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(57) ABSTRACT 

The present invention is intended to provide a polar group 
containing ole?n 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 ole?n copoly 
mer comprises a constituent unit derived from an ot-ole?n 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 
ole?n copolymer can be prepared by polymerizing the 
ot-ole?n With the polar group-containing monomer and/or 
the macromonomer in the presence of a metallocene cata 
lyst. The polar group-containing ole?n copolymer and the 
thermoplastic resin composition containing the copolymer 
are used for ?lms, sheets, modi?ers, 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 ole?n 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 ole?n copolymer having 
excellent adhesion properties to metals or polar resins and 
excellent ?exibility, a process for preparing the copolymer, 
a thermoplastic resin composition containing the copolymer 
and uses thereof. 

BACKGROUND OF THE INVENTION 

[0002] Polyole?ns 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 polyole?ns, 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 dif?cult 
to use the polyole?ns by blending or laminating them With 
these materials. In addition, molded products of the poly 
ole?ns 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 polyole?ns 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 ole?n copolymers to improve the 
impact resistance. 

[0006] The polyole?ns, 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 polyole?ns to improve compatibility With the polar 
resins has been heretofore Widely used. 

[0007] In this method, hoWever, intermolecular crosslink 
ing of polyole?ns and breaking of molecular chains take 
place With the graft reaction, and hence viscosity matching 
of the graft polymer and the polar resin is dif?cult, 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 ot-ole?n 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 insuf?cient. 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 
polyole?n 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 ?lm 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 speci?c 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 ole?n polymer such 
as an ethylene homopolymer, an ethylene/ot-ole?n copoly 
mer, a propylene homopolymer or a propylene/ot-ole?n 
copolymer, a process comprising polymeriZing an ole?n 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 ole?n and a polar group-containing 
monomer are copolymeriZed using a Ziegler catalyst to 
prepare, for example, a polyole?n 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 ole?n 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 ole?n polymer having a 
high molecular Weight is obtained With high activity and the 
resulting ole?n polymer has narroW molecular Weight dis 
tribution and narroW composition distribution. 

[0012] As a process for preparing a polyole?n 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 ole?n 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/?uorenyl 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 
ole?n having NR2 (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). 
[0014] Aprocess 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. 

[0015] 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), JAm. 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 ole?n polymer containing a 
polar group can be prepared With high polymeriZation 
activity by copolymeriZing an ole?n 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 ?nding, the present invention has been accomplished. 

[0018] 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 ole?n copolymer having eXcellent 
adhesion properties to metals or polar resins and eXcellent 
compatibility thereWith, a process for preparing the copoly 
mer, a thermoplastic resin composition containing the 
copolymer and uses thereof. 

SUMMARY OF THE INVENTION 

[0020] The ?rst embodiment of the polar group-containing 
ole?n 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 
Tot[3 to Totot+Tot[3 (TotB/(Tot(>t+Tot[3) as determined from a 
13C-NMR spectrum of said copolymer, of not more than 1.0: 

(1) 

(R4)? 0% 

[0021] Wherein R1 and R2 may be the same or different and 
are each a hydrogen atom or a straight-chain or branched 

aliphatic hydrocarbon group of 1 to 18 carbon atoms; R3 is 
a hydrocarbon group; R4 is a hetero atom or a group 
containing a hetero atom; r is 0 or 1; X is a polar group 
selected from an alcoholic hydroXyl group, a phenolic 
hydroXyl group, a carboXylic acid group, a carboXylic ester 
group, an acid anhydride group, arl amino group, an amide 
group, an epoxy group and a mercapto group; p is an integer 
of 1 to 3; and When p is 2 or 3, each X may be the same or 
different, and in this case, if r is 0, X may be bonded to the 
same or different atom of R3, and if r is 1, X may be bonded 
to the same or different atom of R4. 

[0022] In the present invention, R3 in the constituent unit 
represented by the formula (3) is preferably a hydrocarbon 
group of 11 or more carbon atoms. 

