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(7) ABSTRACT

An ethylene copolymer composition comprising an ethyl-
ene/a-olefin copolymer [A-1] which has a density, a melt
flow rate (MFR), an amount of a n-decane-soluble portion in
the specific ranges and whose melt tension (MT) at 190 ° C.
and MFR satisfy the relation MT>2.2xMFR~°%%, and one
(co)polymer selected from the group consisting of [B-1] a
low-density polyethylene obtained by high-pressure radical
polymerization, [B-2] a crystalline polyolefin and [B-3] an
olefin type elastomer. Also disclosed is an ethylene copoly-
mer composition comprising an ethylene/c-olefin copoly-
mer composition and the low-density polyethylene [B-1]
obtained by high-pressure radical polymerization, said eth-
ylene/a-olefin copolymer composition comprising ethylene/
a-olefin copolymers [A-2] and [A-3] both having physical
properties similar to those of the above ethylene/a-olefin
copolymer [A-1] and having intrinsic viscosities different
from each other. Further disclosed is an ethylene copolymer
composition comprising an ethylene/c-olefin copolymer
[A-4] which has a density, a melt flow rate (MFR), a weight
of a n-decane-soluble portion in the specific ranges and
whose melt tension (MT) at 190 ° C. and MFR satisfy the
relation MT=2.2xMFR™>**, and one (co)polymer selected
from the above group consisting of [B-1], [B-2] and [B-3].
Still further disclosed is an ethylene copolymer composition
comprising an ethylene/a-olefin copolymer composition
and a low-density polyethylene [B-4] obtained by high-
pressure radical polymerization, said ethylene/a-olefin
copolymer composition comprising ethylene/a-olefin
copolymers [ A-5] and [ A-6] both having physical properties
similar to those of the above ethylene/c-olefin copolymer
[A-4] and having intrinsic viscosities different from each
other. The ethylene copolymer compositions of the inven-
tion are excellent in heat stability and moldability, and able
to form films of high transparency, high mechanical strength
and anti-blocking resistance.
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ETHYLENE COPOLYMER COMPOSITION

FIELD OF THE INVENTION

[0001] The present invention relates to ethylene copoly-
mer compositions, more particularly to ethylene copolmer
compositions which show higher heat stability and mold-
ability as compared with conventional ethylene copolymers
or ethylene copolymer compostions and from which films of
high transparency, high mechanical strength and high block-
ing resistance can be formed.

BACKGROUND OF THE INVENTION

[0002] Ethylene copolymers have heretofore been molded
by various molding methods, and used in many fields. The
requirement for the characteristics of the ethylene copoly-
mers differs depending on the molding methods and uses.
For example, when an inflation film is molded at a high
speed, it is necessary to select an ethylene copolymer having
a high melt tension compared with its molecular weight in
order to stably conduct high speed molding without fluc-
tuation or tearing of bubbles. An ethylene copolymer is
required to have similar characteristics in order to prevent
sag or tearing in blow molding, or to suppress width
shortage to the minimum range in T-die molding. further, in
extrusion molding, it is important to have small stress under
high shearing during extrusion in order to improve quality of
molded article and reduce electric power consumption at
molding.

[0003] On the other hand, Japanese Patent L-O-P Nos.
90810/1981 and 106806/1985 propose a method for improv-
ing moldability by improving the melt tension and blow
ratio (die/swell ratio) of ethylene polymers obtained by
using Ziegler type catalysts, especially a titanium type
catalyst.

[0004] The ethylene polymers obtained by using a tita-
nium catalyst, however, especially the low density ethylene
polymers generally have problems such as their broad
composition distribution and stickiness of their molded
articles such as films.

[0005] Of the ethylene polymers prepared by using the
Ziegler type catalysts, those obtained by using chromium
type catalysts are relatively excellent in melt tension but has
a defect of poor heat stability. This is thought to be caused
by that the chain terminals of the ethylene polymers pre-
pared by using the chromium type catalysts tend to become
unsaturated bonds.

[0006] Tt is known that the ethylene polymers obtained by
using a metallocene catalyst from among the Ziegler type
catalysts have merits such as a narrow composition distri-
bution and a low stickiness of their molded articles such as
films. However, it is described in, for example Japanese
Patent L-O-P. No. 35007/1985, that an ethylene polymer
obtained by using a zirconocene compound formed from a
cyclocentadienyl derivative contains one terminal unsatur-
ated bond per molecule, and hence this ethylene polymer is
presumably poor in heat stability similarly to the above-
mentioned ethylene polymer obtained by using the chro-
mium type catalyst. Further, because of its narrow compo-
sition distribution, this ethylene polymer might show poor
flowability during the extrusion molding.

[0007] Accordingly, the advent of ethylene polymers hav-
ing a small stress under the high-shear region, a good heat
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stability, a high mechanical strength and a narrow compo-
sition distribution will industrially be of great value.

[0008] The present inventors have earnestly studied in the
light of the circumstances as described above. As a result,
they have found that the ethylene/c-olefin copolymer
obtained by copolymerizing ethylene with an a-olefin of 3
to 20 carbon atoms in the presence of a specific catalyst for
olefin polymerization has a density, a melt flow rate (MFR),
a temperature (Tm) at which its endothermic curve mea-
sured by a differential scanning calorimeter (DSC) shows
the maximum peak, a flow index (FI) and an amount of a
decane-soluble portion in the specific ranges, and the melt
tension (MT) at 190° C. and the melt flow rate (MFR) satisfy
the relation MT>2.2xMFR~°#!, The present inventors have
also found that such an ethylene/a-olefin copolymer [A-1]
as mentioned above is excellent in melt tension and heat
stability and has a narrow composition distribution. How-
ever, the ethylene/a-olefin copolymer [A-19 is not always
well-balanced between the melt tension and the flowability,
so that a problem sometimes occurs when the copolymer is
subjected to extrusion molding to form a film.

[0009] The present inventors have further studied and
found that the following ethylene copolymer compositions
(1) to (4) are excellent in heat stability, melt tension and
flowability under the high-shear region, and films obtained
from these compositions are excellent in transparency,
mechanical strength and blocking resistance.

[0010] (1) An ethylene copolymer composition compris-
ing the aforesaid ethylene/a-olefin copolymer [A-1] and a
specific low-density polyethylene [B-1] obtained by high-
pressure radical polymerization.

[0011] (2) An ethylene copolymer composition compris-
ing the aforesaid ethylene/a-olefin copolymer [A-1] and a
specific crystalline polyolefin [B-2].

[0012] (3) An cthylene copolymer composition compris-
ing the aforesaid ethylene/a-olefin copolymer [A-1] and a
specific olefin type elastomer [B-3].

[0013] (4) An cthylene copolymer composition compris-
ing an ethylene/a-olefin copolymer composition and a spe-
cific low-density polyethylene [B-1] obtained by high-pres-
sure radical polymerization, said ethylene/a-olefin
copolymer composition comprising an ethylene/a-olefin
copolymer [A-2] having physical properties similar to those
of the aforesaid ethylene/a-olefin copolymer [A-1] and an
intrinsic viscosity [1] in the specific range and an ethylene/
a-olefin copolymer [ A-3] having physical properties similar
to those of the aforesaid ethylene,o-olefin copolymer [ A-1]
and an intrinsic viscosity [n] in the specific range.

[0014] Further, the present inventors have found that an
ethylene/aolefin copolymer [ A-4] obtained by copolymer-
izing ethylene with an a-olefin of 3 to 20 carbon atoms in
the presence of a specific olefin polymerization catalyst
which is different from the aforementioned olefin polymer-
ization catalyst has a density, a melt flow rate (MFR), a
temperature (Tm) at which its endothermic curve measured
by a differential scanning calorimeter (DSC) shows the
maximum peak and an amount of its decane-soluble portion
in the specific ranges, and the melt tension (MT) at 190° C.
and the melt flow rate (MFR) satisfy the relation MT=2.2x
MFR=%#*, The present inventors have also found that this



US 2003/0092845 Al

ethylene/a-olefin copolymer [A-4] is excellent in heat sta-
bility and has a narrow composition distribution.

[0015] As the result of further studies, the present inven-
tors have found that the following ecthylene copolymer
compositions (5) to (8) are excellent in heat stability and
melt tension, and films obtained from these compositions are
excellent in transparency, mechanical strength and blocking
resistance.

[0016] (5) An ethylene copolymer composition compris-
ing the above-mentioned ethylene/a-olefin copolymer [ A-4]
and a specific low-density polyethylene (B-4] obtained by
high-pressure radical polymerization.

[0017] (6) An ethylene copolymer compositon comprising
the above-mentioned ethylene/a-olefin copolymer [A-4]
and a specific crystaline polyolefin [B-2]

[0018] (7) An ethylene copolymer composition compris-
ing the above-mentioned ethylene/a-olefin copolymer [ A-4]
and a specific olefin type elastomer [5-3]

[0019] (8) An cthylene copolymer composition compris-
ing an ethylene/a-olefin copolymer composition and a spe-
cific low-density polyethylene [B-4] obtained by high-pres-
sure radical polymerization, said ethylene/c-olefin
copolymer composition comprising an ethylene/c-olefin
copolymer [A-5] having physical properties similar to those
of the above-mentioned ethylene/a-olefin copolymer [ A-4]
and an intrinsic viscosity [n] in the specific range and an
ethylene/a-olefin copolymer [A-6] having physical proper-
ties similar to those of the above-mentioned ethylene/a-
olefin copolymer [A-4] and an intrinsic viscosity [1] in the
specific range.

[0020] Thus, the present inventors have accomplished the
invention.

OBJECT OF THE INVENTION

[0021] Tt is an object of the present invention to provide
ethylene copolymer compositions which are excellent in
heat stability and melt tension and from which films of high
transparency, high mechanical strength and high blocking
resistance can be obtained.

SUMMARY OF THE INVENTION

[0022] The first ethylene copolymer composition accord-
ing to the present invention is an ethylene copolymer
composition comprising:

[0023] [A-1] an ethylene/a-olefin copolymer of eth-
ylene with an a-olefin of 3 to 20 carbon atoms
having such properties that

[0024] (i) the density (d) is in the range of 0.880 to
0.960 g/cm?>,

[0025] (ii) the melt flow rate (MFR) at 190° C.
under a load of 2.16 kg is in the range of 0.01 to
200 g/10 min,

[0026] (iii) the temperature (Tm (° C.)) at which
the endothermic curve of said copolymer mea-
sured by a differential scanning calorimeter (DSO)
shows the maximum peak and the density (d)
satisfy the relation Tm<400xd-250,
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[0027] (iv) the melt tension (MT (g)) at 190° C.
and the melt flow rate (MFR) satisfy the relation
MT>2.2xMER 04,

[0028] (v) the flow index (FI (1/sec)) defined by a shear
rate which is given when a shear stress of molten copolymer
at 190° C. reaches 2.4x10° dyne/cm? and the melt flow rate
(MFR) satisfy the relation FI>75xMFR, and

[0029] (vi) the amount (W (% by weight)) of a
decane-soluble portion at 23° C. and the density
(d) satisfy the relation,

[0030] in the case of MFR<10 g/10 min, W<80x
exp(-100(d—0.88))+0.1

[0031] in the case of MFR>10 g/10 min, W<80x
(MFR-9)%26xexp(-100(d-0.88))+0.1; and

[0032] [B-1] a high-pressure radical polymerization
low-density polyethylene having such properties that

[0033] (i) the melt flow rate (MFR) is in the range
of 0.1 to 50 g/10 min, and

[0034] (ii) the molecular weight distribution (Mw/
Mn, Mw=weight-average molecular weight,
Mn=number-average molecular weight) measured
by GPC and the melt flow rate (MFR) satisfy the
relation Mw/Mn>7.5xlog(MFR)-1.2;

[0035] a weight ratio ([A-1]:[B-1]) between said eth-
ylene/a-olefin copolymer [A-1] and said high-pres-
sure radical polymerization low-density polyethyl-
ene [B-1] being in the range of 99:1 to 60:40.

[0036] The second ethylene copolymer composition
according the present invention is an ethylene copolymer
composition comprising:

[0037] [A-1] an ethylene/aolefin copolymer of eth-
ylene with an a-olefin of 3 to 20 carbon atoms in an
amount of 60 to 99% by weight, said copolymer
having such properties that

[0038] (i) the density (d) is in the range of 0.880 to
0.960 g/cm?>,

[0039] (ii) the melt flow rate (MF?) at 190° C.
under a load of 2.16 kg is in the range of 0.01 to
200 g/10 min,

[0040] (iii) the temperature (Tm (° C.)) at which
the endothermic curve of said copolymer mea-
sured by a differential scanning calorimeter (DSC)
shows the maximum peak and the density (d)
satisfy the relation Tm<400xd-250,

[0041] (iv) the melt tension (MT (g)) at 190° C.
and the melt flow rate (MFR) satisfy the relation
MT>2.2xMER 04,

[0042] (v) the flow index (FI (1/sec)) defined by a
shear rate which is given when a shear stress of
molten copolymer at 190° C. reaches 2.4x10°
dyne/cm? and the melt flow rate (MFR) satisfy the
relation FI>75xMFR, and

[0043] (vi) the amount (W (% by weight)) of a
decane-soluble portion at 23° C. and the density
(d) satisfy the relation, in the case of MFR<10
2/10 min., W<80xexp(-100(d-0.88))+0.1 in the
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case of MFR>10 g/10 min. W<80x(MFR-9)%>°x
exp(-100(d-0.88))+0.1; and

[0044] [B-2] at least one crystalline polyolefin in an
amount of 1 to 40% by weight, said crystalline
polyolefin being selected from the group consisting
of:

[0045] (B-I) an ethylene homopolymer or a
copolymer of ethylene with an a-olefin of 3 to 20
carbon atoms, prepared by using non-metallocene
type catalyst, hating a melt flow rate (MR) of 0.01
to 100 g/10 min at 190° C. under a load of 2.16 kg
and a density of not less than 0.900 g/cm’,

[0046] (B-II) a propylene homopolymer or a
copolymer of propylene with at least one olefin
selected from ethylene and an c-olefin of 4 to 20
carbon atoms, having a melt flow rate (MFR) of
0.1 to 100 g/10 min at 230 ° C. under a load of
2.16 kg and a density of not less than 0.900 g/cm?,
and

[0047] (B-III) a homopolymer of an a-olefin of 4
to 20 carbon atoms or a copolymer of a-olefins of
4 to 20 carbon atoms, having a melt flow rate
(MFR) of 0.1 to 100 g/10 min at 230 ° C. under a
load of 2.16 kg and a density of not less than 0.900

g/cm’.

[0048] The third ethylene copolymer composition accord-
ing the present invention is an ethylene copolymer compo-
sition comprising:

[0049] [A-1] an ethylene/a-olefin copolymer of eth-
ylene with an a-olefin of 3 to 20 carbon atoms in an
amount of 60 to 99% by weight, said copolymer
having such properties that

[0050] (i) the density (d) is in the range of 0.880 to
0.960 g/cm™

[0051] (ii) the melt flow rate (MFR) at 190° C.
under a load of 2.16 kg is in the range of 0.01 to
200 g/10 min,

[0052] (iii) the temperature (Tm (° C.)) at which
the endothermic curve of said copolymer mea-
sured bay a differential scanning calorimeter
(ASC) shows the maximum peak and the density
(d) satisfy the relation Tm<400xd-250,

[0053] (iv) the melt tension (MT (g)) at 190° C.
and the melt flow rate (MFR) satisfy the relation
MT>2.2xMFR~-84,

[0054] (v) the flow index (FI (1/sec)) defined by a
shear rate which is given when a shear stress of
molten copolymer at 190° C. reaches 2.4x10°
dyne/cm® and the melt flow rate (MFR) satisfy the
relation FI>75xMFR, and

[0055] (vi) the amount (W (% by weight)) of a
decane-soluble portion at 23° C. and the density
(d) satisfy the relation, in the case of MFR<10
2/10 min, W<80xexp(-100(d-0.88))+0.1

[0056] in the case of MFR>10 g/10 min, W<80x
(MFR-9)®25xexp(-100(d—-0.88))+0.1; and
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[0057] [B-3]an olefin type elastomer in an amount of
1 to 40% by weight, said elastomer having such
properties that

[0058] _ (i) the density (d) is not more than 0.900
g/cm and

[0059] (ii) the melt flow rate (MFR) at 190° C.
under a load of 2.10 kg is in the range of 0.01 to
100 g/10 min; a density ratio ({B-3][A-1]) of the
density of said olefin type elastomer [B-3] to the
density of said ethylene/o-olefin copolymer [A-1]
being less than 1.

[0060] The fourth ethylene copolymer composition
according the present invention is an ethylene copolymer
composition comprising:

[0061] [Ia] an ethylene/o-olefin copolymer composi-
tion which comprises [A-2] an ethylene/a-olefin
copolymer of ethylene with an a-olefin of 3 to 20
carbon atoms in an amount of 5 to 95% by weight
and [A-3] an ethylene/o-olefin copolymer of ethyl-
ene with an a-olefin of 3 to 20 carbon atoms in an
amount of 5 to 95% by weight,

[0062] said ethylene/a-olefin copolymer [A-2] hav-
ing such properties that

[0063] (i) the density (d) is in the range of 0.880 to
0.940 g/cm?®,

[0064] (ii) the intrinsic viscosity [A-2] as mea-
sured in decalin at 135° C. is in the range of 1.0 to
10.0 dl/g,

[0065] (iii) the temperature (Tm (° C.)) at which
the endothermic curve of said copolymer mea-
sured by a differential scanning calorimeter (DSC)
shows the maximum peak and the density (d)
satisfy the relation Tm<400xd-250,

[0066] (iv) the melt tension (MT (g) ) at 190° C.
and the melt flow rate (MFR) satisfy the relation
M>2.2xMFR®54,

[0067] (v) the flow index (FI (1/sec)) defined by a
shear rate which is given when a shear stress of
molten copolymer at 190° C. reaches 2.4x10°
dyne/cm? and the melt flow rate (MFR) satisfy the
relation FI>75xMFR, and

[0068] (i) the amount (W (% by weight)) of a
decane-soluble portion at room temperature and
the density (d) satisfy the relation W<80xexc(-
100(d-0.88))+0.1,

[0069] said ethylene/a-olefin copolymer [A-3]
having such properties that

[0070] (i) the density (d) is in the range of 0.910 to
0.960

[0071] (ii) the intrinsic viscosity [N,.3] as mea-
sured in. decalin at 135° C. is in the range of 0.5
to 2.0 dl/g,

[0072] (iii) the temperature (Tm (° C.)) at which
the endothermic curve of said copolymer mea-
sured by a differential scanning calorimeter (DSC)
shows the maximum peak and the density (d)
satisfy the relation Tm<400xdx250, and
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[0073] (iv) the amount (W (% by weight)) of a
decane-soluble portion at room temperature and
the density (d) satisfy the relation,

[0074] in the case of MFR<10 g/10 min, W<80x
exp(~100(d-0.88))+0.1

[0075] in the case of MFR>10 g/10 man, W<80x
(MFR-9)* 2 xexp(~100(d-0.88))+0.1,

[0076] said ethylene/c-oalefin copolymer compo-
sition [Ia] having such properties that

[0077] (i) the density ratio ([A-2][A-3]) of the
density of said ethylene/c-olefin copolymer (A-2;
to the density of said ethylene/ci-olefin copolymer
[A-3] is less than 1,

[0078] (ii) the intrinsic viscosity ratio (Ns.oMa.3)
of the intrinsic viscosity of said ethylene/c-olefin
copolymer [A-2] to the intrinsic viscosity of said
ethylene/a-olefin copolymer [ A-3] is not less than
1,

[0079] (iii) the density of said composition is in the
range of 0.890 to 0.955 g/cm?>, and

[0080] (iv) the melt flow rate (MFR) of said com-
position at 190° C. under a load of 2.16 kg is in the
range of of 0.1 to 100 g/10 min; and

[0081] [II-a][B-1]a high-pressure radical polymer-
ization low-density polyethylene having such
properties that

[0082] (i) the melt flow rate (MFR) is in the range of
0.1 to 50 g/10 min, and

[0083] (ii) the molecular weight distribution (Mw/
Mn, Mw=weight-average molecular weight,
Mn=number-average molecular weight) measured
by GPC and the melt flow rate (MFR) satisfy the
relation Mw/Mn>7.5xlog(MFR)-1.2;

[0084] a weight ratio ([Ta]:[IIa]) between said ethyl-
ene/a-olefin copolymer composition [Ia] and said
high-pressure radical polymerization low-density
polyethylene [Ila] being in the range of 99:1 to
60:40.

[0085] The first to fourth ethylene copolymer composi-
tions according to the present invention are excellent in heat
stability, melt tension and flowability under the high-shear
region, and films formed from these compositions are excel-
lent in transparency, mechanical strength and blocking resis-
tance.

[0086] The fifth ethylene copolymer composition accord-
ing to the present invention is an ethylene copolymer
composition comprising:

[0087] [A-4] an ethylene/a-olefin copolymer or eth-
ylene with an a-olefin of 3 to 20 carbon atoms
having such properties that

[0088] (i) the density (d) is in the range of 0.880 to
0.960 g/cm™

[0089] (ii) the melt flow rate (MFR) at 190° C.
under a load of 2.16 kg is in the range of 0.01 to
200 g/10 min,
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[0090] (iii) the temperature (Tm (° C.)) at which
the endothermic curve of said copolymer mea-
sured by a differential scanning calorimeter (DSC)
shows the maximum peak and the density (d)
satisfy the relation Tm<400xd-250,

[0091] (iv) the melt tension (MT (g)) at 190° C.
and the melt flow rate (MFR) satisfy the relation
MT<2.2xMFR™%** and

[0092] (v) the amount (W (% by weight)) of a
decane-soluble portion at 23° C. and the density
(d) satisfy the relation, in the case of MFR<10
2/10 min, W<80xexp(-100(d-0.88)) +0.1

[0093] in the case of MFR>10 g/10 min, W<80x
(MFR-9)®25xexp(-100(d-0.88))+0.1; and

[0094] [B-4] a high-pressure radical polymerization
low-density polyethylene having such properties that

[0095] (i) the melt flow rate (MFR) is in the range
of 0.1 to 50 g/10 min, and

[0096] (ii) the molecular weight distribution (Mw/
Mn, Mw=weight-average molecular weight,
Mn=number-average molecular weight) measured
by GPC and the melt flow rate (MFR) satisfy the
relation 7.5xlog (MFR)-1.2=Mw/Mn=7.5xlog
(MFR)+12.5;

[0097] a weight ratio ([A-4]:[B-4]) between said eth-
ylene/a-olefin copolymer [A-4] and said high-pres-
sure radical polymerization low-density polyethyl-
ene [B-4] being in the range of 99:1 to 60:40.

