
CHCH CH2CH2CH3 

CH2CH2COCH CH2CH2COCH 
COOCH CHCOOCH 

COOCH2CH 

CH CHCH 
CH2CH2COCH CH2CH2CH2COCH 

COOCH2CH3 

CHCOOCH 

CH2CH2CH3 CH 
CH2CH2CH2COCH COCH2CH 

CHCOOCH OC O 
CHCH 

1094) , and COCH2CH2CH3 COCHCH2CH2CH3 

1095 acid anhydrides such as O O 
O 

) CH2COCH2CH ) CH2COCH2CH2CH 
C 
N N 

O 

CHCOOCH 

C C 

O 
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) r ) r 
COCH3 CH2COCH 

) r ) (CH2)4COCH3 
CH2COCH COCH2CH3 

) r ) r 
CH2CH2COCH CH2COCH 

1098 bicyclic diketones such as 
1099 tetracyclic ketones such as 

COCH COCH 

CH 

COCH3 CH2COCH 

CHCH 

CH2COCH CH2COCH 

CH CHCH 

CH2CH2COCH 

CH 
CH2CH2COCH 

CHCH 

1100) , and 
1101 tetracyclic diketones such as 

COCH COCH 

) ) o ) ) o 
CH2COCH 

CH2COCH 

CHCH2COCH 

CH2COCH 
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1102 Examples of polar group-containing monomer rep 
resented by the formula (8) wherein Y is -NR (R is a 
hydrogen atom or a hydrocarbon group) include 

1103 bicyclic amines such as 

O 

OC 

CH CHCH 

CHNHCH CH2N(CH2CH3)2 

CH CH 

CH-NHCH2CH3 (CH2)3.N(CH2CH3)2 

(CH)NHCH 
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1111) bicyclic diamides such as 

CHCONH2 CH2CONH2 

CH2CONH2 CONH2 

CH2CONH2 CONH2 

CHCH2CONH2 CH2CH2CONH2 

OC CHCH2CONH2 CH2CONH2 

1112 tetracyclic amides Such as 

CONHCH CONCH3)2 

CONH2 CH2CONH2 

CONH2 CONH2 

CH CHCH 

CH2CONH2 CH2CONH2 

CH CHCH 

1113) , and 

1114 tetracyclic diamides such as 

CONH2 CONCH3)2 

CONH2 CONCH) 

CH2CONH2 

CH2CONH2 

CH2CH2CONH2 

CH2CONH2 

57 
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1115) Examples of polar group-containing monomer rep 
resented by the formula (8) wherein Y is 

-OCR 

1116 (R is a hydrogen atom or a hydrocarbon group) 
include 

1117 bicyclic esters such as 

) OCOCH ) CHOCOCH 
CHOCOCH CHCHOCOCH 

) ) 
) CH2CH2CH2OCOCH ) (CH2)4OCOCH3 

(CH2)5OCOCH ) (CH2)6OCOCH3 

(CH2)7OCOCH (CH2)3OCOCH 

O 
(CH2)6OCOCH OCOCH2CH3 

O OC 
OCOCH OCOCH 

) o ) o 
CHOCOCH (CH2)3OCOH 

) - ) 
CH2CH2OCOH ) CHOCOH 

CHCHOCOCH CH2CH2CH2OCOCH 

- ) 
OCOH ) OCOCH2CH3 

OCOCH2CH2CH ) OCOCH2CH2CH2CH 
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-continued 

CHOCOCH2CH CHOCOCH2CH2CH 

CHOCOCH2CH2CH2CH 

1118 bicyclic diesters such as 

) r ) r 
OCOCH CHOCOCH3 

) r ) (CH2)6OCOCH 
CHOCOCH OCOCH2CH 

r ) r 
CHCHOCOCH3 CHOCOCH 

1119 tetracyclic esters such as 

OCOCH OCOCH 

) ) ) ) c 
OCOCH CHOCOCH3 

CHCH 
CHOCOCH3 

CH 
CHOCOCH 

CHCH 
CH2CH2OCOCH 

CH 

CH2CH2OCOCH 

CHCH 

1120) , and 

58 
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1121 tetracyclic diesters Such as 

) ) r ) ) r 
OCOCH CHOCOCH 

CHOCOCH 

CHOCOCH 

CH2CH2OCOCH 

CHOCOCH 

1122 Examples of polar group-containing monomer rep 
resented by the formula (8) wherein Y is -C=N include 

1123 bicyclic nitrites such as 

O CN CHCN CHCN 

CH 

) CH2CH2CN ) CH2CH2CH2CN 

O -(CH2)4CN -(CH2)5CN 

O (CH2)6CN O (CH2)CN 
O -(CH2)3CN (CH2)9CN 

CN CN CN 

CH CHCH o 
CHCN CHCN 

) - - 
CHCH2CN CHCH2CN 

) CHCH 
CH2CH2CN CH2CH2CH2CN 

) - CH 
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1133) 
-continued 

OH 

CH2OH ) - ) - OH 
CH CH 

CH2OH 
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tetracyclic diols Such as 

OH 

CH2CH2OH 

OOC CH2OH 
1134 Examples of polar group-containing monomer rep 
resented by the formula (8) wherein Y is -COOH include 

1130 bicyclic diols such as 

CH2OH CH2OH 

) - ) . 
CHCH2CH2OH (CH2)4OH 

) - . 
CH2CH2OH CH2CH2OH 

- ) - 
1131 tetracyclic alcohols such as ) (CH2)7COOH 

1135 bicyclic monocarboxylic acids such as 

) COOH 
CHCOOH 

) c ) CH2CH2CH2COOH 

CHCOOH 

CHCHCOOH 

(CH2)COOH 

O 

COOH 

OH OH (CH2)9COOH OC 
O CH 

CH COOH COOH 

OH CH2OH OC OC 
CHCH CH2CH2CH 

CHCH CHCOOH CHCOOH 

CH2OH CH2OH OC OC 
CHCH CH2CH2CH3 

CH CHCH CHCHCOOH CHCHCOOH 

CH2CH2OH CH2CH2OH OC OC 
CH CHCH 

CH2CH2CHCOOH 
CH CHCH 

1132) , and 

CHCHCOOH 

- C H 
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-continued -continued 

or " CH(COOH)CH, ) r ) ) r 
CHCH CH CHCH 

CH(COOH)CHCH CHCH(COOH)CH O O CHCHCOOH 
CH CHCOOH)CH CH(COOH)CH2CH 

OC CH2CH2COOH 
CH CH 

CHC(CH3)2CHCOOH OC CHCH 
O CHCOOH 1138) , and 

CHCOOH CH2CH2CH2COOH 

OC OC 1139 tetracyclic dicarboxylic acids such as 
COOH CHCOOH 

(CH2)4COOH O OOC OOC OC CH2CH2COOH COOH CHCOOH 

CH2CH2COOH OOC 
CHCOOH CHCOOH 

CHCHCOOH 

1136 bicyclic dicarboxylic acids such as OOC 
CHCOOH 

CHCOOH CHCOOH 
1140 Examples of polar group-containing monomer rep 
resented by the formula (8) wherein Y is -CHO include 

COOH CHCOOH 
1141 bicyclic aldehydes such as 

CHO CH2CHO CH2CHO 

CHCH2CH2COOH (CH2)COOH 

CHCOOH O . 
CHCHCOOH O" 

CHCOOH 

O CH 
CHCH2CHO CH2CH2CH2CHO CH2CH2COOH O 

1137 tetracyclic carboxylic acids such as or r 
COOH COOH 

OO OOC (CH2)6CHO (CH2)CHO 

OOC Or" (CH2)3CHO (CH2)6CHO CHCH O O 
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-continued 
CHO CHO CHO 

CH CHCH CH2CH2CH 
CHCHO CHCHO 

) o ) - 
CHCH2CHO CH2CH2CHO 

CHCH 
CH2CH2CHO CH2CH2CH2CHO 

o 
CH2CH2CH2CHO CH(CHO)CH 

) o 
) CH(CHO)CHCH CHCH(CHO)CH 

r r 
CH CH ) CHC(CH3)2CH2CHO 

1142 bicyclic dialdehydes such as 

) r r 
CHCHO CHO 

) r (CH2)4CHO 
CH2CHO CHO 

) r ) r 
CH2CH2CHO CH2CHO 

1143 tetracyclic aldehydes such as 

CHO CHO 

c 
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-continued 
CHO CHCHO 

CHCH 
CHCHO CH2CHO 

CH CHCH 

CH2CH2CHO 

CH 
CH2CH2CHO 

CHCH 

1144) , and 

1145 tetracyclic dialdehydes such as 

) ) r ) ) r CHO CHCHO 

) ) r ) ) r CHCHO CHCHO 

1146. Examples of polar group-containing monomer rep 
resented by the formula (8) wherein Y is -NH include 

1147 bicyclic monoamines such as 

CHNH2 CH-NH2 

CH 

NH2 

CHCH-NH2 CH2CH2CH2NH2 

Or (CH2)5NH2 
O (CH2)NH2. (CH2)7NH2 

Or Or 
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-continued 

NH2 NH2 OC 
CHCH2CH3 CH CHCH 

r r 
CHCH CH2CH2CH3 

r r 
CH CHCH 

OC Or CH2CH2CH CH 

CHCH 

CHC(CH3)2CH2NH2 CH-NH2 

CHNH2 

O Or NH2 CHNH2 

CHNH2 

1148 bicyclic diamines such as 

CHNH2 
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-continued 

r OC CH2CH2NH2 CH-NH2 

1149 tetracyclic monoamines such as 

NH2 NH2 

CH 
NH2 CH-NH2 

CHCH 
CHNH2 CH-NH2 

CH CHCH 
CHCH-NH2 CHCH-NH2 

CH CHCH 

1150) , and 
1151 tetracyclic diamines such as 

NH2 NH2 

NH2 CH-NH2 

CH-NH2 CHCH-NH2. 

CHNH2 CHNH2 

1152. In this invention, it is also possible to copolymerize 
polyenes with the C-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, 
8C-octahydronaphthalene, Styrene and Vinylcyclohexane, 
chain or cyclic diene, Such as butadiene, isoprene, 1,4- 
hexadiene, dicyclopentadiene, 5-ethylidene-2-norbornene, 
7-methyl-1,6-Octadiene, chain or cyclic triene, Such as 6,10 
dimethyl-1,5,9-undecatriene and 5,9-dimethyl-1,4,8-dec 
atriene; and chain or cyclic tetraene, Such as 6,10,14 
trimethyl-1,5,9,13-pentadecatetraene and 5,9,13-trimethyl 
1,48,12-tetradecatetraene. 
1153. In one process for preparing a polar group-contain 
ing copolymer according to the first embodiment of the 
invention, at least one olefin Selected from the above 
mentioned C-olefin of 2 to 20 carbon atoms is polymerized 
with a polar group-containing monomer represented by the 
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formula (7) and/or a polar group-containing monomer rep 
resented by the formula (8) in the presence of the aforesaid 
olefin polymerization catalyst under the following polymer 
ization conditions. 

1154. When the polar group-containing monomer is such 
a monomer that X in the formula (7) is -OH and Y in the 
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 -NR (R is 
hydrogen or an alkyl group), 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), 
(12), (14), (15) and (16). 
1155. In the process for preparing a polar group-contain 
ing copolymer according to the first embodiment of the 
invention, a polar group can be Selectively introduced to a 
terminal end of a polymer chain or inside of the main chain 
by the Selection of type of polar group and reaction condi 
tions. Further, characteristics of the polar group-containing 
polymer can be diversified by using two or more kinds of 
olefins at polymerization. 

1156 Deactivation of the catalyst by the functional 
group-containing monomer can be made as low as possible 
by previously contacting the transition metal compound (A) 
and/or the polar group-containing monomer with the orga 
noaluminum compound. 
1157 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 methods is useful. 
1158 To contact the transition metal compounds with the 
organoaluminum compound, there are a method of previ 
ously contacting them prior to adding them to the polymer 
ization System and a method of adding the two components 
Successively to the polymerization System similarly to the 
above, and any of these methods is useful. 
1159. In the polymerization, the transition metal com 
pound (A) is used in an amount of usually about 0.00005 to 
0.1 mmol, preferably about 0.0001 to 0.05 mmol, in terms 
of the transition metal atom, based on 1 liter of the poly 
merization Volume. 

1160 The organoaluminum oxy-compound (B-1) 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. 

1161 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, preferably 1 to 100 mol, based 
on 1 mol of the transition metal atom. 

1162) The organoaluminum compound (B-3) is used in 
Such an amount that the amount of the aluminum atom 
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becomes usually about 10 to 500 mol, preferably about 20 
to 200 mol, based on 1 mol of the transition metal atom. 
1163) When the organoaluminum oxy-compound (B-1) 
and the organoaluminum compound (B-3) are used in com 
bination, the organoaluminum compound (B-3) is used 
when needed in an amount of usually about 0 to 200 mol, 
preferably about 0 to 100 mol, based on 1 mol of the 
aluminum atom in the organoaluminum oxy-compound 
(B-1). When the ionizing ionic compound (B-2) and the 
organoaluminum compound (B-3) are used in combination, 
the organoaluminum compound (B-3) is used when needed 
in an amount of usually about 0 to 1000 mol, preferably 
about 0 to 500 mol, based on 1 mol of the boron atom in the 
ionizing ionic compound (B-2). 
1164) When the organosilicon compound (C) is used, this 
compound is used in an amount of 1 to 10000 mol, prefer 
ably 10 to 5000 mol, based on 1 mol of the transition metal 
atOm. 

1165. When the dialkylzinc compound (D) is used, this 
compound is used in an amount of 1 to 10000 mol, prefer 
ably 10 to 5000 mol, based on 1 mol of the transition metal 
atOm. 

1166 When hydrogen is used, the hydrogen is used in an 
amount of 10 to 1 mol, preferably 10' to 10 mol, based 
on 1 mol of the total of the olefin and the polar group 
containing monomer used in the polymerization. 

1167 Although there is no specific limitation on the ratio 
between the polar group-containing monomer and the tran 
Sition 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. 
1168 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 polymer 
ization or Solution polymerization, a gas phase polymeriza 
tion proceSS and a high-pressure process. 

1169. In the liquid phase polymerization, an inert hydro 
carbon medium is used, and examples thereof include ali 
phatic hydrocarbons, Such as propane, butane, pentane, 
hexane, heptane, octane, decane, dodecane and kerosine; 
alicyclic hydrocarbons, Such as cyclopentane, cyclohexane 
and methylcyclopentane; aromatic hydrocarbons, Such as 
benzene, toluene and Xylene; and halogenated hydrocar 
bons, Such as ethylene chloride, chlorobenzene and dichlo 
romethane. The olefin itself can be sued as a solvent. These 
Solvents may be used in combination. 
1170. 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 conducted, the polymerization tempera 
ture 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 tempera 
ture 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/cm. In case of the high 
preSSure process, the pressure is usually in the range of 100 
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to 10000 kg/cm’, preferably 500 to 5000 kg/cm'. The 
polymerization reaction can be carried out by any of batch 
wise, Semi-continuous and continuous processes. Further, 
the polymerization can be carried out in two or more Steps 
under different reaction conditions. 

1171. The molecular weight of the resulting polar group 
containing olefin copolymer can be regulated by controlling 
the amount of hydrogen, the organosilicon compound or the 
dialkylzinc compound or changing the polymerization tem 
perature or the polymerization pressure. 

1172. In the process for preparing a polar group-contain 
ing copolymer according to the first embodiment of the 
invention, an O-olefin of 2 to 20 carbon atoms and a polar 
group-containing monomer represented by the following 
formula (7") and/or (8) are copolymerized in the presence of 
a catalyst comprising: 

1173 (A) the transition metal compound, and 

1174 (B) at least one compound selected from: 
1175 (B-1) an organoaluminum oxy-compound, 

1176 (B-2) a compound which reacts with the 
compound (A) to form an ion pair, and 

1177) (B-3) an organoaluminum compound. 
CH=CH-R"-X"p (7") 

1178) wherein R" is a hydrocarbon group of 2 or more 
carbon atoms, X" is -OR,-COOR, -CRO,-COO)NR, 
-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. 

1179 The polar group-containing monomer represented 
by the formula (7") is, for example, the polar group 
containing monomer represented by the aforesaid formula 
(7) wherein X is other group than -OH and -NR. 

(8) 

1180) wherein R is a direct bond or an aliphatic hydro 
carbon group of 1 or more carbon atoms, R 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)NR, -OC(O)R (R is a hydrogen atom or a hydro 
carbon group), an epoxy group, -C=N or -NH2, m and in 
are each an integer of 0 to 2, m+n is not 0, and p is 0 or 1. 
1181. The polar group-containing monomer represented 
by the formula (8) is, for example, the polar group-contain 
ing monomer represented by the aforesaid formula (8) 
wherein Y is other group than -OH and -NR. 

1182. Such polar group-containing monomers can be 
used singly or in combination of two or more kinds. 
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1183. The polymerization conditions are the same as used 
above. 

1184 Next, the process for preparing a polar group 
containing olefin copolymer according to the Second 
embodiment of the invention is described. 

1185. The process for preparing a polar group-containing 
olefin copolymer according to the Second embodiment of the 
invention comprises copolymerizing at least one C-olefin 
Selected from C-olefins of 2 to 20 carbon atoms, a mac 
romonomer represented by the following formula (9), 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 repre 
sented by the above formula (8) in the presence of the olefin 
polymerization catalyst comprising: 

1186 (A) a compound of a transition metal selected 
from Group 3 (including lanthanoid and actinoid) to 
Group 10 of the periodic table, preferably a transi 
tion metal compound represented by any one of the 
above formulas (11) to (15), and 

1187 (B) at least one compound selected from: 
1188 (B-1) an organoaluminum oxy-compound, 

1189 (B-2) a compound which reacts with the 
compound (A) to form an ion pair, and 

1190 (B-3) an organoaluminum compound; 

(9) 
CHFCH 

(W), (R)-(-O-Z) 

1191) wherein R. R. Z, W, p, q and r have the same 
meanings as those of R. R. Z, W, p, q and r in the formula 
(4), respectively. 
1192. When a polar group-containing monomer repre 
Sented 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. 

1193 Examples of macromonomers represented by the 
formula (9) include the following macromonomers. 

4n-n-n-n-n-N-1--" 
o-N-" 

------- 
--~~~~} 

N-N-" 
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-continued 

o o-n- t r- C. 
--~~~~ NS-O H rts 

H 
etc. 