[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 R1 in 
the constituent unit represented by the formula (1) and R2 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 R1 in 
the constituent unit represented by the formula (1) and R2 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 ole?n 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 TotB to 
Totot+Tot[3 (TotB/(Taot+T(x[3)), as determined from a 13C 
NMR spectrum of said copolymer, of not more than 1.0: 

(1) 
—CH2—CH— 

(4) 
—CH;— CH— 

[0027] Wherein R1 is a hydrogen atom or a straight-chain 
or branched aliphatic hydrocarbon group of 1 to 18 carbon 
atoms; R5 is a hydrocarbon group; R6 is a hetero atom or a 
group containing a hetero atom; r is 0 or 1; Z is a polymer 
segment obtained by any one of anionic polymeriZation, 
ring-opening polymeriZation and polycondensation; W is a 
hydroXyl group or an epoXy group; p is an integer of 1 to 3, 
q is 0, 1 or 2, and p+q§3; 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 R5, 
and if r is 1, —O—Z may be bonded to the same or different 

atom of R6; 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 R5, and if r is 1, W may be bonded 
to the same or different atom of R6; in case of p Z 1 and q; 1, 
if r is 0, W and —O—Z may be bonded to the same or 

different atom of R5, and if r is 1, W and —O—Z may be 
bonded to the same or different atom of R6; 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 R6, and if m is 1, W 
may be bonded to the same or different atom of R7. 

[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 ole?n 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 TotB to Totot+Tot[3 (TotB/(Taot+T(x[3)), as 
determined from a 13C-NMR spectrum of said copolymer, of 
not more than 1.0: 

(R4)? 0% 

[0031] Wherein R1 is a hydrogen atom or a straight-chain 
or branched aliphatic hydrocarbon group of 1 to 18 carbon 
atoms; R3 is a hydrocarbon group; R4 is a hetero atom or a 
group containing a hetero atom; R7 is a direct bond or an 
aliphatic hydrocarbon group of 1 or more carbon atoms; R8 
is a hydrogen atom, a direct bond or an aliphatic 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 R3, and if r is 1, X may be bonded 
to the same or different atom of R4. 

[0032] The ?rst embodiment of the process for preparing 
a polar group containing ole?n copolymer according to the 
present invention comprises copolymeriZing at least one 
ot-ole?n selected from ot-ole?ns 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 

(R4)? 0% 

[0038] wherein R3 is a hydrocarbon group; R4 is a hetero 
atom or a group containing a hetero atom; r is 0 or 1; X is 
a polar group selected from an 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 R3, and if r is 1, X 
may be bonded to the same or different atom of R4; 

[0039] Wherein R7 is a direct bond or an aliphatic hydro 
carbon group of 1 or more carbon atoms; R8 is a hydrogen 
atom, a direct bond or an aliphatic hydrocarbon group of 1 
or more carbon atoms; Y is a polar group containing O 
and/or N; m and n are each an integer of 0 to 2, and m+n is 
not 0; and s is 0 or 1. 

[0040] In the ?rst embodiment of the process for preparing 
a polar group-containing ole?n 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; 

(1 1) 

R25 M R27 

R26 Y R28 

[0041] Wherein M1 is a transition metal atom of Group 4 
of the periodic table; R25, R26, R27 and R28 may be the same 
or different and are each a hydrogen atom, a nitrogen 
containing group, a phosphorus-containing group, a 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 
R25, R26, R27 and R28, a part of the groups neighboring With 
each other may be bonded to form a ring together With 
carbon atoms to Which those groups are bonded; X1 and X2 
may be the same or different and are each a hydrocarbon 
group of 1 to 20 carbon atoms, a halogenated hydrocarbon 
group of 1 to 20 carbon atoms, an oxygen-containing group, 
a sulfur-containing group, a silicon-containing group, a 
hydrogen atom or a halogen atom; and Y1 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—, —SO2—, —Ge—, —Sn—, 
—NR21—, —P(R21)—, —P(O)(R21)—, —BR21— or 
—AlR21— (each R21 may be the same or different and is a 
hydrocarbon group of 1 to 20 carbon atoms, a halogenated 
hydrocarbon group of 1 to 20 carbon atoms, a hydrogen 
atom, a halogen atom or a nitrogen compound residue in 
Which one or tWo hydrocarbon groups of 1 to 20 carbon 
atoms are bonded to the nitrogen atom); 

[0042] Wherein M1 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 M1; Z1 is a ligand 
containing an oXygen atom, a sulfur atom, a boron atom or 
an element of Group 14 of the periodic table; Y1 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) 