[0098] The sixth ethylene copolymer composition accord-
ing to the present invention is an ethylene copolymer
composition comprising:

[0099] [A-4] an ethylene/a-olefin copolymer of eth-
ylene with an a-olefin of 3 to 20 carbon atoms in an
amount of 60 to 99% by weight, said copolymer
having such properties that

[0100] (i) the density (d) is in the range of 0.880 to
0.960 g/cm?>,

[0101] (ii) the melt flow rate (MFR) at 190° C.
under 2 load of 2.16 kg is in the range of 0.01 to
200 g/10 min,

[0102] (iii) the temperature (Tm (° C.)) at which
the endothermic curve of said copolymer mea-
sured by a differential scanning calorimeter (DSC)
shows the maximum peak and the density (d)
satisfy the relation Tm<400xd-250,

[0103] (iv) the melt tension (MT (g)) at 190° C.
and the melt flow rate (MFR) satisfy the relation
MT<2.2xMFR%®#*, and

[0104] (v) the amount (W (% by weight)) of a
decane-so uble portion at 23° C. and the density
(d) satisfy the relation,

[0105] in the case of MFR<10 g/10 min, W<80x
exp(~100(d—0.88))+0.1

[0106] in the case of MFRZ10 g/10 min, W<80x
(MFR-9)%25xexp(100(d-0.88)) +0.1; and
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[0107] [B-2] at least one crystalline polyolefin in an
amount of 1 to 40% by weight, said crystalline polyolefin
being selected from the group consisting of:

[0108] (B-D an ethylene homopolymer or a copoly-
mer of ethylene with an a-olefin of 3 to 20 carbon
atoms, prepared by using non-metallocene type cata-
lyst, having a melt flow rate (MFR) of 0.01 to 100
2/10 min at 190° C. under a load of 2.16 kg and a
density of not less than 0.900 g/cm™>

[0109] (B-II) a propylene homopolyrmer or a copoly-
mer of propylene with at least one olefin selected
from ethylene and an a-olefin or 4 to 20 carbon
atoms, having a melt flow rate (MFR) of 0.1 to 100
2/10 min at 230° C. under a load of 2.16 kg and a
density of not less than 0.900 g/cm>, and

[0110] (B-III) a homopolymer of an c-olefin of 4 to
20 carbon atoms or a copolymer of a-olefins of 4 to
20 carbon azoms, having a melt flow rate (MFR) of
0.1 to 100 g/10 min at 230° C. under a load of 2.16
kg and a density of not less than 0.900 g/cm™

[0111] The seventh ethylene copolymer composition
according the present invention is an ethylene copolymer
composition comprising:

[0112] [A-4] an ethylene/o-olefin copolymer of eth-
ylene with an a-olefin of 3 to 20 carbon atoms in an
amount of 60 to 99% by weight, said copolymer
having such properties that

[0113] (i) the density (d) is in the range of 0.880 to
0.960

[0114] (i) the melt flow rate (MFR) at 190° C.
under a load of 2.16 kg is in the range of 0.01 to
200 g/10 min,

[0115] (iii) the temperature (Tm (° C.)) at which
the endothermic curve of said copolymer mea-
sured by a differential scanning calorimeter (DSC)
shows the maximum peak and the density (d)
satisfy the relation Tm<400xd-250,

[0116] (iv) the melt tension (MT (g)) at 190° C.
and the melt flow rate (MFR) satisfy the relation
MT=2.2xMFR™°#4, and

[0117] (v) the amount (W (% by weight)) of a
decane-soluble portion at 23° C. and the density
(d) satisfy the relation, in the case of MFR=10
2/10 min W<80xexp(-100(d-0.88)) +0.1

[0118] in the case of MFR>10 g/10 men, W<80x
(MFR-9)®25xexp(-100(d-0.88))+0.1; and

[0119] [B-3]an olefin type elastomer in an amount of
1 to 40 % by weight, said elastomer having such
properties that

[0120] (i) the density (d) is not more than 0.900
g/cm>, and

[0121] (ii) the melt flow rate (MFR) at 190° C.
under a load of 2.16 kg is in the range of 0.01 to
100 g/10 min; a density ratio [B-3][A-4]) of the
density of said olefin type elastomer [B-3] to the
density of said ethylene/c-olefin copolymer [ A-4]
being less than 1.
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[0122] The eighth ethylene copolymer composition
according the present invention is an ethylene copolymer
composition comprising:

[0123] [Ib] an ethylene/c-olefin copolymer compo-
sition which comprises [A-5] an ethylene/a-olefin
copolymer of ethylene with an a-olefin of 3 to 20
carbon atoms in an amount of 5 to 95% by weight
and [A-6] an ethylene/o-olefin copolymer of ethyl-
ene with an a-olefin of 3 to 20 carbon atoms in an
amount of 5 to 95% by weight,

[0124] said ethylene/a-olefin copolymer [A-5] hav-
ing such properties that

[0125] (i) the density (d) is in the range of 0.880 to
0.940

[0126] (ii) the intrinsic viscosity [A-5] as mea-
sured in decalin at 135° C. is in the range of 1.0 to
10.0 dl/g,

[0127] (iii) the temperature (Tm (° C.)) at which
the endothermic curve of said copolymer mea-
sured by a differential scanning calorimeter (DSC)
shows the maximum peak and the density (d)
satisfy the relation Tm<400xd-250,

[0128] (iv) the melt tension (MT (g)) at 190° C.
and the melt flow rate (MFR) satisfy the relation
MT<2.2xMFR%% and

[0129] (v) the amount (W (% by weight)) of a
decane-soluble portion at room temperature and
the density (d) satisfy the relation W<80xexp(-
100(d-0.88))+0.1,

[0130] said ethylene/a-olefin copolymer [A-6] hav-
ing such properties that

[0131] (i) the density (d) is in the range of 0.910 to
0.960 g/cm™

[0132] (ii) the intrinsic viscosity [N, ] as mea-
sured in decalin at 135° C. is in the range of 0.5 to
2.0 dl/g,

[0133] (iii) the temperature (Tm (° C.)) at which
the endothermic curve of said copolymer mea-
sured by a differential scanning calorimeter (DSC)
shows the maximum peak and the density (d)
satisty the relation Tm<400xd-250, and

[0134] (iv) the amount (W (% by weight)) of a
decane-soluble portion at room temperature and
the density (d) satisfy the relation,

[0135] in the case of MFR<10 g/10 min, W<80x
exp(~100(d—0.88))+0.1

[0136] in the case of MFR>10 g/10 min, W<80x
(MFR-9)* 2 xexp(~100(d-0.88))+0.1,

[0137] said ethlene/o-olefin copolymer composi-
tion [Ib] having such properies that

[0138] (i) the density ratio [A-5][A-6] of the den-
sity of said ethylene/a-olefin copolymer [A-5] to
the density of said ethylene/a-olefin copolymer
[A-6] is less than 1,

[0139] (i) the intrinsic viscosity ratio [N, s} [Ma.
s]) of the intrinsic viscosity or said ethylene/ot-
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olefin copolymner [A-5] to the intrinsic viscosity
of said ethylene/a-olefin copolymer [A-6] is not
less than 1,

[0140] (iii) the density of said composition is in the
range of 0.890 to 0.955 g/cm>, and

[0141] (iv) the melt flow rate (MFR) of said com-
position at 190° C. under a load of 2.16 kg is in the
range of 0.1 to 50 g/10 min; and

[0142] [Ib][B-4] a high-pressure radical polymeriza-
tion low-density polyethylene having such properties
that

[0143] (i) the melt flow rate (MFR) is in the range
of 0.1 to 50 g/10 min, and

[0144] (ii) the molecular weight distribution (Mw/
Mn, Mw=weight-average molecular weight,
Mn=number-average molecular weight) measured
by GPC and the melt flow rate (MFR) satisfy the
relation

[0145] 7.5xlog(MFR)-1.2=Mw/Mn=7.5xlog(MFR)+
12.5; a weight ratio ([Ib] :[IIb]) between said ethylene/o-
olefin copolymer composition [Ib] and said high-pressure
radical polymerization low-density polyethylene [1Ib] being
in the range of 99:1 to 60:40.

[0146] The fifth to eighth ethylene copolmer compositions
according to the present invention are excellent in heat
stability and melt tension, and films obtained from these
compositions are excellent in transparency, mechanical
strength and blocking resistance.

DETAILED DESCRIPTION OF THE
INVENTION

[0147] The first to eighth ethylene copolymer composi-
tions according to the present invention are described in
detail hereinafter.

[0148] In this specification, the term “polymerization” is
used to mean not only homopolymerization but also copo-
lymerization, and the term “polymer” is used to mean not
only a homopolymer but also a copolymer.

First ethylene copolymer composition

[0149] The first ethylene copolymer composition accord-
ing to the present invention is formed from an ethylene/a-
olefin copolymer [A-1] and a high-pressure radical poly-
merization low-density polyethylene [B-1].

Ethylene/o-olefin copolymer [A-1]

[0150] The ethylene/a-olefin copolymer [A-1] used in the
invention is a random copolymer of ethylene with an c-ole-
fin of 3 to 20 carbon atoms. Examples of the a-olefin of 3
to 20 carbon atoms employable for copolymerization with
ethylene include propylene, 1-butene, 1-penzene, 1-hexene,
4-methyl-1-pentene, 1-octane, 1-decene, 1-dodecene, 1-tet-
radecene, 1-hexadecene, 1-octadecene and 1-eicosene.

[0151] In the ethylene/a-olefin copolymer [A-1], it is
desired that constituent units derived from ethylene are
present in an amount of 55 to 99% by weight, preferably 65
to 98% by weight, more preferably 70 to 96% by weight, and
constituent units derived from an a-olefin of 3 to 20 carbon

May 15, 2003

atoms are present in an amount of 1 to 45% by, weight,
preferably 2 to 35% by weight, more preferably 4 to 30% by
weight.

[0152] In the invention, the composition of an ethylene/
a-olefin copolymer is determined by **C-NMR spectrum
analysis of a sample prepared by uniformly dissolving about
200 mg of the copolymer in 1 ml of hexachlorobutadiene in
a sample tube usually having a diameter of 10 mmg under
the conditions of a measuring temperature of 120° C., a
measuring frequency of 25.05 MHz, a spectrum width of
1,500 Hz, a pulse repetition period of 4.2 sec and a pulse
width of 6 usec.

[0153] The ethylene/a-olefin copolymer [A-1] used in the
invention has the following properties (i) to (vi)

[0154] (i) The density (d) is usually n the range of
0.880 to 0.960 g/cm?®, preferably 0.890 to 0.935
g/cm more preferably 0.905 to 0.930 g/cm?

[0155] In the invention, the density (d) of an ethylene/at-
olefin copolymer is determined by means of a density
gradient tube using a strand, which has been obtained at the
time of a melt flow rate (MFR) measurement described
below and which is treated by hearing at 120° C. for 1 hour
and slowly cooling to room temperature over 1 hour

[0156] (ii) The melt flow rate (MFR) is usually in the
range of 0.01 to 200 g/10 min, preferably 0.05 to 50
g/10 min, more preferably 0.1 to 10 g/10 min.

[0157] In the invention, the melt flow rate (MFR) of an
ethylene/a-olefin copolymer is determined in accordance
with ASTM D1238-65T under the conditions of a tempera-
ture of 190° C. and a load of 2.16 kg.

[0158] (iii) The temperature (Tm (° C.)) at which the
endothermic curve of the copolymer measured by a
differential scanning calorimeter (DSC) shows the
maximum peak and the density (d) satisfy the rela-

tion:

[0159] Tm<400xd-250,

[0160] preferably Tm<450xd-297,

[0161] more preferably Tm<500xd—344,

[0162] particularly preferably Tm<550xd-391.
[0163] In the invention, the temperature (Tm (° C.)) at

which the endothermic curve of an ethylene/a-olefin
Copolymer measured by a differential scanning calorimeter
(DSC) shows the maximum peak is sought from an endot-
hermic curve obtained by filling about 5 mg of a sample in
an aluminum pan, heating to 200° C. at a rate of 10° C./min,
holding the sample at 200° C. for 5 minutes, lowering the
temperature to room temperature at a rate of 20° C./min, and
then heating at a rate of 10° C./min. This measurement is
carried out using a DSC-7 tyoe apparatus produced by
Perkin Elmer Co.

[0164] (iv) The melt tension (MT (g)) and the melt
flow rate (MFR) satisfy the relation: MT>2.2xMFR~

0.84.

[0165] The ethylene/a-olefin copolymer [A-1] employ-
able for the invention is excellent in melt tension (MT) and
has good moldability.
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[0166] In the invention, the melt tension (MT (g)) of an
ethylene/a-olefin copolymer is determined by measuring a
stress given when a molten copolymer was stretched at a
constant rate. That is, a powdery polymer was melted in a
conventional manner, and the molten polymer was pelletized
to give a measuring sample. Then, the MT of the sample was
measured under the conditions of a resin temperature of 190
¢ C., an extrusion rate of 15 mm/min and a take-up rate of
10 to 20 m/mim using a MT measuring apparatus (produced
by Toyo Seiki Seisakusho K. K.) having a nozzle diameter
of 2.09 mmg and a nozzle length of 8 mm. During the
pelletization, to the ethylene/a-olefin copolymer [A-1] were
added tri(2,4-di-t-butylphenyl)phosphate as a secondary
antioxidant in an amount of 0.05 % by weight, n-octadecyl-
3-(4'-hydroxy-3',5'-di-t-butylphenyl)propionate as a heat
stabilizer in an amount of 0.1% by weight and calcium
stearate as a hydrochloric acid absorbent in an amount of
0.05% by weight.

[0167] (v) The flow index (FI (1/sec)) defined by a
shear rate which is given when a shear stress of a
molten copolymer at 190° C. reaches 2.4x10° dyne/
cm? and the melt flow rate (MFR) satisfy the rela-
tion:

[0168] FI>75xMER,
[0169] preferably FI>100xMFR,
[0170] more preferably FI>120xMFR.

[0171] The ethylene/o-olefin copolymer [A-1] whose FI
and MFR satisfy the above-mentioned relation shows a
small processing torque because a low stress can be kept
even at a high-shear rate, and has good moldability.

[0172] Inthe invention, the flow index (FI) of an ethylene/
a-olefin copolymer is defined by a shear rate which is given
when a shear stress reaches 2.4x10° dyne/cm? at 190° C. The
flow index (FI) is determined by extruding a resin from a
capillary while changing a shear rate and measuring the
shear rate given when the shear stress reaches the above-
mentioned value. In this measurement, the same sample as
described in the above-mentioned MT measurement is used,
and the FI is measured under the conditions of a resin
temperature of 190° C. and a shear stress of about 5x10* to
3x10° dyne/cm? using a capillary type flow properly tester
produced by Toyc Seiki Seisakusro K. K.

[0173] In the measurement, a diameter of the nozzle
(capillary) is changed as follows depending on the MR (g/10
min) of the resin to be measured:

[0174]
[0175]
[0176]
[0177]

[0178] (vi) The quantity fraction (W (% by
weight)) of a n-decane-soluble component at 23°
C. and the density (d) satisfy the relation:

[0179]
[0180] W<80xexp(-100(d-0.88))+0.1,
[0181] preferably W<60xexp(-100(d-0.88))+0.1,

in the case of MFR>20 0.5 mm

in the case of 20>MFR >3: 1.0 mm

in the case or 3>MFR >0.8: 2. 0 mm, and
in the case of 0.8>MFR: 3.mm.

in the case of MFR=10 g/10 min,
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[0182]
0.1,

[0183] in the case of MFR>10 g/10 min,

[0184] W<80x(MFR-9)>2°  xexp(~100(d-0.88))+
0.1.

[0185] Inthe invention, the measurement of the n-decane-
soluble component quantity of an ethylene/a-olefin copoly-
mer (polymer having a smaller soluble component quantity
has a narrower composition distribution) is carried out by
adding about 3 g of the copolymer to 450 ml of n-decane,
dissolving the copolymer at 145° C., cooling the resulting
solution to 23° C., removing a n-decane-insoluble portion by
filtering, and recovering a n-decane-soluble portion from the
filtrate.

[0186] 1t may be concluded that the ethylene/c-olefin
copolymer [A-1] which satisfies the above mentioned rela-
tion between the temperature (Tm) at which the endothermic
curve measured by a differential scanning calorimeter (DSC)
shows the maximum peak and the density (d), and the
relation between the quantity fraction (W) of a n-decane-
soluble component and the density (d), has a narrow com-
position distribution.

more preferably W<40xexp(-100(d-0.88))+

[0187] Further, the number of unsaturated bond present in
the molecule of the ethylene/a-olefin copolymer [ A-1] desir-
ably is not more than 0.5 per 1,000 carbon atoms and less
than 1 per one molecule of the copolymer.

[0188] Inthe invention, the number of unsaturated bond of
an ethylene/a-olefin copolymer is determined by means of
BC-NMR, that is, an area intensity of signals assigned to
bond other than double bond, i.e., signals within the range of
10 to 50 ppm, and an area intensity of signals assigned to
double bond, i.e., signals within the range of 105 to 150
ppm, are sought from the integral curve, and the number of
the unsaturated bond is determined as a ratio thereof.

[0189] The ethylene/a-olefin copolymer [A-1] having the
properties as mentioned above can be prepared by copoly-
merizing ethylene with an a-olefin of 3 to 20 carbon atoms
in the presence of an olefin polymerization catalyst (1) or a
prepolymerization catalyst (1) formed from (a-1) a transition
metal compound catalyst component, (b) an organoalumi-
num oxy-compound catalyst component, (¢) a carrier, and if
necessary, (d) an organcaluminum compound catalyst com-
ponent, all components being described later, in such a
manner that the resulting copolymer would have a density of
0.880 to 0.960 g/cm™

[0190] First, the transition metal compound catalyst com-
ponent (a-1) is explained below.

[0191] The transition metal compound catalyst component
(a-1) (sometimes referred to as “component (a-1)” herein-
after) is a compound of a transition metal in Group IVB of
the periodic table which has a bidentate ligand formed by
bonding two groups selected from specific indenyl or sub-
stituted indenyl groups through a lower alkylene group, or a
compound of a transition metal in Group IVB of the periodic
table which has as a ligand a cyclopentadienyl group having
2-5 substituent groups selected from methyl groups and
ethyl groups. Concretely, the component (a-1) is a transition
metal compound represented by the following formula [I] or

[11].

MLK's, [
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[0192] In the formula [I], M is a transition metal atom
selected from Group IVB of the periodic table, K and L' are
each a ligand coordinating to the transition metal atom. The
ligand K is a bidentate ligand formed by bonding the same
or different indenyl groups, substituted indenyl groups or
their partially hydrogenated products through a lower alky-
lene group, and the ligand L' is a hydrocarbon group of 1 to
12 carbon atoms, an alkoxy group, an aryloxy group, a
halogen atom, a trialkylsilyl group or a hydrogen atom. X is
a valance of the transition metal atom M.

ML2, [

[0193] In the formula [II], M is a transition metal atom
selected from Group IVB of the periodic table, L* is a ligand
coordinating to the transition metal atom, at least two of L?
are substituted cyclopentadiennyl groups having 2 -5 sub-
stituent groups selected from methyl group and ethyl group,
and L? other than the substituted cyclopentadienyl group is
a hydrocarbon group of 1 to 12 carbon atoms, an alkoxy
group, an aryloxy group, a halogen atom, a trialkylsily group
or a hydrogen atom. X is a valance of the transition metal
atom M.

[0194] In the above formula [I], M is a transition metal
atom selected from Group IVB of the periodic table, and it
is concretely zirconium, titanium or hafnium, preferably
zirconium.

[0195] K is a ligand coordinating to the transition metal
atom, and is a bidentate ligand formed by bonding the same
or different indenyl groups, substituted indenyl groups or
partially hydrogenated products of the indenyl or substituted
indenyl groups through a lower alkylene group.

[0196] Concrete examples thereof include ethylenebisin-
denyl group, ethylenebis(4,5,6,7-tetrahydro-1-indenyl)
group, ethylenebis(4-methyl-1-indenyl) group, ethyl-
enebis(5-methyl-1-indenyl) group, ethylenebis(6-methyl-1-
indenyl) group and ethvlenebis(7-methyl-1-indenyl) group.

[0197] L'is a hydrocarbon group of 1 to 12 carbon atoms,
an alkoxy group, an aryloxy group, a halogen atom, a
trialkylsilyl group or a hydrogen atom.

[0198] Examples of the hydrocarbon group of 1 to 12
carbon atoms include alkyl group, cycloalkyl group, aryl
group and aralkyl group. Concrete examples thereof include
alkyl group such as methyl group, ethyl group, n-prophyl
group, isopropyl group, n-butyl group, isobutyl group, sec-
butyl group, t-butyl group, pentyl group, hexyl group, octyl
group, 2-ethylhexyl group and decyl group; cycloalkyl
group such as cyclopentyl group and cyclonexyl group; aryl
group such as phenyl group and tolyl group; and aralkyl
group such as benzyl group and neophyl group.

[0199] Examples of the alkoxy group include methoxy
group, ethoxy group, n-propoxy group, isOpropoxy group,
n-butoxy group, isobutoxy group, sec-butoxy group, t-bu-
toxy group, pentoxy group, hexoxy group and octoxy group.

[0200] Examples of the aryloxy group include phenoxy
group and the like.

[0201] Examples of the halogen atom include fluorine,
chlorine, bromine and iodine.

[0202] Examples of the trialkylsilyl group include trim-
ethylsilyl group, triethylsilyl group and triphenylsilyl group.
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[0203] Listed below are examples of the transition metal
compound represented by the formula [II].

[0204] Ethyienebis(indenyl)zirconium dichloride,

[0205] Etylenebis(4-methyl-1-indenyl)zirconium dichlo-
ride,

[0206] Ethylenebis(4,5,6,7-tetrahydro-1-indenyl)
nium dichloride,

Zirco-

[0207] Ethylenebis(5-methyl-1-indenyl)zirconium dichlo-
ride,

[0208] Ethylenebis(6-methyl-1-indenyl)zirconium dichlo-
ride,

[0209] Ethylenebis(7-methyl-1-indenyl)zirconium dichlo-
ride,

[0210] Ethylenebis(4-methyl-1-indenyl)zirconium dibro-
mide,

[0211] Ethylenebis(4-methyl-1-indenyl)zirconium

mechoxychloride,

[0212] Ethylenebis(4-methyl-1-indenyl)zirconium
ethoxychloride,

[0213] Ethylenebis(4-methyl-1-indenyl)zirconium
butoxychloride,

[0214] Ethylenebis(4-methyl-1-indenyl)zirconium
dimethoxide,

[0215] Ethylenebis(4-methyl-1-indenyl)zirconium meth-
ylchloride

[0216] Ethylenebis(4-methyl-1-indenyl)dimethylzirco-
nium,

[0217] Ethylenebis(4-methyl-1-indenyl)zirconium  ben-
zylchloride,

[0218] Ethylenebis(4-methyl-1-indenyl)dibenzyl
nium,

[0219] Ethylenebis(4-methyl-1-indenyl)zirconium  phe-
nylchloride, and

[0220] Ethylenebis(4-methyl-1-indenyl)zirconium
hydride chloride.

[0221] Also employable in the invention are transition
metal compounds obtained by substituting titanium metal or

hafnium metal for the zirconium meta in the above-exem-
plified zirconium compounds.

Zirco-

[0222] Of the above-exmeplfied transition metal com-
pounds represented by the formula [1], particularly preferred
are ethylenebis (indenyl) zirconium dichloride, echyl-
enebis(4-methyl-1-indenyl) zirconium dichloride and ethyl-
enebis (4,5,6,7-tetrahydro-1-indenyl)zirconium dichloride.

[0223] In the above-mentioned formula [II], M is a tran-
sition metal selected from Group IVB of the periodic table,
and concrete preferable examples of M include zirconium,
titanium and hafnium. Of these, particularly preferred is
zirconium.

[0224] L7 is a ligand coordinated to the transition metal,
and at least two of them are substituted cyclopentadienyl
groups having 2-5 of substituents selected from methyl
group and ethyl group. Each of ligand may be the same or
different. The substituted cyclopentadienyl groups are the
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substituted cyclopentadienyl groups having 2 or more or
substituents, preferably the substituted cyclopentadienyl
groups having 2 or 3 of substituents, more preferably the
substituted cyclopentadienyl groups having two substitu-
ents, particularly the 1,3-substituted cyclopentadienyl
groups. Each of substituent may be the same or different.

[0225] In the above-mentioned formula [II], ligand 1>
other than the substituted cyclopentadienyl group is a hydro-
carbon group of 1 to 12 carbon atoms, an alkoxy group, an
aryloxy group, halogen, trialkylsilyl group or hydrogen as
similar to the ligand L* in the above-mentioned formula [I].

[0226] The transition metal compound represented by the
general formula [IT] include, for example,

[0227] Bis(dimethylcyclopentadienyl)zirconium — dichlo-
ride,

[0228] Bis(diethylcyclopentadienyl) zirconium dichlo-
ride,

[0229] Bis(methylethylcyclopentadienyl)zirconium
dichloride,

[0230] Bis(dimethylethyleyclopentatienyl)zirconium
dichloride,

[0231] Bis(dimethylcyclopentadienyl)zirconium  dibro-
mide,
[0232] Bis(dimethylcyclopentadienyl)zirconium — meth-

oxychloride,

[0233] Bis(dimethylcyclopentadienyl)zirconium  ethoxy-
chloride,

[0234] Bis(dimethylcyclopentadienyl)zirconium butoxy-
chloride,

[0235] Bis(dimethylcyclopentadienyl)zirconium diethox-
ide,

[0236] Bis(dimethylcyclopentadienyl)zirconium
ochloride,

methy-

[0237] Bis(dimethylcyclopentadienyl)zirconium dim-
ethyl,

[0238] Bis(dimethylcyclopentadienyl)zirconium benzyl-
chloride,

[0239] Bis(dimethylcyclopentadienyl)zirconium dibenzyl,
[0240] Bis(dimethylcyclopentadienyl)zirconium phenyl-

chloride, and Bis(dimethylcyclopentadienyl)zirconium
hydridechloride.
[0241] In the above exemplified compounds, di-substi-

tuted cyclopentadienyl include 1,2- and 1,3-substituted, and
tri-substituted include 1,2,3- and 1,2,4-substituted.

[0242] There may also be used transition metal com-
pounds obtained by substituting titanium or hafnium for
zirconium in the above-exemplified zirconium compounds.

[0243] In the above-mentioned transition metal com-
pounds represented by the general formula [I1], particularly
preferred is

[0244] Bis(1,3-dimetyhyicyclopentadienyl)zirconium
dichloride,

[0245] Bis(1,3-diethylcyclopentadienyl)zirconium dichlo-
ride, or
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[0246] Bis (1-methyl-3-ethylcyclopentadienyl) zirconium
dichloride.

[0247] Next, the organoalumlnum oxy-compound (b)
[hereinafter sometimes referred to as component (b)] is
explained below.

[0248] The organoaluminum oxy-compound (b) may be a
known benzene-soluble aluminoxane or the benzene-in-
soluble organoaluminum oxy-compound having been dis-
closed in Japanese Patent L-O-P No. 276807/1990.

[0249] The above-mentioned aluminoxane may be pre-
pared, for example, by the following procedures:

[0250] (1) a procedure for recovering an aluminox-
ane as its hydrocarbon solution which comprises
adding an organoaluminum compound such as tri-
alkylaluminum to a suspension in a hydrocarbon
medium of a compound containing adsorbed water,
or a salt containing water of crystallizaion such as
magnesium chloride hydrate, copper sulfate hydrate,
aluminum sulfate hydrate, nickel sulfate hydrate and
cerium chloride hydrate, and reacting the organcalu-
minum compound; and

[0251] (2) a procedure for recovering an aluminox-
ane as its hydrocarbon solution which comprises
reacting water, ice or steam directly with an orga-
noaluminum compound such as trialkylaluminum in
a solvent such as benzene, toluene, ethyl ether and
tetralydrofuran.

[0252] (3) a procedure for recovering an aluminox-
ane which comprises reacting an organotinoxide
such as dimethyltinoxide and dibutiltinoxide with an
organoaluminum compound such as trialkylalumi-
num in a solvent such as decane, benzene or toluene.

[0253] Moreover, the aluminoxane may contain a small
amount of an organometal component. Furthermore, the
solvent or unreacted organoaluminum compound may be
removed from the above-mentioned recovered aluminox-
ane-containing solution, by distillation, and the aluminoxane
may be redissolved in a solvent.