1194 The macromonomer can be prepared by the use of, 
for example, the polar monomer (later described), and 
Specifically, the macromonomer can be prepared by produc 
ing 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). 

1195 The copolymerization of the O.-olefin of 2 to 20 
carbon atoms and the macromonomer represented by the 
formula (9) is carried out using the same olefin polymer 
ization catalyst as used in the copolymerization of an 
C-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 copolymerization 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). 
1196. In the process for preparing a polar group-contain 
ing copolymer according to the Second embodiment of the 
invention, at least one olefin Selected from the above 
mentioned C-olefin of 2 to 20 carbon atoms, a macromono 
mer represented by the formula (9) and at least one polar 
group-containing monomer Selected from the group consist 
ing of a polar group-containing monomer represented by the 
formula (7) and a polar group-containing monomer repre 
Sented by the formula (8) are polymerized in the presence of 
the aforesaid olefin polymerization catalyst under the same 
polymerization conditions as in the proceSS for preparing the 
polar group-containing olefin copolymer according to the 
first embodiment. 

1197) The process for preparing a polar group-containing 
olefin copolymer according to the third embodiment of the 
invention comprises copolymerizing at least one C-olefin 
Selected from C-olefins of 2 to 20 carbon atoms, a polar 
group-containing monomer represented by the following 
formula (10) (also referred to as a “polar group-containing 
monomer (10)” hereinafter), and optionally, a polar group 
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containing monomer represented by the above formula (8) in 
the presence of the catalyst comprising: 

1198 (A) a compound of a transition metal selected 
from Group 3 (including lanthanoid and actinoid) to 
Group 10 of the periodic table, and 

1199 (B) at least one compound selected from: 
1200 (B-1) an organoaluminum oxy-compound, 
1201 (B-2) a compound which reacts with the 
compound (A) to form an ion pair, and 

1202 (B-3) an organoaluminum compound, and 
then conducting any one of the following steps (i) 
and (ii), to prepare a branched type polar group 
containing olefin copolymer; 

(10) 
CHFCH 

(R), (W) 

1203 wherein R. R. m., W and n have the same mean 
ings as those of R, R, m, W and n in the formula (5), 
respectively; 

1204 (i) from the W portion of the copolymerized 
polar group-containing monomer (10), a Zportion is 
formed by anionic polymerization, ring-opening 
polymerization or polycondensation; 

1205 (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. 

1206 The process (i) is described below in more detail. 
1207 In the process (i), an O-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) are copolymerized to prepare a functional 
group-containing olefin copolymer, and then from the polar 
group contained in the W portion of the copolymerized 
functional group-containing monomer, a polymer Segment 
(Z) is formed by anionic polymerization, ring-opening poly 
merization or polycondensation. 
1208 When a polymer segment is formed from the polar 
group contained in any one of W portions 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 the polar group contained in any one of W portions in 
the constituent unit of the polar group-containing olefin 
copolymer, Said constituent unit being derived from the 
polar group-containing monomer (10), this constituent unit 
becomes the constituent unit (5). 
1209 Examples of the C-olefins of 2 to 20 carbon atoms 
include ethylene. propylene, 1-butene, 2-butene, 1-pentene, 
3-methyl-1-butene, 1-hexene, 4-methyl-1-pentene, 3-me 
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thyl-1-pentene, 3-ethyl-1-pentene, 4,4-dimethyl-1-pentene, 
4-methyl-1-hexene, 4,4-dimethyl-1-hexene, 4-ethyl-1-hex 
ene, 3-ethyl-1-hexene, 1-octene, 1-decene, 1-dodecene, 
1-tetradecene, 1-hexadecene, 1-octadecene and 1-eicosene. 
Of these, preferable are at least two ax-olefins selected from 
ethylene, propylene, 1-butene, 4-methyl-1-pentene, 
1-hexene and 1-octene. 

1210 Examples of the polar group-containing monomer 
(10) include: 

1211 compounds represented by the formula (10) 
wherein W is a hydroxyl group, Specifically 

1212 co-alkenylalcohols, such as 4-pentene-1-ol, 
5-hexene-1-ol, 6-heptene-1-ol, 7-octene-1-ol, 8-non 
ene-1-ol, 9-decene-1-ol, 10-undecene-1-ol and 
11-dodecene-1-ol; 

1213 alcohols having straight-chain hydrocarbon 
groups, Such as 5-hexene-2-ol, 6-heptene-2-ol, 
7-Octene-2-ol, 8-nonene-2-ol, 9-decene-2-ol, 10-un 
decene-2-ol, 6-heptene-3-ol, 7-octene-3-ol, 8-nonene 
3-ol, 9-decene-3-ol, 10-undecene-3-ol, 11-dodecene-3- 
ol, 7-octene-4-ol, 8-nonene-4-ol, 9-decene-4-ol, 
10-undecene-4-ol, 8-nonene-5-ol, 9-decene-5-ol and 
10-undecene-5-ol; 

1214 alcohols having branched hydrocarbon groups, 
Such as 2-ethyl-5-hexene-1-ol, 3-methyl-6-heptene-1- 
ol, 3-methyl-7-octene-1-ol, 4-methyl-8-nonene-1-ol, 
3-ethyl-9-decene-1-ol, 2-methyl-10-undecene-2-ol, 
2,2-dimethyl-7-octene-1-ol, 3-ethyl-2-methyl-8-non 
ene-1-ol, 2,2,3-trimethyl-9-decene-1-ol and 2,3,3,4-tet 
ramethyl-10-undecene-2-ol; 

1215 diols, such as 9-decene-1,2-diol, 10-undecene 
1,2-diol, 11-dodecene-1,2-diol and 11-dodecene-1,2- 
diol, and 

1216) 
1217 compounds represented by the formula (10) 
wherein W is an epoxy group, Specifically 

triols, Such as 10-undecene-1,2,3-triol, and 

1218 coalkenylepoxides, Such as 5-hexene epoxide, 
6-heptene epoxide, 7-octene epoxide, 8-nonene 
epoxide, 9-decene epoxide, 10-undecene epoxide and 
11-dodecene epoxide; and 

1219 coalkenylepoxides having branched hydrocarbon 
groups, Such as 2-methyl-5-hexene epoxide, 2-methyl 
6-heptene epoxide, 2-methyl-7-octene epoxide, 2-me 
thyl-8-nonene epoxide, 2-methyl-9-decene epoxide and 
2-methyl-10-undecene epoxide. 

1220) Further, examples of the polar group-containing 
monomer (10) also include the following compounds. 
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1221. Also available are n-nonyl-1-ol, 1,2-epoxy-nonyl, 
n-undecyl-1-ol, and 4-hexenyloxyphenol. 
1222. The copolymerization of the O.-olefin of 2 to 20 
carbon atoms and the polar group-containing monomer (10), 
and optionally a polar group-containing monomer repre 
Sented by the formula (8) is carried out in the presence of, 
for example, the above mentioned olefin polymerization 
catalyst comprising: 

1223 (A) a compound of a transition metal Selected 
from Group 3 (including lanthanoid and actinoid) to 
Group 10 of the periodic table, and 

1224 (B) at least one compound selected from: 
1225 (B-1) an organoaluminum oxy-compound, 

1226 (B-2) a compound which reacts with the 
compound (A) to form an ion pair, and 

1227) (B-3) an organoaluminum compound, 
under the same polymerization conditions as in the 
proceSS for preparing the polar group-containing 
olefin copolymer according to the first embodi 
ment. 

1228 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-opening 
polymerization or polycondensation. 
1229. To prepare the Z portion from the w portion of the 
copolymerized polar group-containing monomer (10) by 
anionic polymerization, ring-opening polymerization or 
polycondensation, for example, a polar monomer is Sub 
jected to anionic polymerization in the presence 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 hydro 
gen compound. 
1230. Examples of the polar monomers include the 
examples at the aforesaid constituent unit (4) Such as 
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(meth)acrylic esters, (meth)acrylonitriles, acrylamides, 
Vinylpyridines, N-Substituted maleimides, Vinylketones and 
Styrene derivatives. 
1231 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 unsat 
urated bond, main chains of the polymers produced from the 
polar group-containing ethylenically unsaturated monomers 
having only one ethylenically unsaturated bond can be 
crosslinked to each other. 

1232 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- 
disubstituted monoacrylamides, Vinyl or isopropenyl Substi 
tuted pyridines, N-aromatic Substituted maleimides and 
Vinyl ketones. 
1233 More 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, meth 
acrylonitrile and N,N-disubstituted monoacrylamides. 
1234 Examples of the polar monomers include examples 
at the aforesaid constituent unit (4) Such as alkylene oxide 
compounds. 

1235. The polar monomers can be used singly or in 
combination of two or more kinds. In the use of a combi 
nation of two or more polar monomers, a combination of the 
above polar monomer other than the alkylene oxide com 
pound (Such a monomer being Sometimes referred to as an 
“ethylenically unsaturated monomer hereinafter) and an 
alkylene oxide compound is preferable. 
1236. In the copolymerization using plural polar mono 
mers in combination, use of plural ethylenically unsaturated 
monomers, use of a single ethylenically unsaturated mono 
mer and plural alkylene oxide compounds, 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 avail 
able, and for adding these components to the polymerization 
reactor, a method of adding at the Same time, a method of 
adding Successively, or a method of repeating Successive 
addition is adoptable. 
1237. If plural polar monomers are used in combination 
and copolymerized 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 mono 
mers 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 of a complicated copolymer is 
obtained. 
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1238. 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 compound 
is propylene oxide or ethylene oxide, and it is Still more 
preferable that the alkylene oxide is propylene oxide. 

1239. The active hydrogen compound is, for example, an 
active hydrogen compound having active hydrogen on the 
carbon atom, an active hydrogen compound having active 
hydrogen on the oxygen atom, an active hydrogen com 
pound having active hydrogen on the nitrogen atom, or an 
active hydrogen compound having active hydrogen on the 
Sulfur atom. 

1240 Examples of the active hydrogen compounds hav 
ing active hydrogen on the carbon atom include hydrogen 
cyanide; monocarboxylic esters, Such as ethyl acetate, cyclo 
hexyl propionate, isopropyl butyrate, methyl isobutyrate, 
tert-butyl isobutyrate, hexyl caproate, butyl laurate, methyl 
Stearate, ethyl oleate, methyl phenylacetate, methyl cyclo 
hexanecarboxylate, 1,2-bis(2-propylcarbonyloxy)ethane 
and 1,2,3-tris(2-propylcarbonyloxy)propane; polycarboxy 
lic esters, Such as dimethyl malonate, dimethyl methylma 
lonate, diethyl Succinate, butyl 2,3-dimethylSuccinate, 
methyl adipate, ethyl Suberate, methylbutanetetracarboxy 
late, 1,2-bis(2-methoxycarbonylethoxy)ethane, 1,2-bis(2- 
ethoxycarbonylpropoxy)ethane, 1,2-bis(2-ethoxycarbonyl 
propylmercapto)ethane and N.N.N',N'-tetrakis(2- 
butoxycarbonylpropyl)ethylenediamine; ketocarboxylic 
esters, Such as ethyl acetoacetate, cyclopentyl acetoacetate, 
methyl carbamoylacetate, ethyl 2-cyclohexylcarbonylac 
etate and butylbenzoylacetate, nitriles, Such as acetonitrile, 
2-cyanopropane, malononitrile, methyl malononitrile, 1,3- 
dicyanopropane and adiponitrile; and ketones, Such as 
acetone, methyl ethyl ketone, diisopropyl ketone, dicyclo 
hexyl ketone, acetophenone and isopropyl phenyl ketone. 

1241 Examples of the active hydrogen compounds hav 
ing active hydrogen on the oxygen atom include water; 
monohydric alcohols, Such as methanol, ethanol, n-pro 
panol, isopropanol, n-butyl alcohol, Sec-butyl alcohol, tert 
butyl alcohol, isopentyl alcohol, tert-pentyl alcohol, n-octyl 
alcohol, lauryl alcohol, cetyl alcohol, cyclopentanol, cyclo 
hexanol, allyl alcohol, crotyl alcohol, methylvinylcarbinol, 
benzyl alcohol, 1-phenylethyl alcohol, triphenylcarbinol, 
cinnamyl alcohol, perfluoro-tert-butyl alcohol, C.-hydroxy 
isopropyl phenyl ketone, C-hydroxycyclohexyl phenyl 
ketone, C-hydroxyisopropyl naphthyl ketone and methyl 
C-hydroxyisobutyrate; polyhydric alcohols, Such as ethylene 
glycol, propylene glycol, diethylene glycol, dipropylene 
glycol, 1,3-propanediol, 1,3-butanediol, 1,4-butanediol, 1,6- 
hexanediol, 1,4-cyclohexanediol, trimethylolpropane, glyc 
erol, diglycerol, pentaerythritol and dipentaerythritol; and 
aromatic hydroxy compounds, Such as phenol, creSol, Xyle 
nol, 2-naphthol, 2,6-dihydroxynaphthalene and bisphenol A. 

1242 Examples of the active hydrogen compounds hav 
ing active hydrogen on the nitrogen atom include aliphatic 
or aromatic primary amines, Such as methylamine, ethy 
lamine, n-propylamine, isopropylamine, n-butylamine, 
isobutylamine, Sec-butylamine, tert-butylamine, cyclohexy 
lamine, benzylamine, B-phenylethylamine, aniline, o-tolui 
dine, m-toluidine and p-toluidine, aliphatic or aromatic 
Secondary amines, Such as dimethylamine, methylethy 
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lamine, diethylamine, di-n-propylamine, ethyl-n-buty 
lamine, methyl-Sec-butylamine, dipentylamine, dicyclo 
hexylamine, N-methylaniline and dipheylamine; 
polyamines having primary or Secondary amino group, Such 
as ethylenediamine, di(2-aminoethyl)amine, hexamethyl 
enediamine, 4,4'-diaminodiphenylethane, tri(2-aminoethy 
l)amine, N,N'-dimethylethylenediamine, N,N'-diethylethyl 
enediamine and di(2-methylaminoethyl)amine; Saturated 
cyclic Secondary amines, Such as pyrrolidine, piperidine, 
morpholine and 1,2,3,4-tetrahydroquinoline; unsaturated 
cyclic Secondary amines, Such as 3-pyrroline, pyrrole, 
indole, carbazole, imidazole, pyrazole and purine, cyclic 
polyamines having Secondary amino group, Such as pipera 
Zine, pyrazine and 1,4,7-triazacyclononane, unsubstituted or 
N-monoSubstituted acid amides, Such as acetamide, propi 
onamide, N-methylpropionamide, N-methylbenzamide and 
N-ethylstearamide, cyclic amides, Such as B-propiolactam, 
2-pyrrollidone, Ö-Valelolactam and e-caprolactam, and imi 
des of dicarboxylic acids, Such as Succinimide, maleimide 
and phthalimide. 
1243 Examples of the active hydrogen compounds hav 
ing active hydrogen on the Sulfur atom include monothiols, 
Such as methanethiol, ethanethiol, n-butanethiol, tert-bu 
tanethiol, hexanethiol, decanethiol, cyclopentylmercaptain 
and cyclohexylmercaptan, polythiols, Such as 1,2- 
ethanedithiol, 1,3-propanedithiol, 2,3-butanedithiol, 1,6- 
hexanedithiol, 1,2,3-propanetrithiol and 2,3-di(mercaptom 
ethyl)-1,4-butanedithiol; and aromatic mercapto 
compounds, Such as thiophenol, o-thiocreSol, thionaphthol 
and 1,2-benzenedithiol. 
1244. Also employable as the active hydrogen com 
pounds are, for example, poly(alkylene oxides) having 
active hydrogen at the end, Such as polyethylene oxide and 
polypropylene oxide, polymers obtained by anionic poly 
merization or other polymerization of (meth)acrylic esters, 
(meth)acrylonitriles, acrylamides, vinylpyridines, N-Substi 
tuted maleimdes, Vinyl ketones and Styrene derivatives, 
polymers obtained by ring-opening polymerization of lac 
tones, lactams, lactides and cyclic Siloxanes, polymers hav 
ing active hydrogen at the end and/or in the main chain, Such 
as poly(meth)acrylic esters), poly(meth)acrylonitriles), 
poly(acrylamides), poly(Vinylpyridines), poly(N-Substituted 
maleimdes), poly(Vinyl ketones) and poly(styrene deriva 
tives), polyesters, polyamides, polylactides and polysilox 
anes, and copolymers thereof. 
1245. Of the above active hydrogen compounds, prefer 
able are hydrogen cyanide, monocarboxylic esters, polycar 
boxylic esters, water, monohydric alcohols, polyhydric alco 
hols, monothiols, polymers having active hydrogen at the 
end 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 deriva 
tives), and copolymers thereof. 
1246 The proton abstracting agents may be used singly 
or as a mixture of two or more kinds. 

1247. In the present invention, at least a polar monomer 
is Subjected to anionic polymerization in the presence of a 
proton abstracting agent and an active hydrogen compound 
or in the presence of a proton abstracting agent. In this 
process, ring-opening polymerization can be carried out. 
1248. As the process in which the proton abstracting 
agent is used or the proceSS in which a proton is abstracted 
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from the active hydrogen compound to give an anion, the 
following processes are employable: 

1249 (1) a process using an alkali metal hydroxide 
or an alkali metal carbonate, 

1250 (2) a process using an alkali metal, an alkali 
metal hydride, an alkali metal amide or an alkali 
metal alkyl, 

1251 (3) a process using a Zinc compound, 
1252 (4) a process using ammonium hydroxide, and 
1253 (5) a process using a phosphazenium salt. 

1254. The phosphazenium compound can be prepared by 
the process described in EP0791600, pp. 12-13, or its 
analogous process. 
1255 The process for preparing a Zportion 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 abstracting agent and the polar monomer 
can be effectively contacted, and any of a batchwise proceSS 
and a process comprising feeding the polar monomer inter 
mittently or continuously is employable. 
1256 The polymerization reaction 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 Sus 
pension phase. Examples of the Solvents employable herein 
include aliphatic or alicyclic hydrocarbons, Such as n-hex 
ane, n-heptane and cyclohexane, aromatic hydrocarbons, 
Such as benzene, toluene and Xylene; aromatic halides, Such 
as chlorobenzene and dichlorobenzene, ethers, Such as 
diethyl ether, diphenyl ether, tetrahydrofuran, tetrahydropy 
ran, 1,4-dioxane, ethylene glycol dimethyl ether and dieth 
ylene glycol diethyl ether; and aprotic polar Solvents, Such 
as dimethylformamide, dimethylsulfoxide, Sulfolane and 
N,N'-dimethylimidazolidinone. 
1257 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 to 1x10" mol, 
preferably 1x10" to 3x10" mol. The polymerization reac 
tion 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 pref 
erably 0.1 to 1.0 MPa, though it varies depending upon the 
type and amount of the polar monomer used, the reaction 
temperature, etc. 