R14 

[0043] Wherein M1 is a transition metal atom selected from 
Group 4 of the periodic table; R11 to R14, R17 to R20, and R41 
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 
R11, R12, R13, R14, R17, R18, R19, R20 and R41, a part of the 
groups neighboring With each other may be bonded to form 
a ring together With carbon atoms to Which those groups are 
bonded (except a case Where all of R11, R12, R13, R14, R17, 
R18, R19, R20 and R41 are hydrogen atoms and a case Where 
R12 or R13 is a tert-butyl group and the residual R11, R12, 
R13, R14, R17, R18, R19, R20 and R41 are hydrogen atoms); 
X and X2 may be the same or different and are each a 
hydrocarbon group of 1 to 20 carbon atoms, a halogenated 
hydrocarbon 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 Y1 
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—, —SO2—, —Ge—, 
—Sn—, —NR21—, —P(R21)—, —P(O)(R21)—, —BR21— 
or —AlR21— (each R21 may be the same or different and is 
a hydrocarbon group of 1 to 20 carbon atoms, a halogenated 
hydrocarbon group of 1 to 20 carbon atoms, a hydrogen 
atom, a halogen atom or a nitrogen compound residue in 
Which one or tWo hydrocarbon groups of 1 to 20 carbon 
atoms are bonded to the nitrogen atom); 

(14) 

R42 

[0044] Wherein M1 is a transition metal atom selected from 
Group 4 of the periodic table; R11, R12, R41 and R42 may be 
the same or different and are each a hydrocarbon group of 1 

to 40 carbon atoms, a halogenated hydrocarbon group of 1 
to 40 carbon atoms, an oxygen-containing group, a sulfur 
containing group, a silicon-containing group, a halogen 
atom or a hydrogen atom; of the groups indicated by R11, 
R12, R41 and R42, a part of the groups neighboring With each 
other may be bonded to form a ring together With carbon 
atoms to Which those groups are bonded; X1 and X2 may be 
the same or different and are each a hydrocarbon group of 1 

to 20 carbon atoms, a halogenated hydrocarbon group of 1 
to 20 carbon atoms, an oxygen-containing group, a sulfur 
containing group, a silicon-containing group, a hydrogen 
atom or a halogen atom; and Y1 is a divalent hydrocarbon 
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group of 1 to 20 carbon atoms (When all of R11, R12, R41 and 
R42 are hydrogen atoms, Y1 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—, —SO2—, —Ge—, —Sn—, 
—NR21—, —P(R21)—, —P(O)(R21)—, —BR21— or 
—AlR21— (each R21 may be the same or different and is a 

hydrocarbon group of 1 to 20 carbon atoms, a halogenated 
hydrocarbon group of 1 to 20 carbon atoms, a hydrogen 
atom, a halogen atom or a nitrogen compound residue in 
Which one or tWo hydrocarbon groups of 1 to 20 carbon 

atoms are bonded to the nitrogen atom); 

(15) 

[0045] Wherein M1 is a transition metal atom selected from 
Group 4 of the periodic table; R41 and R42 may be the same 
or different and are each a hydrocarbon group of 1 to 40 

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

taining group, a silicon-containing group, a halogen atom or 

a hydrogen atom; of the groups indicated by R41 and R42, a 
part of the groups neighboring With each other may be 
bonded to form a ring together With carbon atoms to Which 
those groups are bonded; X1 and X2 may be the same or 
different and are each a hydrocarbon group of 1 to 20 carbon 

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

halogen atom; and Y1 is a divalent hydrocarbon group of 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—, 
—SO2—, —Ge—, —Sn—, —NR21—, —P(R21)—, 
—P(O)(R21)—, —BR21— or —AlR21— (each R21 may be 
the same or different and is a hydrocarbon group of 1 to 20 

carbon atoms, a halogenated hydrocarbon group of 1 to 20 
carbon atoms, a hydrogen atom, a halogen atom or a 
nitrogen compound residue in Which one or tWo hydrocar 
bon groups of 1 to 20 carbon atoms are bonded to the 

nitrogen atom); 
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(1 6) 