[0254] Concrete examples of the organoaluminum com-
pound used for the preparation of the aluminoxane include

[0255] trialkylaluminum such as trimethylaluminum,
triethylaluminum, tripropylaluminum, triisopropyla-
luminum, tri-n-butylaluminum, triisobutylalumi-
num, tri-sec-butylaluminum, tri-tert-butylaluminum,
tripentylaluminum, trihexylaluminum, trioctylalu-
minum and tridecylaluminum;

[0256] tricycloalkylaluminums such as tricyclohexy-
laluminum and tricyclooctylaluminum;

[0257] dialkylaluminum halides such as dimethlal-

uuminum chloride, diethylaluminum chloride,
diethylaluminum bromide and diisobutylalumunum
chloride;

[0258] dialkylaluminum hydrides such as diechyla-
luminum hydride and diisobuzylaluminum hydride;

[0259] dialkylaluminum alkoxides such as dimechy-
laluminum methoxide and diethylaluminum ezhox-
ide; and
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[0260] dialkylaluminum aryloxides such as diethylalu-
minunm phenoxide.

[0261] Of these compounds, trialkylaluminum is particu-
larly preferable.

[0262] Furthermore, there may also be used as the orga-
noaluminum compound isoprenylaluminum represented by
the general formula

(i_C4H9)xA1y(C5H10)z

[0263] wherein x, y and z are each a positive number, and
ZZ2x.

[0264] The organoaluminum compounds mentioned
above may be used either singly or in combination.

[0265] Solvents used for the solutions of the aluminoxane
include aromatic hydrocarbons such as benzene, toluene,
xylene, cumene and cymene; aliphatic hydrocarbons such as
pentane, hexane, heptane, octane, decane, dodecane, hexa-
decane and octadecane; alicyclic hydrocarbons such as
cyclopentane, cyclohexane, cyclooctane and methyleyclo-
pentane; petroleum fractions such as gasoline, kerosene and
gas oil; and halogenated compounds derived from the
above-mentioned aromatic hydrocarbons, alichatic hydro-
carbons and alicyclic hydrocarbons, especially chlorinated
and brominated hydrocarbons.

[0266] In addition, there may also be used ethers such as
ethyl ether and tecrahydrofuran. Of these solvents as exem-
plified above, aromatic hydrocarbons are particularly pre-
ferred.

[0267] The benzene-insoluble organoaluminum oxy-com-
counds used as comronent (b) contain an Al component
soluble in benzene at 60° C. in an amount of not greater than
10%, preferably not greater than 5%, particularly preferabtr
not greater than 2% in terms of Al atom, and they are
insoluble or sparingly soluble in benzene.

[0268] Solubility in benzene of such organoaluminum
oxy-compounds as mentioned above is obtained by suspend-
ing in 100 ml of benzene the organoaluminum oxy-com-
pound in an amount corresponding to 100 mg atoms in terms
of A1, mixing the resulting suspension at 60° C. for 6 hours
with stirring, filtering the resulting mixture with a G-5 glass
filter equipped with a jacket kept at 60° C., washing 4 times
the solid portion separated on the filter with 50 ml of
benzene at 60° C., and measuring the amount (xmmole) of
Al atoms present in the whole filtrate.

[0269] Next, the carrier (c) is explained below. The carrier
(c) [hereinafter sometimes referred to as component (c)] is
a solid inorganic or organic compound in granules or fine
particles having a particle size of 10 to 300 um, preferably
20 to 200 um. Of these carriers, porous oxides are preferable
as inorganic carriers. Concrete examples of the oxide car-
riers include SiO, Al,O0; MgO, ZrO, TiO, B,0; CaO,
ZnO, BaO, ThO,, or a mixture of these compounds such as
Si0,-MgO, Si0,-AL0; Si0,-TiO, Si0,-V,0;, SiO -
CrzO and SiO, TIO MgO Of these carriers, prererred are
those comprising at least one compound selected from the
group consisting of Si0, and Al,O5 as a major component.

[0270] Furthermore, the above-mentioned inorganic oxide
or oxides may also contain a small amount of a carbonate,
a sulfate, a nitrate and an oxide such as Na,CO; K,CO;
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CaCO, MgCO, Na,SO,, Al(SO,), BaSO, KNO,

Mg(NO3)2 Al(NO3)3 Na,O, K,O and LiO,_

[0271] Though the porous inorganic carriers have different
properties among them depending on the types and prepa-
ration methods thereof, the carriers preferably used in the
invention have a specific surface area of 50 to 1000 m?/g,
preferably 100 to 700 m*/g, a pore volume of desirably 0.3
to 2.5 cm?/g. The carriers are prepared if necessary by firing
at a temperature of 100 to 1000° C., preserably 150 to 700°
C.

[0272] Moreover, there can be mentioned organic com-
pounds in solid granules or fine solid particles each having
a particle size of 10 to 300 um as carriers which can be used
as the component (c). Examples of these organic compounds
include (co)polymers containing as the main component
constituent units derived from an a-olefin of 2 to 14 carbon
atoms, such as ethylene, propylene, 1-butene and 4-methyl-
1-pencene, or polymers or copolymers containing as the
main component constituent units derived from vinylleyclo-
hexcane or styrene.

[0273] Next, the optionally used organoaluminum
comoound catalyst component (d) is explained below.

[0274] Examples of the organoaluminum compound (d)
[hereinafter sometimes referred to as component (d) ]
include an organoaluminum compound represented by the
following formula [III].

RYAIX, [1In]

[0275] wherein R! is a hydrocarbon group of 1 to 12
carbon atoms, X is halogen or hydrogen, and n is 1 to 3.

[0276] In the above formula [III], R* is a hydrocarbon
group of 1 to 12 carbon atoms, for example, an alkyl group,
a cycloalkyl group or an aryl group. Concrete examples of
R* include methyl, ethyl, n-propyl, isopropyl, isobutyl, pen-
tyl, hexyl, octyl, cyclopentyl, cyclohexyl, phenyl and tolyl.

[0277] Concrete examples of such organoaluminum com-
pounds (d) include

[0278] trialkylaluminum such as trimethylaluminum,
triethylaluminum, triisopropylaluminum, triisobuty-
laluminum, trioctylaluminum and tri-2-ethylhecyla-
luminum;

[0279]

[0280] dialkylaluminum halides such as dimethyla-
luminum chloride, diethylaluminum chloride, diso-
procylaluminum chloride, diisobutylaluminum chlo-
ride and dimethylaluminum bromide;

[0281] alkylaluminum sesquihalides such as methy-
laluminum sesquichloride, ehylaluminum ses-
quichloride, isopropylaluminum sesquichloride,
butylalumirnum sesquichloride and ethylaluminum
sescuibromide;

[0282] alkylaluminum dihalides such as methylalu-
minum dichloride, ethylaluminum dichloride, iso-
propylaluminum dichloride and ethylaluminum
dibromide; and

[0283] alkylaluminum hydrides such as diechylalu-
minum hydride and diisobutylaluminum hydride.

alkenylaluminum such as isoprenylaluminum;
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[0284] Furthermore, there may also be used other orga-
noaluminum compounds represented by the following for-
mula [Iv] as the organoaluminum compound catalyst com-
ponent (d);

RYLAIY, , [1v]

[0285] wherein R! is as defined previously, Y is -ORZ,
-0SiR?,, -OAIR?,, -NR?,, -SiR®, or -N(R")AIR®,, nis 1 to
2, R% R®, R* and R® are each methyl, ethyl, isopropyl,
isobutyl, cyclohexyl or phenyl, R® is hydrogen, methyl,
ethyl, isopropyl, phenyl or trimethylsilyl, R® and R” are each
methyl or ethyl.

[0286] The organoaluminum compounds as mentioned
above include, in concrete, such compounds as enumerated
below.

[0287] (1) Compounds of the formula R, Al(OR?),__ such
as dimethylaluminum methoxide, diethylaluminum ethoxide
and diisobutyialuminum methoxide.

[0288] (2) Compounds of the formula R* AI(OSiR>,), .
such as Et,Al(OSiMe;), (iso-Bu),Al(OSiMe,) and (isO-
Bu),Al(OSIZL,).

[0289] (3) Compounds of the formula R' Al (OAIR",)
such as Et,AIOAIE, and (iso-Bu),AlOAl(iso-Bu),.

[0290] (4) Compounds of the formula R Al (NR>, ),_,
such as Me,AINEt,, Et,AINHMe, Me,AINHE,
Et AIN(SiMe3), (iso-BU),AIN(SiMes),.

[0291] (5) Compounds of the formula R AI(SiR®,), .
such as (iso-Bu),AlSiMe;.

[0292] (6) Compounds of the formula

RlnAl(lNA1R82)3-n

R’

[0293] such as

Et,AINAIEt, and  (iso-Bu)2AINAIl(iso-Bu),

Me Et

[0294] Of the organoaluminum compounds as exemplified
above, preferred are those having the formulas

[0295] R';Al,R' AI(OR?), , and R' AI(OAIR",),_,and
particularly preferred are those having the above-mentioned
formulas in which R? is isoalkyl and n is 2.

[0296] The ethylene/a-olefln copolymer [A-1] used in the
present invention can be prepared by the olefin polymeriza-
tion catalyst (1) formed by contacting the above-mentioned
components (a-1), (b), (¢) and if necessary, component (d) .
Though the mixing of these components (a-1), (b), (¢) and
(d) may be conducted in arbitrarily selected order, the
mixing and contacting is preferably conducted in the order
of:

[0297] mixing and contacting the components (b) and (c),
followed by mixina and contacting the component (a-1), and
if necessary, mixing and contacting the component (d)
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[0298] The mixing of the above-mentioned components
(a-1), (b) , (¢) and (d) can be carried out in an inert
hydrocarbon.

[0299] As the inert hydrocarbon solvent for preparing the
catalyst, there may be mentioned an aliphatic hydrocarbon,
such as propane, butane, pentane, hexane, heptane, octane,
decane, dodecane and Kkerosene;

[0300] an alicyclic hydrocarbon, such as cyclopen-
tane, cyclohexane and methylcyclopentane;

[0301] an aromatic hydrocarbon, such as benzene,
toluene and xylene;

[0302] a halogenated hydrocarbon, such as ethylene
chloride, chlorobenzene and dichloromethane; and a
mixture thereof.

[0303] In contacting and mixing of the components (a-1),
(b), (¢) and ii necessary, component (d), the component (a-1)
is used usually in an amount of 5x107° to 5x10™* mol,
preferably 1x10™° to 2x10™* mol based on 1 g of the
component (c), and the concentration thereof is 1x10™ to
2x10  mol/l, preferably 2x10™* to 1x1072 mol/l. The atomic
ratio (Al/transition metal) of the aluminum in the component
(b) to the transition metal in the component (a-1) is usually
10 to 500, preferably 20 to 200. The atomic ratio (Al-d/Al-b)
of the aluminum atoms (Al-d) in the component (d) option-
ally used to the aluminum atoms (Al-b) in the component (b)
is usually 0.02 to 3, preferably 0.05 to 1.5.

[0304] The components (a-1), (b) and (¢), and if necessary,
the component (d) are mixed and contacted at a temperature
or usually -50 to 150° C., preferably —-20 to 120° C., with
a contact time of 1 minute to 50 hours, preferably 10 minutes
to 25 hours.

[0305] In the catalyt (1) for olefin polymerizacion
obtained as described above, it is desirable that the transition
metal derived from component (a-1) is supported in an
amount of 5%107° to 5x107* g atom, preferably 1x107° to
2x10 g atom, and aluminum derived from components (b)
and (d) is supported in an amount of 10-3 to 5x107* g atom,
preferably 2x107> to 2x107% g atom, all the amounts being
based on 1 g of the component (c).

[0306] Further, the catalyst for preparing the ethylene/o-
olefin copolymer [A-!] used in the present invention may be
a prepolymerized catalyst (1) obtained by prepolymerization
of olefin in the presence of the above-mentioned compo-
nents (a-1) , (b) and (c), and if necessary, (d).

[0307] The prepolymerized catalyst (1) can be prepared by
mixing the component (a-1), the component (b), the com-
ponent (c), and if necessary, the component (d), introducing
olefin to the resulting mixture in the inert hydrocarbon
solvent, and carrying out prepolymerzation.

[0308] The olefins which can be prepolymerized include
ethylene and a-olefins each having 3 to 20 carbon atoms, for
example, propylene, 1-butene, 1-pentene, 4-methyl-pentene,
1-hexene, 1-octene, 1-decene, 1-dodecene and tetradecene.
Of these, particularly preferred is ethylene or the combina-
tion of ethylene and a-olefin used in the polymerization.

[0309] During the prepolymerization, the component (a-1)
s used usually in a concentration of is 1x107° to 2x1072
mol/l, preferably 5x10~° to 1x10~2 mol/l and amount thereof
is usually 5x107° to 5x10™* mol, preferably 1x107° to
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2x10™" mol based on 1 g of the component (c) The atomic
ratio (Al/transition metal) of the aluminum in the component
(b) to the transition metal in the component (a-1) is usually
10 to 500, preferably 20 to 200. The atomic ratio (Al-d/Al-b)
of the aluminum atoms (Al-d) in the component (d) option-
ally used to the aluminum atoms (Al-b) in the component (b)
is usually 0.02 to 3, preferably 0.05 to 1.5. The prepolymer-
ization is carried out at a temperature of -20 to 80° C,,
preferably 0 to 60+ C., with a time of 0.5 to 100 hours,
preferably 1 to 50 hours.

[0310] The prepolymerized catalyst (1) can be prepared as
described below. First, the carrier (component (c)) is sus-
pended in the inert hydrocarbon. To the suspension, the
organoaluminum oxy-compound catalyst component (com-
ponent (b)) is introduced, and reacted for predetermined
period.

[0311] Successively, supernatant is removed, and the
resulting solid component is re-suspended in the inert hydro-
carbon. Into the system, the transition metal compound
catalyst component (component (a-1)) is added and reacted
for predetermined period. Then, supernatant is removed to
obtain a solid catalyst component. Continuously, the solid
catalyst component obtained above is added into inert
hydrocarbon containing the organoaluminum compound
catalyst component (component (d)), and olefin is intro-
duced therein to obtain the prepolymerized catalyst (1)

[0312] An amount of prepolymerized polyolefin produced
in the prepolymerization is, desirably based on 1 g of the
carrier m (c), of 0.1 to 500g, preferably 0.2 to 300 g, more
preferably 0.5 to 200 g. In the prepolymerized catalyst (1),
component (a-1) is desirably supported in an amount in
terms of transition metal atom, based on 1 g of the carrier (¢),
of about 5x107" to 5x107* g atom, preferably 1x107 to
2x10 g atom. Further, a molecular ratio (Al/M) of alumi-
num atom (Al) derived from components (b) and (d) to
transition metal atom (M) derived from component (a-1) is
usually 5 to 200, preferably 10 to 150.

[0313] The prepolymerization may be carried out either
batchwise or continuously, and under reduced pressure,
normal pressure or applied pressure. During the prepoly-
merization, hydrogen may be allowed to be present to obtain
a prepolymer desirably having an intrinsic viscosity 72 of
0.2 to 7 dl/g, preferably 0.5 to 5 dl/g as measured in decalin
at least 135° C.

[0314] The ethylene/o-olefin copolymers [A-1] used in
the present invention are obtained by copolymerizing eth-
ylene with an a-olefin having 3 to 20 carbon atoms such as
propylene, 1-butene, 1-pentene, 1-hexene, 4-methyl-1-pen-
tene, 1-octene, 1-decene, 1-dodecene, 1-tetradecene,
1-hexadecene, 1-octadecene and 1-eicosene in the presence
of the olefin polymerization catalyst: (1) or the prepolymer-
ized catalyst (1).

[0315] Copolymerization of ethylene and a-olefin is car-
ried out in a gas phase or liquid phase, for example, in slurry.
In the slurry polymerization, an inactive hydrocarbon or the
olefin itself may be used as a solvent.

[0316] Concrete examples of the inactive hydrocarbon
solvent include aliphatic hydrocarbons such as butane,
isobutane, pentane, hexane, octane, decane, dodecane, hexa-
decane and octadecane; alicyclic hydrocarbons such as
cyclopentane, methylcyclopentane, cyclohexane and
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cyclooctane; aromatic hydrocarbons such as benzene, tolu-
ene and xylene; and petroleum fractions such as gasoline,
kerosene and gas oil. Of these inactive hydrocarbons, pre-
ferred are aliphatic hydrocarbons, alicyclic hydrocarbons
and petroleum fractions.

[0317] When the copolymerization is carried out by the
slurry method or the gas phase method, the olefin polymer-
ization catalyst (1) or the prepolymerized catalyst (1) is used
at such amount that the concentration of the transition metal
compound becomes usually 1077 to 1078 g atom/liter, pref-
erably 1077 to 10~* g atom/liter in terms of the transition
metal in the polymerization reaction system.

[0318] Furthermore, in the polymerization, an orga-
noalumnum oxy-compound similar to the catalyst compo-
nent (b) and/or an organoaluminum compound (d) may be
added. In this case, the atomic ratio (Al/M) or the aluminum
atom (Al) derived from the organoaluminum oxy-compound
and the organcaluminum compound to the transition metal
atom (M) derived from the transition metal compound
catalyst component (a-1) is 5 to 300, preferably 10 to 200,
more preferably 15 to 150.

[0319] When the ethylene/a-olefin copolymer [A-1] is
prepared by the slurry polymerization, the polymerization
temperature is usually —50 to 100° C., preferably 0 to 90° C.
When the ethylene/a-olefin copolymer [A-1] is prepared by
the gas phase polymerization, the polymerization tempera-
ture is usually 0 to 120° C., preferably 20 to 100° C.

[0320] The polymerization is carried out usually at a
normal pressure to 100 kg/cm?, preferably under a pressure
condition of 2 to 50 kg/cm?. The polymerization can be
carried out either batchwise, semicontinuously or continu-
ously.

[0321] Furthermore, the polymerization may also be car-
ried out in not less than 2 steps having reaction conditions
different from each other.

High-pressure radical polymerization low-density
polyethylene [B-1]

[0322] The high-pressure radical polymerization low-den-
sity polyethylene [B-1] used in the invention is a branched
polyethylene having a number of long chain branches pre-
pared by so-called high-pressure radical polymerization, and
has a melt flow rate (MFR), as determined in accordance
with ASTM D1238-65T under the conditions of a tempera-
ture of 190 ° C. and a load of 2.16 kg, or 0.1 to 50 g, 10 min,
preferably 0.2 to 10 g/10 min, more preferably 0.2 to 8 g/10
min.

[0323] In the high-pressure radical polymerization low-
density polyethylene [B-1] used in the invention, the index
of the molecular weight distribution (Mw/Mn, Mw=weight-
average molecular weight, Mn=number-average molecular
weight) measured by means of gel permeation chromatog-
raphy (GPC) and the melt flow rate (MFR) satisfy the
relation:

[0324]
[0325]
[0326]

[0327] In the invention, the molecular weight distribution
(Mw/Mn) of a high-pressure radical polymerization low-

Mw/Mnz=27.5xlog(MFR)-1.2,
preferably Mw/Mn27.5xlog(MFR)-0.5,
more preferably Mw/Mn27.5xlog(MFR).
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density polyethylene is determined as follows using GPC-
150C produced by Milipore Co.

[0328] That is, in a column of TSK-GNH-HT having a
diameter of 72 mm and a length of 600 mm, a sample
(concentration: 0.1 % by weight, amount: 500 microliters) is
moved under the conditions of a moving rate of 1.0 ml/min
and a column temperature of 140° C. using o-dichloroben-
zene (available from Wako Junyaku Kogyo K. K.) as a
mobile phase and 0.025% by weight of BHT (available from
Takeda Chemical Industries, Ltd.) as an antioxidant. As a
detector, a differential refractometer is used. The standard
polystyrenes of Mw<1,000 and Mw>4x10° are available
from Toso Co., Ltd., and those of 1,000<Mw<x10° are
available from Pressure Chemical Co.

[0329] The high-pressure radical polymerization low-den-
sity polyethylene [B-1] used in the invention desirably has
a density (d) of 0.910 to 0.930 g/cm?>.

[0330] In the invention, the density of a low-density
polyethylene is determined by means of a density gradient
tube using a strand which has been obtained in the above-
mentioned melt flow rate (MFR) measurement and which is
treated by heating at 120° C. for 1 hour and slowly cooling
to room temperature over 1 hour.

[0331] Further, in the high-pressure radical polymeriza-
tion low-density polyethylene [B-1] used in the invention, a
swell ratio indicating a degree of the long chain branch,
namely, a ratio (Ds/D) of a diameter (Ds) of a strand to an
inner diameter (D) or a nozzle, is desirably not less than 1.3.
The strand used herein is a strand extruded from a nozzle
having an inner diameter (D) of 2.0 mm and a length of 15
mm at an extrusion rate of 10 mm/min and a temperature of
190° C. using a capillary type flow property tester.

[0332] The high-pressure radical polymerization low-den-
sity polyethylene [B-1] as mentioned above may be a
copolymer obtained by copolymerizing ethylene with a
polymerizable monomer such as other c-olefin, vinyl acetate
or acrylic ester, provided that the object of the invention is
not marred.

Ethylene copolymer composition

[0333] The first ethylene copolymer composition accord-
ing to the invention comprises the aforementioned ethylene/
a-olefin copolymer [A-1] and the high-pressure radical
polymerization low-density polyethylene [B-1], and a
weight ratio ([A-1]:[B-1]) between the ethylene/ci-olefin
copolymer [A-1] and the high-pressure radical polymeriza-
tion low-density polyethylene [B-1 is usually in the range of
99:1 to 60:40, preferably 98:2 to 70:30, more preferably
98:2 to 80:20.

[0334] When the amount of the high-pressure radical
polymerization low-density polyethylene [B-1] is less than
the lower limit of the above range, the resulting composition
is sometimes improved insufficiently in the transparency and
the melt tension, and when the amount thereof is larger than
the upper limit of the above range, the resulting composition
is sometimes markedly deteriorated in the tensile strength
and the stress crack resistance.

[0335] The first ethylene copolymer composition accord-
ing to the invention may contain various additives if desired,
for example, weathering stabilizer, heat stabilizer, antistatic
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agent, anti-slip agent, anti-blocking agent, antifogging
agent, lubricant, pigment, dye, nucleating agent, plasticizer,
anti-aging agent, hydrochloric acid absorbent and antioxi-
dant, provided that the object of the invention is not marred.

[0336] The first ethylene copolymer composition accord-
ing to the invention can be prepared by known processes, for
example, processes described below.

[0337] (1) A process of mechanically blending the ethyl-
ene/a-olefin copolymer [A-1], the high-pressure radical
polymerization low-density polyethylene [B-1], and if nec-
essary, other optional components by the use of an extruder,
a kneader or the like.

[0338] (2) A process comprising dissolving the ethylene/
a3-olefin copolymer [A-1] the high-pressure radical poly-
merization low-density polyethylene [B-1], and if necessary,
other optional components in an appropriate good solvent
(e.g., hydrocarbon solvent such as hexane, heptane, decane,
cyclohexane, benzene, toluene and xylene), and then remov-
ing the solvent from the resulting solution.

[0339] (3) A process comprising independently dissolving
the ethylene/a-olefin copolymer [A-1], the high-pressure
radical polymerization low-density polyethylene [B-1], and
if necessary, other optional components in an appropriate
good solvent to prepare solutions, then mixing the solutions,
and removing the solvent from the resulting mixture.

[0340] (4) A process of combining the above processes (1)
to (3).

[0341] The first ethylene copolymer composition accord-
ing to the present invention is subjected to ordinary air-
cooling inflation molding, two-stage air-cooling inflation
molding, high-speed inflation molding, T-die film molding,
water-cooling inflation molding or the like, to obtain a film.
The film thus obtained is excellent in transparency and
mechanical strength, and has properties inherently belong-
ing to general LLDPE, such as heat-sealing properties,
hot-tack properties, heat resistance and blocking resistance.
Further, the film is free from surface stickiness because the
ethylene/a-olefin copolymer [A-1] has a prominently nar-
row composition distribution. Moreover, because of low
stress within the high-shear region, the ethylene copolymer
composition can be extruded at a high speed, and consump-
tion of electric power is small, resulting in economical
advantage.

[0342] Films obtained by processing the first ethylene
copolymer composition of the invention are suitable for, for
example, standard bags, heavy bags, wrapping films, mate-
rials for laminates, sugar bags, packaging bags for oily
goods, packaging bags for moist goods, various packaging
films such as those for foods, bags for liquid transportation
and agricultural materials. The films may also be used as
multi-layer films by laminating the films on various sub-
strates such as a nylon substrate and a polyester substrate.
Further, the films may be used for liquid transportation bags
obtained by blow molding, bottles obtained by blow mold-
ing, tubes and pipes obtained by extrusion molding, pull-off
caps, injection molded products such as daily use miscella-
neous goods, fibers, and large-sized molded articles obtained
by rotational molding.

Second ethylene copolymer composition

[0343] The second ethylene copolymer composition
according to the present invention comprises an ethylene/
a-olefin copolymer [A-1] and a crystalline polyolefin [B-2].
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Ethylene/o-olefin copolymer [A-1]

[0344] The ethylene/a-olefin copolymer [A-1] employ-
able for the second ethylene copolymer composition is the
same as the ethylene/c-olefin copolymer used for the first
ethylene copolymer composition described above.

Crystalline polyolefin [B-2]

[0345] The crystalline polyolefin [B-2] used in the inven-
tion is at least one crystalline polyolefin selected from the
following crystalline polyolefins (B-I) to (B-III).