1258. 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 tem 
perature, etc. 

1259 Next, the process (ii) is described in more detail. 
1260. In the process (ii), an O-olefin of 2 to 20 carbon 
atoms and a polar group-containing monomer (10), and 
optionally the polar group-containing monomer represented 
by the formula (8) are copolymerized to prepare a polar 

70 
Oct. 24, 2002 

group-containing 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 
polymerization or polycondensation. 
1261 The terminal functional group-containing olefin 
copolymer can be prepared in the same manner as in the 
process (i). 
1262 Examples of the polymers (sometimes referred to 
as "terminal functional group-containing polymer herein 
after) obtained by anionic polymerization, ring-opening 
polymerization or polycondensation include Segments 
obtained by anionic polymerization of one or more mono 
merS Selected from methyl methacrylate, ethyl methacrylate, 
butyl acrylate, acrylonitrile and acrylamide, Segments 
obtained by ring-opening polymerization of lactone, lactide, 
Siloxane, lactam, cyclic ether, oxazoline, ethylene oxide, 
propylene oxide, etc., and polymers obtained by polycon 
densation of monomers, Such as polycarboxylic acid and 
polyhydric alcohol, or polycarboxylic acid and polyamide or 
hydroxycarboxylic acid. Of these, preferable are Segments 
obtained by anionic polymerization of acrylic esters or 
methacrylic esters and polymers obtained by ring-opening 
polymerization of ethylene oxide or propylene oxide. 
1263 Such a terminal functional group-containing poly 
mer can be prepared by, for example, Subjecting the same 
polar monomer as used in the process (i) to anionic poly 
merization, ring-opening polymerization or polycondensa 
tion in the presence of the proton abstracting agent or in the 
presence of the proton abstracting agent and the active 
hydrogen compound. 
1264. Then, the polar group-containing olefin copolymer 
obtained as above is copolymerized with the terminal func 
tional group-containing polymer. 

Thermoplastic Resin Composition 
1265. The thermoplastic resin composition of the inven 
tion may be formed from two or more copolymerS Selected 
from the polar group-containing olefin copolymers or may 
be formed from the polar group-containing olefin copolymer 
and a thermoplastic resin other than the polar group-con 
taining olefin copolymer. 

Thermoplastic Resin 

1266 The thermoplastic resin preferably used in the 
invention is one kind of a thermoplastic resin Selected from 
polyolefin, polyamide, polyester, polyacetal, polystyrene, 
acrylonitrile/butadiene/Styrene copolymer (ABS), poly 
methacrylate, polycarbonate, polyphenylene oxide, polyvi 
nyl chloride, polyvinylidene chloride, polyvinyl acetate, 
ethylene/(meth)acrylic ester copolymer and diene rubber. 
1267 Examples of the polyolefins include olefin 
homopolymers, Such as polyethylene, polypropylene, poly 
1-butene, polymethylpentene and polymethylbutene, and 
olefin copolymers, Such as an ethylene/C-olefin random 
copolymer, an ethylene/propylene/diene terpolymer, a pro 
pylene/ethylene random copolymer, a propylene/O-olefin 
random copolymer and a propylene/ethylene/C-olefin ter 
polymer. Of these, preferable are polyethylene, polypropy 
lene, an ethylene/C-olefin random copolymer, an ethylene/ 
propylene/diene terpolymer, a propylene/ethylene random 
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copolymer and a propylene/C-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. 
1268 As the catalyst for the preparation of the polyolefin, 
any of Ziegler-Natta catalyst, a metallocene catalyst and a 
known catalyst may be used. 
1269 Examples of the polyamides include aliphatic 
polyamides, Such as nylon-6, nylon-66, nylon-10, nylon-12 
and nylon-46; and aromatic polyamides prepared from aro 
matic dicarboxylic acids and aliphatic diamines. Of these, 
nylon-6 is preferable. 
1270 Examples of the polyesters include aromatic poly 

esters, Such as polyethylene terephthalate, polyethylene 
naphthalate and polybutylene terephthalate; polycaprolac 
tone; and polyhydroxybutyrate. Of these, polyethylene 
terephthalate is preferable. 
1271 Examples of the polyacetals include polyformal 
dehyde (polyoxymethylene), polyacetaldehyde, polypropi 
onaldehyde and polybutylaldehyde. Of these, polyformal 
dehyde is preferable. 
1272 The polystyrene may be a homopolymer of styrene 
or may be a copolymer of Styrene and acrylonitrile, methyl 
methacrylate, C.-methylstyrene or the like, Such as an acry 
lonitrile/styrene copolymer. 
1273. 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 30 mol % and constituent units derived 
from styrene in amounts of 40 to 60 mol %. 
1274. As the polymethacrylate, polymethyl methacrylate 
(PMMA) is preferable. 
1275. Examples of the polycarbonates include those 
obtained from bis(4-hydroxyphenyl)methane, 1,1-bis(4-hy 
droxyphenyl)ethane, 2,2-bis(4-hydroxyphenyl)propane and 
2,2-bis(4-hydroxyphenyl)butane. Of these, polycarbonate 
obtained from 2,2-bis(4-hydroxyphenyl)propane is prefer 
able. 

1276. As the polyphenylene oxide, poly(2,6-dimethyl-1, 
4-phenylene oxide) is preferable. 
1277. The polyvinyl chloride may be a homopolymer of 
vinyl chloride or may be a copolymer of vinyl chloride and 
Vinylidene chloride, acrylic ester, acrylonitrile, propylene or 
the like. 

1278. As the polyvinylidene chloride, a copolymer com 
prising vinylidene chloride and vinyl chloride, 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. 

1279. 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. 
1280. 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. 
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1281 Examples of the diene rubbers include conjugated 
polydienes Sych as polybutadiene, polyisoprene, an elas 
tomer type Styrene/butadiene copolymer that is known as 
SBR (styrene/butadiene rubber). In the diene rubbers, at 
least a part of double bonds in the molecule may be 
hydrogenated. 

1282. The thermoplastic resins mentioned above can be 
used singly or in combination of two or more kinds. 
1283) Of the thermoplastic resins, polyolefin, polyester, 
polyamide or polystyrene is preferably used. 
1284. The thermoplastic resin composition of the inven 
tion can be prepared by blending the polar group-containing 
olefin copolymer with the thermoplastic resin using, for 
example, a ribbon blender, a tumbling blender or a Henschel 
blender. 

1285. The thermoplastic resin composition of the inven 
tion 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-kneader, a Banbury mixer, a Brabender, 
a single-screw extruder or a twin-Screw extruder, a horizon 
tal 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 

1286 To the polar group-containing olefin copolymer 
and the thermoplastic resin composition according to the 
invention, additives, Such as inorganic filler, organic filler, 
nucleating agent, heat Stabilizer, weathering Stabilizer, anti 
Static agent, colorant, lubricant, flame retardant and bloom 
ing inhibitor, may be added within limits not detrimental to 
the objects of the invention. 
1287) 
1288 Examples of the inorganic fillers include silica, 
diatomaceous earth, alumina, titanium oxide, magnesium 
oxide, pumice powder, pumice balloon, aluminum hydrox 
ide, magnesium hydroxide, basic magnesium carbonate, 
dolomite, calcium Sulfate, calcium titanate, barium Sulfate, 
calcium Sulfite, talc, clay, mica, asbestos, glass fiber, glass 
flake, glass bead, calcium Silicate, montmorillonite, bento 
nite, graphite, aluminum powder and molybdenum Sulfide. 

Inorganic Filler 

1289 Among these, layered compounds are preferred, 
and clay minerals having Swelling and cleavage properties in 
dispersion media are particularly preferred for use. The clay 
minerals are generally classified into a type of two-layer 
Structure consisting of a tetrahedral layer of Silica and an 
octahedral layer containing aluminum or magnesium as a 
central metal provided on the tetrahedral layer, and a type of 
three-layer Structure consisting of tetrahedral layers of Silica 
and an octahedral layer containing aluminum or magnesium 
as a central metal Sandwiched between the tetrahedral layers. 
The two-layer 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. 
1290 Specific examples of the clay minerals include 
kaolinite, dickite, nacrite, halloysite, antigorite, chrysotile, 
pyrophyllite, montmorillonite, beidellite, nontronite, Sapo 
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nite, Sauconite, Stevensite, hectorite, tetrasilicic mica, 
Sodium taeniorite, muscovite, margarite, talc, Vermiculite, 
phlogopite, Xanthophyllite and chlorite. 

1291 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.) 
1292. Of the above clay minerals, preferable are a smec 

tite group, a Vermiculite group and a mica group, and more 
preferable is a Smectite group, from the viewpoints of 
Swelling properties or cleavage properties. Examples of the 
Smectite group clay minerals include montmorillonite, beid 
ellite, nontronite, Saponite, Sauconite, Stevensite and hec 
torite. 

1293 Examples of the dispersion media to Swell or 
cleave the inorganic layered compounds in the case of 
natural Swelling clay minerals are water, alcohols, Such as 
methanol, ethanol, propanol, isopropanol, ethylene glycol 
and diethylene glycol; Dimethylformamide; dimethyl sul 
foxide and acetone. Of these, water and an alcohol Such as 
methanol are preferable. 

1294. In the case of the organically-modified clay min 
erals, 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 
ketone and methyl isobutyl ketone, aliphatic hydrocarbons, 
Such as n-pentane, n-hexane and n-octane, halogenated 
hydrocarbons, Such as chlorobenzene, carbon tetrachloride, 
chloroform, dichloromethane, 1,2-dichloroethane and per 
chloroethylene; ethyl acetate; methyl methacrylate (MMA); 
dioctyl phthalate (DOP); dimethylformamide; dimethylsul 
foxide; methyl celloSolve and Silicone oil. 
1295 Nucleating Agent 

1296 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, aro 
matic carboxylic acid and roSin nucleating agent. 

1297 Examples of aromatic phosphoric ester salt are 
compounds represented by the following formula (A). 

(A) 
R12 

R13 O 

N 
R11 P-O-H-M 

R13 / 
R12 
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1298). 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 
R's, R's or R'' and R' may be bonded to each other to 
form a ring; M is a metal atom having a Valency of 1 to 3; 
and n is an integer of 1 to 3. 
1299 Concrete examples of the compounds represented 
by the above formula (A) include 

1300 sodium-2,2'-methylene-bis(4,6-di-t-butylphe 
nyl)phosphate, 

1301 sodium-2,2'-ethylidene-bis(4,6-di-t-butylphe 
nyl)phosphate, 

1302 lithium-2,2'-methylene-bis(4,6-di-t-butylphe 
nyl)phosphate, 

1303 lithium-2,2'-ethylidene-bis(4,6-di-t-butylphe 
nyl)phosphate, 

1304 sodium-2,2'-ethylidene-bis(4-i-propyl-6-t-bu 
tylphenyl) phosphate, 

1305 lithium-2,2'-methylene-bis(4-methyl-6-t-bu 
tylphenyl)phosphate, 

1306 lithium-2,2'-methylene-bis(4-ethyl-6-t-bu 
tylphenyl)phosphate, 

1307 calcium-bis(2,2'-thiobis(4-methyl-6-t-butylphe 
nyl)phosphate, 

1308 calcium-bis(2,2'-thiobis(4-ethyl-6-t-butylphe 
nyl)phosphate, 

1309 calcium-bis(2,2'-thiobis(4,6-di-t-butylphe 
nyl)phosphate, 

1310 magnecium-bis(2,2'-thiobis(4,6-di-t-butylphe 
nyl)phosphate, 

1311 magnecium-bis(2,2'-thiobis(4-t-octylphe 
nyl)phosphate, 

1312 sodium-2,2'-butylidene-bis(4,6-di-methylphe 
nyl)phosphate, 

1313) sodium-2,2'-butylidene-bis(4,6-di-t-buthylphe 
nyl)phosphate, 

1314 sodium-2,2'-t-octylmethylene-bis(4,6-di-meth 
ylphenyl)phosphate, 

1315) sodium-2,2'-t-octylmethylene-bis(4,6-di-t-bu 
tylphenyl)phosphate, 

1316 calcium-bis(2,2'-methylene-bis(4,6-di-t-bu 
tylphenyl)phosphate, 

1317 magnecium-bis(2,2'-methylene-bis(4,6-di-t-bu 
tylphenyl)phosphate, 

1318 barium-bis(2,2'-methylene-bis(4,6-di-t-bu 
tylphenyl)phosphate, 

1319 sodium-2,2'-methylene-bis(4-methyl-6-t-bu 
tylphenyl)phosphate, 

1320 sodium-2,2'-methylene-bis(4-ethyl-6-t-bu 
tylphenyl)phosphate, 

1321 sodium-(4,4'-dimethyl-5,6'-di-t-butyl-2,2'-bi 
phenyl)phosphate, 
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1322 calcium-bis-(4,4'-dimethyl-6,6'-di-t-butyl-2,2'- 1343 aluminum-bis(4-t-butylphenyl)phosphate, and 
biphenyl)phosphate, mixtures of two or more thereof. Particularly preferable 

is Sodium-bis(4-t-butylphenyl)phosphate. 1323 sodium-2,2'-ethylidene-bis(4-m-butyl-6-t-bu 
tylphenyl)phosphate, 1344 Exemplary benzylidenesorbitol is a compound rep 

resented by the following formula (C). 1324 sodium-2,2'-methylene-bis(4,6-di-methylphe 
nyl)phosphate, 

1325 sodium-2,2'-methylene-bis(4,6-di-ethylphe 
nyl)phosphate, (C) 

1326 potassium-2,2'-ethylidene-bis(4,6-di-t-butylphe- O y- (RS) 
nyl)phosphate, o O \ / 

1327 calcium-bis(2,2'-ethylidene-bis(4,6-di-t-bu- (R') x / O 
tylphenyl)phosphate, i. O 

1328 magnecium-bis(2,2'-ethylidene-bis(4,6-di-t-bu- OH 
tylphenyl)phosphate, 

1329 barium-bis(2,2'-ethylidene-bis(4,6-di-t-bu- OH 
tylphenyl)phosphate, 

1330 aluminium-tris(2,2'-methylene-bis(4,6-di-t-bu- 1345) In the formula, each R" may be the same or 
tylphenyl)phosphate and aluminium-tris 2,2'-eth- different and denotes a hydrogen atom or a hydrocarbon 
ylidene-bis4,6-di-t-butylphenyl)phosphate, and mix- group of 1 to 10 carbon atoms, and m and n are each an 
tures of two or more thereof. Particularly preferable is integer of 0 to 5. 
Sodium-2,2'-methylene-bis(4,6-di-t-butylphenyl)phos- 1346 Examples of the compounds represented by the 
phate. formula (C) include 

1331 Examples of aromatic phosphoric ester salt are 1347 1,3,2,4-dibenzylidenesorbitol, 1,3-benzylidene 
compounds represented by the following formula (B). 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-methylbenzylidene-2,4-p- 
ethylbenzylidenesorbitol, 1,3-p-ethylbenzylidene-2,4- 

(B) p-methylbenzylidenesorbitol, 1,3,2,4-di(p- 
O methylbenzylidene)sorbitol, 1,3,2,4-di(p- 

o'-O-o-o M ethylbenzylidene)sorbitol, 1,3,2,4-di(p-n- propylbenzylidene)Sorbitol, 1,3,2,4-di(p-i- 
propylbenzylidene)Sorbitol, 1,3,2,4-di(p-n- 
butylbenzylidene)sorbitol, 1,3,2,4-di (p-s- 

1332) In the above formula, R' denotes hydrogen or a butylbenzylidene)sorbitol, 1,3,2,4-di(p-- 
hydrocarbon group of 1 to 10 carbon atoms; M is a metal butylbenzylidene)sorbitol, 1,3,2,4-di(21,41 
atom having a Valency of 1 to 3; and n is an integer of 1 to dimethylbenzylidene)sorbitol, 1,3,2,4-di?p 
3. methoxybenzylidene)sorbitol, 1,3,2,4-di(p- 

ethoxybenzylidene)sorbitol, 1,3-benzylidene-2-4-p- 
1333 Concrete examples of the compounds represented chlorobenzylidenesorbitol, 1,3-p-chlorobenzylidene-2- 
by the above formula (B) include 4-benzylidenesorbitol, 1,3-p-chlorobenzylidene-2-4-p- 

1334 sodium-bis(4-t-butylphenyl)phosphate, methylbenzylidenesorbitol, 1,3-p-chlorobenzylidene 
2-4-p-ethylbenzylidenesorbitol, 1,3-p- 

1335 sodium-bis(4-methylphenyl)phosphate, methylbenzylidene-2-4-p-chlorobenzylidenesorbitol, 
1336 sodium-bis(4-ethylphenyl)phosphate, 1,3-p-ethylbenzylidene-2-4-p-chlorobenzylidenesorbi 

tol, 1,3,2,4-di(p-chlorobenzylidene)Sorbitol, and mix 
1337 sodium-bis(4-i-propylphenyl)phosphate, tures of two or more of these compounds. Of these, 
1338 sodium-bis(4-t-octylphenyl)phosphate, preferable are 

1348 1,3,2,4-dibenzylidenesorbitol, 1,3,2,4-di(p-me 
thylbenzylidene)sorbitol, 1,3,2,4-di(p-ethylbenzylide 

1340 calcium-bis(4-t-butylphenyl)phosphate, ne)sorbitol, 1,3-p-chlorobenzylidene-2-4-p-methylben 
Zylidenesorbitol, 1,3,2,4-di(p- 
chlorobenzylidene)sorbitol, and mixtures of two or 

1342 lithium-bis(4-t-butylphenyl)phosphate, more of these compounds. 

1339 potassium-bis(4-t-butylphenyl)phosphate, 

1341 magnecium-bis(4-t-butylphenyl)phosphate, 
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1349. Of the above benzylidenesorbitols, preferable is a 
compound represented by the following formula (D). 