Xi /X1 42 17 
R R12 M1 R16 R 

R42 R18 

R11 R15 

R42 R19 
Y1 

R42 R20 

[0046] wherein M1 is a transition metal atom selected from 
Group 4 of the periodic table; R11, R12, R15 to R20, and R42 
may be the same or different and are each a hydrocarbon 

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

halogen atom or a hydrogen atom; of the groups indicated by 
R11, R12, R15, R16, R17, R18, R19, R20 and R42, a part of the 
groups neighboring With each other may be bonded to form 
a ring together With carbon atoms to Which those groups are 
bonded; X1 and X2 may be the same or different and are each 
a hydrocarbon group of 1 to 20 carbon atoms, a halogenated 
hydrocarbon group of 1 to 20 carbon atoms, an oXygen 
containing group, a sulfur-containing group, a silicon-con 
taining group, a hydrogen atom or a halogen atom; and Y1 
is a divalent hydrocarbon group of 1 to 20 carbon atoms 

(When all of R11, R12, R15, R16, R17, R18, R19, R20 and R42 
are hydrogen atoms, Y1 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—, —SO2—, —Ge—, —Sn—, —NR21—, 
—P(R21)—, —P (O)(R21)—, —BR21— or —AlR21— (each 
R21 may be the same or different and is a hydrocarbon group 

of 1 to 20 carbon atoms, a halogenated hydrocarbon group 
of 1 to 20 carbon atoms, a hydrogen atom, a halogen atom 
or a nitrogen compound residue in Which one or tWo 
hydrocarbon groups of 1 to 20 carbon atoms are bonded to 

the nitrogen atom). 

[0047] In the ?rst embodiment of the process for preparing 
a polar group-containing ole?n 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). 

[0048] The second embodiment of the process for prepar 
ing a polar group-containing ole?n copolymer according to 
the present invention comprises copolymeriZing at least one 
ot-ole?n selected from ot-ole?ns 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: 

- an or anoa ummum ox -com oun , 0051 B 1 g l ' y p d 

[0052] (B-2) a compound Which reacts With the 
compound (A) to form an ion pair, and 

[0053] (B-3) an organoaluminum compound; 

(9) 
CH2=CH 

[0054] Wherein R5 is a hydrocarbon group; R6 is a hetero 
atom or a group containing a hetero atom; r is 0 or 1; Z is 

a polymer segment obtained by any one of anionic 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+q§3; 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 R5, and if r is 1, —O—Z may be bonded 
to the same or different atom of R6; 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 R5, and if r is 1, W 
may be bonded to the same or different atom of R6; and in 
case ofpil and qil, if r is 0, W and —O—Z may be each 
bonded to the same or different atom of R5, and if r is 1, W 
and —O—Z may be each bonded to the same or different 
atom of R6. 

[0055] The third embodiment of the process for preparing 
a branched type polar group-containing ole?n copolymer 
according to the present invention comprises copolymeriZ 
ing at least one ole?n selected from ot-ole?ns 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: 

[0058] (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 and (ii); 

(10) 
CH2=CH 

[0062] Wherein R5 is a hydrocarbon group; R6 is a hetero 
atom or a group containing a hetero atom; m is 0 or 1; W is 
a hydroxyl group or an epoxy group; n is an integer of 1 to 
3; and When n is 2 or 3, each W may be the same or different, 
and in this case, if m is 0, W may be bonded to the same or 
different atom of R5, and if m is 1, W may be bonded to the 
same or different atom of R6; 

[0063] 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 
ole?n copolymer. 

[0066] The adhesive resin according to the present inven 
tion comprises the polar group-containing ole?n copolymer 
or the thermoplastic resin composition. 

[0067] The compatibiliZing agent according to the present 
invention comprises the polar group-containing ole?n 
copolymer or the thermoplastic resin composition. 

[0068] The resin modi?er according to the present inven 
tion comprises the polar group-containing ole?n copolymer 
or the thermoplastic resin composition. 

[0069] The ?ller dispersant according to the present inven 
tion comprises the polar group-containing ole?n copolymer 
or the thermoplastic resin composition. 

[0070] The dispersant according to the present invention 
comprises the polar group-containing ole?n copolymer or 
the thermoplastic resin composition. 

[0071] The ?lm or the sheet according to the invention 
comprises the polar group-containing ole?n copolymer or 
the thermoplastic resin composition. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0072] The polar group-containing ole?n 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. 