Crystalline polyolefin (B-I)

[0346] The crystalline polyolefin (B-I) used in the inven-
tion is an ethylene homopolymer having a crystallinity
measured by X-ray diffractometry of not less than 65%, or
a copolymer of ethylene with an a-olefin of 3 to 20 carbon
atoms having the crystallinity of not less than 40%. The
crystalline polyolefin (B-I) has a melt flow rate (MSR), as
determined in accordance with ASTM D1238-65T under the
conditions of a temperature of 190° C. and a load of 2.16 kg,
0f 0.01 to 100 g/10 min, preferably 0.05 to 50 g/10 min, and
has a density of not less than 0.900 g/cm?, preferably not less
than 0.950 g/cm>, more preferably 0.960 to 0.970 g/cm™

[0347] The crystalline polyolefin (B-I) is prepared by
using non-metallocene type catalyst, preferably non-metal-
locene type Ziegler catalyst.

[0348] Examples of the a-olefin of 3 to 20 carbon atoms
include propylene, 1-butene, 1-pentene, 1-hexene, 4-methyl-
1-pentene, 1-octene, 1-decene and mixtures thereof. Of
these, an a-olefin of 3 to 10 carbon atoms is preferably
employed. A molar ratio of ethylene to c-olefin (ethylene/
a-olefin) in the copolymer varies depending on the kind of
the a-olefin used, but generally is in the range of 100/0 to
99/1, preferably 100/0 to 99.5/0.5.

[0349] The crystalline polyolefin (B-I) used in the inven-
tion may contain constituent units other than the constituent
units derived from a-olefin, such as those derived from
diene compounds, provided that the properties of the crys-
talline polyolefin (B-I) are not marred.

[0350] Examples of the constituent units other than the
constituent units derived from a-olefin include

[0351] constituent units derived from chain non-con-
jugated dienes such as 1,4-hexadiene, 1,6-octadiene,
2-methyl-1,5-hexadiene, 6-methyl-1,5-heptadiene
and 7-methyl-1,6-octadiene;

[0352] constituent units derived from cyclic non-
conjugated dienes such as cyclohexadiene, dicyclo-
pentadiene, methyltetrahydroindene, 5-vinylnor-
bornene, 5-ethylidene-2-norbornene, 5-methylene-2-
norbornene, 5-isopropylidene-2-norbornene  and
6-chloromethyl-5-isopropenyl-2-norbornene; and

[0353] constituent units derived from diene com-
pounds such as 2,3-diisopropylidene-5-norbornene,
2-ethylidene-3-isopropylidene-5-norbornene ~ and
2-propenyl-2,2-norbornadiene.

[0354] The diene components may be used alone or in
combination. The content of the diene component is usually
in the range of 0 to 1% by mol, preferably 0 to 0.5% by mol.
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[0355] The crystalline polyolefin (B-I) can be prepared by
a known process.

Crystalline polyolefin (B-1I)

[0356] The crystalline polyolefin (B-IT) used in the inven-
tion is a propylene homopolymer having a crystallinity
measured by X-ray diffractometry of not less than 50%, or
a copolymer of propylene with at least one olefin selected
from ethylene and an a-olefin of 4 to 20 carbon atoms
having the crystallinity of not less than 30%. The crystalline
polyolefin (B-IT) has a melt flow rate (MFR), as determined
in accordance with ASTM D1238-65T under the conditions
of a temperature of 230° C. and a load of 2.16 kg, of 0.1 to
100 g/10 min, preferably 0.5 to 50 g/10 min, and has a
density of not less than 0.900 g/cm?, preferably 0.900 to
0.920 g/cm™

[0357] Examples of the a-olefin of 4 to 20 carbon atoms
include 1-butene, 1-pentene, 1-hexene, 4-methyl-1-pentene,
1-octene, 1-decene and mixtures thereof. Of these, an a.-ole-
fin of 4 to 10 carbon atoms is preferably employed.

[0358] In the copolymer of propylene with at least one of
ethylene and a-olefin of 4 to 20 carbon atoms, a molar ratio
of propylene to ethylene and a-olefin of 4 to 20 carbon
atoms (propylene/a-olefin, a-olefin includes ethylene) var-
ies depending on the kind of the a-olefin used, but generally
is in the range of 100/0 to 90/10, preferably 100/0 to 95/5.

[0359] The crystalline polyolefin (B-II) used in the inven-
tion may contain constituent units derived from the diene
compounds employable for the aforesaid crystalline poly-
olefin (B-I), provided that the properties of the crystalline
polyolefin (B-II) are not marred. The content of the diene
component is usually in the range of 0 to 1% by mol,
preferably O to 0.5% by mol.

[0360] The crystalline polyolefin (B-IT) can be prepared by
a known process.

Crystalline polyolefin (B-III)

[0361] The crystalline polyolefin (B-IIT) used in the inven-
tion is a homopolymer of an a-olefin of 4 to 20 carbon atoms
having a crystallinity measured by X-ray diffractometry of
not less than 30%, or a copolymer of a-olefins of 4 to 20
carbon atoms having the crystallinity of not less than 30%.
The crystalline polyolefin (B-III) has a melt flow rate
(MFR), as determined in accordance with ASTM D1238-
65T under the conditions of a temperature of 230 ° C. and
a load of 2.16 kg, of 0.1 to 100 g/10 min, preferably 0.5 to
50 g/10 min, and has a density of not less then 0.900 g/cm?,
preferably 0.900 to 0.920 g/cm™

[0362] Examples of the a-olefin of 4 to 20 carbon atoms
include 1-butene, 1-pentene, 1-hexene, 4-methyl-1-pentene,
l-octene and 1-decene. Of these, an a-olefin of 4 to 10
carbon atoms is preferably employed.

[0363] In the copolymer comprising at least two kinds of
a-olefins of 4 to 20 carbon atoms, a molar ratio ((2)/(b)) of
one a-olefin (a) selected from a-olefins of 4 to 20 carbon
atoms to the other a-olefin (b) selected from a-olefins of 4
to 20 carbon atoms varies depending on the kind of the
a-olefins used, but generally is in the range of 100/0 to
90/10, preferably 100/0 to 95/5.
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[0364] The crystalline polyolefin (B-IIT) used in the inven-
tion may contain constituent units derived from the diene
compounds employable for the aforesaid crystalline poly-
olefin (B-I), provided that the properties of the crystalline
polyolefin (B-III) are not marred. The content of the diene
component is usually in the range of 0 to 1% by mol,
preferably O to 0.5% by mol.

[0365] The crystalline polyolefin (B-III) can be prepared
by a known process.

Ethylene copolymer composition

[0366] The second ethylene copolymer composition
according to the invention comprises the aforementioned
ethylene/a-olefin copolymer [A-1]and the crystalline poly-
olefin [B-2], and a weight ratio ([A-1]:[B-2]) between the
ethylene/a-olefin copolymer [ A-1] and the crystalline poly-
olefin [B-2] is usually in the range of 99:1 to 60:40,
preferably 98:2 to 70:30, more preferably 95:5 to 80:20.

[0367] The second ethylene copolymer composition
according to the invention may contain various additives if
desired, for example, weathering stabilizer, heat stabilizer,
antistatic agent, anti-slip agent, anti-blocking agent, antifog-
ging agent, lubricant, pigment, dye, nucleating agent, plas-
ticizer, anti-aging agent, hydrochloric acid absorbent and
antioxidant, provided that the object of the invention is not
marred.

[0368] The second ethylene copolymer composition
according to the invention can be prepared by known
processes, for example, processes described below.

[0369] (1) A process of mechanically blending the ethyl-
ene/a-olefin copolymer [A-1], the crystalline polyclefin
[B-2] and if necessary, other optional components by the use
of an extruder, a kneader or the like.

[0370] (2) A process comprising dissolving the ethylene/
a-olefin copolymer [A-1] the crystalline polyolefin [B-2],
and if necessary, other optional components in an appropri-
ate good solvent (e.g., hydrocarbon solvent such as hexane,
heptane, decane, cyclohexane, benzene, toluene and xylene),
and then removing the solvent from the resulting solution.

[0371] (3) A process comprising independently dissolving
the ethylene/o-olefin copolymer [A-1], the crystalline poly-
olefin [B-2], and if necessary, other optional components in
an appropriate good solvent to prepare solutions, then mix-
ing the solutions, and removing the solvent from the result-
ing mixture.

[0372] (4) A process of combining the above processes (1)
to (3).

[0373] The second ethylene copolymer composition
according to the present invention is subjected to ordinary
air-cooling inflation molding, two-stage air-cooling inflation
molding, high-speed inflation molding, T-die film molding,
water-cooling inflation molding or the like, to obtain a film.
The film thus obtained is well-balanced between the trans-
parency and the rigidity, and has properties inherently
belonging to general LLDPE, such as heat-sealing proper-
ties, hot-tack properties and heat resistance. Further, the film
is free from surface stickiness because the ethylene/c-olefin
copolymer [A-1] has a prominently narrow composition
distribution. Moreover, because of low stress within the
high-shear region, the ethylene copolymer composition can
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be extruded at a high speed, and consumption of electric
power is small, resulting in economical advantage.

[0374] Films obtained by processing the second ethylene
copolymer composition of the invention are suitable for, for
example, standard bags, heavy bags, wrapping films, mate-
rials for laminates, sugar bags, packaging bags for m oily
goods, packaging bags for moist goods, various a packaging
films such as those for foods, bags for liquid transportation
and agricultural materials. The films may also be used as
multi-layer films by laminating the films on various sub-
strates such as a nylon substrate and a polyester substrate.
Further, the films may be used for liquid transportation bags
obtained by blow molding, bottles obtained by blow mold-
ing, tubes and pipes obtained by extrusion molding, pull-off
caps, injection molded products such as daily use miscella-
neous goods, fibers, and large-sized molded articles obtained
by rotational molding. Particularly, the films are most suit-
able for liquid transportation bags.

Third ethylene copolymer composition

[0375] The third ethylene copolymer composition accord-
ing to the present invention comprises an ethylene/a-olefin
copolymer [A-1] and an olefin type elastomer [B-3].

Ethylene/o-olefin copolymer [A-1]

[0376] The ethylene/a-olefin copolymer [A-1] employ-
able for the third ethylene copolymer composition is the
same as the ethylene/c-olefin copolymer used for the first
ethylene copolymer composition described before.

Olefin type elastomer [B-3]

[0377] The olefin type elastomer [B-3] used in the inven-
tion is a polymer of ethylene or an a-olefin of 3 to 20 carbon
atoms, or a copolymer of two or more kinds of olefins
selected from ethylene and c-olefins of 3 to 20 carbon
atoms. The olefin type elastomer [B-3] has a density of not
more than 0.900 g/cm3, preferably 0.860 to 0.900 g/cm®,
and has a melt flow rate (MFR), as determined in accordance
with ASTM D1238-65T under the conditions of a tempera-
ture of 190° C. and a load of 2.16 kg, of 0.01 to 100 g/10
min, preferably 0.05 to 50 g/10 min. The olefin type elas-
tomer [ B-3] desirably has a crystallinity measured by X-ray
diffractometry of less than 30%, or desirably is amorphous.

[0378] Examples of the a-olefin of 3 to 20 carbon atoms
include propylene, 1-butene, 1-pentene, 1-hexene, 4-methyl-
1-pentene, 1-octene, 1-decene and mixtures thereof. Of
these, an a-olefin having 3 to 10 carbon atoms is preferably
employed.

[0379] The olefin type elastomer [B-3] used in the inven-
tion may contain constituent units other than the constituent
units derived from a-olefin, such as those derived from
diene compounds, provided that the properties of the olefin
type elastomer are not marred.

[0380] Examples of the constituent units which may be
contained in the olefin type elastomer used in the invention
include

[0381] constituent units derived from chain non-con-
jugated dienes such as 1,4-hexadiene, 1,6-octadiene,
2-methyl-1,5-hexadiene, 6-methyl-1,5-heptadiene
and 7-methyl-1,6-octadiene;
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[0382] constituent units derived from cyclic non-
conjugated dienes such as cyclohexadiene, dicyclo-
pentadiene, methyltetrahydroindene, 5-vinylnor-
bornene, 5-ethylidene-2-norbornene, 5-methylene-2-
norbornene, 5-isopropylidene-2-norbornene  and
6-chloromethyl-5-isopropenyl-2-norbornene; and

[0383] constituent units derived from diene com-
pounds such as 2,3-diisopropylidene-5-norbornene,
2-ethylidene-3-diisopropylidene-5-norbornene  and
2-propenyl-2,2-norbornadiene.

[0384] The diene components may be used alone or in
combination. The content of the diene component is usually
not more than 10% by mol, preferably in the range of 0 to
5% by mol.

[0385] A concrete example of the olefin type elastomer
[B-3] is a copolymer comprising constituent units derived
from ethylene in an amount of 0 to 95% by mol, preferably
30 to 92% by mol, more preferably 50 to 90% by mol,
constituent units derived from an a-olefin of 3 to 20 carbon
atoms in an amount of 1 to 100% by mol, preferably 4 to
70% by mol, more preferably 8 to 50% by mol, and
constituent units derived from a diene component in an
amount of 0 to 10% by mol, preferably O to 5% by mol, more
preferably 0 to 3% by mol.

[0386] The olefin type elastomer [B-3] can be prepared by
a known process using a catalyst of Ti type, V type, Zr type,
etc.

Ethylene copolymer composition

[0387] The third ethylene copolymer composition accord-
ing to the present invention comprises the aforementioned
ethylene/a-olefin copolymer [A-1] and the olefin type elas-
tomer [B-3], and a weight ratio ([A-1]:[B-3]) between the
ethylene/a-olefin copolymer [A-1] and the olefin type elas-
tomer [B-3 is usually in the range of 99:1 to 60:40, prefer-
ably 95:5 to 70:30, more preferably 98:2 to 80:20. Further,
the ethylene/a-olefin copolymer [A-1] and the olefin type
elastomer [B-3] are appropriately selected so that a density
ratio [B-3][A-1] of the olefin type elastomer [B-3] to the
ethylene/a-olefin copolymer [A-1] is less than 1, preferably
in the range of 0.905 to 0.980.

[0388] The third ethylene copolymer composition accord-
ing to the invention may contain various additives if desired,
for example, weathering stabilizer, heat stabilizer, antistatic
agent, anti-slip agent, anti-blocking agent, antifogging
agent, lubricant, pigment, dye, nucleating agent, plasticizer,
anti-aging agent, hydrochloric acid absorbent and antioxi-
dant, provided that the object of the invention is not marred.

[0389] The third ethylene copolymer composition accord-
ing to the invention can be prepared by known processes, for
example, processes described below.

[0390] (1) A process of mechanically blending the ethyl-
ene/a-olefin copolymer [A-1], the olefin type elastomer
[B-3], and if necessary, other optional components by the
use of an extruder, a kneader or the like.

[0391] (2) A process comprising dissolving the ethylene/
a-olefin copolymer [A-1], the olefin type elastomer [B-3],
and if necessary, other optional components in an appropri-
ate good solvent (e.g., hydrocarbon solvent such as hexane,
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heptane, decane, cyclohexane, benzene, toluene and xylene),
and then removing the solvent from the resulting solution.

[0392] (3) A process comprising independently dissolving
the ethylene/a-olefin copolymer [A-1], the olefin type elas-
tomer [ B-3], and if necessary, other optional components in
an appropriate good solvent to prepare solutions, then mix-
ing the solutions, and removing the solvent from the result-
ing mixture.

[0393] (4) A process of combining the above processes (1)
to (3).

[0394] The third ethylene copolymer composition accord-
ing to the present invention is subjected to ordinary air-
cooling inflation molding, two-stage air-cooling inflation
molding, high-speed inflation molding, T-die film molding,
water-cooling inflation molding or the like, to obtain a film.
The film thus obtained is well-balanced between the trans-
parency and the rigidity, and has properties inherently
belonging to general LLDPE, such as heat-sealing proper-
ties, hot-tack properties and heat resistance. Further, the film
is free from surface stickiness because the ethylene/c-olefin
copolymer [A-1] has a prominently narrow composition
distribution. Moreover, because of low stress within the
high-shear region, the ethylene copolymer composition can
be extruded at a high speed, and consumption of electric
power is small, resulting in economical advantage.

[0395] Films obtained by processing the third ethylene
copolymer composition of the invention are suitable for, for
example, standard bags, heavy bags, wrapping films, mate-
rials for laminates, sugar bags, packaging bags for oily
goods, packaging bags for moist goods, various packaging
films such as those for foods, bags for liquid transportation
and agricultural materials. The films may also be used as
multi-layer films by laminating the films on various sub-
strates such as a nylon substrate and a polyester substrate.
Further, the films may be used for liquid transportation bags
obtained by blow molding, bottles obtained by blow mold-
ing, tubes and pipes obtained by extrusion molding, pull-off
caps, injection molded products such as daily use miscella-
neous goods, fibers, and large-sized molded articles obtained
by rotational molding.

[0396] Particularly, the films are most suitable as wrap-
ping films.

Fourth ethylene copolymer composition

[0397] The fourth ethylene copolymer composition
according to the present invention comprises an ethylene/
a-olefin copolymer composition [Ia] which comprises an
ethylene/a-olefin copolymer [A-2] and an ethylene/o-olefin
copolymer [A-3], and a high pressure radical polymerization
low-density polyethylene [I1a].

Ethylene/o-olefin copolymer [A-2]

[0398] The ethylene/o-olefin copolymer [A-2] for form-
ing the fourth ethylene copolymer composition of the inven-
tion is a random copolymer of ethylene with an a-olefin of
3 to 20 carbon atoms. Examples of the a-olefin of 3 to 20
carbon atoms employable for copolymerization with ethyl-
ene include propylene, 1-butene, 1-pentene, 1-hexene,
4-methyl-1-pentene, 1-octene, 1-decene, 1-dodecene, 1-tet-
radecene, 1-hexadecene, 1-octadecene and 1-eicosene.
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[0399] In the ethylene/c-olefin copolymer [A-2], it is
desired that constituent units derived from ethylene are
present in an amount of 55 to 99% by weight, preferably 65
to 98% by weight, more preferably 70 to 96% by weight, and
constituent units derived from a-olefin of 3 to 20 carbon
atoms are present in an amount of 1 to 45% by weight,
preferably 2 to 35% by weight, more preferably 4 to 30% by
weight.

[0400] The ethylene/c-olefin copolymer [A-2] has the
following properties (i) to (vi).

[0401] (i) The density (d) is usually in the range of
0.880 to 0.940 g/cm>, preferably 0.890 to 0.935
g/cm>, more preferably 0.900 to 0.930 g/cm™

[0402] (ii) The intrinsic viscosity [1A-2] as measured
in decalin at 135° C. is in the range of 1.0 to 10.0
dl/g, preferably 1.25 to 8 dl/g, more preferably 1.27
to 6 dl/g.

[0403] (iii) The temperature (Tm (° C.)) at which the
endothermic curve of the copolymer measured by a
differential scanning calorimeter (DSC) shows the
maximum peak and the density (d) satisfy the rela-

tion:
[0404] Tm<400xd-250,
[0405] preferably Tm<450xd-297,
[0406] more preferably Tm<500xd-344,
[0407] particularly preferably Tm<550xd-391.
[0408] (iv) The melt tension (MT (g)) at 190° C. and

the melt flow rate (MFR) satisfy the relation:
[0409] MT>2.2xMFR-%5,

[0410] The ethylene/o-olefin copolymer [A-2] as men-
tioned above which is used for the invention has high melt
tension (MT) and good moldability.

[0411] (v) The flow index (FI (1/sec)) defined by a
shear rate which is given when a shear stress of
molten copolymer at 190° C. reaches 2.4x10° dyne/
cm? and the melt flow rate (MFR) satisfy the rela-
tion:

[0412] FI>75xMER,
[0413] preferably FI>100xMFR,
[0414] more preferably FI>120xMFR.

[0415] The ethylene/o-olefin copolymer [A-2] whose FI
and MFR satisfy the above-mentioned relation shows a
small processing torque because a low stress can be kept
even at a high-shear rate, and has good moldability.

[0416] (vi) The fraction of a n-decane-soluble component
at room temperature (W % by weight) and the density (d)
satisfy the relation:

[0417] W<B0xexp(-100(d-0.88))+0.1,
[0418] preferably W<60xexp(-100(d-0.88))+0.1,
[0419] X more preferably W<40xexp(-100(d-0.88))+0.1.

[0420] 1t may be concluded from the relation between the
temperature (Tm) at which the endothermic curve measured
by a differential scanning calorimeter (DSC) shows the
maximum peak and the density (d), and the relation between
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the fraction (W) of a n-decane-soluble component and the
density (d), that the ethylene/c-olefin copolymer [A-2] has
a narrow composition distribution.

[0421] Further, the number of unsaturated bond present in
the molecule of the ethylene/a-olefin copolymer [ A-2] desir-
ably is not more than 0.5 per 1,000 carbon atoms and less
than 1 per one molecule of the copolymer.

[0422] The ethylene/o-olefin copolymer [A-2] having the
properties as mentioned above can be prepared by copoly-
merizing ethylene with an a-olefin of 3 to 20 carbon atoms
in the presence of the aforementioned olefin polymerization
catalyst (1) or prepolymerized catalyst (1) under the same
conditions as those for preparing the ethylene/a-olefin
copolymer [A-1] in such a manner that the resulting copoly-
mer would have a density of 0.880 to 0.940 g/cm>.

[0423] When a slurry polymerization process is used for
preparing the ethylene/a-olefin copolymer [A-2], the are
polymerization temperature is usually in the range of =50 to
90° C., preferably 0 to 80° C., and when a gas phase
polymerization process is used therefor, the polymerization
temperature is usually in the range of 0 to 90° C., preferably
20 to 80° C.

Ethylene/o-olefin copolymer [ A-3]

[0424] The ethylene/o-olefin copolymer [A-3] for form-
ing the fourth ethylene copolymer composition of the inven-
tion is a random copolymer of ethylene and an a-olefin of
3 to 20 carbon atoms. Examples of the a-olefin of 3 to 20
carbon atoms employable for copolymerization with ethyl-
ene include propylene, 1-butene, 1-pentene, 1-hexene,
4-methyl-1-pentene, 1-octene, 1-decene, 1-dodecene, 1-tet-
radecene, 1-hexadecene, 1-octadecene and 1-eicosene.

[0425] In the ethylene/ac-olefin copolymer [A-3], it is
desired that constituent units derived from ethylene are
present in an amount of 55 to 99% by weight, preferably 65
to 98% by weight, more preferably 70 to 96% by weight, and
constituent units derived from a-olefin of 3 to 20 carbon
atoms are present in an amount of 1 to 45% by weight,
preferably 2 to 35% by weight, more preferably 4 to 30% by
weight.

[0426] The ethylene/a-olefin copolymer [1) ,_5 has the fol-
lowing properties (i) to (iv).

[0427] (i) The density (d) is usually in the range of
0.910 to 0.960 g/cm , preferably 0.915 to 0.955
g/cms, more preferably 0.920 to 0.950 g/cm™

[0428] (ii) The intrinsic viscosity [N 4 5] as measured
in decalin at 135° C. is in the range of 0.5 to 2.0 dl/g,
preferably 0.55 to 1.9 dl/g, more preferably 0.6to 1.8
dl/g.

[0429] (iii) The temperature (Tm (° C.)) at which the
endothermic curve of the copolymer measured by a
differential scanning calorimeter (DSC) shows the
maximum peak and the density (d) satisfy the rela-

tion:

[0430] Tm<400xd-250,

[0431] preferably Tm<450xd-297,

[0432] more preferably Tm<500xd—344,
[0433] particularly preferably Tm<550xd-391.
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[0434] (iv) The fraction of a n-decane-soluble com-
ponent at room temperature (W % by weight) and the
density (d) satisfy the relation:

[0435] in the case of MFR210 g/10 min,
[0436] W<B0xexp(-100(d-0.88))+0.1,
[0437] preferably W<60xexp(-100(d-0.88))+0.1,

[0438] more preferably W<40xexp(-100(d-
0.88))+0.1,
[0439] in the case of MFR>10 g/10 min, W<80x

(MFR-9) *2°xexp(-100(d-0.88))+0.1.

[0440] 1t may be concluded from the relation between the
temperature (Tm) at which the endothermic curve measured
by a differential scanning calorimeter (DSC) shows the
maximum peak and the density (d), and the relation between
the fraction (W) of a n-decane-soluble component and the
density (d), that the ethylene/c-olefin copolymer [A-3] has
a narrow composition distribution.

[0441] Further, the number of unsaturated bond present in
the molecule of the ethylene/a-olefin copolymer [ A-3] desir-
ably is not more than 0.5 per 1,000 carbon atoms and less
than 1 per one molecule of the copolymer.

[0442] The ethylene/o-olefin copolymer [ A-3] having the
properties as mentioned above can be prepared by copoly-
merizing ethylene and an a-olefin of 3 to 20 carbon atoms
in the presence of an olefin polymerization catalyst (2) or a
prepolymerized catalyst (2) formed from (a-2) a transition
metal compound catalyst component, (b) an organoalumi-
num oxy-compound catalyst component, (¢) a carrier, and if
necessary, (d) an organoaluminum compound catalyst com-
ponent, all components being described later, in such a
manner that the resulting copolymer would have a density of
0.910 to 0.960 g/cm*™

[0443] First, the transition metal compound catalyst com-
ponent (a-2) is explained below.

[0444] The transition metal compound catalyst component
(a-2) (sometimes referred to as “component (a-2)” herein-
after) is a compound of a transition metal in Group IV of the
periodic table which contains a ligand having a cyclopen-
tadienyl skeleton. There is no specific limitation on the
component (a-2), as far as it is a compound of a transition
metal in Group IV of the periodic table which contains a
ligand having a cyclopentadienyl skeleton. However, the
component (a-2) preferably is a transition metal compound
represented by the following formula [V].