(D) 

o O 

R15 V O 

OH 

OH 

1350. In the formula, each R" may be the same or 
different and denotes a methyl group or an ethyl group. 
1351. The aromatic carboxylic acid is, for example, alu 
minumhydroxydipara-t-butyl benzoate represented by the 
following formula (E). 

(E) 

COO-Al(OH) 

2 

1352. 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 C.f3-ethylenically unsaturated carboxylic acid 
modified rosin; purified products of the natural roSins, and 
purified products of the modified roSins. Examples of unsat 
urated carboxylic acids used to prepare the C.f3-ethylenically 
unsaturated carboxylic acid-modified rosins include maleic 
acid, maleic anhydride, fumaric acid, itaconic acid, itaconic 
anhydride, citraconic acid, acrylic acid ad methacrylic acid. 
Of the above roSins, preferable is at least one rosin acid 
Selected from the group consisting of a natural rosin, a 
modified rosin, a purified product of a natural rosin and a 
purified product of a modified rosin. The roSin acid com 
prises plural resin acids Selected from pimaric acid, San 
darachpimaric acid, parastric acid, isopimaric acid, abietic 
acid, dehydroabietic acid, neoabietic acid, dihydropimaric 
acid, dihydroabietic acid and tetrahydroabietic acid. 
1353. The metallic compound which reacts with the rosin 
acid to form a metallic Salt is, for example, a compound 
which comprises a metallic element, Such as Sodium, potas 
sium and magnesium, and forms a Salt together with the 
rosin acid. Examples of the metallic Salts include chlorides, 
nitrates, acetates, Sulfates, carbonates, oxides and hydrox 
ides of the above metals. 

1354) Other examples of the nucleating agents include 
high-melting point polymers, metallic Salts of aromatic 
carboxylic acids or aliphatic carboxylic acids, and inorganic 
compounds. 
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1355 Examples of the high-melting point polymers 
include polyvinylcycloalkanes, Such as polyvinylcyclohex 
ane and Polyvinylcyclopentane; poly-3-methyl-1-pentene, 
poly-3-methyl-1-butene, and polyalkenylsilanes. 
1356 Examples of the metallic salts of aromatic carboxy 
lic acids or aliphatic carboxylic acids include aluminum 
benzoate, aluminum p-t-butylbenzoate, Sodium adipate, 
Sodium thiophenecarboxylate and Sodium pyrrollecarboxy 
late. 

1357 Molding Method 
1358. 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. 
1359 The polar group-containing olefin copolymer and 
the thermoplastic resin composition can be molded into 
sheets or films (unstretched) by extrusion molding. 
1360 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 the polar group-containing ole 
fin copolymer or the thermoplastic resin composition of the 
invention, inflation films can also be produced. 
1361 Filaments can be produced by, for example, extrud 
ing a molten composition through Spinneret. The filaments 
may be produced by a melt blown method. 
1362. Injection molded products can be produced by 
injection molding the composition into various shapes by the 
use of hitherto known injection molding machines under the 
known conditions. The injection molded products obtained 
from the polar group-containing olefin copolymer or the 
thermoplastic resin composition of the invention are hardly 
electroStatically charged and have excellent rigidity, heat 
resistance, impact resistance, Surface gloSS, chemical resis 
tance and abrasion resistance, So that they can be broadly 
used as automobile interior trim, automobile exterior trim, 
housings of electric appliances, containers and the likes. 
1363 Blow molded products can be produced by the use 
of hitherto known blow molding machines under the known 
conditions. 

1364. In the injection blow molding method, the polar 
group-containing olefin copolymer or the thermoplastic 
resin composition of the invention is injected into a parison 
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. 
1365. The press molded product is, for example, a mold 
Stamping product. 
1366 Uses 
1367 The polar group-containing olefin copolymer and 
the thermoplastic resin composition according to the inven 
tion can be applied to various uses, for example, the fol 
lowing uses. 

1368 (1) Film and sheet 
1369 A film and a sheet comprising the polar group 
containing olefin copolymer or the thermoplastic resin com 
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position according to the invention is excellent in flexibility, 
transparency, adhesion properties, anti-fogging properties, 
heat resistance and Separating properties. 

1370 (2) Laminate 
1371 Alaminate containing at least one layer comprising 
the polar group-containing olefin copolymer or the thermo 
plastic resin composition according to the invention is, for 
example, agricultural film, wrapping film, Shrink film, pro 
tective film, Separating film Such as blood plasma separating 
film or water permselective vaporization film, or Selective 
Separating film Such as ion eXchange membrane, battery 
Separator or optical resolution film. 

1372 (3) The polar group-containing olefin copolymer 
or the thermoplastic resin composition according to the 
invention can be used for microcapsule, PTP packag 
ing, chemical bulb and drug delivery System. 

1373 (4) Modifier 
1374. When the polar group-containing olefin copolymer 
or the thermoplastic resin composition according to the 
invention is used as a resin modifier, modifying effects in 
impact resistance, flowability, coating properties, crystalli 
Zability, adhesion properties, transparency, etc. can be 
obtained. 

1375) When the polar group-containing olefin copolymer 
or the thermoplastic resin composition according to the 
invention is used as a rubber modifier, modifying effects in 
Weathering resistance, heat resistance, adhesion properties, 
oil resistance, etc. can be obtained. 
1376 Examples of the rubbers include crosslinked rub 

bers, 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), acrylic rub 
ber (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. 

1377 The polar group-containing olefin copolymer and 
the thermoplastic resin composition of the invention can be 
used as a modifier for lubricating oils, Such as gasoline 
engine oil, diesel engine oil, marine engine oil, gear oil, 
metal working oil, motor oil, machine oil, Spindle oil and 
insulating oil. They may also be used as a Viscosity modifier 
or a freezing point depressant of these lubricating oils. 
1378 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 hardness. Examples of the 
waxes include mineral waxes, Such as montan wax, peat 
wax, OZokerite/ceresin wax and petroleum wax, Synthetic 
waxes, Such as polyethylene, Fischer-Tropsch wax, chemi 
cally modified hydrocarbon wax and Substituted amide wax, 
vegetable waxes, and animal waxes. 
1379 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. 
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1380 Examples of the cement include air setting cement, 
Such as lime, gypsum and magnesia cement, Water Setting 
cement, Such as Roman cement, natural cement, Portland 
cement, alumina cement and high Sulfuric Salt Slag cement; 
and Special cements, Such as acid proof cement, refractory 
cement, water glass cement and dental cement. 

1381 (5) Viscosity modifier, Moldability improver 
1382. The polar group-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, cel 
lulose derivative paint, Synthetic resin paint, water baking 
paint, powdery water paint and Japanese lacquer. 

1383 (6) Building material, Civil engineering material 
1384 The polar group-containing olefin copolymer and 
the 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, 
damping material, decorative sheet, baseboard, asphalt 
modifier, gasket, Sealing material, roofing Sheet and cut-off 
sheet. 

1385 (7) Automobile interior or exterior trim, Gaso 
line tank 

1386. 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. 

1387 (8) Electric or electronic parts 
1388. The polar group-containing olefin copolymer and 
the thermoplastic resin 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 mate 
rials of electric circuits, materials of electric home appli 
ances, base materials of containerS Such as electronic oven 
containers, films for electronic Ovens, polymer electrolyte 
base materials and conductive alloy base materials. 
1389 Also exemplified are electric or electronic parts, 
Such as connector, Socket, resistor, relay case Switch coil 
bobbin, condenser, variable condenser case, optical pickup, 
optical connector, Vibrator, various terminal assemblies, 
transformer, plug, printed wiring board, tuner, Speaker, 
microphone, headphone, Small motor, magnetic head base, 
power module, housing, Semiconductor, liquid crystal dis 
play parts, FDD carriage, FDD chassis, HDD parts, motor 
blush holder, parabola antenna and computer associated 
parts, VTR parts, TV parts, iron, hair dryer, rice 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, type 
writer parts and word processor parts, office computer 
asSociated parts, telephone associated parts, facsimile-asso 
ciated parts, copy machine associated parts, electromagnetic 
Shielding material, Speaker cone material, and vibrating 
element for Speaker. 
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1390 (9) Aqueous emulsion 
1391 An aqueous emulsion comprising the polar group 
containing olefin copolymer or the thermoplastic resin com 
position of the invention can be used as an adhesive for 
polyolefins of excellent heat Sealing properties. 

1392 (10) Coating base 
1393 A Solvent dispersion containing the polar group 
containing olefin copolymer or the thermoplastic resin com 
position according to the invention has excellent dispersing 
Stability in a Solvent and exhibits excellent adhesion prop 
erties when metals or polar resins are bonded to polyolefins. 

1394 (11) Medical or hygienic material 
1395 The polar group-containing olefin copolymer and 
the thermoplastic resin composition of the invention can be 
used for medical goods, Such as nonwoven fabric, nonwoven 
fabric laminate, electret, medical tube, medical container, 
transfusion bag, prefill Syringe and Syringe, medical mate 
rials, artificial organs, artificial muscles, filter films, food 
Sanitation/health goods, retort bags, and freshness keeping 
films. 

1396 (12) Miscellaneous goods 
1397. The polar group-containing 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 cloth 
ing, curtain, sheet, carpet, entrance hall mat, bath mat, 
bucket, hose, bag, planter, air conditioner 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 fin, fishing rod, 
cooler box, leisure sheet and Sporting net; toys, Such as block 
and cards, containers, Such as kerosine can, drum, detergent 
bottle and Shampoo bottle, and display goods, Such as 
Signboard, pylon and plastic chain. 

1398 (13) Filler modifier 
1399. The polar group-containing olefin copolymer and 
the thermoplastic resin composition of the invention can be 
favorably used as an additive to prepare a filler dispersibility 
improver or a dispersibility-improved filler. 

1400 (14) Compatibilizing agent 
1401 The polar group-containing olefin copolymer or the 
thermoplastic resin composition according to the invention 
can be used as a compatibilizing agent. When the polar 
group-containing olefin copolymer of the invention is used, 
a polyolefin and a thermoplastic resin containing a polar 
group can be mixed in an arbitrary mixing ratio. 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, elon 
gation 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. 
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1402 Next, uses of the polar group-containing olefin 
copolymer and the thermoplastic resin composition accord 
ing to the invention are described in more detail. 

1403) Adhesive resin 
1404. When the polar group-containing olefin copolymer 
or the thermoplastic resin composition of the invention is 
used as an adhesive resin, X in the formula (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 group. 
1405) If X is a hydroxyl group and R in the formula (3) 

is a Straight-chain or branched aliphatic hydrocarbon group 
of 9 or less carbon atoms, an adhesive resin having an 
excellent balance between flowability and adhesion proper 
ties can be obtained. 

1406) If X is a hydroxyl group and R in the formula (3) 
is a Straight-chain or branched aliphatic hydrocarbon group 
of 11 or more carbon atoms, an adhesive resin having 
particularly excellent adhesion properties can be obtained. 
1407. The adhesive resin of the invention comprises the 
polar group-containing olefin copolymer or the thermoplas 
tic 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, polycarbonate, 
polyphenylene oxide, polyvinyl chloride, polyvinylidene 
chloride, polyvinyl acetate, polyvinyl alcohol, 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 poly 
olefin, the adhesive resin of the invention has excellent 
adhesion properties also to polyolefins and can be used as an 
adhesive resin between the polar materials or the polar 
material and a polyolefin. 
1408 Compatibilizing Agent 
1409. When the polar group-containing olefin copolymer 
or the thermoplastic resin composition of the invention is 
used as a compatibilizing agent, a polyolefin and a thermo 
plastic resin containing a polar group can be mixed in an 
arbitrary mixing ratio. The polar group-containing olefin 
copolymer or the thermoplastic resin composition of the 
invention has a main chain of a polyolefin and a Side chain 
having a polar group, and therefore, components which are 
inherently incompatible 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 com 
position is not used. 
1410. 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 preferably 
an acid anhydride group, an epoxy group, an amino group or 
a carboxylic acid ester group, and Y in the formula (6) is 
preferably an epoxy group, an amino group or a hydroxyl 
grOup. 

1411) If X is a hydroxyl group and R is a hydrocarbon 
group of 9 or leSS carbon atoms, preferably 8 or less carbon 
atoms, more preferably 7 or leSS carbon atoms, in the 



US 2002/0156207 A1 

formula (3), the compatibilizing agent shows an excellent 
balance between flowability and compatibility. 

1412) If X is a hydroxyl group and R is a hydrocarbon 
group of 11 or more carbon atoms, preferably 12 or more 
carbon atoms, more preferably 13 or more carbon atoms, in 
the formula (3), effects of improvement in compatibility can 
be particularly enhanced. 

1413) Resin Modifier 
1414. When the polar group-containing olefin copolymer 
or the thermoplastic resin composition of the invention is 
used as a resin modifier, effects of modification in hydro 
philic nature, antistatic properties, coating properties, print 
ability, etc. can be obtained. 

1415. In the use as a hydrophilic nature improver or an 
antistatic property improver, X in the formula (3) is prefer 
ably a hydroxyl group, a carboxylic acid group, an amide 
group, an amino group, an acid anhydride group or a 
carboxylic ester group. 

1416. In the use as a coating property improver or a 
printability improver, X in the formula (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. 

1417. When the polar group-containing olefin copolymer 
or the thermoplastic resin composition is used as the coating 
property improver or the printability improver and when X 
is a hydroxyl group and R 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 excellent balance between flowabil 
ity and coating properties or printability. When X is a 
hydroxyl group and R is an aliphatic hydrocarbon group of 
11 or more carbon atoms, preferably 12 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. 

1418 Filler Dispersant 

1419. The polar group-containing olefin copolymer and 
the thermoplastic resin composition of the invention can be 
favorably used as a filler dispersant for improving disperS 
ibility of a filler or an additive for preparing a filler having 
improved dispersibility. 

1420 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. 

1421 Examples of the fillers used in the invention 
include fibers, Such as all aromatic polyamide fibers, ali 
phatic polyamide fibers, polyester fibers and cellulose fibers, 
organic fillers, Such as fine dispersion of liquid polyester or 
polyamide, and the aforesaid inorganic fillers. 

1422 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 
CS. 
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1423. The filler dispersant of the invention has high 
affinity with a filler and is capable of improving dispersibil 
ity 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. 
1424. The filler dispersant can be used for a thermoplastic 
resin or a thermosetting resin using a filler, and is preferably 
used for a polyolefin. 
1425 The polar group-containing olefin copolymer and 
the thermoplastic resin composition containing the filler 
dispersant of the invention can be molded by any of known 
processes, for example, the aforesaid processes. 
1426. The molded products obtained by such processes 
are applied to wide uses Such as domestic articles to indus 
trial goods. Examples of the molded products obtained by 
Such processes include electrical parts, electronic parts, 
automobile parts, mechanical mechanism parts, food con 
tainers, films, sheets and fibers. More Specifically, there can 
be mentioned office and OA Supplies, Such as printer, 
personal computer, word processor, keyboard, PDA (potable 
data terminal), telephone, facsimile, copy machine, ECR 
(electronic cash register), electronic calculator, electronic 
notebook, electronic dictionary, card, holder and Stationary; 
electric appliances, Such as Washing machine, refrigerator, 
cleaner, electronic Oven, lighting fixture, game machine, 
iron and foot warmer; AV equipments, such as TV, VTR, 
Video camera, radio cassette recorder, taper recorder, mini 
disc, CD player, Speaker and liquid crystal display; and 
electric or electronic parts and communications equipments, 
Such as connector, relay, condenser, Switch, printed board, 
coil bobbin, Semiconductor Sealing material, electric wire, 
cable, transformer, deflecting yoke, cabinet panel and time 
piece. 

1427 Other examples include materials for automobiles, 
ships or air crafts and building materials, Such as Seats 
(stuffing, cover), belt, roof foam lining, convertible top, arm 
rest, door trim, rear package tray, carpet, mat, Sun Visor, 
wheel cover, mattress cover, air bag, insulating material, 
hanger, hand Strap, wire coating material, electrical insulat 
ing material, coating, coating material, facing material, floor 
material, corner wall, deck panel, coverings, plywood, ceil 
ing board, partition board, Side wall, carpet, wall paper, wall 
trim material, exterior trim material, interior trim material, 
roofing material, Soundproof material, heat insulating mate 
rial 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. 

1428. Also mentioned are bottles of shampoo and deter 
gent, 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 lunchbox and cooking 
bowl, tableware Such as plate and chopsticks, other various 
food containers, packaging films, and packaging bags. 
1429 Dispersion 
1430. 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 
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1431 Aqueous Resin Dispersion 
1432) The aqueous resin dispersion of the invention com 
prises water and the polar group-containing olefin copoly 
mer or the thermoplastic resin composition dispersed 
therein. 

1433. 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. 

1434. The modified polyolefin is a polyolefin obtained by 
graft modifying a polymer of an O-olefin of 2 to 20 carbon 
atoms with an ethylenically unsaturated carboxylic acid 
compound. 

1435 The viscosity-average molecular weight of the 
polyolefin (starting polyolefin) that is a material of the 
modified polyolefin 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 
Viscosity 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. 
1436 To prepare the starting polyolefin, various pro 
ceSSes hitherto known are adoptable. For example, a proceSS 
wherein an O-olefin is polymerized So as to obtain a desired 
molecular weight using a transition metal catalyst Such as a 
known metallocene catalyst and a process wherein a high 
molecular weight polyolefin prepared by the use of a tran 
sition metal catalyst is heated to perform degradation are 
available. 

1437. Examples of the ethylenically unsaturated carboxy 
lic acid compounds for use in the graft modification of a 
Starting polyolefin include compounds having an ethyleni 
cally unsaturated bond in its molecule and containing a 
carboxylic acid or a carboxylic anhydride, and their deriva 
tives. 

1438 Specifically, there can be mentioned ethylenically 
unsaturated carboxylic acids, Such as acrylic acid, meth 
acrylic acid, C.-ethylacrylic acid, maleic acid, fumaric acid, 
itaconic acid, citraconic acid, tetrahydrophthalic acid, meth 
yltetrahydrophthalic acid, endocis-bicyclo2.2.1]hept-5- 
ene-2,3-dicarboxylic acid (nadic acidTM) and methyl-en 
docis-bicyclo2.2.1]hept-5-ene-2,3-dicarboxylic acid 
(methylnadic acid"); and ethylenically unsaturated car 
boxylic acid derivatives, Such as acid halides, amides, imi 
des, 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. 
1439. Of these, preferable are acrylic acid, methacrylic 
acid, maleic anhydride, methyl acrylate, ethyl acrylate, 
methyl methacrylate and ethyl methacrylate. 