[0073] Polar Group-containing Ole?n Copolymer 

[0074] The ?rst embodiment of the polar group-containing 
ole?n 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) 

(R4)? 0% 

[0075] In the above formulas, R1 and R2 may be the same 
or different and are each a hydrogen atom or a straight-chain 
or branched aliphatic hydrocarbon group of 1 to 18 carbon 
atoms. 

[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, decY1 and 
dodecyl. Of these, preferable are hydrocarbon groups of 1 to 
10 carbon atoms, particularly 1 to 6 carbon atoms. 

[0077] R3 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—CH2—, —Ph—(CH2)2—, —Ph— 
(CH2)3—> —Ph—(CH2)6—> —Ph—(CH2)10—> —Ph— 
(CH2)11—> —Ph—(CH2)12— and —Ph—(CH2)14— 
[0081] When r is 1 and R4 is bonded to R3, the valence of 
R3 is 2. When r is 0 and each X of p is bonded to R3, the 
valence of R3 is p+1. 
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[0082] R4 is a hetero atom or a group containing a hetero 
atom. 

[0083] 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)O—, —OC(=O)O—, 
—C(=O)NH—, —NH—, (tertiary amine), —S—, and ali 
phatic, alicyclic or aromatic hydrocarbon groups containing 
these groups. 

[0085] Speci?cally, there can be mentioned such struc 
tures as exempli?ed With respect to the later-described polar 
group-containing monomers. 

[0086] The hetero atom in R4 or the carbon atom to Which 
the hetero atom is bonded is preferably bonded to R3, and 
examples of such structures include —R3—O—R—X, 
—R3—C(=O)—R—X, —R3—C(=O)O—R—X, —R3— 
OC(=O)O—R—X, —R3—C(=O)NH—R—X and 
—R3—S—R—X (R is methylene, phenylene or cyclohexy 
lene). 
[0087] When R4 contains a carbon atom, the number of 
carbon atoms to form R4 is in the range of preferably 1 to 20, 
more preferably 1 to 10, particularly preferably 1 to 5. 

[0088] r is 0 or 1. When r is 0, X is bonded to any one of 
carbon atoms for forming R3. When r is 1, X is bonded to 
any one of carbon atoms for forming R4. 

[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 ole?n copolymer is excellent in coating 
properties, surface hydrophilic properties (anti-fogging 
properties), antistatic properties, adhesion properties to 
polar resins (urethane resin, epoxy resin, etc.), ?ller 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). 

[0091] When X is a phenolic hydroxyl group, the polar 
group-containing ole?n 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 ole?n copolymer is excellent in adhesion prop 
erties to metals, dispersibility in Water (particularly in case 
of metallic salt), pigment dispersibility, ?ller dispersibility 
and oil resistance (in case of high content of carboxyl 
group). 
[0093] When X is a carboxylic ester group, the polar 
group-containing ole?n 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 ole?n 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 ole?n 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, 
?ller dispersibility and dispersibility in Water (particularly in 
case of metallic salt). 

[0096] When X is an amino group, the polar group 
containing ole?n 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 ?ller 
dispersibility (particularly in case of ammonium salt). 

[0097] When X is an amide group, the polar group 
containing ole?n copolymer is excellent in adhesion prop 
erties to polyamide and compatibility With polyamide. 

[0098] When X is a mercapto group, the polar group 
containing ole?n 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 R3, and 
When p is 2 or 3 and r is 1, X may be bonded to the same 
or different atom of R4. 

[0100] In the polar group-containing ole?n 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 ole?n 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 9999:0.01 
to 0019999, preferably 9995:005 to 10:90, more prefer 
ably 999:0.1 to 30:70. 

[0103] The molar ratio betWeen the constituent 
unit (1) and the constituent unit (2) is in the range of usually 
9999:0.01 to 0019999, preferably 99:1 to 1:99, more 
preferably 90:10 to 10:90. 

[0104] The polar group-containing ole?n 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 
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[0105] Other CopolymeriZable Components 

[0106] The polar group-containing ole?n 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 
ole?ns 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, vinY1 ester com 
pounds, and vinY1 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 ole?n copolymer. 