MLy vl
[0445] wherein M is a transition metal atom selected from
Group IVB of the periodic table, L is a ligand coordinating
to the transition metal, at least one of L is a ligand having a
cyclopentadienyl skeleton, L other than the ligand having a
cyclopentadienyl skeleton is a hydrocarbon group of 1 to 12
carbon atoms, an alkoxy group, an aryloxy group, a trialkyl-
silyl group, a SO4R group (R is a hydrocarbon group of 1 to
8 carbon atoms which may have a substituent group such as
halogen), a halogen atom or a hydrogen atom, and X is a
valance of the transition metal.

[0446] The transition metal compound represented by the
above formula [ V] includes the transition metal compound
represented by the formula [I] and the transition metal
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compound represented by the formula [II] which are cited
before as the transition metal catalyst component (a-1).

[0447] In the above-mentioned formula [V], M is a tran-
sition metal selected from Group IVB of the periodic table,
and concrete preferable examples of M include zirconium,
titanium and hafnium. Of these, particularly preferred is
zirconium.

[0448] AT The ligands having a cyclopentadienyl skeleton
include, for example, cyclopentadienyl; an alkyl-substituted
cyclopentadienyl group such as methylcyclopentadienyl,
dimethyleyclopentadienyl, trimethylcyclopentadienyl, tet-
ramethyleyclopentadienyl, pentamethylcyclopentadienyl,
ethylcyclopentadienyl, methylethylcyclopentadienyl, pro-
pyleyclopentadienyl, methylpropylcyclopentadienyl, butyl-
cyclopentadienyl, methylbutyleyclopentadienyl and hexyl-
cyclopentadienyl; indenyl, 4,5,6,7-tetrahydroindenyl and
fluorenyl. These groups may be substituted with halogen
atom or trialkylsilyl group, and the like.

[0449] Of these ligands coordinated to the transition
metal, particularly preferred is the alkyl-substituted cyclo-
pentadienyl group.

[0450] When the compound represented by the above
formula [V] contains two or more of the groups having a
cyclopentadienyl skeleton, two of them each having a cyclo-
pentadienyl skeleton can be bonded together through an
alkylene group (e.g., ethylene and propylene), a substituted
alkylene group such as isopropylidene and diphenylmeth-
ylene, a silylene group, or a substituted silylene group such
as dimethylsilylene, diphenylsilylene and methylphenylsi-
lylene.

[0451] Concrete examples of the ligand L other than those
having a cyclopentadienyl skeleton are as follows:

[0452] The hydrocarbon group having 1 to 12 carbon
atoms includes, for example, an alkyl group, a
cycloalkyl group, an aryl group and an aralkyl group,
and concrete examples of these groups are as fol-
lows;

[0453] an alkyl group such as methyl, ethyl, propyl,
isopropyl and butyl;

[0454] a cycloalkyl group such as cyclopentyl and
cyclohexyl;

[0455] an aryl group such as phenyl and tolyl,

[0456] an aralkyl group such as benzyl and neophyl;

[0457] an alkoxy group such as methoxy, ethoxy and
butoxy;

[0458] an aryloxy group such as phenoxy; and

[0459] halogen such as fluorine, chlorine, bromine
and iodine.

[0460] The ligand represented by SO;R includes, for
example, p-toluenesulfonate, methanesulfonate and trifluo-
romethanesulfonate.

[0461] Such a metallocene compound containing ligands
each having a cyclopentadienyl skeleton (e.g. having a
transition metal with a valence of 4) may be represented
more concretely by the formula [V']

RZkR?*R*mR*nM V1
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[0462] wherein M is a transition metal as mentioned
above, R* is a group having a cyclopentadienyl skeleton
(ligand), R?, R* and R® are each a group having a cyclo-
pentadienyl skeleton, an alkyl group, a cycloalkyl group, an
aryl group, an aralkyl group, an alkoxy group, an aryloxy
group, trialkylsilyl group, SO;R group, halogen or hydro-
gen, k is an integer of not less than 1, and k+1+m+n=4.

[0463] As the component (a-2), preferred is the metal-
locene compound represented by the above formula [V'] in
which at least two of R%, R, R* and R®, that is, R® and R®
are each a group having a cyclopentadienyl skeleton
(ligand). Said groups having a cyclopentadienyl skeleton
may be bonded together through a group such as an alkylene
group (e.g., ethylene and propylene), a substituted alkylene
group such as isopropylidene and diphenylmethylene, a
silylene group, and a substituted silylene group such as
dimethylsilylene, diphenylsilylene and methylphenylsi-
lylene. Further, R* and R® are each a group having a
cyclopentadienyl skeleton, an alkyl group, a cycloalkyl
group, an aryl group, an aralkyl group, an alkoxy group, an
aryloxy group, trialkylsilyl group, SO;R group, halogen or
hydrogen.

[0464] Listed below are concrete examples of the transi-
tion metal compound having zirconium as M.

[0465] Bis(indenyl)zirconium dichloride,

[0466] Bis(indenyl)zirconium dibromide,

[0467] Bis(indenyl)zirconium bis(p-toluenesulfonate),
[0468] Bis(4,5,6,7-tetrahydroindenyl)zirconium  dichlo-
ride,

[0469] Bis(fluorenyl)zirconium dichloride,

[0470] Ethylenebis(indenyl)zirconium dichloride,

[0471] Ethylenebis(indenyl)zirconium dibromide,

[0472] Ethylenebis(indenyl)dimethylzirconium,

[0473] Ethylenebis(indenyl)diphenylzirconium,

[0474] Ethylenebis(indenyl)methylzirconium monochlo-
ride,

[0475] Ethylenebis(indenyl)zirconium bis(methane-
sulfonate),

[0476] Ethylenebis(indenyl)zirconium bis(p-toluene-
sulfonate),

[0477] Ethylenebis(indenyl)zirconium bis(trifluo-
romethanesulfonate),

[0478] Ethylenebis(4,5,6,7-tetrahydroindenyl)zirconium
dichloride,

[0479] Isopropylidene(cyclopentadi-
enylfluorenyl)zirconium dichloride,

[0480] Isopropylidene(cyclopentadienyl-methyl
pentadienyl)zirconium dichloride,

cyclo-

[0481] Dimethylsilylenebis(cyclopentadienyl)zirconium
dichloride,

[0482] Dimethylsilylenebis(methyley-
clopentadienyl)zirconium dichloride,

[0483] Dimethylsilylenebis(dimethyl-
cyclopentadienyl)zirconium dichloride,
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[0484] Dimethylsilylenebis(trimethyl-
cyclopentadienyl)zirconium dichloride,

[0485] Dimethylsilylenebis(indenyl)zirconium dichloride,

[0486] Dimethylsilylenebis(indenyl)zirconium bis(trifluo-
romethanesulfonate),

[0487] Dimethylsilylenebis(4,5,6,7-tetrahydroindenyl)
zirconium dichioride,

[0488] Dimethylsilylenebis(cyclopentadienyl-fluorenyl)
zirconium dichloride,

[0489] Diphenylsilylenebisgindenyl)zirconium  dichlo-

ride,
[0490] Methylphenylsilylenebis(indenyl)zirconium
dichloride,

[0491] Bis(cyclopentadienyl)zirconium dichloride,
[0492] Bis(cyclopentadienyl)zirconium dibromide,
[0493] Bis(cyclopentadienyi)methyziziconium monochlo-
ride,

[0494] Bis(cyclopentadienyl)ethylzirconium monochlo-
ride,

[0495] Big(cyciopentadienyl)cycohexylzirconium
monochloride,

[0496] Bis(cyclopentadienyl)phenylzirconium monochlo-
ride,

[0497] Big(cyciopentadienyi)benzylzirconium monochlo-
ride,

[0498] Bis(cyclopentadienyl)zirconium monochioride
monohydride,

[0499] Bis(cyclopentadienyl)methylzirconium monohy-
dride,

[0500] Bis(cyciopentadienyl)dimethylzirconium,

[0501] Bis (cyclopentadiienyl) diphenylzirconium,
[0502] Bis(cyclopentadienyl)dibenzylzirconium,

[0503] Bis(cyclopentadienyi)zirconium methoxychloride,
[0504] Bis(cyclopentadienyl)zirconium ethoxychloride,
[0505] Bis(cyclopentadienyl)zirconium bi (methanesulr-
onate),

[0506] Bis(cyclopentadienyl) zirconium bis(p-toluene-
sulfonate),

[0507] Bis(cyclopentadienyl)zirconium
romethane-sulfonate),

bis(trifluo-

[0508] Bis(methylcyclopentadienyl)zirconium dichloride,

[0509] Bis(dimethylcyclopentadienyl)zirconium — dichlo-
ride,

[0510] Bigs(dimethylcyclopentadienyl)zirconium ethoxy-
chloride,

[0511] Bis(dimethylcyclopentadienyl)zirconium  bis(trif-
luoromethanesulfonate),

[0512] Bis(ethylcyclopentadienyl)zirconium dichloride,

[0513] Bis(methylethylcyclopentadienyl)zirconium
dichloride,
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[0514] Bis(propylcyclopentadienyl)zirconium dichloride,

[0515] Bis(methylpropylcyclopentadienyl)zirconium
dichloride,

[0516] Bis(butylcyclopentadienyl)zirconium dichloride,
[0517] Bis(methylbutylcyclopentadienyl)
dichoride,

[0518] Bis(methylbutylcyclopentadienyl)zirconium  bis-
(methanesulfonate),

zirconium

[0519] Bis(trimethylcyclopentadienyl)zirconium  dichlo-
ride,

[0520] Bis(tetramethylcyclopentadienyl)zirconium
dichloride,

[0521] Bis(pentamethylcyclopentadienyl)zirconium
dichloride,

[0522] Bis(hexyleyclopentadienyl)zirconium  dichloride,
and

[0523] Bis(trimethylsilylcyclopentadienyl)zirconium
dichloride.

[0524] In the above exemplified compounds, di-substi-
tuted clopentadienyl include 1,2- and 1,3-substituted, and
tri-substituted include 1,2,3- and 1,2,4-substituted. Further,
the alkyl group such as propyl or butyl includes n-, i-, sec-
and tert- isomers.

[0525] There may also be used transition metal com-
pounds obtained by substituting titanium or hafnium for
zirconium in the above-exemplified zirconium compounds.

[0526] The above listed compounds, the transition metal
compounds represented by the above formula [I] and the
transition metal compounds represented by the above for-
mula [II] are used as transition metal catalyst component
(a-2). Preferred are the above mentioned transition metal
compounds represented by the formula (I] or [II]. Of these,
particularly preferred is

[0527] Ethylenebis(indenyl)zirconium dichloride,

[0528] Ethylenebis(4-methyl-1-indenyl)zirconium dichlo-
ride,

[0529] Ethylenebis(4,5,6,7-tetrahydro-1-indenyl)zirco-
nium dichloride,

[0530] Bis(1,3-dimethylcyclopentadienyl)zirconium
dichloride,

[0531] Bis(1,3-diethylcyclopentadienyl)zirconium dichlo-
ride, or

[0532] Bis(1-methyl-3-ethylcyclopentadienyl)zirconium
dichloride.

[0533] Further, the transition metal catalyst component
(a-1) used in the preparation of the ethylene/a-olefin copoly-
mer [ A-2] and the transition metal catalyst component (a-2)
used in the preparation of the ethylene /a-olefin copolymer
[A-3] are preferably the same compounds.

[0534] The organoaluminum oxy-compound catalyst com-
ponent (b) [component (b)] which forms the olefin polymer-
ization catalyst (2) is the same as the organoluminum
oxy-compound which forms the above mentioned olefin
polymerization catalyst (1).
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[0535] The carrier (¢) [component (c)] which forms the
olefin polymerization catalyst (2) is the same as the carrier
which forms the above mentioned olefin polymerization
catalyst (1).

[0536] The optionally used organoaluminum compound
catalyst component (d) [component (d)] is the same as the
organoaluminum compound which forms the above men-
tioned olefin polymerization catalyst (1).

[0537] The ethylene/a-olefin copolymer [A-3] used in the
present invention can be prepared by the olefin polymeriza-
tion catalyst (2) formed by contacting the above-mentioned
components (a-2), (b), (¢) and if necessary, component (d).
Though the mixing of these components (a-2), (b), (¢) and
(d) may be conducted in arbitrarily selected order, the
mixing and contacting is preferably conducted in the order
of:

[0538] mixing and contacting the components (b) and (c),
followed by mixing and contacting the component (a-2), and
if necessary, mixing and contacting the component (d).

[0539] The mixing of the above-mentioned components
(a-2), (b), (¢) and (d) can be carried out in an inert hydro-
carbon.

[0540] As the inert hydrocarbon solvent, there may be
mentioned an aliphatic hydrocarbon, such as propane,
butane, pentane, hexane, heptane, octane, decane, dodecane
and kerosene;

[0541] an alicyclic hydrocarbon, such as cyclopen-
tane, cyclohexane and methylcyclopentane;

[0542] an aromatic hydrocarbon, such as benzene,
toluene and xylene;

[0543] a halogenated hydrocarbon, such as ethylene
chloride, chlorobenzene and dichloromethane; and a
mixture thereof.

[0544] In the contacting and mixing of the components
(a-2), (b), (¢) and if neccessary (d), the component (a-2) is
used usually in an amount of 5x107° to 5x10™* mol. pref-
erably 1x107° to 2x10™* mol based on 1 g of the component
(c), and the concentration thereof is 1'%~ to 2x107> mol/l,
preferably 2x10™* to 1x107 mol/l. The atomic ratio (Al/
transition metal) of the aluminum in the component (b) to
the transition metal in the component (a-2) is usually 10 to
500, preferably 20 to 200. The atomic ratio (Al-d/Al-b) of
the aluminum atoms (Al-d) in the component (d) optionally
used to the aluminum atoms (Al-b) in the component (b) is
usually 0.02 to 3, preferably 0.05 to 1.5.

[0545] The components (a-2), (b) and (¢), and if necessary,
the component (d) are mixed and contacted at a temperature
of usually -50 to 150° C., preferably —20 to 120° C., with
a contact time of 1 minute to 50 hours, preferably 10 minutes
to 25 hours.

[0546] In the catalyst (2) for olefin polymerization
obtained as described above, it is desirable that the transition
metal derived from component (a-2) is supported in an
amount of 5x107° to 5x10™* g atom, preferably 1x107 to
2x10 g atom, and aluminum derived from components (b)
and (d) is supported in an amount of 10-3 to 5x107* g atom,
preferably 2x107> to 2x10~ g atom, all the amounts being
based on 1 g of the component (c).
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[0547] Further, the catalyst for preparing the ethylene/o-
olefin copolymer [ A-3] used in the present invention may be
a prepolymerlzed catalyst (2) obtained by prepolymerization
of olefin in the presence of the above-mentioned compo-
nents (a-2), (b) and (c), and if necessary, (d).

[0548] The prepolymerized catalyst (2) can be prepared by
mixing the component (a-2), the component (b), the com-
ponent (¢), and if necessary, the component (d), introducing
olefin to the resulting mixture in the inert hydrocarbon
solvent, and carrying out prepolymerization.

[0549] The olefins which can be prepolymerized include
ethylene and a-olefins each having 3 to 20 carbon atoms, for
example, propylene, 1-butene, 1-pentene, 4-methyl-1-pen-
tene, 1-hexene, 1-octene, 1-decene, 1-dodecene and 1-tet-
radecene. Of these, particularly preferred is ethylene or the
combination of ethylene and a-olefin used in the polymer-
ization.

[0550] During the prepolymerization, the component (a-2)
is used usually in a concentration of is 1x10 to 2x1072
mol/l, preferably 5x107° to 1x10~2 mol/l and amount thereof
Is usually 5%107° to 5x107* mol, preferably 1x107° to
2x10 mol based on 1 g of the component (c). The atomic
ratio (Al/transition metal) of the aluminum in the component
(b) to the transition metal in the component (a-2) is usually
10 to 500, preferably 20 to 200. The atomic ratio (Al-d/Al-b)
of the aluminum atoms (Al-d) in the component (d) option-
ally used to the aluminum atoms (Al-b) in the component (b)
is usually 0.02 to 3, preferably 0.05 to 1.5. The prepolymer-
ization is carried out at a temperature of -20 to 80° C,,
preferably 0 to 60° C., with a time of 0.5 to 100 hours,
preferably 1 to 50 hours.

[0551] The prepolymerized catalyst (2) can be prepared as
described below. First, the carrier (component (c)) is sus-
pended in the inert hydrocarbon. To the suspension, the
organoaluminum oxy-compound catalyst component (com-
ponent (b)) is introduced, and reacted for predetermined
period. Successively, supernatant is removed, and the result-
ing solid component is re-suspended in the inert hydrocar-
bon. Into the system, the transition metal compound catalyst
component (component (a-2)) is added and reacted for
predetermined period. Then, supernatant is removed to
obtain a solid catalyst component. Continuously, the solid
catalyst component obtained above is added into inert
hydrocarbon containing the organoaluminum compound
catalyst component (component (d)), and olefin is intro-
duced therein to obtain the prepolymerized catalyst (2).

[0552] An amount of prepolymerized polyolefin produced
in the prepolymerization is, desirably based on 1 g of the
carrier (c¢), of 0.1 to 500 g, preferably 0.2 to 300g, more
preferably 0.5 to 200 g. In the prepolymerized catalyst (2),
component (a-2) is desirably supported in an amount in
terms of transition metal atom, based on 1 g of the carrier (¢),
of about 5x107° to 5x107* g atom, preferably 1x107 to
2x10 g atom. Further, a molecular ratio (Al/M) of alumi-
num atom (Al) derived from components (b) and (d) to
transition metal atom (M) derived from component (a-2) is
usually 5 to 200, preferably 10 to 150.

[0553] The prepolymerization may be carried out either
batchwise or continuously, and under reduced pressure,
normal pressure or applied pressure. During the prepoly-
merization, hydrogen may be allowed to be present to obtain
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a prepolymer desirably having an intrinsic viscosity [n] of
0.2 to 7 dl/g, preferably 0.5 to 5 dl/g as measured in decalin
at least 135° C.

[0554] The ethylene/a-olefin copolymers [A-33 used in
the present invention are obtained by copolymerizing eth-
ylene with an a-olefin having 3 to 20 carbon atoms such as
propylene, 1-butene, 1-pentene, 1-hexene, 4-methyl-1-pen-
tene, 1l-octene, 1-decene, 1-dodecene, 1-tetradecene,
1-hexadecene, 1-octadecene and 1-eicosene in the presence
of the olefin polymerization catalyst (2) or the prepolymer-
ized catalyst (2).

[0555] Copolymerization of ethylene and a-olefin is car-
ried out in a gas phase or liquid phase, for example, in slurry.
In the slurry polymerization, an inactive hydrocarbon or the
olefin itself may be used as a solvent.

[0556] Concrete examples of the inactive hydrocarbon
solvent include aliphatic hydrocarbons such as butane,
isobutane, pentane, hexane, octane, decane, dodecane, hexa-
decane and octadecane; alicyclic hydrocarbons such as
cyclopentane, methyleyclopentane, cyclohexane and
cyclooctane; aromatic hydrocarbons such as benzene, tolu-
ene and xylene; and petroleum fractions such as gasoline,
kerosene and gas oil. Of these inactive hydrocarbons, pre-
ferred are aliphatic hydrocarbons, alicyclic hydrocarbons
and petroleum fractions.

[0557] When the copolymerization is carried out by the
slurry method or the gas phase method, the olefin polymer-
ization catalyst (2) or the prepolymerized catalyst (2) is used
at such amount that the concentration of the transition metal
compound becomes usually 1078 to 10> g atom/liter, pref-
erably 1077 to 107" g atom/liter in terms of the transition
metal in the polymerization reaction system.

[0558] Furthermore, in the polymerization, an organoalu-
minum oxy-compound similar to the catalyst component (b)
and/or an organoaluminum compound (d) may be added. In
this case, the atomic ratio (Al/M) of the aluminum atom (Al)
derived from the organoaluminum oxy-compound and the
organoaluminum compound to the transition metal atom (M)
derived from the transition metal compound catalyst com-
ponent (a-2) is 5 to 300, preferably 10 to 200, more
preferably 15 to 150.

[0559] When the ethylene/a-olefin copolymer [A-3] is
prepared by the slurry polymerization, the polymerization
temperature is usually —30 to 100° C., preferably 20 to 90°
C. When the ethylene/a-olefin copolymer [A-3] is prepared
by the gas phase polymerization, the polymerization tem-
perature is usually 20 to 120° C., preferably 40 to 100° C.

[0560] The polymerization is carried out usually at a
normal pressure to 100 kg/cm?, preferably under a pressure
condition of 2 to 50 kg/cm?. The polymerization can be
carried out either batchwise, semicontinuously or continu-
ously.

Ethylene/a-olefin copolymer composition [Ia]

[0561] The ethylene/a-olefin copolymer composition [Ia]
comprises the ethylene/a-olefin copolymer [A-2] and the
ethylene/a-olefin copolymer [A-3]. In this composition [Ia],
the ethylene/a-olefin copolymer [A-2] is contained in an
amount of 5 to 95% by weight, preferably 10 to 90% by
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weight, and the ethylene/o-olefin copolymer [A-3] is con-
tained in an amount of 5 to 95% by weight, preferably 10 to
90% by weight.

[0562] The ethylene/a-olefin copolymer [A-2] and the
ethylene/a-olefin copolymer [A-2] are appropriately com-
bined so that a density ratio ([A-2]/[A-3]) of the ethylene/
a-olefin copolymer [A-2] to the ethylene/o-olefin copoly-
mer [A-3] is less than 1, preferably in the range of 0.930 to
0.999. Further, they are also appropriately combined so that
a ratio [M_,1[Ma_s)) of the intrinsic viscosity [, _,] of the
ethylene/a-olefin copolymer [A-2] to the intrinsic viscosity
[Ma. 5] of the ethylene/a-olefin copolymer [A-3] is not less
than 1, preferably in the range of 1.05 to 10, more preferably
1.1to 5.

[0563] The ethylene/a-olefin copolymer composition has
a density of usually 0.890 to 0.955 g/cm™ preferably 0.905
10 0.950 g/cm>, and has a melt flow rate (MFR), as deter-
mined in accordance with ASTM D1238-65T under the
conditions of a temperature of 190° C. and a load of 2.16 kg,
of 0.1 to 100 g/10 min, preferably 0.2 to 50 g/10 min.

[0564] The ethylene/a-olefin copolymer composition [1a]
can be prepared by known processes, for example, processes
described below.

[0565] (1) A process of mechanically blending the ethyl-
ene/a-olefin copolymer [ A-2], the ethylene/a-olefin copoly-
mer [A-3], and if necessary, other optional components by
the use of an extruder, a kneader or the like.

[0566] (2) A process comprising dissolving the ethylene/
a-olefin copolymer [A-2], the ethylene/a-olefin copolymer
[A-3], and if necessary, other optional components in an
appropriate good solvent (e.g., hydrocarbon solvent such as
hexane, heptane, decane, cyclohexane, benzene, toluene and
xylene), and then removing the solvent from the resulting
solution.

[0567] (3) A process comprising independently dissolving
the ethylene/c-olefin copolymer (A-2], the ethylene/o-olefin
copolymer [A-3], and if necessary, other optional compo-
nents in an appropriate good solvent to prepare solutions,
then mixing the solutions, and removing the solvent from the
resulting mixture.

[0568] (4) A process in any combination of the above
processes (1) to (3).

[0569] Further, the ethylene/o-olefin copolymer composi-
tion [Ia] may be prepared by forming the ethylene/o-olefin
copolymer [ A-2] and the ethylene/a-olefin copolymer [ A-3]
in two or more copolymerization stages having reaction
conditions different from each other, or may be prepared by
separately forming the ethylene/a-olefin copolymer A-2]
and the ethylene/a-olefin copolymer [A-3] by the use of
plural polymerizers.

High-pressure radical polymerization low-density
polyethylene [IIa]
[0570] As the high-pressure radical polymerization low-
density polyethylene [Ila] employable for the fourth ethyl-
ene copolymer composition may be the same as the high-
pressure radical polymerization low-density polyethylene
[B-1] used for the first ethylene copolymer composition.

Ethylene copolymer composition

[0571] The fourth ethylene copolymer composition
according to the present invention comprises the ethylene/
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a-olefin copolymer composition [Ia] and the high-pressure
radical polymerization low-density polyethylene [Ila]. It is
desirable that a weight ratio ([Ta]:[IIa]) between the ethyl-
ene/a-olefin copolymer composition [Ia] and the high-pres-
sure radical polymerization low-density polyethylene [Ila] is
usually in the range of 99:1 to 60:40, preferably 98:2 to
70:30, more preferably 98:2 to 80:20.

[0572] When the amount of the high-pressure radical
polymerization low-density polyethylene is less than the
lower limit of the above range, the resulting composition
may be improved insufficiently in the transparency and the
melt tension. On the other hand, when the amount thereof is
larger than the upper limit of the above range, the resulting
composition may considerably be deteriorated in the tensile
strength and the stress crack resistance.

[0573] The fourth ethylene copolymer composition
according to the invention may contain various additives if
desired, for example, weathering stabilizer, heat stabilizer,
antistatic agent, anti-slip agent, anti-blocking agent, anti-
fogging agent, lubricant, pigment, dye, nucleating agent,
plasticizer, anti-aging agent, hydrochloric acid absorbent
and antioxidant, provided that the object of the invention is
not marred.

[0574] The fourth ethylene copolymer composition
according to the invention can be prepared by known
processes, for example, processes described below.