1440. The ethylenically unsaturated carboxylic acid com 
pounds 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 detrimental to the effects of the 
present invention. 
14.41 Examples of the monomers employable in combi 
nation with the ethylenically unsaturated carboxylic acid 
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compound include amino group-containing ethylenically 
unsaturated compounds, Such as dimethylaminoethyl acry 
late, acrylamine, aminoethyl methacrylate, dimethylamino 
ethyl methacrylate, aminopropyl methacrylate, N,N-dim 
ethylaminopropylacrylamide 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, C.-methyl 
Styrene, O-methylstyrene, m-methylstyrene, p-methylsty 
rene, m-ethylstyrene, p-ethylstyrene, O-isopropylstyrene, 
m-isopropylstyrene and p-isopropylstyrene. The proportion 
of the ethylenically unsaturated carboxylic acid compound 
contained in the all graft monomer components is preferably 
not less than 50. 

1442) The modified polyolefin can be prepared in accor 
dance with a known proceSS, for example, a process 
described in Japanese Patent Publication No. 22988/1977. 
Specifically, the Starting polyolefinis heated at a temperature 
higher than the melting point to be molten, and thereto are 
added the ethylenically unsaturated carboxylic acid com 
pound and a peroxide at the same time or Successively with 
Stirring to perform graft copolymerization reaction. 
1443 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. 
1444. The amount of the ethylenically unsaturated car 
boxylic acid compound contained in the modified polyolefin 
is in the range of usually 10x10 to 0.2 mol equivalent, 
preferably 5.0x10 to 0.15 mol equivalent, more preferably 
0.01 to 0.1 mol equivalent, based on 100 g of the modified 
polyolefin. 

1445. The modified polyolefins can be used singly or in 
combination of two or more kinds. 

1446. 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, alkyl 
diphenyl 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 copoly 
mer, carboxymethyl cellulose Na Salt, metallic Soap (Zn, Al, 
Na or KSalt), oleic acid K salt, oleic 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; non 
ionic Surface active agents, Such as fatty acid monoglycer 
ide, Sorbitan fatty acid ester, Sugar fatty acid partial 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 
(hardened) castor oil, polyoxyethylene glycol fatty acid 
ester, polyoxyethylene polyoxypropylene block polymer, 
hydroxyethyl cellulose, polyvinyl alcohol, polyvinyl pyr 
rolidone and methyl cellulose; cationic Surface active 
agents, Such as alkylammonium chloride, trimethylalkylam 
monium bromide and alkylpyridinium chloride; and ampho 
teric Surface active agents, Such as dimethylalkylbetaine and 
alkylglycine. 
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1447. Of these, anionic Surface active agents are prefer 
ably used because more Stable aqueous resin dispersion is 
obtained. Of these, more preferable are higher fatty acids, 
Still more preferable are Salts of Saturated or unsaturated 
higher fatty acids of 1 to 20 carbon atoms, and particularly 
preferable are alkali metal Salts thereof. 
1448 More specifically, there can be mentioned 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, linoleic acid, linolenic acid, arachidonic acid and beef 
tallow acid. 

1449 The surface active agents can be used singly or in 
combination of two or more kinds. 

1450. The aqueous resin dispersion of the invention can 
be prepared by, for example, dispersing the polar group 
containing olefin copolymer or the thermoplastic resin com 
position, 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. 

1451 (1) The polar group-containing olefin copolymer or 
the thermoplastic resin composition is dissolved in an 
organic Solvent Such as toluene or Xylene to prepare a 
solution having a concentration of 10 to 50 weight 9%. Then, 
the Solution is added to water together with a hydrophilic 
Solvent, Such as methyl alcohol, ethyl alcohol or isopropyl 
alcohol, and an emulsifying agent, and they are Stirred by a 
homomixer or the like to obtain an emulsion. Then, from the 
emulsion, the organic Solvent and the emulsifying agent are 
removed by an evaporator or the like. 
1452 (2) The polar group-containing olefin copolymer or 
the thermoplastic resin composition is melt kneaded, and to 
the molten kneadate is added water. Then, a Step of kneading 
the resin and water in a State where the resin is still molten 
and a step of adding a basic Substance if the modified 
polyolefin is unneutralized are carried out at the same time 
or Successively. 
1453) Of the above processes, the process (2) is prefer 
ably used to prepare the aqueous resin dispersion. The 
process (2) is described below in more detail. 
1454 First, the polar group-containing olefin copolymer 
or the thermoplastic resin composition is melt kneaded. The 
temperature in the melt kneading is higher than the melting 
point of the polar group-containing olefin copolymer or 
higher than the melting point of a resin having the highest 
melting point among the resins contained in the thermoplas 
tic resin composition, preferably Such a temperature that the 
melt viscosity becomes not more than 10 poise. 
1455. Then, to the molten kneadate is added water, and 
the resin and water are kneaded in a State wherein the resin 
is A Still molten So that the resin Solids become dispersed 
particles. If an unneutralized and/or unsaponified polyolefin 
is used, a basic Substance can be added in this Step to 
neutralize the polyolefin. 
1456. Examples of the basic substances include Sub 
stances functioning as base in water, Such as alkali metals, 
alkaline earth metals, ammonia and amines; Substances 
functioning as base in water, Such as oxides, hydroxides, 
weak acid Salts or hydrides of alkali metals, and oxides, 
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hydroxides, weak acid Salts or hydrides of alkaline earth 
metals, and alkoxides of these metals. Specific examples of 
Such Substances are given below. 
1457 Examples of the alkali metals include sodium and 
potassium, examples of the alkaline earth metals include 
calcium, Strontium and barium; examples of amines include 
inorganic amines Such as hydroxylamine and hydrazine, 
methylamine, ethylamine, ethanolamine and cyclohexy 
lamine; examples of the oxides, hydroxides and hydrides of 
alkali metals and alkaline earth metals include Sodium 
oxide, Sodium peroxide, potassium oxide, potassium perOX 
ide, calcium oxide, Strontium oxide, barium oxide, Sodium 
hydroxide, potassium hydroxide, calcium hydroxide, Stron 
tium hydroxide, barium hydroxide, Sodium hydroxide, 
potassium hydroxide and calcium hydride; examples of the 
weak acid Salts of alkali metals and alkaline earth metals 
include Sodium carbonate, potassium carbonate, Sodium 
hydrogencarbonate, potassium hydrogencarbonate, 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. 

1458 Although the basic substance may be added as 
Such, it is preferably added as an aqueous Solution. 
1459. 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. 
1460 Although the melt kneading may be carried out by 
any known means, preferred examples of the melt kneading 
means include a kneader, a Banbury mixer and a multi-screw 
extruder. 

1461 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 tem 
perature naturally or artificially. At this time, the dispersed 
particles are hardened to obtain a Stable aqueous resin 
dispersion. 

1462. It is a matter of course that, in the preparation of the 
aqueous resin dispersion of the invention, various Side 
materials usually employable for aqueous resin dispersions, 
Such as Stabilizer, wetting agent, foaming agent, anti-foam 
ing agent, coagulating agent, gelatinizer, anti-aging agent, 
plasticizer, filler, colorant, aromatizing agent, anti-blocking 
agent and release agent, may be used in combination. 
1463) The dispersed particle contained in the aqueous 
resin dispersion of the invention obtained as above 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 tim, preferably 5 to 15 lum. 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. 

1464. The aqueous 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. 
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1465. As the other material, an arbitrary material such as 
cloth, fiber, plastic, paper or metal is employable. 

1466. 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 and cupra; Semi 
Synthetic fibers, Such as di- or tri-acetate fiber, nylon-6, 
nylon-66 and polyester (polyethylene terephthalate) fibers; 
and aromatic polyamide fiber, acrylic fiber, polyvinyl chlo 
ride fiber, polyolefin fiber, and insolubilized or sparingly 
solubilized polyvinyl alcohol fiber. Short fibers are appli 
cable to adhesion bonding through flocking. 
1467 As the plastics, not only polyolefins but also other 
arbitrary plastics, Such as polyvinyl chloride, ABS, polyes 
ter, polyamide, polycarbonate and an epoxy resin, are avail 
able. The plastic molded product to be bonded may be in any 
shape Such as Sheet, film or other shape. 
1468. The adhesion bonding can be carried out by apply 
ing the aqueous resin dispersion of the invention to an 
adherend Surface Similarly to a conventional aqueous dis 
persion type adhesive and then heating the dispersion to 
dryneSS when needed. 
1469 Solvent dispersion 
1470 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. 

1471 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, alicyclic hydro 
carbons, Such as cyclohexane, cyclohexene and methylcy 
clohexane, aliphatic alcohols, Such as ethanol and isopro 
panol, ketone Solvents, Such as acetone, methyl isobutyl 
ketone and methyl ethyl ketone; and halogenated hydrocar 
bons, Such as trichloroethylene, dichloroethylene and chlo 
robenzene. 

1472. Examples of the organic media which are poor 
Solvents to polyolefins include alcohols, ketones, ethers, 
esters and celloSolves. Specifically, there can be mentioned 
methanol, ethanol, propanol, butanol, pentanol, hexanol, 
propanediol, phenol, diethyl ether, dipropyl ether, dibutyl 
ether, anisole, dioxane, tetrahydrofuran, acetone, methyl 
ethyl ketone, methyl isobutyl ketone, pentanone, hexanone, 
isophorone, acetophenone, anhydrous acetic acid, methyl 
acetate, ethyl acetate, butyl acetate, methyl propionate, butyl 
formate, ethyl cellosolve and methyl cellosolve. 
1473. The organic media can be used singly or in com 
bination 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. 

1474. To the solvent dispersion of the invention, known 
additives, Such as pigment, filler and Stabilizer, can be added 
when needed, within limits not detrimental to the objects of 
the invention. 

1475. In the preparation of the solvent dispersion of the 
invention, for example, the polar group-containing olefin 
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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 composition in the temperature range 
of 60 to 100 C., it is preferable to previously set compo 
Sition of the organic medium and to adjust the average 
cooling rate to 1 to 20 C./hr, preferably 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. 
1476. The dispersed particles contained 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 dispersed particles is not specifically 
limited, but it is in the range of usually 1 to 20 um, 
preferably 5 to 15 lum. The particle concentration (solids 
concentration) of the Solvent dispersion is not specifically 
limited, but it is in the range of usually 5 to 40% by weight. 
1477 The resin dispersion used as an adhesive for bond 
ing metal to metal, polyolefin to polyolefin or metal to 
polyolefin exhibits excellent adhesion properties, and hence 
it is effectively used as an adhesive for PTP packaging of 
medicines, an adhesive for lamination, a coating material or 
a primer. 

1478 Film and Sheet 
1479. The film and the sheet comprising the polar group 
containing olefin copolymer or the thermoplastic resin com 
position may be a stretched one or an unstretched one, and 
can be produced by an appropriate known method. 
Examples of the methods to produce the film and the sheet 
of the invention include extrusion molding, injection mold 
ing, inflation molding, blow molding, extrusion blow mold 
ing, injection blow molding, press molding, vacuum mold 
ing, calendering and expansion molding. 
1480 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 
extruder, a kneading extruder, a ram extruder, a gear 
extruder or the like, the molten polar group-containing olefin 
copolymer or the molten thermoplastic resin composition is 
extruded from a T-die, whereby an unstretched film or sheet 
can be produced. 

1481. 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 composition are 
produced by inflation molding, drawdown is hardly brought 
about. 

1482. When the film and the sheet of the invention 
comprising the polar group-containing olefin copolymer or 
the thermoplastic resin composition are produced by injec 
tion molding, an injection molding device and molding 
conditions hitherto known are adoptable. The polar group 
containing olefin copolymer or the thermoplastic resin com 
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position 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. 
1483. 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 Stretch 
ing method Such as tentering (lengthwise-croSSwise stretch 
ing, croSSwise-lengthwise stretching), Simultaneous biaxial 
orientation or monoaxial Stretching. 
1484. In the stretching of the unstretched film or sheet, 
the stretch ratio is desired to be in the range of usually 20 to 
70 times in case of biaxial orientation and usually 2 to 10 
times in case of monoaxial Stretching, though it depends 
upon the thickness of the unstretched film or sheet. The 
thickness of the stretched film or sheet is preferably in the 
range of 5 to 200um, though it depends upon use of the film 
or sheet. 

1485 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 described below. 
1486 The film or the sheet of a multi-layer structure 
according to 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 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 compo 
Sition. 

1487. The film or the sheet of a multi-layer structure 
according to the invention also preferably consists of (a) a 
layer comprising the polar group-containing olefin copoly 
mer and (b) a thermoplastic resin layer, or also preferably 
consists of (b) a thermoplastic resin layer and (c) a layer 
comprising the thermoplastic resin composition. 

1488 The laminate 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 polar group-containing olefin 
copolymer or the thermoplastic resin composition. 
1489. The laminate desirably consists of: 

1490 (a) a layer comprising the polar group-con 
taining olefin copolymer, and 

1491 (b) a thermoplastic resin layer, or 
1492 (b) a thermoplastic resin layer, and 
1493 (c) a layer comprising the thermoplastic resin 
composition. 

1494 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, polya 
mide, polyester, polyacetal, polystyrene, acrylonitrile/buta 
diene/styrene copolymer (ABS), polycarbonate, polyphe 
nylene oxide, polyacrylate and polyvinyl chloride. These 
thermoplastic resins can be used singly or in combination. 
1495. The thermoplastic resin layer (b) preferably com 
prises a thermoplastic resin containing at least one resin 
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Selected from polyolefin, polyamide, polyester, polyacetal, 
polyvinyl chloride, polystyrene, acrylonitrile/butadiene/Sty 
rene copolymer (ABS) and polycarbonate, and more pref 
erably comprises a thermoplastic resin Selected from poly 
olefin, ethylene/polar group-containing vinyl copolymer, 
polyester, polycarbonate and polyamide. 
1496 The polyester resin is a polyester formed from 
dihydroxy compound units and dicarboxylic acid units. The 
dihydroxy compound units are derived from aliphatic gly 
cols, Such as ethylene glycol, propylene glycol, 1,4-butane 
diol, neopentyl glycol and hexamethylene glycol, alicyclic 
glycols, Such as cyclohexanedimethanol, aromatic dihy 
droxy compounds, Such as bisphenol, or derived from two or 
more dihydroxy compounds Selected from these com 
pounds. The dicarboxylic acid units are derived from aro 
matic dicarboxylic acids, Such as terephthalic acid, isoph 
thalic acid and 2,6-naphthalenedicarboxylic acid, aliphatic 
dicarboxylic acids, Such as Oxalic acid, Succinic acid, adipic 
acid, Sebacic acid and undecadicarboxylic acid, alicyclic 
dicarboxylic 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 com 
pound or a polycarboxylic acid, Such as triol or tricarboxylic 
acid. 

1497 As the thermoplastic polyester resin, polyethylene 
terephthalate, polybutylene terephthalate, a polyethylene 
isophthalate/terephthalate copolymer or the like is prefer 
ably used. 
1498 As the polycarbonate resin, any of various poly 
carbonates and copolycarbontes obtained by allowing dihy 
droxy compounds to react with phosgene or diphenyl car 
bonate by known processes is employable. 
1499. Examples of the dihydroxy compounds include 
hydroquinone, resorcinol, 4,4'-dihydroxydiphenylmethane, 
4,4'-dihydroxydiphenylethane, 4,4'-dihydroxydiphenyl-n- 
butane, 4,4'-dihydroxydiphenylheptane, 4,4'-dihydroxy 
diphenylphenylmethane, 4,4'-dihydroxydiphenyl-2,2-pro 
pane (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'- 
dihydroxydiphenyl-1,1-cyclohexane, 4,4'- 
dihydroxydiphenylmethylphenylmethane, 4,4'- 
dihydroxydiphenylethylphenylmethane, 4,4'- 
dihydroxydiphenyl-2,2,2-trichloro-1,1-ethane, 2,2'- 
dihydroxydiphenyl, 2,6-dihydroxynaphthalene, 4,4'- 
dihydroxydiphenyl ether, 
dichlorodiphenyl ether and 
diethoxylphenyl ether. 
1500 Polycarbonate using 4,4'-dihydroxydiphenyl-2,2- 
propane (bisphenol A) out of the above compounds is 
preferable because of its excellent mechanical properties and 
transparency. 

4,4'-dihydroxy-,3,3'- 
4,4'-dihydroxy-2,5- 

1501 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 known processes is employable. 
Of these, nylon-6, nylon-6.6 or a m-Xylenediamine/adipic 
acid condensation polymer is preferably used. 
1502) Examples of the polyolefins include an ethylene 
(co)polymer, a propylene (co)polymer, a butene (co)poly 
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mer, a 4-methyl-1-pentene (co)polymer, a 3-methyl-1- 
butene (co)polymer and a hexene (co)polymer. Of these, an 
ethylene (co)polymer, a propylene (co)polymer or a 4-me 
thyl-1-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. 

1503) The ethylene content of the ethylene/vinyl acetate 
copolymer 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 acetate copolymer, as measured at 190° C., Jy 
is in the range of 0.1 to 500 g/10 min, preferably 0.1 to 400 
g/10 min, more preferably 0.1 to 300 g/10 min. 
1504. As the ethylene/vinyl acetate copolymer saponifi 
cation product, preferably used is one obtained by Saponi 
fying an ethylene/vinyl acetate copolymer having an ethyl 
ene 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, eas 
ily melt molded and has excellent extensibility, water resis 
tance and gas permeation resistance. When the degree of 
Saponification is not less than 50%, the Saponification prod 
uct has excellent gas permeation resistance and is preferable. 

1505. In the laminate of the invention, between the ther 
moplastic resin layer (b) and the polar group olefin copoly 
mer 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. 

1506 The film and the sheet of a multi-layer structure 
(laminate) according to the invention may be produced by 
any process. For example, materials for forming layers are 
Subjected to integral molding Such as co-extrusion to form a 
film or a sheet, or a material for forming one layer of the 
multi-layer structure to form a film or a sheet, followed by 
molding a material for forming another layer thereon to form 
a sheet or a film, or materials for forming layers are each 
molded to films or sheets, followed by laminating them by 
contact bonding, fusion bonding, adhesion bonding or the 
like. 