[0109] Properties of Copolymer 

[0110] The Weight-average molecular Weight (MW) of the 
polar group-containing ole?n 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 ole?n 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 (TotB/(Totot+Tot[3)) of Tot[3 to 
Totot+Tot[3 in the 13C-NMR spectrum of the polar group 
containing ole?n 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 (Tot[3/(Totot+Tot[3)) is not 
more than 1.0, the polar group-containing ole?n copolymer 
is excellent in orientation of the polar groups toWard the 
interface betWeen said copolymer and a polar material. 

[0115] Totot and Tot[3 in the 13C-NMR spectrum are each 
a peak intensity of CH2 present in the constituent unit 
derived from an ot-ole?n of 4 or more carbon atoms, and as 

shoWn beloW, they mean tWo kinds of CH2 different in the 
position to the tertiary carbon. 
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[0116] The Tot[3/(Totot+Tot[3) intensity ratio can be deter 
mined in the folloWing manner. 

[0117] A 13C-NMR spectrum of the polar group-contain 
ing ole?n 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 13C-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 Tot[3/(Totot+Tot[3) intensity 
ratio. 

[0118] Examples of the polar group-containing ole?n 
copolymer according to the ?rst embodiment of the inven 
tion include the folloWing polar group-containing ole?n 
copolymers (I) to (VI). 

[0119] Polar Group-containing Ole?n Copolymer (I) 

[0120] In the polar group-containing ole?n copolymer (I), 
it is preferable that R1 in the formula (1) and R2 in the 
formula (2) are each a hydrogen atom or a methyl group and 

R1 and R2 are the same as each other. 

[0121] In the polar group-containing ole?n 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. Speci?c 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 R1 and 
R2 are the same as each other, and the constituent units (1) 
include the constituent units 

[0123] In the above-mentioned combination examples, 
numerals indicate examples of the constituent units (1), and 
alphabets indicate examples of the constituent units 
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[0124] The polar group-containing ole?n copolyrner (I) 
according to the invention is excellent in adhesion properties 
to polar materials such as metals and polar resins, cornpat 
ibility and ?exibility. 

[0125] Polar Group-containing Ole?n Copolyrner (II) 

[0126] In the polar group-containing ole?n copolyrner (II), 
R1 in the formula (1) and R2 in the formula (2) are different 
from each other. 

[0127] In the polar group-containing ole?n copolyrner (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 
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from examples of the constituent units (3) shoWn in Table 2. 
Speci?c examples of such cornbinations include combina 
tions of 1-A, l-B, l-C, 1-D, l-E, l-F, l-G, l-H, 1-I, 1-J, l-K, 
1-L, l-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-I, 5-J, 5-K, 5-L, 5-M, 6-A, 6-B, 6-C, 6-D, 6-E, 6-F, 
6-G, 6-H, 6-I, 6-J, 6-K, 6-L, 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 cornbination eXarnples, 
nurnerals indicate examples of the constituent units (1) and 
(2), and alphabets indicate examples of the constituent units 
(3) 

HOOC— g— (CH2)? CH2 
2 

HOOC— g— (CH2)? cH2 
2 

HOOC— g— (CHZW cH2 
2 
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TABLE 2-continued 

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

L 

K O 

[0129] It is preferable that the polar group-containing 
ole?n 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 Especially When X is an alcoholic 
hydroxyl group, a phenolic hydroxyl group or an amino 
group, the polar group-containing ole?n copolymer is par 
ticularly preferably formed from only the constituent unit 
(1), the constituent unit (2) and the constituent unit 

[0130] The polar group-containing ole?n copolymer (II) 
according to the invention is excellent in adhesion properties 
to polar materials such as metals and polar resins, compat 
ibility and ?exibility. 

[0131] Polar Group-containing Ole?n Copolymer (III) 

[0132] In the polar group-containing ole?n copolymer 
(III), R3 in the formula (3) is a hydrocarbon group of 11 or 
more carbon atoms. 

[0133] In the polar group-containing ole?n copolymer 
(III), 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 (2) shoWn in Table 
3 and a constituent unit selected from examples of the 
constituent units (3) shoWn in Table 3. Speci?c 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, S-A, S-B, S-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. 