[0575] (1) A process of mechanically blending the ethyl-
ene/a-olefin copolymer composition [Ia], the high-pressure
radical polymerization low-density polyethylene [ITa], and if
necessary, other optional components by the use of an
extruder, a kneader or the like.

[0576] (2) A process comprising dissolving the ethylene/
a-olefin copolymer composition [Ia], the high-pressure radi-
cal polymerization low-density polyethylene [Ila], and if
necessary, other optional components in an appropriate good
solvent (e.g., hydrocarbon solvent such as hexane, heptane,
decane, cyclohexane, benzene, toluene and xylene), and then
removing the solvent from the resulting solution.

[0577] (3) A process comprising independently dissolving
the ethylene/o-olefin copolymer composition [Ia], the high-
pressure radical polymerization low-density polyethylene
[Mla], and if necessary, other optional components in an
appropriate good solvent to prepare solutions, then mixing
the solutions, and removing the solvent from the resulting
mixture.

[0578] (4) A process in any combination of the above
processes (1) to (3).

[0579] The fourth ethylene copolymer composition
according to the present invention may be processed by a
conventional molding method, for example, air-cooling
inflation molding, two-stage air-cooling inflation molding,
high-speed inflation molding, T-die film molding, water-
cooling inflation molding or the like, to obtain a film. The
film thus obtained has excellent transparency, mechanical
strength and blocking resistance, and retains properties
inherent in general LLDPE, such as heat-sealing properties,
hot-tack properties and heat resistance. Further, the film is
free from surface stickiness because each of the ethylene/
a-olefin copolymer [A-2] and the ethylene/a-olefin copoly-
mer [A-3] has a prominently narrow composition distribu-
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tion. Moreover, because of low stress within the high-shear
region, the ethylene copolymer composition can be extruded
at a high speed, and thus consumption of electric power is
small, resulting in economical advantage.

[0580] Films obtained from the fourth ethylene copolymer
composition of the invention are suitable for, for example,
standard bags, heavy duty bags, wrapping films, materials
for laminates, sugar bags, packaging bags for oily goods,
packaging bags for moist goods, various packaging films
such as those for foods, bags for liquid transportation and
agricultural materials. The films may also be used as multi-
layer films by laminating the films on various substrates
such as a nylon substrate and a polyester substrate. Further,
the films may be used for liquid transportation bags obtained
by blow molding, bottles obtained by blow molding, tubes
and pipes obtained by extrusion molding, pull-off caps,
injection molded products such as daily use miscellaneous
goods, fibers, and large-sized molded articles obtained by
rotational molding.

Fifth ethylene copolymer composition

[0581] The fifth ethylene copolymer composition accord-
ing to the present invention comprises an ethylene/c-olefin
copolymer [A-4] and a high-pressure radical polymerization
low-density polyethylene [B-4].

Ethylene/o-olefin copolymer [A-1]

[0582] The ethylene/a-olefin copolymer [A-4] used in the
invention is a random copolymer of ethylene with an c-ole-
fin of 3 to 20 carbon atoms. Examples of the a-olefin of 3
to 20 carbon atoms employable for copolymerization with
ethylene include propylene, 1-butene, 1-pentene, 1-hexene,
4-methyl-1-pentene, 1-octene, 1-decene, 1-dodecene, 1-tet-
radecene, 1-hexadecene, 1-octadecene and 1-eicosene.

[0583] In the ethylene/a-olefin copolymer [A-4];, it is
desired that constituent units derived from ethylene are
present in an amount of 55 to 99% by weight, preferably 65
to 98% by weight, more preferably 70 to 96% by weight, and
constituent units derived from an a-olefin of 3 to 20 carbon
atoms are present in an amount of 1 to 45% by weight,
preferably 2 to 35% by weight, more preferably 4 to 30% by
weight.

[0584] 1t is desired that the ethylene/a-olefin copolymer
[A-4] used in the invention has the following properties (i)
to (v).

[0585] (i) The density (d) is usually in the range of

0.880 to 0.960 g/ecm?®, preferably 0.890 to 0.935
g/cm more preferably 0.905 to 0.930 g/cm’.

[0586] (ii) The melt flow rate (MFR) is usually in the
range of 0.01 to 200 g/10 min, preferably 0.05 to 50
g/10 min, more preferably 0.1 to 10 g/10 min.

[0587] (iii) The temperature (Tm (° C.)) at which the
endothermic curve of the copolymer measured by a
differential scanning calorimeter (DSC) shows the
maximum peak and the density (d) satisfy the rela-

tion:
[0588] Tm<400xd-250,
[0589] preferably Tm<450xd-297,

[0590] more preferably Tm<500xd-344,

May 15, 2003

[0591] particularly preferably Tm<550xd-391.

[0592] (iv) The melt tension (MT (g)) and the melt
flow rate (MFR) satisfy the relation:

[0593] MT<2.2xMFR-%

[0594] (v) The fraction of a n-decane-soluble com-
ponent at 23° C. (W % by weight) and the density (d)
satisfy the relation:

[0595] in the case of MFR<10 g/10 min,

[0596] W<80xexp(-100(d-0.88))+0.1,

[0597] preferably W<60xexp(-100(d-0.88))+0.1,

[0598] more preferably W<40xexp(-100(d-0.88))+
01,

[0599]
[0600]

[0601] 1t may be concluded from the relation between the
temperature (Tm) at which the endothermic curve measured
by a differential scanning calorimeter (DSC) shows the
maximum peak and the density (d), and the relation between
the fraction (W) of a n-decane-soluble component and the
density (d), that the ethylene/c-olefin copolymer [A-4] has
a narrow composition distribution.

in the case of MFR>10 g/10 min,
W<80x(MFR-9)°2%xexp(-100(d-0.88))+0.1.

[0602] Further, the number of unsaturated bond present in
the molecule of the ethylene/a-olefin copolymer [A-4] is
desirably not more than 0.5 per 1,000 carbon atoms and less
than 1.0 per one molecule of the copolymer.

[0603] In the ethylene/a-olefin copolymer [A-4], the B
value represented by the following formula:

B PoE
" 2Po-PE

[0604] (wherein PE is a molar fraction of the ethylene
component contained in the copolymer, Po is a molar
fraction of the a-olefin component contained in the copoly-
mer, and PoE is a molar fraction of the a-olefin/ethylene
chain in all of the dyad chains), desirably is a number
satisfying the following condition:

[0605] 1.00=B,
[0606] preferably 1.01=B=1.50,
[0607] more preferably 1.01=B=1.30.

[0608] The B value indicates a distribution of each mono-
mer component in the copolymer chain, and can be calcu-
lated from the values for PE, Po and PoE defined above
determined in accordance with the reports by, for example,
G. J. Ray (Macromolecules, 10, 773, 1977), J. C. Randall
(Macromolecules, 15, 353, 1982), J. Polymer Science, Poly-
mer Physics Ed., 1,275, 1973), and K. Kimura (Polymer, 25,
441, 1984). A copolymer with a larger B value is a copoly-
mer having a narrower composition distribution in which
block-like chains of the copolymer chains are reduced and
ethylene and a-olefin are uniformly distributed.

[0609] The B value indicating the composition distribu-
tion was calculated from the values for PE, Po and PoE
which were obtained from a '*C-NMR spectrum measured
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on a sample having been obtained by uniformly dissolving
about 200 mg of a copolymer in 1 ml of hexachlorobutadi-
ene under the conditions of usually a temperature of 120° C.,
a frequency of 25.05 MHz, a spectrum width of 1,500 Hz,
a filter width of 1,500 Hz, a pulse repetition period of 4.2
sec, a pulse width of 7 usec and integration times of 2,000
to 5,000.

[0610] The ethylene/o-olefin copolymer [ A-4] having the
properties as mentioned above can be prepared by copoly-
merizing ethylene and an a-olefin of 3 to 20 carbon atoms
in the presence of an olefin polymerization catalyst formed
from (a-3) a transition metal compound catalyst component
and (b) an organoaluminum oxy-compound catalyst com-
ponent, both being described later, in such a manner that the
resulting copolymer would have a density of 0.880 to 0.960
g/cm™ In particular, the copolymer can be prepared by
copolymerizing ethylene and an a-olefin of 3 to 20 carbon
atoms in the presence of an olefin polymerization catalyst
(3) formed from (a-3) a transition metal compound catalyst
component, (b) an organoaluminum oxy-compound catalyst
component, (¢) a carrier, and if necessary, (d) an organoalu-
minum compound catalyst component, all components
being described later, or a prepolymerized catalyst (3) in
such a manner that the resulting copolymer would have a
density of 0.880 to 0.960 g/cm™>

[0611] First, the transition metal compound catalyst com-
ponent (a-3) is explained below.

[0612] The transition metal compound catalyst component
(a-3) (sometimes referred to as “component (a-3)” herein-
after) is a transition metal compound represented by the
following formula [VI]

ML, [vi]

[0613] wherein M is a transition metal atom selected from
Group IVB of the periodic table, L is a ligand coordinating
to the transition metal atom M, at least two of L are
cyclopentadienyl groups, methyleyclopentadienyl groups,
ethylcyclopentadientyl groups or substituted cyclopentadi-
enyl groups having at least one substituent selected from
hydrocarbon groups of 3 to 10 carbon atoms, L other than
the (substituted) cyclopentadienyl group is a hydrocarbon
group of 1 to 12 carbon atoms, an alkoxy group, an aryloxy
group, a halogen atom, a trialkylsilyl group or a hydrogen
atom, and x is a valence of the transition metal M.

[0614] In the above-mentioned formula [VI], M is a tran-
sition metal selected from Group IVB of the periodic table,
and concrete preferable examples of M include zirconium,
titanium and hafnium. Of these, particularly preferred is
zirconium.

[0615] The substituted cyclopentadienyl group may have
two or more of substituents, and each substituent may be the
same or different. When the substituted cyclopentadienyl has
two or more of substituents, at least one substituent is a
hydrocarbon group of 3 to 10 carbon atoms, and other
substituents are methyl, ethyl or a hydrocarbon group of 3 to
10 carbon atoms. Further, each substituent coordinated to the
M may be the same or different.

[0616] The hydrocarbon group having 3 to 10 carbon
atoms includes, for example, an alkyl group, a cycloalkyl
group, an aryl group and an aralkyl group, and concrete
examples of these groups are
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[0617] an alkyl group such as n-propyl, isopropyl,
n-butyl, isobutyl, sec-butyl, t-butyl, pentyl, hexyl,
octyl, 2-ethylhexyl, decyl;

[0618] a cycloalkyl group such as cyclopentyl and
cyclohexyl;

[0619] an aryl group such as phenyl and tolyl; and
[0620] an aralkyl group such as benzyl and neophyl.

[0621] Of these, preferred is an alkyl group, and particu-
larly preferred is n-propyl and n-butyl.

[0622] In the present invention, the (substituted) cyclo-
pentadienyl group coordinated to the transition metal atom
is preferably a substituted cyclopentadienyl group, more
preferably a cyclopentadienyl group substituted with alkyl
having 3 or more of carbon atoms, especially a di-substituted
cyclopentadienyl group, particularly 1,3-substituted cyclo-
pentadienyl group.

[0623] Inthe above formula [ VI], the ligand L coordinated
to the transition metal atom M other than the (substituted)
cyclopentadienyl group includes a hydrocarbon group of 1
to 12 carbon atoms, an alkoxy group, an aryloxy group,
halogen, trialkylsilyl group or hydrogen.

[0624] The hydrocarbon group having 1 to 12 carbon
atoms includes, for example, an alkyl group, a cycloalkyl
group, an aryl group and an aralkyl group, and concrete
examples of these groups are as follows;

[0625] an alkyl group such as methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, sec-butyl, t-butyl, pen-
tyl, hexyl, octyl, 2-ethylhexyl and decyl;

[0626] a cycloalkyl group such as cyclopentyl and
cyclohexyl;

[0627] an aryl group such as phenyl and tolyl;
[0628] an aralkyl group such as benzyl and neophyl;

[0629] an alkoxy group such as methoxy, ethoxy,
n-propoxy, isopropoxy, n-butoxy, isobutoxy, sec-bu-
toxy, t-butoxy, pentoxy, hexoxy and octoxy;

[0630] an aryloxy group such as phenoxy; and

[0631] halogen such as fluorine, chlorine, bromine
and iodine;

[0632] a trialkylsilyl group such as trimethylsilyl,
triethylsilyl and triphenylsilyl.

[0633] Listed below are concrete examples of the transi-
tion metal compound represented by the formula [VI].

[0634] Bis(cyclapentadienyl)zirconium dichloride,
[0635] Bis(methylcyclopentadienyl)zirconium dichloride,
[0636] Bis(ethylcyclopentadienyl)zirconium dichloride,

[0637] Bis(n-propylcyclopentadienyl)zirconium  dichlo-
ride,

[0638] Bis(n-butylcyclopentadienyl)zirconium dichloride,
[0639] Bis(n-hexylcyclopentadienyl)zirconium  dichlo-
ride,

[0640] Bis(methyl-n-propylcyclopentadienyl)zirconium
dichloride,
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[0641] Bis(methyl-n-butylcyclopentadienyl)zirconium
dichloride,

[0642] Bis(dimethyl-n-butylcyclopentadienyl)zirconium
dichloride,

[0643] Bis(n-butylcyclopentadienyl)zirconium dibromide,

[0644] Bis(n-butylcyclopentadienyl)zirconium methoxy-
chioride,

[0645] Bis(n-butylcyclopentadienyl)zirconium  ethoxy-
choride,

[0646] Bis(n-butylcyclopentadienyl)zirconium  butoxy-
chloride,

[0647] Bis(n-butylcyclopentadienyl)zirconium — diethox-
ide,

[0648] Bis(n-butylcyclopentadienyl)zirconium  methyl-

chloride,
[0649] Bis(n-butylcyclopentadienyl)zirconium dimethyl,

[0650] Bis(n-butylcyclopentadienyl)zirconium
ichloride,

benzy-

[0651] Bis(n-butylcyclopentadienyl)zirconium dibenzyl,

[0652] Bis(n-butylcyclopentadienyl)zirconium
chloride, and

phenyl-

[0653] Bis(n-butylcyclopentadienyl)zirconium
hydridechloride.

[0654] In the above exemplified compounds, di-substi-
tuted cyclopentadienyl include 1,2- and 1,3-substituted, and
tri-substituted include 1,2,3- and 1,2,4-substituted.

[0655] There may also be used transition metal com-
pounds obtained by substituting titanium or hafnium for
zirconium in the above-exemplified zirconium compounds.

[0656] Of these transition metal compounds represented
by the formula [VI], particularly preferred is

[0657] Bis(n-propylcyclopentadienyl)zirconium  dichlo-
ride,

[0658] Bis(n-butylcyclopentadienyl)zirconium dichloride,

[0659] Bis(1-methyl-3-n-propyleyclopentadienyl)zirco-
nium dichloride, or

[0660] Bis(1-methyl-3-n-butylcyclopentadienyl)zirco-
nium dichloride.

[0661] The organoaluminum oxy-compound catalyst com-
ponent (b) [component (b)] which forms the olefin polymer-
ization catalyst (3) is the same as the organoluminum
oxy-compound which forms the above mentioned olefin
polymerization catalyst (1).

[0662] The carrier (¢) [component (c)] which forms the
olefin polymerization catalyst (3) is the same as the carrier
which forms the above mentioned olefin polymerization
catalyst (1).

[0663] The optionally used organoaluminum compound
catalyst component (d) [component (d)] is the same as the
organoaluminum compound which forms the above men-
tioned olefin polymerization catalyst (1).

[0664] The ethylene/a-olefin copolymer [A-4] used in the
present invention can be prepared by the olefin polymeriza-
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tion catalyst (3) formed by contacting the above-mentioned
components (a-3), (b), (¢) and if necessary, component (d).
Though the mixing of these components (a-3), (b), (¢) and
(d) may be conducted in arbitrarily selected order, the
mixing and contacting is preferably conducted in the order
of:

[0665] mixing and contacting the components (b) and
(¢), followed by mixing and contacting the compo-
nent (a-3), and if necessary, mixing and contacting
the component (d).

[0666] The mixing of the above-mentioned components
(a-3), (b), (¢) and (d) can be carried out in an inert hydro-
carbon.

[0667] As the inert hydrocarbon solvent, there may be
mentioned an aliphatic hydrocarbon, such as propane,
butane, pentane, hexane, heptane, octane, decane, dodecane
and kerosene;

[0668] an alicyclic hydrocarbon, such as cyclopen-
tane, cyclohexane and methylcyclopentane;

[0669] an aromatic hydrocarbon, such as benzene,
toluene and xylene;

[0670] a halogenated hydrocarbon, such as ethylene
chloride, chlorobenzene and dichloromethane; and a
mixture thereof.

[0671] In the contacting and mixing of the components
(a-3), (b), (c) and if necessary (d), the component (a-3) is
used usually in an amount of 5x107° to 5x10™* mol, pref-
erably 1x107° to 2x10™* mol based on 1 g of the component
(c), and the concentration thereof is 1x10~* to 2x107= mol/],
preferably 2x107* to 1x10> mol/l. The atomic ratio (Al/
transition metal) of the aluminum in the component (b) to
the transition metal in the component (a-3) is usually 10 to
500, preferably 20 to 200. The atomic ratio (Al-d/Al-b) of
the aluminum atoms (Al-d) in the component (d) optionally
used to the aluminum atoms (Al-b) in the component (b) is
usually 0.02 to 3, preferably 0.05 to 1.5.

[0672] The components (a-3), (b) and (¢), and if necessary,
the component (d) are mixed and contacted at a temperature
of usually -50 to 150° C., preferably —20 to 120° C., with
a contact time of 1 minute to 50 hours, preferably 10 minutes
to 25 hours.

[0673] In the catalyst (3) for olefin polymerization
obtained as described above, it is desirable that the transition
metal derived from component (a-3) is supported in an
amount of 5x107° to 5x10™* g atom, preferably 1x107 to
2x10 g atom, and aluminum derived from components (b)
and (d) is supported in an amount of 107> to 5x10~2 g atom,
preferably 27173 to 2x1072 g atom, all the amounts being
based on 1 g of the component (c).

[0674] Further, the catalyst for preparing the ethylene/o-
olefin copolymer [ A-4] used in the present invention may be
a prepolymerized catalyst (3) obtained by prepolymerization
of olefin in the presence of the above-mentioned compo-
nents (a-3), (b) and (c), and if necessary, (d).

[0675] The prepolymerized catalyst (3) can be prepared by
mixing the component (a-3), the component (b), the com-
ponent (c), and if necessary, the component (d), introducing
olefin to the resulting mixture in the inert hydrocarbon
solvent, and carrying out prepolymerization.
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[0676] The olefins which can be prepolymerized include
ethylene and a-olefins each having 3 to 20 carbon atoms, for
example, propylene, 1-butene, 1-pentene, 4-methyl-1-pen-
tene, 1-hexene, 1-octene, 1-decene, 1-dodecene and 1-tet-
radecene. Of these, particularly preferred is ethylene or the
combination of ethylene and a-olefin used in the polymer-
ization.

[0677] During the prepolymerization, the component (a-3)
is used usually in a concentration of is 1x107° to 2x1072
mol/l, preferably 5x107° to 1x10™2 mol/l and amount thereof
is usually 5x107° to 5x10™* mol, preferably 1x107% to
2x10 mol based on 1 g of the component (c). The atomic
ratio (Al/transition metal) of the aluminum in the component
(b) to the transition metal in the component (a-3) is usually
10 to 500, preferably 20 to 200. The atomic ratio (Al-d/Al-b)
of the aluminum atoms (Al-d) in the component (d) option-
ally used to the aluminum atoms (Al-b) in the component (b)
is usually 0.02 to 3, preferably 0.05 to 1.5. The prepolymer-
ization is carried out at a temperature of -20 to 80° C,,
preferably 0 to 60° C., with a time of 0.5 to 100 hours,
preferably 1 to 50 hours.

[0678] The prepolymerized catalyst (3) can be prepared as
described below. First, the carrier (component (c)) is sus-
pended in the inert hydrocarbon. To the suspension, the
organoaluminum oxy-compound catalyst component (com-
ponent (b)) is introduced, and reacted for predetermined
period. Successively, supernatant is removed, and the result-
ing solid component is re-suspended in the inert hydrocar-
bon. Into the system, the transition metal compound catalyst
component (component (a-3)) is added and reacted for
predetermined period. Then, supernatant is removed to
obtain a solid catalyst component. Continuously, the solid
catalyst component obtained above is added into inert
hydrocarbon containing the organoaluminum compound
catalyst component (component (d)), and olefin is intro-
duced therein to obtain the prepolymerized catalyst (3).

[0679] An amount of prepolymerized polyolefin produced
in the prepolymerization is, desirably based on 1 g of the
carrier (c), of 0.1 to 500g, preferably 0.2 to 300g, more
preferably 0.5 to 200 g. In the prepolymerized catalyst (3),
component (a-3) is desirably supported in an amount in
terms of transition metal atom, based on 1 g of the carrier (¢),
of about 5x107° to 5x107* g atom, preferably 1x107 to
2x10 g atom. Further, a molecular ratio (Al/M) of alumi-
num atom (Al) derived from components (b) and (d) to
transition metal atom (M) derived from component (a-3) is
usually 5 to 200, preferably 10 to 150.

[0680] The prepolymerization may be carried out either
batchwise or continuously, and under reduced pressure,
normal pressure or applied pressure. During the prepoly-
merization, hydrogen may be allowed to be present to obtain
a prepolymer desirably having an intrinsic viscosity [n] of
0.2 to 7 dl/g, preferably 0.5 to 5 dl/g as measured in decalin
at least 135° C.

[0681] The ethylene/o-olefin copolymers [A-4] used in
the present invention are obtained by copolymerizing eth-
ylene with an a-olefin having 3 to 20 carbon atoms such as
propylene, 1-butene, 1-pentene, 1-hexene, 4-methyl-1-pen-
tene, 1-octene, 1-decene, 1-dodecene, 1-tetradecene,
1-hexadecene, 1-octadecene and 1-eicosene in the presence
of the olefin polymerization catalyst (3) or the prepolymer-
ized catalyst (3).
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[0682] Copolymerization of ethylene and a-olefin is car-
ried out in a gas phase or liquid phase, for example, in slurry.
In the slurry polymerization, an inactive hydrocarbon or the
olefin itself may be used as a solvent.

[0683] Concrete examples of the inactive hydrocarbon
solvent include aliphatic hydrocarbons such as butane,
isobutane, pentane, hexane, octane, decane, dodecane, hexa-
decane and octadecane; alicyclic hydrocarbons such as
cyclopentane, methyleyclopentane, cyclohexane and
cyclooctane; aromatic hydrocarbons such as benzene, tolu-
ene and xylene; and petroleum fractions such as gasoline,
kerosene and gas oil. Of these inactive hydrocarbons, pre-
ferred are aliphatic hydrocarbons, alicyclic hydrocarbons
and petroleum fractions.

[0684] When the copolymerization is carried out by the
slurry method or the gas phase method, the olefin polymer-
ization catalyst (3) or the prepolymerized catalyst (3) is used
at such amount that the concentration of the transition metal
compound becomes usually 10-8 to 10-3 g atom/liter, pref-
erably 10-7 to 10-4 g atom/liter in terms of the transition
metal in the polymerization reaction system.

[0685] Furthermore, in the polymerization, an organoalu-
minum oxy-compound similar to the catalyst component (b)
and/or an organoaluminum compound (d) may be added. In
this case, the atomic ratio (Al/M) of the aluminum atom (Al)
derived from the organoaluminum oxy-compound and the
organoaluminum compound to the transition metal atom (M)
derived from the transition metal compound catalyst com-
ponent (a-3) is 5 to 300, preferably 10 to 200, more
preferably 15 to 150.

[0686] When the ethylene/a-olefin copolymer [A-4] is
prepared by the slurry polymerization, the polymerization
temperature is usually —50 to 100° C., preferably 0 to 90° C.
When the ethylene/o-olefin copolymer [A-4] is prepared by
the gas phase polymerization, the polymerization tempera-
ture is usually 0 to 120° C., preferably 20 to 100° C.

[0687] The polymerization is carried out usually at a
normal pressure to 100 kg/cm?, preferably under a pressure
condition of 2 to 50 kg/cm®. The polymerization can be
carried out either batchwise, semicontinuously or continu-
ously.

[0688] Further, the polymerization may also be carried out
in not less than 2 steps having reaction conditions different
from each other.

High-pressure radical polymerization low-density
polyethylene [B-4]

[0689] The high-pressure radical polymerization low-den-
sity polyethylene [3-4] used in the invention is a branched
polyethylene having a number of long chain branches pre-
pared by so-called high-pressure radical polymerization, and
has a melt flow rate (MFR), as determined in accordance
with ASTM D1238-65T under the conditions of a tempera-
ture of 190° C. and a load of 2.16 kg, of 0.1 to 50 g/10 min,
preferably 0.2 to 10 g/10 min, more preferably 0.2 to 8 g/10
min.

[0690] In the high-pressure radical polymerization low-
density polyethylene [3-4] used in the invention, the index
of the molecular weight distribution (Mw/Mn,Mw=weight-
average molecular weight, Mn number-average molecular
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weight) measured by means of gel permeation chromatog-
raphy (GPC) and the melt flow rate (MFR) satisfy the
relation:

[0691] 7.5xlog(MFR)-1.2=Mw/MnZ=7.5xlog-
(MFR)+12.5, preferably

[0692] 7.5xlog(MFR)-0.5=Mw/MnZ=7.5xlog-
(MFR)+12.0, more preferably

[0693] 7.5xlog(MFR)=Mw/Mn=7.5xlog(MFR)+
12.0.