1507 The laminate of the invention desirably consists of 
the polar group-containing olefin copolymer layer (a) or the 
thermoplastic resin composition layer (c), and the thermo 
plastic resin layer (b). To produce Such a laminate, there is 
employable a co-extrusion molding process wherein a ther 
moplastic resin for forming the thermoplastic resin 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 composi 
tion 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 previ 
ously formed and between those layers an adhesive resin 
composition is melt extruded. 
1508 Of the above processes, the co-extrusion molding A 
proceSS is preferable from the Viewpoint of interlaminar 
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Strength. The co-extrusion molding process includes a T-die 
process using a flat die and an inflation proceSS using 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 inflation process, any of known dies is 
employable. 

1509. 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 group 
containing olefin copolymer layer (a) or the thermoplastic 
resin composition layer (c) is usually 0.01 to 5 mm. 
1510 When the laminate of the invention comprises, for 
example, the polar group-containing olefin copolymer layer 
(a) and the thermoplastic resin layer (b), the structure of the 
laminate may be a two-layer structure, i.e., (a)/(b), a struc 
ture wherein the layer (a) is arranged on each Side, i.e., 
(a)/(b)/(a), or a structure wherein another layer (x) Such as 
a polyolefin layer is added, i.e., (a)/(b)/(x)/(b)/(a), (x)/(a)/(b) 
or (x)/(b)/(a). 
1511. The film or the sheet of the invention wherein at 
least one layer is the polar group-containing olefin copoly 
mer layer (a) or the thermoplastic resin composition layer (c) 
is favorably used as agricultural, wrapping, Shrink or pro 
tective 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 Separa 
tor or optical resolution film. 
1512. The sheet or the film of the invention can be 
applied to various uses Such as microcapsule, PTP packag 
ing, chemical bulb and drug delivery System. 

EFFECT OF THE INVENTION 

1513. 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 

1514. The present invention is further described with 
reference to the following examples, but it should be con 
strued that the invention is in no way limited to those 
examples. 
1515. In the examples, various properties were measured 
in the following manner. 
1516) Adhesion Properties 
1517 Production of film 
1518. 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 um from the center of which 
a Square of 20 cmx20 cm had been cut away were Super 
posed 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. 
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1519. The sample interposed between the press plates 
were placed in a hot press at 190° C. and preheated for about 
5 minutes. In order to remove bubbles from the sample, 
operations of pressurizing (50 kg/cm-G) and pressure 
release were repeated Several times. Subsequently, the pres 
Sure was increased to 100 kg/cm-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 com 
pression section kept at 20 C., followed by cooling for 5 
minutes under a pressure of 100 kg/cm-G. After pressure 
release, 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 um was used 
to measure adhesion Strength. 

Measurement of Adhesion Strength to Al 
1520. The polar group-containing olefin copolymer film 
was Sandwiched between two Square aluminum sheets of 20 
cmx20 cm (thickness: 50 um), and the aluminum sheets and 
the polar group-containing olefin copolymer film were lami 
nated 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. 
1521. Measurement of adhesion strength to PET 
1522 The polar group-containing olefin copolymer film 
was Sandwiched between two Square homopolyethylene 
terephthalate (PET) films of 20 cmx20 cm (thickness: 100 
pum), and the PET films and the polar group-containing olefin 
copolymer film were laminated under the same pressing 
conditions as in the above “Production of film” 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 peel 
Strength. 

1523 Measurement of adhesion strength to Ny 
1524. The polar group-containing olefin copolymer film 
was sandwiched between two square nylon 6 films of 20 
cmx20 cm (thickness: 100 um), and the nylon 6 films and the 
polar group-containing olefin copolymer film were lami 
nated under the same 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 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 peel strength. 
1525. Measurement of adhesion strength to EVOH 
1526. The polar group-containing olefin copolymer film 
was Sandwiched between two Square ethylene/vinyl alcohol 
copolymer films of 20 cmx20 cm (thickness: 100 um), 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 "Pro 
duction of film' except that the preSS temperature was 
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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 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 peel 
Strength. 

1527) 
1528) 
1529. The impact strength was measured at 23° C. in 
accordance with ASTM D 256. 

1530 Tensile test 
1531. A dumbbell specimen punched out of a pressed 
sheet was Subjected to a tensile 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 measure 
tensile Strength and elongation at break. 
1532 Anti-fogging Properties 
1533) Production of film 
1534. On a press plate, a PET sheet and an aluminum 
sheet having a thickness of 100 um from the center of which 
a Square of 20 cmx20 cm had been cut away were Super 
posed 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 order. 

Impact Resistance Test, Tensile Test 
IZod impact strength (notched) 

1535 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 pressurizing (50 kg/cm-G) and pressure 
release were repeated Several times. Subsequently, the pres 
Sure was increased to 100 kg/cm-G, and the sample was 
heated for 2 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 com 
pression 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. 
1536) Evaluation of initial anti-fogging properties 
1537. In a 100 cc beaker, 70 cc of water was placed, and 
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. 

1538 Evaluation criteria: 
1539 AA: Droplets run on the film surface and no 
droplet Sticking to the film Surface is observed. 

1540 BB: Large droplets are sticking to some parts 
of the film Surface. 

1541 CC: Fine droplets are sticking to almost all 
Surface of the film. 

1542 Coating Properties 
1543 Cross-cut adhesion test 
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1544 Aspecimen provided with cross cuts in accordance 
with the cross-cut adhesion test described in JIS K5400 was 
prepared. To the specimen, Cellotape (trade name, available 
from Nichiban Co., Ltd.) was attached. Then, the Cellotape 
was rapidly pulled up at an angle of 90 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. 
1545 Filler Dispersibility 
1546 Preparation of organicity-imparted montmorillo 

nite 

1547. In 1000 ml of distilled water at 70° C., 40 g of Na 
type montmorillonite was dispersed. Into the resulting SuS 
pension, a Solution obtained by mixing 20 g of 12-amin 
ododecanoic 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 pre 
cipitate obtained was filtered, Sufficiently washed with warm 
water to perform purification, then freeze-dried and pulver 
ized to obtain 27g of organicity-imparted montmorillonite. 
1548 Preparation of sample for property evaluation 
1549] To a mixture of 92 parts by weight of a propylene/ 
ethylene block copolymer (ethylene content: 5.6 mol %, 
MFR: 25 g/10 min), 5 parts by weight of the organicity 
imparted montmorillonite obtained above and 3 parts by 
weight of the polar group-containing olefin copolymer 
obtained in each example, Irganox 1010TM, Irgaphos 168TM 
and calcium Stearate were 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 condi 
tions of a cylinder temperature of 200 C., a mold tempera 
ture of 40° C. and an injection pressure of 1000 kg/cm° to 
obtain Specimens for various property evaluation. The Speci 
mens were maintained at 23° C. for 168 hours and then 
Subjected to tests. 

1550 Flexural modulus (FM) 
1551. Using an injection molded specimen having a 
length of 5 inches, a width of /2 inch and a thickness of /s 
inch, flexural modulus was measured in accordance with 
ASTM D 638. 

1552) Izod impact strength (IZ) 
1553) Using a specimen (rear notched) having a thickness 
of 4 inch, Izod impact strength was measured at 23 C. in 
accordance with ASTM D 258. 

1554) Heat distortion temperature (HDT) 
1555. Using an injection molded specimen having a 
length of 5 inches, a width of 4 inch and a thickness of /2 
inch, heat distortion temperature was measured in accor 
dance with ASTM D 648. 

1556) Dispersibility in Water 
1557 Preparation of water dispersion 
1558. With 40 g of the polar group-containing olefin 
copolymer obtained, 4 g of maleic anhydride graft polypro 
pylene (propylene/ethylene: 98/2 by mol. maleic anhydride 
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content: 4.0 weight %, Viscosity-average molecular weight: 
17,000, density: 0.919 g/cm, melting point: 136 C., soft 
ening point: 143° C., melt viscosity (180° C):500 cps) as 
modified polyolefin and 1.2 g of 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. 
1559 Measurement of dispersed particle diameter 
1560. The dispersed particle diameter was measured 
using a microtrack manufactured by Honeywell Co. 
1561 Dispersing stability 
1562. 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 phase and the resin 
phase was observed. 
1563 Heat-sealing strength to Al 
1564. Each dispersion was coated on an aluminum foil 
(50 um) 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 um) were heat bonded at a temperature of 180° C. for 
1 second under a pressure of 1 kg/cm by the method in 
accordance with JIS Z1707, 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). 
1565 Dispersibility in Solvent 
1566 Preparation of solvent dispersion 
1567. 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. There 
after, the solution was cooled down to 85 C. over a period 
of 1 hours, then cooled from 85 C. down to 40 C. over a 
period of 4.5 hours and then cooled from 40 C. down to 30 
C. Over a period of 30 minutes, to obtain a resin dispersion. 
1568 Measurement of dispersed particle diameter 
1569. The dispersed particle diameter was measured 
using a microtrack manufactured by Honeywell Co. 
1570 Dispersing stability 
1571. 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. 

1572 Heat-sealing strength to Al 
1573. Each dispersion was coated on an aluminum foil 
(50 um) 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 
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LLDPE sheet (available from Akosu Kogyo K.K., thickness: 
300 um) were heat bonded at a temperature of 180° C. for 
1 second under a pressure of 1 kg/cm by the method in 
accordance with JIS Z1707, and then cut to give a specimen 
having a width of 15 mm. The Specimen was Subjected to a 
1800 peel test at a measuring temperature of 23 C. to 
measure adhesion strength (pulling rate: 300 mm/min). 

Example 1 

1574. In a 1000 ml glass polymerization reactor thor 
oughly purged with nitrogen, 400 ml of n-decane was 
placed, then nitrogen was passed through at a rate of 20 l/hr, 
and the contents were maintained at 130 C. for 10 minutes. 
Then, 0.6 mmol of triisobutylaluminum was added, fol 
lowed by further adding 0.48 mmol of undecen-1-ol (having 
been dried over activated alumina) represented by the fol 
lowing formula. 

undecen-1-ol 

4\-1N1-1-1- 

1575. Then, 1.100 mmol of methylaluminoxane was fur 
ther added, and passing of nitrogen was Stopped, followed 
by passing ethylene at a rate of 12.5 l/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-bu 
tylfluorenyl)Zirconium dichloride and 0.500 mmol of methy 
laluminoxane 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 the polymerization. Then, 100 ml of 
an isobutyl alcohol Solution containing 1 ml of a concen 
trated hydrochloric acid aqueous Solution was added, fol 
lowed 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, 3.73 g of 
a polymer was obtained. 

1576 Properties of the resulting polar group-containing 
olefin copolymer are set forth in Table 8. 

1577. The polar group-containing olefin copolymer was 
measured on the adhesion strength (to Al) by the aforesaid 
method. The result is set forth in Table 9. 

Example 2 

1578. In a 1000 ml glass polymerization reactor thor 
oughly 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 fur 
ther adding 0.48 mmol of 1,2-epoxy-9-decene (having been 
dried over Silica alumina) represented by the following 
formula. 
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O 
1, 2-epoxy-9-decene 

1579. Then, 1.100 mmol of methylaluminoxane was fur 
ther added, and passing of nitrogen was Stopped, followed 
by passing ethylene at a rate of 12.5 l/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-bu 
tylfluorenyl)Zirconium dichloride and 0.500 mmol of methy 
laluminoxane 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 concen 
trated hydrochloric acid aqueous Solution was added, fol 
lowed 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, 3.64 g of 
a polymer was obtained. 
1580 Properties of the resulting polar group-containing 
olefin copolymer are set forth in Table 8. 
1581. 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 

1582. In a 1000 ml glass polymerization reactor thor 
oughly purged with nitrogen, 400 ml of n-decane 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, fol 
lowed by further adding 0.48 mmol of (2,7-octadien-1- 
yl)Succinic anhydride (having been dried over activated 
alumina) represented by the following formula. 

O 
(2, 7-octadien-1-yl) succinic anhydride 

1583. Then, 1.100 mmol of methylaluminoxane was fur 
ther added, and passing of nitrogen was Stopped, followed 
by passing ethylene at a rate of 12.5 l/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-bu 
tylfluorenyl)Zirconium dichloride and 0.500 mmol of methy 
laluminoxane 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 
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was added to terminate the polymerization. Then, 100 ml of 
an isobutyl alcohol Solution containing 1 ml of a concen 
trated hydrochloric acid aqueous Solution was added, fol 
lowed 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, 3.18 g of 
a polymer was obtained. 
1584 Properties of the resulting polar group-containing 
olefin copolymer are set forth in Table 8. 
1585. The polar group-containing olefin copolymer was 
measured on the adhesion strength (to Ny) by the aforesaid 
method. The result is set forth in Table 9. 

Example 4 
1586 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 dimethylsi 
lylene(2-methyl-4-phenanthryl-1-indenyl)Zirconium dichlo 
ride was used instead of dimethylsilylene(2,7-dimethyl-4,5- 
(2-methyl-benzo)-1-indenyl)(2,7-di-tert 
butylfluorenyl)Zirconium dichloride, pentapropenyl Succinic 
anhydride represented by the following formula was used as 
the polar group-containing monomer, and polymerization 
was conducted at 60° C. for 30 minutes with passing 
propylene instead of ethylene. 

Pentapropenyl succinic anhydride 

1587 Properties of the resulting polar group-containing 
olefin copolymer are set forth in Table 8. 
1588. 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. 

Example 5 

1589 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. 

1590 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 resin 
composition. The thermoplastic resin composition was Sub 
jected to an impact resistance test and a tensile test by the 
aforesaid methods. The results are set forth in Table 9. 

Example 6 

1591) To 10 weight % of the polar group-containing 
olefin copolymer obtained in Example 4, 30 weight 9% of 
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nylon 6 (relative viscosity: 2.35 dl/g) and 60 weight 9% 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 diameter of 20 mm at 250 
C. to prepare a thermoplastic resin composition. The ther 
moplastic 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. 

Comparative Example 1 
1592 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 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 9. 

Example 7 
1593. From the polar group-containing olefin copolymer 
obtained in Example 1, a film was produced in the aforesaid 
manner. Using the film, anti-fogging properties were evalu 
ated. The result is set forth in Table 9. 

Example 8 
1594 Polymerization was carried out in the same manner 
as in Example 1, except that delta 12-tridecenol represented 
by the following formula was used instead of undecen-1-ol 
and propylene was used instead of ethylene. 

4\-1N1-1-1-1a-' 
delta 12-tridencenol 

1595 Properties of the resulting polar group-containing 
olefin copolymer are set forth in Table 8. 
1596 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 
1597 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 
1598 Filler dispersibility was evaluated in the same 
manner as in Example 9, except that no polar group 
containing olefin copolymer was used. The result is Set forth 
in Table 9. 

Example 10 
1599. Using the polar group-containing olefin copolymer 
obtained in Example 1, a water dispersion was prepared in 
the aforesaid manner, and dispersibility in water was evalu 
ated by the aforesaid method. The result is set forth in Table 
9. 

Example 11 
1600 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. 
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1601 Properties of the resulting polar group-containing 

O 
undecylenic acid 

olefin copolymer are set forth in Table 8. 
1602. Using the polar group-containing olefin copolymer 
thus obtained, a water dispersion was prepared in the afore 
Said manner, and dispersibility in water was evaluated by the 
aforesaid method. The result is set forth in Table 9. 

1603. 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 
evaluated by the aforesaid method. The result is set forth in 
Table 9. 

TABLE 8 

Constituent Constituent Composition 
unit (1) - unit (3) (molar ratio) 

R1 R3 R4 X (1)/(3) Mw 

Ex. 1 H CHs - OH 99.5/0.5 100,000 
Ex. 2 H CH2 - epoxy 99.5/0.5 72,000 

group 
Ex. 3 H CH - acid 99.5/0.5 70,000 

anhydride 
group 

Ex. 4 CH C15H1s - acid 99.5/0.5 250,000 
anhydride 
group 

Ex. 5 CH CH2 - epoxy 99.5/0.5 250,000 
group 

Ex. 8 CH CH - OH 99.5/0.5 250,000 
Ex. 11 H CH - COOH 99.5/0.5 70,000 

* 1 measured at 190° C. under a load of 2.16 kg 
*2 measured at 230 C. under a load of 2.16 kg 

1604) 
TABLE 9 

Property 
Property items value Unit 

Ex. 1 Adhesion strength (to Al) 2 Kgf/15 mm 
Ex. 2 Adhesion strength (to PET) broken Kgf/15 mm 

Substrate 
Ex. 3 Adhesion strength (to Ny) 6.2 Kgf/15 mm 
Ex. 4 Adhesion strength (to EVOH) 6.5 Kgf/15 mm 
Ex. 5 IZ. 32 J?m 

Tensile strength 41 MPa. 
Elongation at break 11 % 

Ex. 6 IZ. 28 J?m 
Tensile strength 40 MPa. 
Elongation at break 13 % 

Comp Ex. 1 IZ. 15 J?m 
Tensile strength 22 MPa. 
Elongation at break 4 % 

Ex. 7 Anti-fogging properties AA 
(visual observation) 

Ex. 8 Cross-cut adhesion test 100/100 number of 
cuts, 

number of 

Example 12 

cuts 
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TABLE 9-continued 

Property 
Property items value Unit 

Ex. 9 FM 1900 MPa. 
IZ. 55 J?m 
HDT 129 o C. 

Comp Ex. 2 FM 1250 MPa. 
IZ. 52 J?m 
HDT 115 o C. 

Ex. 10 Dispersed particle diameter O.7 film 
Dispersion stability not 

separated 
Heat-sealing strength to Al 2 Kgf/15 mm 

Ex. 11 Dispersed particle diameter O6 film 
Dispersion stability not 

separated 
Heat-sealing strength to Al 2.5 Kgf/15 mm 

Ex. 12 Dispersed particle diameter 1O film 
Dispersion stability not 

separated 
Heat-sealing strength to Al 3 Kgf/15 mm 

MFR Tof 

(g/10 zi) Mw/Mn (Too + Top) 
O.7 * 1 2.7 O 
2.5 + 1 2.8 O 

2.5 + 1 2.2 O 

14.6 *2 2.5 O.13 

14.6 *2 2.3 O.15 

14.6 *2 2.6 O.2O 
2.5 + 1 2.6 O.O1 

Example 13 

1605. In a 2-liter stainless steel (SUS) autoclave thor 
oughly 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 mmol of undecen-1-ol (having 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 30 kg/cm-G. 

4\-1-1-1-1- 
undecen-1-ol 
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1606 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 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 maintained at 150 C. and the pressure 
therein was maintained at that immediately after the injec 
tion 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 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. 