[0134] 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 R1 and R2 are the same as each other, and 
by the description of three kinds of constituent units in the 
column of the constituent units (1) and (2) is meant that tWo 
kinds of the constituent units (1) 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 (1), (2) No. Constituent unit (3) 

1 

cH3 

HOOC— g— (CHZW cH2 
2 
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TABLE 3-continued 

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

ole?n copolyrner (III) contains no other copolyrneriZable 
components previously mentioned and is formed from only 
the constituent unit (1), the constituent unit (2) and the 
constituent unit Especially When X is an alcoholic 
hydroXyl group, a phenolic hydroXyl group or an amino 
group, the polar group-containing ole?n copolyrner is par 
ticularly preferably formed from only the constituent unit 
(1), the constituent unit (2) and the constituent unit 

[0137] The polar group-containing ole?n copolyrner (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 Ole?n Copolyrner (IV) 

[0139] In the polar group-containing ole?n copolyrner 
(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 rnercapto group. 

(IV), a preferred combination of the constituent unit (1), the 
constituent unit (2) and the constituent unit (3) is, for 
example, a combination of a constituent 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. Speci?c examples of such 
cornbinations 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, 
S-A, S-B, S-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 R1 and 
R2 are the same as each other, and the constituent units (1) 
include the constituent units 

[0142] In the above-mentioned cornbination eXarnples, 
nurnerals indicate examples of the constituent units (1), and 
alphabets indicate examples of the constituent units 
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TABLE 4 

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

[0143] The polar group-containing ole?n 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 Ole?n Copolymer (V) 

[0145] In the polar group-containing ole?n copolymer 
(V), R1 in the formula (1) and R2 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%. 

[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 ole?n copolymer (V) is usually not less 
than 20%, preferably 30 to 100%, more preferably 40 to 
100%. 

[0148] In the polar group-containing ole?n 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 [0149] The above combinations are those Wherein R1 and 
a constituent unit selected from examples of the constituent R2 are the same as each other, and the constituent units (1) 
units (3) shoWn in Table 5. Speci?c examples of such include the COIlStitlleIlt llIliIS 
combinations include combinations Of l-A, l-B, l-C, l-D, [0150] In the above-mentioned Combination examples, 
1-E, 1-F, 1-G, 1-H, 1-I, 1-J, 1-K, 1-L, 1-M, 2-A, 2-B, 2-C, numerals indicate examples of the constituent units (1), and 
2-D, 2-E, 2-F, 2-G, 2-H, 2-I, 2-J, 2-K, 2-L and 2-M. alphabets indicate examples of the constituent units TABLE 5 

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

1 A 

—CH;— CH— —CH;— CH— 

H C—CH HO—C—C—CH 
3 2 H2 H2 2 

2 B 

—CH2—CH— —CH2—CH— 
H 

H3C—C—CH2 HO—C—(CHZ?TCHZ 
cH3 H2 

C 

—CH2—CH— 

HOOC— g— (CH2? cH2 
2 

HOOC— g— (CH2? cH2 
2 

I — CH;— CH— 

O 
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TABLE S-continued 
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No. Constituent unit (1) No. Constituent unit (3) 

L O\ 
C 
/ \CH2 —CH2—CH— 

4 

O 

M 

[0151] The polar group-containing ole?n 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 Ole?n Copolymer (VI) 

[0153] In the polar group-containing ole?n copolymer 
(VI), R1 in the formula (1) and R2 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 
ole?n 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 Especially When X is an alcoholic 
hydroxyl group, a phenolic hydroxyl group or an amino 
group, the polar group-containing ole?n copolymer is par 

ticularly preferably formed from only the constituent unit 
(1), the constituent unit (2) and the constituent unit 

[0155] In the polar group-containing ole?n 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. Speci?c examples of such 
combinations include combinations of 1-A, 1-B, 1-C, 1-D, 
1-E, 1-F, 1-G, 1-H, 1-1, 1-], 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 R1 and 
R2 are the same as each other, and the constituent units (1) 
include the constituent units 

[0157] In the above-mentioned combination examples, 
numerals indicate examples of the constituent units (1), and 
alphabets indicate examples of the constituent units 

TABLE 6 

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

1 — CH;— CH— A 

2 

2 — CH2— CH— B 
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TABLE 6-continued 

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

F 

—CH2—CH— 

HOOC—£ZI2—£ZI2—CH2 
G 

[0158] The polar group-containing ole?n copolymer (VI) 
according to the invention is excellent in adhesion properties 
to polar materials such as metals and polar resins, compat 
ibility, tackiness and ?exibility. 
[0159] The second embodiment of the polar group-con 
taining ole?n copolymer of the invention is a branched type 
polar group-containing ole?n 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 
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(1) 

(4) 
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-continued 
(5) 

—CH2—CH— 

(R4)? (WL. 