[0694] The high-pressure radical polymerization low-den-
sity polyethylene [B-4] used in the invention desirably has
a density (d) of 0.910 to 0.930 g/cm?>.

[0695] Further, in the high-pressure radical polymeriza-
tion low-density polyethylene [B-4] used in the invention, a
swell ratio indicating a degree of the long chain branch,
namely, a ratio (Ds/D) of a diameter (Ds) of a strand to an
inner diameter (D) of a nozzle, is desirably not less than 1.3.
The strand used herein is a strand extruded from a nozzle
having an inner diameter (D) of 2.0 mm and a length of 15
mm at an extrusion rate of 10 mm/min and a temperature of
190° C. using a capillary type flow property tester.

[0696] The high-pressure radical polymerization low-den-
sity polyethylene [B-4] as mentioned above may be a
copolymer obtained by copolymerizing ethylene with a
polymerizable monomer such as other c-olefin, vinyl acetate
or acrylic ester, provided that the object of the present
invention is not marred.

Ethylene copolymer composition

[0697] The fifth ethylene copolymer composition accord-
ing to the invention comprises the aforementioned ethylene/
a-olefin copolymer [A-4] and the high-pressure radical
polymerization low-density polyethylene [B-4] and a weight
ratio ([A-4]:(B-4]) between the ethylene/c-olefin copolymer
[A-4] and the high-pressure radical polymerization low-
density polyethylene [B-4] is usually in the range of 99:1 to
60:40, preferably 98:2 to 70:30, more preferably 98:2 to
80:20.

[0698] When the amount of the high-pressure radical
polymerization low-density polyethylene [B-4] is less than
the lower limit of the above range, the resulting composition
is sometimes improved insufficiently in the transparency and
the melt tension, and when the amount thereof is larger than
the upper limit of the above range, the resulting composition
is sometimes markedly deteriorated in the tensile strength
and the stress crack resistance.

[0699] The fifth ethylene copolymer composition accord-
ing to the invention may contain various additives if desired,
for example, weathering stabilizer, heat stabilizer, antistatic
agent, anti-slip agent, anti-blocking agent, antifogging
agent, lubricant, pigment, dye, nucleating agent, plasticizer,
anti-aging agent, hydrochloric acid absorbent and antioxi-
dant, provided that the object of the invention is not marred.

[0700] The fifth ethylene copolymer composition accord-
ing to the invention can be prepared by known processes, for
example, processes described below.

[0701] (1) A process of mechanically blending the ethyl-
ene/a-olefin copolymer [A-4], the high-pressure radical
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polymerization low-density polyethylene [B-4], and if nec-
essary, other optional components by the use of an extruder,
a kneader or the like.

[0702] (2) A process comprising dissolving the ethylene/
a-olefin copolymer [A-4], the high-pressure radical poly-
merization low-density polyethylene [B-4], and if necessary,
other optional components in an appropriate good solvent
(e.g., hydrocarbon solvent such as hexane, heptane, decane,
cyclohexane, benzene, toluene and xylene), and then remov-
ing the solvent from the resulting solution.

[0703] (3) A process comprising independently dissolving
the ethylene/a-olefin copolymer [A-4], the high-pressure
radical polymerization low-density polyethylene [B-4], and
if necessary, other optional components in an appropriate
good solvent to prepare solutions, then mixing the solutions,
and removing the solvent from the resulting mixture.

[0704] (4) A process of combining the above processes (1)
to (3).

[0705] The fifth ethylene copolymer composition accord-
ing to the present invention is subjected to ordinary air-
cooling inflation molding, two-stage air-cooling inflation
molding, high-speed inflation molding, T-die film molding,
water-cooling inflation molding or the like, to obtain a film.
The film thus obtained is excellent in transparency and
mechanical strength, and has properties inherently belong-
ing to general LLDPE, such as heat-sealing properties,
hot-tack properties, heat resistance and blocking resistance.
Further, the film is free from surface stickiness because the
ethylene/a-olefin copolymer [A-4] has a prominently nar-
row composition distribution. Moreover, because of low
stress within the high-shear region, the ethylene copolymer
composition can be extruded at a high speed, and consump-
tion of electric power is small, resulting in economical
advantage.

[0706] Films obtained by processing the fifth ethylene
copolymer composition of the present invention are suitable
for, for example, standard bags, heavy bags, wrapping films,
materials for laminates, sugar bags, packaging bags for oily
goods, packaging bags for moist goods, various packaging
films such as those for foods, bags for liquid transportation
and agricultural materials. The films may also be used as
multi-layer films by laminating the films on various sub-
strates such as a nylon substrate and a Tpolyester substrate.
Further, the films may be used for liquid transportation bags
obtained by blow molding, bottles obtained by blow mold-
ing, tubes and pipes obtained by extrusion molding, pull-off
caps, injection molded products such as daily use miscella-
neous goods, fibers and large-sized molded articles obtained
by rotational molding.

Sixth ethylene copolymer composition

[0707] The sixth ethylene copolymer composition accord-
ing to the present invention comprises an ethylene/a-olefin
copolymer [A-4] and a crystalline polyolefin [B-2].

Ethylene/o-olefin copolymer [ A-4]

[0708] The ethylene/a-olefin copolymer [A-4] employ-
able for the sixth ethylene copolymer composition is the
same as the ethylene/a-olefin copolymer used for the fifth
ethylene copolymer composition described above.
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Crystalline polyolefin [B-2]

[0709] The crystalline polyolefin [ B-2] employable for the
sixth ethylene copolymer composition is the same as the
crystalline polyolefins (B-I) to (B-III) used for the second
ethylene copolymer composition described before.

Ethylene copolymer composition

[0710] The sixth ethylene copolymer composition accord-
ing to the invention comprises the ethylene/c-olefin copoly-
mer [A-4] and the crystalline polyolefin [B-2], and a weight
ratio ([A-4]:[B-2]) between the ethylene/c-olefin copolymer
[A-4] and the crystalline polyolefin [B-2] is usually in the
range of 99:1 to 60:40, preferably 98:2 to 70:30, more
preferably 98:2 to 80:20.

[0711] The sixth ethylene copolymer composition accord-
ing to the invention may contain various additives if desired,
for example, weathering stabilizer, heat stabilizer, antistatic
agent, anti-slip agent, anti-blocking agent, antifogging
agent, lubricant, pigment, dye, nucleating agent, plasticizer,
anti-aging agent, hydrochloric acid absorbent and antioxi-
dant, provided that the object of the invention is not marred.

[0712] The sixth ethylene copolymer composition accord-
ing to the invention can be prepared by known processes, for
example, processes described below.

[0713] (1) A process of mechanically blending the ethyl-
ene/a-olefin copolymer [A-4] the crystalline polyolefin
[B-2], and if necessary, other optional components by the
use of an extruder, a kneader or the like.

[0714] (2) A process comprising dissolving the ethylene/
a-olefin copolymer [A-4], the crystalline polyolefin [B-2],
and if necessary, other optional components in an appropri-
ate good solvent (e.g., hydrocarbon solvent such as hexane,
heptane, decane, cyclohexane, benzene, toluene and xylene),
and then removing the solvent from the resulting solution.

[0715] (3) A process comprising independently dissolving
the ethylene/o-olefin copolymer [A-4], the crystalline poly-
olefin [B-2], and if necessary, other optional components in
an appropriate good solvent to prepare solutions, then mix-
ing the solutions, and removing the solvent from the result-
ing mixture.

[0716] (4) A process of combining the above processes (1)
to (3).

[0717] The sixth ethylene copolymer composition accord-
ing to the present invention is subjected to ordinary air-
cooling inflation molding, two-stage air-cooling inflation
molding, high-speed inflation molding, T-die film molding,
water-cooling inflation molding or the like, to obtain a film.
The film thus obtained is well-balanced between the trans-
parency and the rigidity, and has properties inherently
belonging to general LLDPE, such as heat-sealing proper-
ties, hot-tack properties and heat resistance. Further, the film
is free from surface stickiness because the ethylene/c-olefin
copolymer [A-4] has a prominently narrow composition
distribution.

[0718] Films obtained by processing the sixth ethylene
copolymer composition of the invention are suitable for, for
example, standard bags, heavy bags, wrapping films, mate-
rials for laminates, sugar bags, packaging bags for oily
goods, packaging bags for moist goods, various packaging
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films such as those for foods, bags for liquid transportation
and agricultural materials. The films may also be used as
multi-layer films by laminating the films on various sub-
strates such as a nylon substrate and a polyester substrate.
Further, the films may be used for liquid transportation bags
obtained by blow molding, bottles obtained by blow mold-
ing, tubes and pipes obtained by extrusion molding, pull-off
caps, injection molded products such as daily use miscella-
neous goods, fibers, and large-sized molded articles obtained
by rotational molding. Particularly, the films are most suit-
able for liquid transportation bags.

Seventh ethylene copolymer composition

[0719] The seventh ethylene copolymer composition
according to the present invention comprises an ethylene/
a-olefin copolymer [A-4] and an olefin type elastomer
[B-3].

Ethylene/o-olefin copolymer [ A-4]

[0720] The ethylene/a-olefin copolymer [A-4] employ-
able for the seventh ethylene copolymer composition is the
same as the ethylene/a-olefin copolymer used for the fifth
ethylene copolymer composition described before.

Olefin type elastomer [B-3]

[0721] The olefin type elastomer [B-3] employable for the
seventh ethylene copolymer composition is the same as the
olefin type elastomer used for the third ethylene copolymer
composition described before.

Ethylene copolymer composition

[0722] The seventh ethylene copolymer composition
according to the invention comprises the ethylene/ct-olefin
copolymer [A-4] and the olefin type elastomer [B-3], and a
weight ratio [A-4]:[B-3]) between the ethylene/ci-olefin
copolymer [A-4] and the olefin type elastomer [B-3] is
usually in the range of 99:1 to 60:40, preferably 95:5 to
70:30, more preferably 98:2 to 80:20. The ethylene/a-olefin
copolymer [A-4] and the olefin type elastomer [B-3] are
appropriately selected so that a density ratio ((B-3][A-4]) of
the olefin type elastomer [B-3] to the ethylene/o-olefin
copolymer [A-4] is less than 1, preferably in the range of
0.905 to 0.980.

[0723] The seventh ethylene copolymer composition
according to the invention may contain various additives if
desired, for example, weathering stabilizer, heat stabilizer,
antistatic agent, anti-slip agent, anti-blocking agent, antifog-
ging agent, lubricant, pigment, dye, nucleating agent, plas-
ticizer, anti-aging agent, hydrochloric acid absorbent and
antioxidant, provided that the object of the invention is not
marred.

[0724] The seventh ethylene copolymer composition
according to the invention can be prepared by known
processes, for example, processes described below.

[0725] (1) A process of mechanically blending the ethyl-
ene/a-olefin copolymer [A-4], the olefin type elastomer
[B-3] and if necessary, other optional components by the use
of an extruder, a kneader or the like.

[0726] (2) A process comprising dissolving the ethylene/
a-olefin copolymer [A-4], the olefin type elastomer [B-3],
and if necessary, other optional components in an appropri-
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ate good solvent (e.g., hydrocarbon solvent such as hexane,
heptane, decane, cyclohexane, benzene, toluene and xylene),
and then removing the solvent from the resulting solution.

[0727] (3) A process comprising independently dissolving
the ethylene/a-olefin copolymer [A-4], the olefin type elas-
tomer [B-3], and if necessary, other optional components in
an appropriate good solvent to prepare solutions, then mix-
ing the solutions, and removing the solvent from the result-
ing mixture.

[0728] (4) A process of combining the above processes (1)
to (3).

[0729] The seventh ethylene copolymer composition
according to the present invention is subjected to ordinary
air-cooling inflation molding, two-stage air-cooling inflation
molding, high-speed inflation molding, T-die film molding,
water-cooling inflation molding or the like, to obtain a film.
The film thus obtained is well-balanced between the trans-
parency and the rigidity, and has properties inherently
belonging to general LLDPE, such as heat-sealing proper-
ties, hot-tack properties and heat resistance. Further, the film
is free from surface stickiness because the ethylene/c-olefin
copolymer [A-4] has a prominently narrow composition
distribution.

[0730] Films obtained by processing the seventh ethylene
copolymer composition of the invention are suitable for, for
example, standard bags, heavy bags, wrapping films, mate-
rials for laminates, sugar bags, packaging bags for oily
goods, packaging bags for moist goods, various packaging
films such as those for foods, bags for liquid transportation
and agricultural materials. The films may also be used as
multi-layer films by laminating the films on various sub-
strates such as a nylon substrate and a polyester substrate.
Further, the films may be used for liquid transportation bags
obtained by blow molding, bottles obtained by blow mold-
ing, tubes and pipes obtained by extrusion molding, pull-off
caps, injection molded products such as daily use miscella-
neous goods, fibers, and large-sized molded articles obtained
by rotational molding. Particularly, the films are most suit-
able as wrapping films.

Eighth ethylene copolymer composition

[0731] The eighth ethylene copolymer composition
according to the present invention comprises an ethylene/
a-olefin copolymer composition [Ib] which comprises an
ethylene/a-olefin copolymer [ A-5] and an ethylene/o-olefin
copolymer [A-6], and a high-pressure radical polymeriza-
tion low-density polyethylene [IIb].

Ethylene/o-olefin copolymer [ A-5]

[0732] The ethylene/o-olefin copolymer [A-5] for form-
ing the eighth ethylene copolymer composition of the inven-
tion is a random copolymer of ethylene with an a-olefin of
3 to 20 carbon atoms. Examples of the a-olefin of 3 to 20
carbon atoms employable for copolymerization with ethyl-
ene include propylene, 1-butene, 1-pentene, 1-hexene,
4-methyl-1-pentene, 1-octene, 1-decene, 1-dodecene, 1-tet-
radecene, 1-hexadecene, 1-octadecene and 1-eicosene.

[0733] In the ethylene/a-olefin copolymer [A-5], it is
desired that constituent units derived from ethylene are
present in an amount of 55 to 99% by weight, preferably 65
to 98% by weight, more preferably 70 to 96% by weight, and
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constituent units derived from a-olefin of 3 to 20 carbon
atoms are present in an amount of 1 to 45% by weight,
preferably 2 to 35% by weight, more preferably 4 to 30% by
weight.

[0734] The ethylene/a-olefin copolymer [A-5] has the
following properties (i) to (v)

[0735] (i) The density (d) is usually in the range of
0.880 to 0.940 g/cm™ preferably 0.890 to 0.935
g/cm more preferably 0.900 to 0.930 g/cm™

[0736] (ii) The intrinsic viscosity HTA-5' as mea-
sured in decalin at 135° C. is in the range of 1.0 to
10.0 dl/g, preferably 1.25 to 8 dl/g, more preferably
1.27 to 6 dl/g.

[0737] (iii) The temperature (Tm (° C.)) at which the
endothermic curve of the copolymer measured by a
differential scanning calorimeter (DSC) shows the
maximum peak and the density (d) satisfy the rela-

tion:

[0738] Tm<400xd-250,

[0739] preferably Tm<450xd-297,

[0740] more preferably Tm<500xd—344,
[0741] particularly preferably Tm<550xd-391.

[0742] (iv) The melt tension (MT (g)) and the melt
flow rate (MFR) satisfy the relation:

[0743] MT=2.2xMFR->*",

[0744] (v) The fraction of a n-decane-soluble com-
ponent (W % by weight) at room temperature and the
density (d) satisfy the relation:

[0745] W<80xexp(~100(d—-0.88))+0.1,
[0746] preferably W<60xexp(-100(d-0.88))+0.1, 2

[0747] more preferably W<40xexp(-100(d-
0.88))+0.1.
[0748] 1t may be concluded from the relation between the

temperature (Tm) at which the endothermic curve measured
by a differential scanning calorimeter (DSC) shows the
maximum peak and the density (d), and the relation between
the fraction (W) of a n-decane-soluble component and the
density (d), that the ethylene/c-olefin copolymer [A-5] has
a narrow composition distribution.

[0749] Further, the number of unsaturated bond present in
the molecule of the ethylene/a-olefin copolymer [ A-5] desir-
ably is not more than 0.5 per 1,000 carbon atoms and less
than 1 per one molecule of the copolymer.

[0750] The ethylene/o-olefin copolymer [A-5] having the
properties as mentioned above can be prepared by copoly-
merizing ethylene with an a-olefin of 3 to 20 carbon atoms
in the presence of the aforementioned olefin polymerization
catalyst (3) or prepolymerized catalyst (3) under the same
conditions as those for preparing the ethylene/a-olefin
copolymer [A-5] in such a manner that the resulting copoly-
mer would have a density of 0.880 to 0.940 g/cm>.

[0751] When a slurry polymerization process is used for
preparing the ethylene/a-olefin copolymer [A-5], the poly-
merization temperature is usually in the range of —50 to 90°
C., preferably 0 to 80° C., and when a gas phase polymer-
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ization process is used therefor, the polymerization tempera-
ture is usually in the range of 0 to 90° C., preferably 20 to
80° C.

Ethylene/o-olefin copolymer [ A-6]

[0752] The ethylene/o-olefin copolymer [A-6] for form-
ing the eighth ethylene copolymer composition of the inven-
tion is a random copolymer of ethylene with an a-olefin of
3 to 20 carbon atoms. Examples of the a-olefin of 3 to 20
carbon atoms employable for copolymerization with ethyl-
ene include propylene, 1-butene, 1-pentene, 1-hexene,
4-methyl-1-pentene, 1-octene, 1-decene, 1-dodecene, 1-tet-
radecene, 1-hexadecene, 1-octadecene and 1-eicosene.

[0753] In the ethylene/a-olefin copolymer [A-6], it is
desired that constituent units derived from ethylene are
present in an amount of 55 to 99% by weight, preferably 65
to 98% by weight, more preferably 70 to 96% by weight, and
constituent units derived from a-olefin of 3 to 20 carbon
atoms are present in an amount of 1 to 45% by weight,
preferably 2 to 35% by weight, more preferably 4 to 30% by
weight.

[0754] The ethylene/a-olefin copolymer [A-6] has the
following properties (i) to (v).

[0755] (i) The density (d) is usually in the range of
0.910 to 0.960 g/cm®, preferably 0.915 to 0.955
g/cm?, more preferably 0.920 to 0.950 g/cm>.

[0756] (ii) The intrinsic viscosity [A-6] as measured
in decalin at 135° C. is in the range of 0.5 to 2.0 dl/g,
preferably 0.55 to 1.9 dl/g, more preferably 0.6 to 1.8
dl/g.

[0757] (iii) The temperature (Tm (° C.)) at which the
endothermic curve of the copolymer measured by a
differential scanning calorimeter (DSC) shows the
maximum peak and the density (d) satisfy the rela-

tion:

[0758] Tm<400xd-250,

[0759] preferably Tm<450xd-297,

[0760] more preferably Tm<500xd—344,
[0761] particularly preferably Tm<550xd-391.

[0762] (iv) The melt tension (MT (g)) and the melt
flow rate (MFR) satisfy the relation:

[0763] MT<2.2xMFR™5%,

[0764] (v) The quantity fraction (W (% by weight)) of
a n-decane-soluble component at room temperature
and the density (d) satisfy the relation:

[0765] in the case of MFR <10 g/10 min,

[0766] W<80xexp(-100(d-0.88))+0.1,

[0767] preferably W<60xexp(-100(d-0.88))+0.1,

[0768] more preferably W<40xexp(-100(d-
0.88))+0.1,

[0769] in the case of MFR>10 g/10 min,

[0770] W<S80x(MFR-9)%*xexp(-100(d-0.88))+
0.1.
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[0771] 1t may be concluded from the relation between the
temperature (Tm) at which the endothermic curve measured
by a differential scanning calorimeter (DSC) shows the
maximum peak and the density (d), and the relation between
the fraction (W) of a n-decane-soluble component and the
density (d), that the ethylene/c-olefin copolymer [A-6] has
a narrow composition distribution.

[0772] Further, the number of unsaturated bond present in
the molecule of the ethylene/a-olefin copolymer [ A-6] desir-
ably is not more than 0.5 per 1,000 carbon atoms and less
than 1 per one molecule of the copolymer.

[0773] The ethylene/o-olefin copolymer [A-6] having the
properties as mentioned above can be prepared by copoly-
merizing ethylene with an a-olefin of 3 to 20 carbon atoms
in the presence of an olefin polymerization catalyst

[0774] (4) or a prepolymerized catalyst (4) formed from
(a-4) a transition metal compound catalyst component, (b)
an organcaluminum oxy-compound catalyst component, (c)
a carrier, and if necessary, (d) an organoaluminum com-
pound catalyst component, all components being described
later, in such a manner that the resulting copolymer would
have a density of 0.910 to 0.960 g/cm?.

[0775] First, the transition metal compound catalyst com-
ponent (a-4) is explained below.

[0776] The transition metal compound catalyst component
(a-4) (sometimes referred to as “component (a-4)” herein-
after) is a compound of a transition metal in Group IV of the
periodic table which contains a ligand having a cyclopen-
tadienyl skeleton. There is no specific limitation on the
component (a-4), as far as it is a compound of a transition
metal in Group IV of the periodic table which contains a
ligand having a cyclopentadienyl skeleton. However, the
component (a-4) preferably is a transition metal compound
represented by the following formula [VII].

ML,

[0777] wherein M is a transition metal atom selected from
Group IVB of the periodic table, L is a ligand coordinating
to the transition metal, at least one of L is a ligand having a
cyclopentadienyl skeleton, L other than the ligand having a
cyclopentadienyl skeleton is a hydrocarbon group of 1 to 12
carbon atoms, an alkoxy group, an aryloxy group, a trialkyl-
silyl group, a SO4R group (R is a hydrocarbon group of 1 to
8 carbon atoms which may have a substituent group such as
halogen), a halogen atom or a hydrogen atom, and X is a
valance of the transition metal.

[vir]

[0778] The transition metal compound represented by the
above formula [ VII] includes the transition metal compound
represented by the formula [ VI] which is cited before as the
transition metal catalyst component (a-3).

[0779] In the above-mentioned formula [VII], M is a
transition metal selected from Group IVB of the periodic
table, and concrete preferable examples of M include zir-
conium, titanium and hafnium. Of these, particularly pre-
ferred is zirconium.

[0780] The ligands having a cyclopentadienyl skeleton
include, for example, cyclopentadienyl; an alkyl-substituted
cyclopentadienyl group such as methylcyclopentadienyl,
dimethyleyclopentadienyl, trimethylcyclopentadienyl, tet-
ramethyleyclopentadienyl, pentamethylcyclopentadienyl,
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ethylcyclopentadienyl, methylethylcyclopentadienyl, pro-
pyleyclopentadienyl, methylpropylcyclopentadienyl, butyl-
cyclopentadienyl, methylbutylcyclopentadienyl and hexyl-
cyclopentadienyl; indenyl, 4,5,6,7-tetrahydroindenyl and
fluorenyl. These groups may be substituted with halogen
atom or trialkylsilyl group, and the like.

[0781] Of these ligands coordinated to the transition
metal, particularly preferred is the alkyl-substituted cyclo-
pentadienyl group.

[0782] When the compound represented by the above
formula [ VII] contains two or more of the groups having a
cyclopentadienyl skeleton, two of them each having a cyclo-
pentadienyl skeleton can be bonded together through an
alkylene group (e.g., ethylene and propylene), a substituted
alkylene group such as isopropylidene and diphenylmeth-
ylene, a silylene group, or a substituted silylene group such
as dimethylsilylene, diphenylsilylene and methylphenylsi-
lylene.

[0783] Concrete examples of the ligand L other than those
having a cyclopentadienyl skeleton are as follows:

[0784] The hydrocarbon group having 1 to 12 carbon
atoms includes, for example, an alkyl group, a cycloalkyl
group, an aryl group and an aralkyl group, and concrete
examples of these groups are as follows;

[0785] an alkyl group such as methyl, ethyl, propyl,
isopropyl and butyl;

[0786] a cycloalkyl group such as cyclopentyl and
cyclohexyl;

[0787] an aryl group such as phenyl and tolyl,

[0788] an aralkyl group such as benzyl and neophyl;

[0789] an alkoxy group such as methoxy, ethoxy and
butoxy;

[0790] an aryloxy group such as phenoxy; and halo-

gen such as fluorine, chlorine, bromine and iodine.

[0791] The ligand represented by SO;R includes, for
example, p-toluenesulfonate, methanesulfonate and trifluo-
romethanesulfonate.

[0792] Such a metallocene compound containing ligands
each having a cyclopentadienyl skeleton (e.g. having a
transition metal with a valence of 4) may be represented
more concretely by the formula [VIT']

RZkR*1R*mR*nM [vIr]
[0793] be wherein M is a transition metal as mentioned
above, R* is a group having a cyclopentadienyl skeleton
(ligand), R?, R* and R® are each a group having a cyclo-
pentadienyl skeleton, an alkyl group, a cycloalkyl group, an
aryl group, an aralkyl group, an alkoxy group, an aryloxy
group, trialkylsilyl group, SO;R group, halogen or hydro-
gen, k is an integer of not less than 1, and k+1+m+n=4.

[0794] As the component (a-4), preferred is the metal-
locene compound represented by the above formula [ VIT'] in
which at least two of R%, R, R* and R®, that is, R® and R®
are each a group having a cyclopentadienyl skeleton
(ligand). Said groups having a cyclopentadienyl skeleton
may be bonded together through a group such as an alkylene
group (e.g., ethylene and propylene), a substituted alkylene
group such as isopropylidene and diphenylmethylene, a
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silylenegroup, and a substituted silylene group such as
dimethylsilylene, diphenylsilylene and methylphenylsi-
lylene. Further, R* and R® are each a group having a
cyclopentadienyl skeleton, an alkyl group, a cycloalkyl
group, an aryl group, an aralkyl group, an alkoxy group, an
aryloxy group, trialkylsilyl group, SO°R group, halogen or
hydrogen.