1607 Properties of the resulting polar group-containing 
olefin copolymer are set forth in Table 10. 
1608. The polar group-containing olefin copolymer was 
evaluated on the coating properties by the aforesaid method. 
The result is set forth in Table 11. 

Example 14 
1609 Ethylene, 1-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-1-ol. 

--~~~~ OH 
O 

undecylenic acid 

1610 Properties of the resulting polar group-containing 
olefin copolymer are set forth in Table 10. 
1611. 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 11. 

Example 15 
1612 Ethylene, 1-butene and a polar group-containing 
monomer were polymerized in the same manner as in 
Example 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. 

O 
1, 2-epoxy-9-decene 
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1613 Properties of the resulting polar group-containing 
olefin copolymer are set forth in Table 10. 

1614) 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 resin 
composition. The thermoplastic resin composition was Sub 
jected to an impact resistance test and a tensile test by the 
aforesaid methods. The results are set forth in Table 11. 

Example 16 

1615 Ethylene, 1-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 anhy 
dride represented by the following formula was used instead 
of undecen-1-ol and 550 Nml of hydrogen was used. 

O 
(2, 7-octadien-1-yl) succinic anhydride 

1616) Properties of the resulting polar group-containing 
olefin copolymer are set forth in Table 10. 

1617 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 resin 
composition. The thermoplastic resin composition was Sub 
jected to an impact resistance test and a tensile test by the 
aforesaid methods. The results are set forth in Table 11. 

Example 17 

1618 Ethylene, propylene and a polar group-containing 
monomer were polymerized 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 
polymerization temperature of 80 C. 

1619 Properties of the resulting polar group-containing 
olefin copolymer are set forth in Table 10. 

1620. 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 resin 
composition. The thermoplastic resin composition was Sub 
jected to an impact resistance test and a tensile test by the 
aforesaid methods. The results are set forth in Table 11. 
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TABLE 10 

Constituent Constituent Constituent Composition 
unit (1) unit (2) unit (3 (molar ratio) MFR Tof 

R R2 R3 R4 X (1)/(2)/(3) Mw (g/10 min) Mw/Mn (TCC + Tot?) 

Ex. 13 H ethyl CH - -OH 88/11.5/0.5 110,000 4.2 2.8 O 
Ex. 14 H ethyl CH - -COOH 88/11.75/0.25 100,000 5.9 2.2 O 
Ex. 15 H ethyl CH - Epoxy group 88/11.75/0.25 130,000 2.3 2.3 O.05 
Ex. 16 H ethyl CH - acid 88/11.75/0.25 122,000 2.9 2.2 O.O3 

anhydride 
group 

Ex. 17 H methyl CH - acid 80/19.75/0.25 131,000 2.3 2.5 O.O2 
anhydride 
group 

1621) was added to terminate the polymerization. Then, 100 ml of 
an isobutyl alcohol Solution containing 1 ml of a concen 

TABLE 11 trated hydrochloric acid aqueous Solution was added. fol 
Property lowed by heating at 75 C. in a nitrogen atmosphere. The 

Property items value Unit polymer Solution obtained was introduced into a large 
excess of methanol to precipitate a polymer and then 

Ex. 13 Cross-cut adhesion 100/100 number of d 
test cuts/number vacuum dried at 80° C. for 12 hours. As a result, 3.44 g of 

of cuts a polymer was obtained. 
Ex. 14 Adhesion strength 3.6 Kgf/15 mm 

Ex. 15 2 Al) 490 J?m 1624 Properties of the resulting polar group-containing 
Tensile strength 40 MPa. olefin copolymer are set forth in Table 12. 
Elongation at 40 % 
break 1625. The polar group-containing olefin copolymer was 

Ex. 16 faile strength 2. Mr. evaluated on the coating properties by the aforesaid method. 
Elongation s 12O % The result is set forth in Table 13. 
break 

Ex. 17 IZ. 265 J?m 
Tensile strength 46 MPa. Example 19 
Elongation at 122 % 
ES o 1626 Propylene and a polar group-containing monomer 

were copolymerized in the same manner as in Example 18, 
except that 0.00075 mmol of dimethylsilylene(2-methyl-4- 

Example 18 phenanthryl-1-indenyl)Zirconium dichloride was used 
instead of dimethylsilylene(2,7-dimethyl-4,5-(2-methyl 

1622. In a 1000 ml glass polymerization reactor thor 
oughly purged with nitrogen, 400 ml of n-decane was 
placed, then nitrogen was passed through at a rate of 20 l/hr, 
and the contents were maintained at 130 C. for 10 minutes. 
Then, 0.6 mmol of triisobutylaluminum was 10 added, 
followed by further adding 0.48 mmol of delta 12-tridecenol 
(having been dried over activated alumina and then vacuum 
distilled) represented by the following formula. 

2n-1\-1-1-1-1N-' 
delta 12-tridencenol 

1623 Then, 1.100 mmol of methylaluminoxane was fur 
ther added, and passing of nitrogen was Stopped, followed 
by passing ethylene at a rate of 12.5 l/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 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 

benzo)-1-indenyl)(2,7-di-tert-butylfluorenyl)Zirconium 
dichloride and polymerization was conducted at 60° C. for 
30 minutes with passing propylene instead of ethylene. 

1627 Properties of the resulting polar group-containing 
olefin copolymer are set forth in Table 12. 

1628. 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 

1629. In a 2-liter stainless steel (SUS) autoclave thor 
oughly purged with nitrogen, 120 g of 1-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 tem 
perature at 150 C., the autoclave was pressurized with 
ethylene so that the total pressure became 30 kg/cm’-G. 
Separately, into a 20 ml glass flask thoroughly purged with 
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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 methylaluminoxane had been contacted at room tempera 
ture 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 maintained at 150° C. and the pressure therein was 
maintained at that immediately after the injection by pres 
Surizing 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 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. 

1630 Properties of the resulting polar group-containing 
olefin copolymer are set forth in Table 12. 

90 
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except that pentapropenyl Succinic anhydride represented by 
the following formula was used instead of delta 12-tride 
cenol. 

Pentapropenyl succinic anhydride 

1636 Properties of the resulting polar group-containing 
olefin copolymer are set forth in Table 12. 
1637. 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. 

TABLE 12 

Constituent 
unit Constituent Composition 

(1), (2) unit (3 (molar ratio) MFR Tof 

R R3 R4 X (1) + (2)/(3) Mw (g/10 min) Mw/Mn (TCC + TCB) 

Ex. 18 H CH - -OH 99.5/0.5 70,000 2.5 *1 2.7 O 
Ex. 19 methyl CH - -OH 99.5/0.5 250,000 14.6 *2 2.3 O16 
Ex. 20 H, ethyl CH - -OH 88/11.5/0.5 110,000 4.2 *1 2.8 O 
Ex. 21 H CH - -COOH 99.75/0.25 71,000 2.4 * 1 2.5 O 
Ex. 22 methyl CHs - acid 99.75/0.25 249,000 14.7 82 2.2 O.18 

anhydride 
group 

* 1 Measuring conditions: 190° C., load of 2.16 kg 
*2 Measuring conditions: 230 C., load of 2.16 kg 

1631. The polar group-containing olefin copolymer was 1638) 
evaluated on the coating properties by the aforesaid method. 
The result is set forth in Table 13. TABLE 13 

Example 21 Evaluation Property 
items value Unit 

1632 Ethylene and a polar group-containing monomer 
were copolymerized in the same manner as in Example 18, Ex. 18 Cross-cut 100/100 number of 
except that pentadec-14-enoic acid represented by the fol- adhesion test cuts/number 
lowing formula was used instead of delta 12-tridecenol. of cuts 