[0160] The constituent unit represented by the formula (1) 
is identical With the aforesaid constituent unit 

[0161] In the formulas (4) and (5), R5 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 R3 
in the formula 

[0162] In the formula (4), When r is 1 and R6 is bonded to 
R5, the valence of R5 is 2. When r is 0 and each —O—Z of 
p or each W of q is bonded to R5, the valence of R5 is p+q+1. 

[0163] In the formula (5), When m is 1 and R6 is bonded 
to R5, the valence of R5 is 2. When m is 0 and each W of n 
is bonded to R5, the valence of R5 is n+1. 

[0164] Although R5 in the formula (4) and R5 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), R6 is a hetero atom or 
a group containing a hetero atom, and examples the hetero 
atoms and the groups containing the hetero atom include the 
same atoms and groups as previously described With respect 
to R4 in the formula 

[0166] In the formula (4), the hetero atom in R6 or the 
carbon atom to Which the hetero atom is bonded is prefer 
ably bonded to R5, and examples of such structures include 
—R5—O—R—O—Z, —R5—C(=O)—R—O—Z, —R5— 
C(=O)O—R—O—Z, —R5—OC(=O)O—R—O—Z, 
—R5—C(=O)NH—R—O—Z and —R5—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 R6 or the 
carbon atom to Which the hetero atom is bonded is prefer 
ably bonded to R5, and examples of such structures include 
—R5—O—R—W, —R5—C(=O)—R—W, —R5— 
C(=Q)O—R—W, —R5—OC(=O)O—R—X, —R5— 
C(=O)NH—R—W and —R5—S—R—W (R is methylene, 
phenylene or cyclohexylene). The above examples are those 
Wherein n is 1 in the formula (5), and the same shall apply 
to other cases. 

[0168] When R6 contains a carbon atom in the formulas 
(4) and (5), the number of carbon atoms to form R6 is in the 
range of preferably 1 to 20, more preferably 1 to 10, 
particularly preferably 1 to 5. 

[0169] Although R6 in the formula (4) and R6 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 R5. When 
r is 1, —O—Z is bonded to any one of carbon atoms for 
forming R6. 
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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 R5. When m 
is 1, W is bonded to any one of carbon atoms for forming R6. 

[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. 

[0174] 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, speci?cally, 

[0176] methylacrylate, methylmethacrylate, ethylacry 
late, propylmethacrylate, butylacrylate, 2-ethylhexyl 
methacrylate, laurylacrylate, stearylmethacrylate, 1,1, 
1,3,3,3-hexa?uoroisopropylacrylate, 1,1,1,3,3,3 
hexa?uoroisopropylmethacrylate, 2,2,2 
tri?uoroethylacrylate, 2,2,2-tri?uoroethylmethacrylate, 
1H,1H,2H,2H-heptadeca?uorodecylacrylate, allylacry 
late, allylmethacrylate, cyclohexylmethacrylate, gly 
cidylacrylate, glycidylmethacrylate, tetrahydrofurfury 
lacrylate, benZylacrylate and [3 
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 
neglycolmethacrylete, ethoxytripropyleneglycol 
methacrylate, ethoxypolyethyleneglycolacrylate and 
methoxypolypropyleneglycolmethacrylate; 

[0178] 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-(S 
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 

[0192] 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 vinyl ketone, 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. 

[0195] 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 speci?c 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 ole?n 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 
ole?n copolymer is excellent in surface hardness, adhesion 
properties to metals, pigment dispersibility, ?ller 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 ole?n 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 ole?n 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 ole?n 
copolymer is excellent in adhesion properties to polar resins 
(polyamide, etc.), compatibility With the polar resins, gas 
barrier properties and oil resistance. 




















































































































































