Ex. 19 Cross-cut 100/100 number of 
adhesion test cuts/number 

OH of cuts 

~~~~~~ Ex. 20 Cross-cut 100/100 number of 
O adhesion test cuts/number 

pentadec-14-enoic acid of cuts 
Ex. 21 Adhesion 3 Kgf/15 mm 

strength 

1633 Properties of the resulting pol taini (to Al) Properties of the resulung polar group-containing Ex. 22 Adhesion 3.5 Kgf/15 mm 
olefin copolymer are set forth in Table 12. strength 
1634 The polar group-containing olefin copolymer was (to Al) 
evaluated on the adhesion strength (to Al) by the aforesaid 
method. The result is set forth in Table 13. 

Example 22 Example 23 

1635 Propylene and a polar group-containing monomer 1639. In a 1000 ml glass polymerization reactor thor 
were copolymerized in the same manner as in Example 19, oughly purged with nitrogen, 400 ml of toluene was placed, 
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then nitrogen was passed through at a rate of 20 l/hr, and the 
contents were maintained at 60° C. for 10 minutes. Then, 0.6 
mmol of triisobutylaluminum was added, followed by fur 
ther adding 0.48 mmol of (2,7-octadien-1-yl)Succinic anhy 
dride represented by the following formula. 

(2, 7-octadien-1-yl) succinic anhydride 

1640 (2.7-octadien-1-yl)succinic anhydride 

1641. Then, 1.100 mmol of methylaluminoxane was fur 
ther added, and passing of nitrogen was Stopped, followed 
by passing propylene at a rate of 12.5 l/hr. Finally, a toluene 
slurry solution in which 0.0075 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 
60° C. for 30 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 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, 1.75 g of a polymer was obtained. 

1642 Properties of the resulting polar group-containing 
olefin copolymer are set forth in Table 14. 

1643. 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 

1644) 
oughly purged with nitrogen, 400 ml of toluene was placed, 

In a 1000 ml glass polymerization reactor thor 

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 fur 
ther adding 0.48 mmol of 1,2-epoxy-9-decene (having been 
dried over Silica alumina) represented by the following 
formula. 
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O 
1, 2-epoxy-9-decene 

1645. Then, 1.100 mmol of methylaluminoxane was fur 
ther added, and passing of nitrogen was Stopped, followed 
by passing ethylene at a rate of 12.5 l/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-bu 
tylfluorenyl)Zirconium dichloride and 0.500 mmol of methy 
laluminoxane 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 concen 
trated hydrochloric acid aqueous Solution was added, fol 
lowed 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, 3.08 g of 
a polymer was obtained. 
1646 Properties of the resulting polar group-containing 
olefin copolymer are set forth in Table 14. 
1647 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 25 

1648 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 fol 
lowing formula was used instead of 1,2-epoxy-9-decene. 

OH 

4-hex-5-enyloxy-phenol 

1649 Properties of the resulting polar group-containing 
olefin copolymer are set forth in Table 14. 
1650. The polar group-containing olefin copolymer was 
evaluated on the adhesion strength (to PET) by the aforesaid 
method. The result is set forth in Table 15. 
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TABLE 1.4 

Constituent Constituent Composition 
unit (1) unit (3 (molar ratio) 

R R4 Rs X (1)/(3) Mw 

Ex. 23 methyl CH - acid 99.75/0.25 250,000 
anhydride 

Ex. 24 H CH - epoxy 99.75/0.25 68,000 
Ex. 25 H CHs O phenol 99.5/0.5 70,000 

* 1 Measuring conditions: 230 C., load of 2.16 kg 
*2 Measuring conditions: 190° C., load of 2.16 kg 

1651) 

TABLE 1.5 

Property 
Evaluation items value Unit 

Ex. 23 Adhesion strength 3.6 Kgf/15 mm 
(to Al) 

Ex. 24 Adhesion strength broken Kgf/15 mm 
(to PET) Substrate 

Ex. 25 Adhesion strength 3 Kgf/15 mm 
(to PET) 

Example 26 
1652. In a 1000 ml glass polymerization reactor thor 
oughly 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 0° C. for 10 minutes. Then, 0.6 
mmol of triisobutylaluminum was added, followed by fur 
ther adding 0.48 mmol of undecen-1-ol represented by the 
following formula. 

4N1\-1-1-1-1 
undecen-1-ol 

1653. Then, 1.100 mmol of methylaluminoxane was fur 
ther added, and passing of nitrogen was Stopped, followed 
by passing 1-butene at a rate of 12.5 l/hr. Finally, a 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 polymeriza 
tion. 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, 0.25 
g of a polymer was obtained. 
1654 Properties of the resulting polar group-containing 
olefin copolymer are set forth in Table 16. 
1655. The polar group-containing olefin copolymer was 
evaluated on the coating properties by the aforesaid method. 
The result is set forth in Table 17. 
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MFR Tof 

(g/10 min) Mw/Mn (TCC + Tot?) 
14.6 *1 O.23 O.13 

2.882 0.25 O 
2.5 + 2 0.25 O 

Example 27 

1656 1-Butene and a polar group-containing monomer 
were polymerized in the same manner as in Example 26, 
except that 1,2-epoxy-9-decene represented by the following 
formula was used instead of undecen-1-ol. 

O 
1, 2-epoxy-9-decene 

1657 Properties of the resulting polar group-containing 
olefin copolymer are set forth in Table 16. 

1658. The polar group-containing olefin copolymer was 
evaluated on the adhesion strength (to PET) by the aforesaid 
method. The result is set forth in Table 17. 

Example 28 

1659 1-Butene and a polar group-containing 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 undecen-1-ol and 
1.5 mmol of triisobutylaluminum was used. 

--~~~~ OH 
O 

undecylenic acid 

1660 Properties of the resulting polar group-containing 
olefin copolymer are set forth in Table 16. 

1661 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. 

Example 29 

1662) 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 repre 
Sented by the following formula was used instead of unde 
cen-1-ol. 
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O 
(2, 7-octadien-1-yl) succinic anhydride 

1663 Properties of the resulting polar group-containing 
olefin copolymer are set forth in Table 16. 
1664. 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. 

TABLE 16 

Constituent Constituent Composition 
unit (1) unit (3 (molar ratio) 

R R3 R4 X (1)/(3) Mw 

Ex. 26 ethyl CH - -OH 99.5/0.5 770,000 
Ex. 27 ethyl CH2 - epoxy 99.75/0.25 720,000 

group 
Ex. 28 ethyl CH - -COOH 99.75/0.25 680,000 
Ex. 29 ethyl CH - acid 99.75/0.25 710,000 

anhydride 
group 

* 1 Measuring conditions: 190° C., load of 2.16 kg 

1665) 

TABLE 1.7 

Property 
Evaluation items value Unit 

Ex. 26 Cross-cut adhesion 100/100 number of 

test cuts/number 

of cuts 

Ex. 27 Adhesion strength 23 C. broken 
Substrate 

(to PET) 80° C. broken 
Substrate 

Ex. 28 Adhesion strength 23 C. 2.8 Kgf/15 mm 
(to Al)80° C. 2.8 Kgf/15 mm 

Ex. 29 Adhesion strength 23 C. 3.5 Kgf/15 mm 
(to Al)80° C. 3.5 Kgf/15 mm 

Example 30 

1666. In a 300 ml glass polymerization reactor thor 
oughly purged with nitrogen, 40 ml of 1-octene was placed, 
then nitrogen was passed through at a rate of 20 l/hr, and the 
contents were maintained at 60° C. for 10 minutes. Then, 0.6 
mmol of triisobutylaluminum was added, followed by fur 
ther adding 0.48 mmol of undecen-1-ol represented by the 
following formula. 

MFR 81 

(g/10 min) Mw/Mn 

Oct. 24, 2002 
93 

4N-1-1-1-1--" 
undecen-1-ol 

1667 Then, 1.100 mmol of methylaluminoxane and 40 
ml of 1-octene were further added. Finally, a toluene 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 polymer 
ization. After 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 

Crystal 
Tof linity 

2.60 2.2 O 46 
2.72 2.3 O 48 

3.10 2.3 O.O1 48 
2.81 2.5 O 47 

of a concentrated hydrochloric acid aqueous Solution was 
added, followed by heating at 75 C. in a nitrogen atmo 
Sphere. 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. 
1668 Properties of the resulting polar group-containing 
olefin copolymer are set forth in Table 18. 
1669. 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 
1670 1-Octene and a polar group-containing monomer 
were 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. 

O 
1, 2-epoxy-9-decene 

1671) Properties of the resulting polar group-containing 
olefin copolymer are set forth in Table 18. 
1672. 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. 
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Example 32 1679) 
1673 1-Octene and a polar group-containing monomer 
were polymerized in the same manner as in Example 30, TABLE 1.9 
eXcept that 1.35 mmol of undecylenic acid represented by Evaluation Property 
the following formula was used instead of undecen-1-ol and items value Unit 
1.5 mmol of truisobutylaluminum was used. 

Ex. 30 Cross-cut 100/100 number of 
adhesion test cuts/number 

of cuts 
OH Ex. 31 IZ. 260 J?m 

--~~~~ Tensile 42 MPa. O strength 
undecylenic acid Elongation at 125 % 

break 
Ex. 32 IZ. 505 J?m 

Tensile 35 MPa. 
1674) Properties of the resulting polar group-containing strength 
olefin copolymer are set forth in Table 18. Elongation at 42 % 

break 
1675. The polar group-containing olefin copolymer was Ex. 33 Adhesion 2 Kgf/15 mm 
Subjected to an impact resistance test and a tensile test by the strength 
aforesaid methods. The results are set forth in Table 19. (to Al) 

Example 33 
1680. In the following Examples 34 to 39, preparation of 1676) 1-Octene and a polar group-containing monomer 

were polymerized in the same manner as in Example 30, 
except that (2.7-Octadien-1-yl)Succinic anhydride repre 
Sented by the following formula was used instead of unde 
cen-1-ol. 

Specimens and measurements of mechanical properties were 
made as follows. 

1681 Preparation of Specimen 

1682. A graft copolymer obtained in the example was 10 
molded by a 55-ton injection molding machine (IS55EPN O 

S. manufactured by Toshiba Machine Co., Ltd.) at a cylinder 
21 temperature of 200 C. and a mold temperature of 40 C. 

O 

1683. In the following Examples 34 to 39, measurements 
O of flexural modulus, Rockwell hardneSS and pencil hardness, 

(2, 7-octadien-1-yl) succinic anhydride 

1677 Properties of the resulting polar group-containing 
olefin copolymer are set forth in Table 18. 
1678. 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. 

and calculation of (4)/(5) by H-NMR were made as follows. 

1684) Flexural Modulus 

1685 The flexural modulus was measured using a speci 
men having a thickness of /s inch under the conditions of a 
span of 51 mm and a flexural rate of 20 mm/min in 
accordance with ASTM C790. 

TABLE 1.8 

Constituent Constituent Composition Crystal 
unit (1) unit (3) (molar ratio) In MFR * 1 Tof linity 

R1 R3 R4 X (1)/(3) (dl/g) (g/10 min) Mw/Mn (TCC + Tot?) (%) 

Ex. 30 heptyl CHs - OH 99.5/0.5 2.5 7O.OO 2.3 O.12 O 
Ex. 31 heptyl CH - epoxy 99.75/0.25 2.4 67.05 2.2 O.15 O 

group 

Ex. 32 heptyl CH2 - COOH 99.75/0.25 2.3 62.13 2.4 O.10 O 
Ex. 33 heptyl CH - acid 99.75/0.25 2.5 7O.OO 2.2 O.05 O 

anhydride 
group 

* 1 Measuring conditions: 190° C., load of 2.16 kg 
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1686 Rockwell Hardness (HR) 
1687. The Rockwell hardness was measured using a 
square plate of 2 mm (thickness)x120 mm (length)x130 mm 
(width) in accordance with ASTM D785. 
1688 Pencil Hardness 
1689. The pencil hardness was measured using a speci 
men having a thickness of /s inch under the conditions of a 
temperature of 23 C. in accordance with JIS K5401. 
1690 Calculation of (4)/(5) by H-NMR 
1691) Device: JOEL GFX400 type nuclear magnetic 
resonance device 

1692) Observation nucleus: "H 
1693) Observation frequency: 400 MHz 
1694 Pulse width: 45° 
1695 Repetition time: 5.0 seconds 
1696) Number of integration times: 8000 
1697 Measuring temperature: 115° C. 
1698 Measuring solvent: orthodichlorobenzene 
1699 Measurement: The resulting polymer of 25 to 40 
mg was dissolved in orthodichlorobenzene, and NMR was 
measured under the above measuring conditions. 

Example 34 
1700. In a 1000 ml glass polymerization reactor thor 
oughly 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, 2.0 
mmol of triisobutylaluminum was added, followed by fur 
ther adding 1.88 mmol of undecen-1-ol (having been dried 
over activated alumina and then vacuum distilled) repre 
sented by the following formula. 

4\-1-1-1-1a 
undecen-1-ol 

1701. Then, 1.100 mmol of methylaluminoxane was fur 
ther added, and passing of nitrogen was Stopped, followed 
by passing ethylene at a rate of 5 l/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-bu 
tylfluorenyl)Zirconium dichloride and 2.00 mmol of methy 
laluminoxane 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 concen 
trated hydrochloric acid aqueous Solution was added, fol 
lowed 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. 

1702. A 1500 ml autoclave equipped with a thermometry 
tube, a manometer, a stirrer and an alkylene oxide feed pipe 
was charged with 12.0 g of the ethylene/side chain monomer 
copolymer (ethylene/side chain monomer=99.2/0.8 by mol), 
31.0 mg of tetrakistris(dimethylamino)phosphora 
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nylideneaminophosphonium hydroxide ((MeN)P=NP" 
OH) synthesized in the same manner as described in 
EP0791600, p. 32, and 800g of tetralin. Then, the contents 
were heated to 125 C. and allowed to undergo reaction at 
the same temperature for 12 hours with intermittently feed 
ing 3.1 g of ethylene oxide So as to maintain the pressure at 
0.9 MPa (absolute pressure). Subsequently, the unreacted 
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 by 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 dried at 60° C. under reduced pressure, 
to obtain 10.1 g of a graft copolymer in which about 13 
ethylene oxide units were graft polymerized based on one 
hydroxyl group. 
1703 Properties of the resulting polar group-containing 
branched olefin copolymer are set forth in Table 20. 
1704 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 H-NMR resulted in 100/0. 

Example 35 

1705. In a 1000 ml glass polymerization reactor thor 
oughly 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-ol (having been 
dried over activated alumina and then vacuum distilled). 
Further, 1.100 mmol of methylaluminoxane was added, and 
passing of nitrogen was stopped, followed by passing eth 
ylene at a rate of 100 l/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)Zir 
conium 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 
acqueous 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, 14.83 g of a polymer having an ethylene/side chain 
monomer molar ratio of 99.75/0.25 was obtained. 

1706 Then, polymerization was carried out in the same 
manner as in Example 34, except that 12.0 g of the polymer 
obtained above and 15.1 g of ethylene oxide was used. AS a 
result, 11.8 g of a graft copolymer in which about 65 
ethylene oxide units were graft polymerized based on one 
hydroxyl group was obtained. 
1707 Properties of the resulting polar group-containing 
branched olefin copolymer are set forth in Table 20. 
1708 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. 
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Example 36 
1709. The procedure of Example 34 was repeated, except 
that 5.0 g of propylene oxide was used instead of ethylene 
oxide. As a result, 10.3 g of a graft copolymer in which about 
10 propylene oxide units were graft polymerized based on 
one hydroxyl group was obtained. 
1710 Properties of the resulting polar group-containing 
branched olefin copolymer are set forth in Table 20. 
1711 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 H-NMR resulted in 99/1. 

Example 37 
1712. Using the ethylene/side chain monomer polymer 
(ethylene/side chain monomer=99.75/0.25 by mol) prepared 
in Example 35, polymerization was carried out with inter 
mittently feeding 3.1 g of ethylene oxide. As a result, 11.8 
g of a graft copolymer in which about 13 ethylene oxide 
units were graft polymerized based on one hydroxyl group 
was obtained. 

1713 Properties of the resulting polar group-containing 
branched olefin copolymer are set forth in Table 20. 
1714. 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. 

Example 38 
1715. The procedure of Example 34 was repeated, except 
that 7.75g of C-hydroxyisopropyl phenylketone was further 
charged in addition to the Starting materials, the pressure 
was changed to 0.2 MPa from 0.9 MPa, 5.8 g of methyl 
methacrylate was used instead of ethylene oxide, and tet 
rahydrofuran was used instead of methanol. As a result, 11.3 
g of a graft copolymer in which about 20 methyl methacry 
late units were graft polymerized based on one hydroxyl 
group was obtained. 
1716 Properties of the resulting polar group-containing 
branched olefin copolymer are set forth in Table 20. 
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1717) Further, mechanical properties of the polar group 
containing branched olefin copolymer were evaluated by the 
aforesaid method. The result is set forth in Table 21. 

Example 39 
1718. In a 2-liter stainless steel (SUS) autoclave thor 
oughly purged with nitrogen, 105 g of 1-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-ol (having been 
dried over activated alumina and then vacuum distilled). 
With keeping the temperature at 150 C., the autoclave was 
preSSurized with ethylene So that the total preSSure became 
30 kg/cm°-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 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 maintained at 150 C. and the pressure 
therein was maintained at that immediately after the injec 
tion 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 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. 
1719 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, 11.8g of a graft 
copolymer in which about 13 ethylene oxide units were graft 
polymerized based on one hydroxyl group was obtained. 
1720 Properties of the resulting polar group-containing 
branched olefin copolymer are set forth in Table 20. 
1721 Further, dispersibility of the polar group-contain 
ing branched olefin copolymer in water was evaluated by the 
aforesaid method. The result is set forth in Table 21. 

TABLE 20 

Constituent unit (4) 

Constituent Composition 
unit (1) (molar ratio) - d - 

R1 Rs R Z. p Structure (1)/(4) -- (5) Mw Mw/Mn (TC.C. + Tot?) 

Ex. 34 H CoHis - -(CH2CH2O)-H 1. O 99.2/O.8 70,000 2.8 O 
Ex. 35 H CH - -(CH2CH2O)s-H 1. O 99.75/0.25 70,000 2.6 O 
Ex. 36 H CH - -(CH2CHCCH)O)-H 1. (2) 99.2/O.8 65,000 2.5 O 
Ex. 37 H C.Ho - -(CH2CH2O)-H 2 (3) 99.75/0.25 70,000 2.3 O 
Ex. 38 CH CH - -(CH2CH(COOCH)-o-H 1. (4) 99.2/O.8 250,000 2.7 O.08 
Ex. 39 H, CH, CH - -(CH2CH2O)-H 1. O 89.5/10/0.5 *1 130,000 2.5 O.12 

H2 H 
-C-C- 
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TABLE 20-continued 

Constituent unit (4 

Constituent 

unit (1) 
R1 Rs R Z. 

H2 H 

H2 H 
-C-C- 

-(N- o). O H 

-N- o O H 

H2 H 

1-1-1-1- in H 

or 
CH 

* 1 Molar ratio of H/CH/(4) + (5) 

1722) 

TABLE 21 

Property 
Evaluation items value Unit 

Ex. 34 Anti-fogging AA 
properties 
(visual observation) 

Ex. 35 Anti-fogging AA 
properties 
(visual observation) 

Ex. 36 Anti-fogging AA 
properties 
(visual observation) 

Ex. 37 Anti-fogging AA 
properties 
(visual observation) 

Ex. 38 FM 2500 MPa. 
Rockwell hardness 115 
Pencil hardness 2H 
HDT 130 o C. 

Ex. 39 Dispersed particle 0.4 film 
diameter 
Dispersion stability not 

separated 

Example 40 
1723. In a 500 ml glass polymerization reactor thor 
oughly 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 75 C. for 10 minutes. Then, 

p 
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Composition 
(molar ratio) Tof 

structure (1)/(4) + (5) Mw Mw/Mn (TCC + TO?) 

0.8000 mmol of methylaluminoxane was added, followed 
by further adding 0.1000 mmol of undecen-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 l/hr. 
1724 Finally, 0.0008 mmol of isopropylidene(cyclopen 
tadienyl)(2.7-di-t-butylfluorenyl)Zirconium dichloride was 
added to initiate polymerization. After the polymerization 
was conducted at 75 C. for 15 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, 0.90 g of a polymer was obtained. The 
polymerization activity was 4.5 kg/mmol-Zr-hr, and the 
melting point of the polymer was 129.0° C. 

Example 41 
1725. In a 500 ml glass polymerization reactor thor 
oughly 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 75 C. for 10 minutes. Then, 
1.1000 mmol of methylaluminoxane was added, followed 
by further adding 0.15 mmol of undecen-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 l/hr. 
1726 Finally, a toluene slurry Solution in which 0.0160 
mmol of diphenylmethylene(cyclopentadienyl)-(fluore 
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nyl)Zirconium dichloride and 1.1000 mmol of methylalumi 
noxane had been contacted at room temperature for 10 
minutes was added to initiate polymerization. After the 
polymerization was conducted at 75 C. for 30 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, 6.67 g of a polymer was 
obtained. The polymerization activity was 0.83 
kg/mmol-Zr.hr, and m of the polymer was 3.82 dll/g. 

Example 42 
1727. In a 500 ml glass polymerization reactor thor 
oughly 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 75 C. for 10 minutes. Then, 
1.1000 mmol of methylaluminoxane was added, followed 
by further adding 0.20 mmol of undecen-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 l/hr. Finally, a toluene slurry Solution 
in which 0.0160 mmol of (tert-butylamido)dimethyl-(tet 
ramethylcyclopentadienyl)silanetitanium dichloride and 
1.1000 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 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 large 
excess of methanol to precipitate a polymer and then 
vacuum dried at 80° C. for 12 hours. As a result, 2.54 g of 
a polymer was obtained. The polymerization activity was 
0.03 kg/mmol:Zr-hr, m of the polymer was 3.55 dl/g, the 
melting point thereof was 129 C., and the polar group 
introduction ratio thereof, as measured by H-NMR, was 
0.25 mol %. 

Example 43 
1728. In a 500 ml glass polymerization reactor thor 
oughly 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 75 C. for 10 minutes. Then, 
1.1400 mmol of methylaluminoxane was added, followed 
by further adding 0.20 mmol of undecen-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 l/hr. 
1729 Finally, a toluene slurry solution in which 0.0008 
mmol of dimethylsilylene(2-methyl-4,5-benzo-1-inde 
nyl)(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 5 minutes at atmospheric pressure, a Small amount 
of isobutyl alcohol was added to terminate the polymeriza 
tion. 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, 3.23g of 
a polymer was obtained. The polymerization activity was 
48.45 kg/mmol:Zr.hr, and m of the polymer was 9.37 dl/g. 

Example 44 
1730. In a 500 ml glass polymerization reactor thor 
oughly purged with nitrogen, 400 ml of toluene was placed, 
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then nitrogen was passed through at a rate of 20 l/hr, and the 
contents were maintained at 75 C. for 10 minutes. Then, 
1.1400 mmol of methylaluminoxane was added, followed 
by further adding 0.30 mmol of undecen-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 l/hr. 
1731 Finally, a toluene slurry Solution in which 0.0016 
mmol of dimethylsilylene(2-methyl-4,5-benzo-1-inde 
nyl)(2,7-di-tert-butyl fluorenyl)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 5 minutes at atmospheric pressure, a Small amount 
of isobutyl alcohol was added to terminate the polymeriza 
tion. 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, 2.46 g of 
a polymer was obtained. The polymerization activity was 
18.45 kg/mmol-Zr.hr, and m of the polymer was 7.89 dl/g. 

Example 45 
1732. In a 500 ml glass polymerization reactor thor 
oughly 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 75 C. for 10 minutes. Then, a 
toluene solution of 0.480 mmol of triethylaluminum and 
0.480 mmol of undecen-1-ol (having been dried over silica 
alumina and then Vacuum distilled) having been pretreated 
at room temperature for 10 minutes was added, followed by 
further adding 1.1400 mmol of methylaluminoxane. Then, 
passing of nitrogen was stopped, and ethylene was passed 
through at a rate of 100 l/hr. 
1733 Finally, a toluene slurry solution in which 0.0020 
mmol of dimethylsilylene(2-methyl-4,5-benzo-1-inde 
nyl)(2,7-di-tert-butyl fluorenyl)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 minutes at atmospheric pressure, a Small amount 
of isobutyl alcohol was added to terminate the polymeriza 
tion. 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 m of the polymer was 4.97 dl/g. 

Example 46 

1734. In a 500 ml glass polymerization reactor thor 
oughly 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 75 C. for 10 minutes. Then, 
0.480 mmol of triisobutylaluminum was added, followed by 
further adding 0.48 mmol of undecen-1-ol (having been 
dried over 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 passed through at a rate of 100 l/hr. 
1735 Finally, a toluene slurry solution in which 0.0017 
mmol of dimethylsilylene(2-methyl-4,5-benzo-1-inde 
nyl)(2,7-di-tert-butyl fluorenyl)Zirconium dichloride and 
0.4300 mmol of methylaluminoxane had been contacted at 
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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 Solution obtained was intro 
duced into a large excess of methanol 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 polymer 
ization activity was 42.3 kg/mmol:Zr-hr. 

Example 47 
1736. In a 500 ml glass polymerization reactor thor 
oughly 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 75 C. for 10 minutes. Then, 
0.750 mmol of triisobutylaluminum was added, followed by 
further adding 0.48 mmol of undecen-1-aldehyde (having 
been dried over Silica alumina and then vacuum distilled). 
After stirring for 3 minutes, 1.1400 mmol of methylalumi 
noxane was added, then passing of nitrogen was stopped, 
and ethylene was passed through at a rate of 100 l/hr. 
1737 Finally, a toluene slurry solution in which 0.0017 
mmol of dimethylsilylene(2-methyl-4,5-benzo-1-inde 
nyl)(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 pressure, a small 
amount of isobutyl alcohol was added to terminate the 
polymerization. The polymer solution obtained was intro 
duced 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 polymer 
ization activity was 63.5 kg/mmol:Zr-hr. 
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Example 48 

1738. In a 500 ml glass polymerization reactor thor 
oughly 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 75 C. for 10 minutes. Then, 
0.480 mmol of triisobutylaluminum was added, followed by 
further adding 0.48 mmol of decene-1-amine (having been 
dried over 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 passed through at a rate of 100 l/hr. 
1739 Finally, a toluene slurry solution in which 0.0017 
mmol of dimethylsilylene(2-methyl-4,5-benzo-1-inde 
nyl)(2,7-di-tert-butyl fluorenyl)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 pressure, a small 
amount of isobutyl alcohol was added to terminate the 
polymerization. The polymer Solution obtained was intro 
duced into a large excess of methanol to precipitate a 
polymer and then vacuum dried at 80 C. for 12 hours. As 
a result, 0.80 g of a polymer was obtained. The polymer 
ization activity was 11.3 kg/mmol-Zr-hr. 

Examples 49, 50, 51, 52, 53, 54, 55, 56, 57 and 58 

1740 Polar group-containing olefin copolymers were 
prepared under the same conditions as in Example 40, 
except that the types and the amounts of the C-olefin and the 
polar group-containing monomer, the type and 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. 

TABLE 22 

Metallo Monomer Polymeri 

Cele Feed Comonomer Alkylaluminum Co zation 

*1. rate Amount MAO Amount Temp Time Yield in monomer activity 
Ex. (umol) Type (mmol) Type (mmol) (mmol) Type (mmol) (C.) (min) (g) (dl/g) (mol%) *2 

49 25 ethylene 2 allyl 40 57 TEA 48 50 1OS 5.05 O.41 O.33 O.12 
alcohol 

50 25 ethylene 2 allyl 40 57 TIBA 48 50 25 O.95 155 1.20 O.09 
alcohol 

51 25 ethylene 2 allylamine 40 57 TEA 48 50 7S 1.52 1.68 O.47 O.OS 
52 25 ethylene 2 allylamine 40 57 TIBA 48 50 7S 1.26 1.96 O.22 O.04 
53 2.5 ethylene 50 undecen-1- 40 57 TEA 48 8O 5 5.25 0.54 6.56 22.5 

ol 
54. 25 ethylene 50 OOce 40 57 TEA 48 50 8 6.25 O.S.S O.53 1.50 

methanol 
55 25 ethylene 2O OOce 40 57 TEA 48 50 8 3.27 0.55 O.10 O.98 

methylamine 
56 25 ethylene 50 Tetracylo 40 57 TEA 48 50 8 S.10 O.62 5.13 1.37 

dodecene 
methanol 

57 25 ethylene 2O Tetracyclo 40 57 TEA 48 50 8 3.91 O.58 O.11 1.05 
dodecene 

methylamine 
58 25 propylene 100 undecen-1- 4 57 TEA 4.8 50 15 2.2O O.68 O.93 O.88 

ol 

* 1 dimethylsilylene (2-methyl-4,5-benzo-1-indenyl) (2,7-di-tert-butyl fluorenyl) Zirconium dichloride 

MAO: methylaluminoxane, TEA: triethylaluminum, TIBA: triisobutylaluminum 




