[0795] Listed below are concrete examples of the transi-
tion metal compound having zirconium as M.

[0796] Bis(indenyl)zirconium dichloride,

[0797] Bis(indenyl)zirconium dibromide,

[0798] Bis(indenyl)zirconium bis(p-toluenesulfonate),
[0799] Bis(4,5,6,7-tetrahydroindenyl)zirconium  dichlo-
ride,

[0800] Bis(fluorenyl)zirconium dichloride,

[0801] Ethylenebis(indenyl)zirconium dichloride,

[0802] Ethylenebis(indenyl)zirconium dibromide,

[0803] Ethylenebis(indenyl)dimethylzirconium,

[0804] Ethylenebis (indenyl)diphenylzirconium,

[0805] Ethylenebis(indenyl)methylzirconium monochlo-
ride,

[0806] Ethylenebis(indenyl)zirconium bis(methane-
sulfonate),

[0807] Ethylenebis(indenyl)zirconium bi(p-toluene-
sulfonate),

[0808] Ethylenebis(indenyl)zirconium bis(trifluo-
romethanesulfonate),

[0809] Ethylenebis(4,5,6,7-tetrahydroindenyl)zirconium
dichloride,

[0810] Isopropylidene(cyclopentadi-
enylfluorenyl)zirconium dichloride,

[0811] Isopropylidene(cyclopentadienyl-methyl
pentadienyl)zirconium dichloride,

cyclo-

[0812] Dimethylsilylenebis(cyclopentadienyl)zirconium
dichloride,

[0813] Dimethylsilylenebis(methyley-
clopentadienyl)zirconium dichlioride,

[0814] Dimethylsilylenebis(dimethyleyclopentadienyl)
zirconium dichloride,

[0815] Dimethylsilylenebis(trimethyleyclopentadienyl)
zirconium dichloride,

[0816] Dimethylsilylenebis(indenyl)zirconium dichloride,
[0817] Dimethylsilylenebis(indenyl)zirconium bis (trif-
luoromethanesulfonate),

[0818] Dimethylsilylenebis(4,5,
zirconium dichloride,

6,7-tetrahydroindenyl)

[0819] Dimethylsilylenebis(cyclopentadienyl-fluorenyl)
zirconium dichloride,

[0820] Diphenylsilylenebis(indenyl)zirconium dichloride,

[0821] Methylphenylsilylenebis(indenyl)zirconium
dichloride,



US 2003/0092845 Al

[0822] Bis(cyclopentadienyl)zirconium dichloride,
[0823] Bis(cyclopentadienyl)zirconium dibromide,
[0824] Bis(cyciopentadienyl)methylzirconium monochlo-
ride,

[0825] Bis(cyclopentadienyl)ethylzirconium  monochlo-
ride ,

[0826] Bis(cyclopentadienyl)cyclohexyzirconium
monochloride,

[0827] Bis(cyclopentadienyl)phenylzirconium monochlo-
ride,

[0828] Bis(cyclopentadienyl)benzylzirconium monochlo-
ride,

[0829] Bis(cyclopentadienyl)zirconium monochioride
monohydride,

[0830] Bis(cyclopentadienyl)methyizirconium monohy-
dride,

[0831] Bis(cyclopentadienyl)dimethylzirconium,

[0832] Bis(cyclopentadienyl)diphenylzirconium,

[0833] Bis(cyclopentadienyl)dibenzylzirconium,

[0834] Bis(cyclopenzadienyl)zirconium methoxychioride,
[0835] Bis(cyclopentadienyl)zirconium ethoxychloride,
[0836] Bis(cyclopentadienyl)zirconium bis(methane-
sulfonate),

[0837] Bis(cyclopentadienyl)zirconium bis(p-toluene-sul-
fonate),

[0838] Bis(cyclopentadienyl)zirconium
romethane-sulfonate),

bis(trifluo-

[0839] Bis(methylcyclopentadienyl)zirconium dichloride,

[0840] Bis(dimethylcyclopentadienyl)zirconium  dichlo-
ride,

[0841] Bis(dimethylcyclopentadienyl)zirconium ethoxy-
chloride,

[0842] Bis(dimethylcyclopentadienyl zirconium bis(trif-
luoromnethanesuifonate),

[0843] Bis(ethylcyclopentadienyl)zirconium dichloride,

[0844] Bis(methylethylcyclopentadienyl)zirconium
dichioride,

[0845] Bis(propylcyclopentadienyl)zirconium dichloride,

[0846] Bis(methylpropylcevelopentadienyl)zirconium
dichloride,

[0847] Bis(butylcyclopentadienyl)zirconium dichioride,
[0848] Bis(methyibutylcyclopentadienyl)zirconium
dichioride,

[0849] Bis(methylbutylcyclopentadienyl)zirconium  bis-
(methanesulfonate),

[0850] Bis(trimethylcyciopentadienyl)zirconium — dichlo-
ride,

[0851] Bis(tetramethylcyclopentadienyl)zirconium
dichloride,
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[0852] Bis(pentamethylcyclopentadienyl)zirconium
dichloride,

[0853] Bis(hexyleyclopentadienyl)zirconium — dichloride,
and

[0854] Bis(trimethylsilylcyclopentadienyl)zirconium
dichloride.

[0855] In the above exemplified compounds, di-substi-
tuted cyclopentadienyl includes 1,2- and 1,3-substituted, and
tri-substituted includes 1,2,3- and 1,2,4-substituted. Further,
the alkyl group such as propyl or butyl includes n-, i-, sec-
and tert- isomers.

[0856] There may also be used transition metal com-
pounds obtained by substituting titanium or hafnium for
zirconium in the above-exemplified zirconium compounds.

[0857] The above listed compounds and the transition
metal compounds represented by the above formula [ VI] are
used as transition metal catalyst component (a-4). Preferred
are the above mentioned transition metal compounds rep-
resented by the formula [VI]. Of these, particularly preferred
is

[0858] Bis(n-propylcyclopentadienyl)zirconium  dichlo-
ride,

[0859] Bis(n-butylcyclopentadienyl)zirconium dichloride,

[0860] Bis(1-methyl-3-n-propyleyclopentadienyl)zirco-
nium dichloride, or

[0861] Bis(1-methyl-3-n-butylcyclopentadienyl)zirco-
nium dichloride.

[0862] Further, the transition metal catalyst component
(a-3) used in the preparation of the ethylene/a-olefin copoly-
mer [ A-5] and the transition metal catalyst component (a-4)
used in the preparation of the ethylene/a-olefin copolymer
[A-6] are preferably the same compounds.

[0863] The organoaluminum oxy-compound catalyst com-
ponent (b) [component (b)] which forms the olefin polymer-
ization catalyst (4) is the same as the organoluminum
oxy-compound which forms the above mentioned olefin
polymerization catalyst (1).

[0864] The carrier (c) [component (c)] which forms the
olefin polymerization catalyst (4) is the same as the carrier
which forms the above mentioned olefin polymerization
catalyst (1).

[0865] The optionally used organoaluminum compound
catalyst component (d) [component (d)] is the same as the
organoaluminum compound which forms the above men-
tioned olefin polymerization catalyst (1).

[0866] The ethylene/a-olefin copolymer [A-6] used in the
present invention can be prepared by the olefin polymeriza-
tion catalyst (4) formed by contacting the above-mentioned
components (a-4), (b), (¢) and if necessary, component (d).
Though the mixing of these components (a-4), (b), (¢) and
(d) may be conducted in arbitrarily selected order, the
mixing and contacting is preferably conducted in the order
of:

[0867] mixing and contacting the components (b) and
(¢), followed by mixing and contacting the compo-
nent (a-4), and if necessary, mixing and contacting
the component (d).
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[0868] The mixing of the above-mentioned components
(a-4), (b), (c) and (d) can be carried out in an inert hydro-
carbon.

[0869] As the inert hydrocarbon solvent, there may be
mentioned an aliphatic hydrocarbon, such as propane,
butane, pentane, hexane, heptane, octane, decane, dodecane
and Kkerosene;

[0870] an alicyclic hydrocarbon, such as cyclopen-
tane, cyclohexane and methylcyclopentane;

[0871] an aromatic hydrocarbon, such as benzene,
toluene and xylene;

[0872] a halogenated hydrocarbon, such as ethylene
chloride, chlorobenzene and dichloromethane; and a
mixture thereof.

[0873] In the contacting and mixing of the components
(a-4), (b), (c) and if necessary (d), the component (a-4) is
used usually in an amount of 5x107° to 5x10™* mol, pref-
erably 1x107° to 2x10~* mol based on 1 g of the component
(¢), and the concentration thereof is 1x10™* to 2x107> mol/l,
preferably 2x107* to 1x107> mol/l. The atomic ratio (Al/
transition metal) of the aluminum in the component (b) to
the transition metal in the component (a-4) is usually 10 to
500, preferably 20 to 200. The atomic ratio (Al-d/Al-b) of
the aluminum atoms (Al-d) in the component (d) optionally
used to the aluminum atoms (Al-b) in the component (b) is
usually 0.02 to 3, preferably 0.05 to 1.5.

[0874] The components (a-4), (b) and (¢), and if necessary,
the component (d) are mixed and contacted at a temperature
of usually -50 to 150° C., preferably -20 to 120° C., with
a contact time of 1 minute to 50 hours, preferably 10 minutes
to 25 hours.

[0875] In the catalyst (4) for olefin polymerization
obtained as described above, it is desirable that the transition
metal derived from component (a-4) is supported in an
amount of 5x107° to 5x107* g atom, preferably 1x10~° to
2x10 g atom, and aluminum derived from components (b)
and (d) is supported in an amount of 107> to 51072 g atom,
preferably 2x107> to 2x107% g atom, all the amounts being
based on 1 g of the component ().

[0876] Further, the catalyst for preparing the ethylene/o-
olefin copolymer [ A-6] used in the present invention may be
a prepolymerized catalyst (4) obtained by prepolymerization
of olefin in the presence of the above-mentioned compo-
nents (a-4), (b) and (c), and if necessary, (d).

[0877] The prepolymerized catalyst (4) can be prepared by
mixing the component (a-4), the component (b), the com-
ponent (¢), and if necessary, the component (d), introducing
olefin to the resulting mixture in the inert hydrocarbon
solvent, and carrying out prepolymerization.

[0878] The olefins which can be prepolymerized include
ethylene and a-olefins each having 3 to 20 carbon atoms, for
example, propylene, 1-butene, 1-pentene, 4-methyl-1-pen-
tene, 1-hexene, 1-octene, 1-decene, 1-dodecene and 1-tet-
radecene. Of these, particularly preferred is ethylene or the
combination of ethylene and a-olefin used in the polymer-
ization.

[0879] During the prepolymerization, the component (a-4)
is used usually in a concentration of is 1x107° to 2x1072
mol/l, preferably 5x107° to 1x10™2 mol/l and amount thereof
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is usually 5%107° to 5x10™* mol, preferably 1x107° to
2x10 mol based on 1 g of the component (¢) The atomic
ratio (Al/transition metal) of the aluminum in the component
(b) to the transition metal in the component (a-4) is usually
10 to 500, preferably 20 to 200. The atomic ratio (Al-d/Al-b)
of the aluminum atoms (Al-d) in the component (d) option-
ally used to the aluminum atoms (Al-b) in the component (b)
is usually 0.02 to 3, preferably 0.05 to 1.5. The prepolymer-
ization is carried out at a temperature of -20 to 80° C.,
preferably 0 to 60 ° C., with a time of 0.5 to 100 hours,
preferably 1 to 50 hours.

[0880] The prepolymerized catalyst (4) can be prepared as
described below. First, the carrier (component (c)) is sus-
pended in the inert hydrocarbon. To the suspension, the
organoaluminum oxy-compound catalyst component (com-
ponent (b)) is introduced, and reacted for predetermined
period. Successively, supernatant is removed, and the result-
ing solid component is re-suspended in the inert hydrocar-
bon. Into the system, the transition metal compound catalyst
component (component (a-4)) is added and reacted for
predetermined period. Then, supernatant is removed to
obtain a solid catalyst component. Continuously, the solid
catalyst component obtained above is added into inert
hydrocarbon containing the organoaluminum compound
catalyst component (component (d)), and olefin is intro-
duced therein to obtain the prepolymerized catalyst (4).

[0881] An amount of prepolymerized polyolefin produced
in the prepolymerization is, desirably based on 1 g of the
carrier (c¢), of 0.1 to 500g, preferably 0.2 to 300 g, more
preferably 0.5 to 200 g. In the prepolymerized catalyst (4),
component (a-4) is desirably supported in an amount in
terms of transition metal atom, based on 1 g of the carrier (),
of about 5%107° to 5x107* g atom, preferably 1x107° to
2x10 g atom. Further, a molecular ratio (Al/M) of alumi-
num atom (Al) derived from components (b) and (d) to
transition metal atom (M) derived from component (a-4) is
usually 5 to 200, preferably 10 to 150.

[0882] The prepolymerization may be carried out either
batchwise or continuously, and under reduced pressure,
normal pressure or applied pressure. During the prepoly-
merization, hydrogen may be allowed to be present to obtain
a prepolymer desirably having an intrinsic viscosity [n] of
0.2 to 7 dl/g, preferably 0.5 to 5 dl/g as measured in decalin
at least 135° C.

[0883] The ethylene/(-olefin copolymers [A-6] used in the
present invention are obtained by copolymerizing ethylene
with an a-olefin having 3 to 20 carbon atoms such as
propylene, 1-butene, 1-pentene, 1-hexene, 4-methyl-1-pen-
tene, 1l-octene, 1-decene, 1-dodecene, 1-tetradecene,
1-hexadecene, 1-octadecene and 1-eicosene in the presence
of the olefin polymerization catalyst (4) or the prepolymer-
ized catalyst (4).

[0884] Copolymerization of ethylene and a-olefin is car-
ried out in a gas phase or liquid phase, for example, in slurry.
In the slurry polymerization, an inactive hydrocarbon or the
olefin itself may be used as a solvent.

[0885] Concrete examples of the inactive hydrocarbon
solvent include aliphatic hydrocarbons such as butane,
isobutane, pentane, hexane, octane, decane, dodecane, hexa-
decane and octadecane; alicyclic hydrocarbons such as
cyclopentane, methyleyclopentane, cyclohexane and
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cyclooctane; aromatic hydrocarbons such as benzene, tolu-
ene and xylene; and petroleum fractions such as gasoline,
kerosene and gas oil. Of these inactive hydrocarbons, pre-
ferred are aliphatic hydrocarbons, alicyclic hydrocarbons
and petroleum fractions.

[0886] When the copolymerization is carried out by the
slurry method or the gas phase method, the olefin polymer-
ization catalyst (4) or the prepolymerized catalyst (4) is used
at such amount that the concentration of the transition metal
compound becomes usually 10~% to 10~ g atom/liter, pref-
erably 1077 to 10™* g atom/liter in terms of the transition
metal in the polymerization reaction system.

[0887] Furthermore, in the polymerization, an organoalu-
minum oxy-compound similar to the catalyst component (b)
and/or an organoaluminum compound (d) may be added. In
this case, the atomic ratio (Al/M) of the aluminum atom (Al)
derived from the organoaluminum oxy-compound and the
organoaluminum compound to the transition metal atom (M)
derived from the transition metal catalyst component (a-4) is
5 to 300, preferably 10 to 200, more preferably 15 to 150.

[0888] When the ethylene/a-olefin copolymer [A-6] is
prepared by the slurry polymerization, the polymerization
temperature is usually —30 to 100° C., preferably 20 to 90°
C. When the ethylene/a-olefin copolymer [A-6] is prepared
by the gas phase polymerization, the polymerization tem-
perature is usually 20 to 120° C., preferably 40 to 100° C.

[0889] The polymerization is carried out usually at a
normal pressure to 100 kg/cm?, preferably under a pressure
condition of 2 to 50 kg/cm?. The polymerization can be
carried out either batchwise, semicontinuously or continu-
ously.

Ethylene/o-olefin copolymer composition [Ib]

[0890] The ethylene/o-olefin copolymer composition [Ib]
comprises the ethylene/a-olefin copolymer [A-5] and the
ethylene/a-olefin copolymer [A-6]. In this composition [Ib],
the ethylene/o-olefin copolymer [A-5] is contained in an
amount of 5 to 95% by weight, preferably 10 to 95% by
weight, and the ethylene/o-olefin copolymer [A-6] is con-
tained in an amount of 5 to 95% by weight, preferably 10 to
90% by weight.

[0891] The ethylene/a-olefin copolymer [A-5] and the
ethylene/a-olefin copolymer [A-6] are appropriately com-
bined so that a density ratio ([A-5]/[A-6]) of the ethylene/
a-olefin copolymer [A-5] to the ethylene/o-olefin copoly-
mer [A-6] is less than 1, preferably in the range of 0.930 to
0.999. Further, they also are appropriately combined so that
a ratio ((Ma_s /M a-]) of the intrinsic viscosity [1,,_s] of the
ethylene/a-olefin copolymer [A-5] to the intrinsic viscosity
[Ma.s] of the ethylene/a-olefin copolymer [A-6] is not less
than 1, preferably in the range of 1.05 to 10, more preferably
1.1to 5.

[0892] The ethylene/a-olefin copolymer composition has
a density of usually 0.890 to 0.955 g/cm™ preferably 0.900
10 0.950 g/cm™ and has a melt flow rate (MFR), as deter-
mined in accordance with ASTM D1238-65T under the
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conditions of a temperature of 190° C. and a load of 2.16 kg,
of 0.1 to 100 g/10 min, preferably 0.2 to 50 g/10 min.

[0893] The ethylene/a-olefin copolymer composition [Ib]
can be prepared by known processes, for example, processes
described below.

[0894] (1) A process of mechanically blending the ethyl-
ene/a-olefin copolymer [ A-5], the ethylene/a-olefin copoly-
mer [A-6], and if necessary, other optional components by
the use of an extruder, a kneader or the like.

[0895] (2) A process comprising dissolving the ethylene/
a-olefin copolymer [ A-5], the ethylene/a-olefin copolymer
[A-6], and if necessary, other optional components in an
appropriate good solvent (e.g., hydrocarbon solvent such as
hexane, heptane, decane, cyclohexane, benzene, toluene and
xylene), and then removing the solvent from the resulting
solution.

[0896] (3) A process comprising independently dissolving
the ethylene/a-olefin copolymer [ A-5] the ethylene/c-olefin
copolymer [A-6], and if necessary, other optional compo-
nents in an appropriate good solvent to prepare solutions,
then mixing the solutions, and removing the solvent from the
resulting mixture.

[0897] (4) A process in any combination of the above
processes (1) to (3).

[0898] Further, the ethylene/o-olefin copolymer composi-
tion [Ib] may be prepared by forming the ethylene/o-olefin
copolymer [A-5] and the ethylene/a-olefin copolymer [ A-6]
in two or mote copolymerization stages having reaction
conditions different from each other, or may be prepared by
separately forming the ethylene/a-olefin copolymer [A-5]
and the ethylene/a-olefin copolymer [A-6] by the use of
plural polymerizers.

High-pressure radical polymerization low-density
polyethylene [IIb]

[0899] The high-pressure radical polymerization low-den-
sity polyethylene [IIb] employable for the eighth ethylene
copolymer composition is the same as the high-pressure
radical polymerization low-density polyethylene [B-4] used
for the fifth ethylene copolymer composition described
before.

Ethylene copolymer composition

[0900] The eighth ethylene copolymer composition
according to the invention comprises the ethylene/ct-olefin
copolymer composition [Ib] and the high-pressure radical
polymerization low-density polyethylene [IIb]. It is desir-
able that a weight ratio ([Ib]:[1Ib]) between the ethylene/ot-
olefin copolymer composition [Ib] and the high-pressure
radical polymerization low-density polyethylene [Ib] is usu-
ally in the range of 99:1 to 60:40, preferably 98:2 to 70:30,
more preferably 98:2 to 80:20.

[0901] When the amount of the high-pressure radical
polymerization low-density polyethylene is less than the
lower limit of the above range, the resulting composition
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may be improved insufficiently in the transparency and the
melt tension. On the other hand, when the amount thereof is
larger than the upper limit of the above range, the resulting
composition may considerably be deteriorated in the tensile
strength and the stress crack resistance.

[0902] The eighth ethylene copolymer composition
according to the invention may contain various additives if
desired, for example, weathering stabilizer, heat stabilizer,
antistatic agent, anti-slip agent, anti-blocking agent, anti-
fogging agent, lubricant, pigment, dye, nucleating agent,
plasticizer, anti-aging agent, hydrochloric acid absorbent
and antioxidant, provided that the object of the invention is
not marred.

[0903] The eighth ethylene copolymer composition
according to the invention can be prepared by known
processes, for example, processes described below.

[0904] (1) A process of mechanically blending the ethyl-
ene/a-olefin copolymer composition [Ib], the high-pressure
radical polymerization low-density polyethylene [IIb], and if
necessary, other optional components by the use of an
extruder, a kneader or the like.

[0905] (2) A process comprising dissolving the ethylene/
a-olefin copolymer composition [Ib], the high-pressure radi-
cal polymerization low-density polyethylene [IIb], and if
necessary, other optional components in an appropriate good
solvent (e.g., hydrocarbon solvent such as hexane, heptane,
decane, cyclohexane, benzene, toluene and xylene), and then
removing the solvent from the resulting solution.

[0906] (3) A process comprising independently dissolving
the ethylene/o-olefin copolymer composition [Ib], the high-
pressure radical polymerization low-density polyethylene
[TIb], and if necessary, other optional components in an
appropriate good solvent to prepare solutions, then mixing
the solutions, and removing the solvent from the resulting
mixture.

[0907] (4) A process in any combination of the above
processes (1) to (3).

[0908] The eighth ethylene copolymer composition
according to the present invention may be processed by
conventional molding method, for example, air-cooling
inflation molding, two-stage air-cooling inflation molding,
high-speed inflation molding, T-die film molding, water-
cooling inflation molding or the like, to obtain a film. The
film thus obtained has excellent mechanical strength, and
retains properties inherent in general LLDPE, such as heat-
sealing properties, hot-tack properties, heat resistance and
blocking resistance. Further, the film is free from surface
stickiness because each of the ethylene/ct-olefin copolymer
[A-5] and the ethylene/o-olefin copolymer [A-6] has a
prominently narrow composition distribution. Moreover,
because of low stress within the high-shear region, the
ethylene copolymer composition can be extruded at a high
speed, and thus consumption of electric power is small,
resulting in economical advantage.

[0909] Films obtained from the eighth ethylene copolymer
composition of the invention are suitable for, for example,
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standard bags, heavy duty bags, wrapping films, materials
for laminates, sugar bags, packaging bags for oily goods,
packaging bags for moist goods, various packaging films
such as those for foods, bags for liquid transportation and
agricultural materials. The films may also be used as multi-
layer films by laminating the films on various substrates
such as a nylon substrate and a polyester substrate. Further,
the films may be used for liquid transportation bags obtained
by blow molding, bottles obtained by blow molding, tubes
and pipes obtained by extrusion molding, pull-off caps,
injection molded products such as daily use miscellaneous
goods, fibers and large-sized molded articles obtained by
rotational molding.

EFFECT OF THE INVENTION

[0910] The ethylene copolymer composition of the present
invention is excellent in heat stability and melt tension, and
from this ethylene copolymer composition, a film showing
high transparency, high mechanical strength and high block-
ing resistance can be obtained.

EXAMPLE

[0911] The present invention is further described below
with reference to examples, but it should be construed that
the present invention is in no way limited to those examples.

[0912] In this specification, physical properties of films
were evaluated in the following manner.

[0913] Haze

[0914] The haze was measured in accordance with ASTM-
D-1003-61.

[0915] Gloss

[0916] The gloss was measured in accordance with JIS
Z8741.

[0917] Film impact

[0918] The film impact was measured by a pendulum type
film impact tester produced by Toyo Seiki Seisakusho K. K.

[0919] Blocking force

[0920] Inflation films each having a size of 10 cm (width)x
20 ecm were sandwiched between two sheets of typing paper,
then further sandwiched between glass plates, and a load of
10 kg was applied to them in an air bath of 50° C. for 24
hours. Then, the films were fitted to an open tool to separate
the films at a rate of 200 mm/min. A load at the time when
the films are separated is A (g), the blocking force F (g/cm)
is determined by the following formula.

[0921] F=A/width of sample

[0922] As the F value becomes smaller, blocking of the
films come to hardly take place, that is, the film has a higher
blocking resistance.

[0923] Tensile test

[0924] A specimen was punched using a dumbbell (JIS
No. 1) from the film in the machine direction (MD) or the
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transverse direction (TD) of the film molding direction, and
a modulus in tension (YM) and an elongation at break (EL)
of the specimen were measured under the conditions of a
distance between chucks of 8 mm and a crosshead speed of
200 mm/min.

Preparation Example 1

[0925] Preparation of an ethylene/a-olefin copolymer

Preparation of a solid catalyst

[0926] 7.9 kg of silica having been dried at 250° C. for 10
hours was suspended in 121 liters of toluene, and the
resultant suspension was cooled to 0° C. Thereafter, to the
suspension was dropwise added 41 liters of a toluene
solution of methylaluminoxane (Al=1.47 mol/l) over 1 hour.
During the addition, the temperature of the system was kept
at 0° C. Successively, the reaction was carried out at 0° C.
for 30 minutes. Then, the temperature of the system was
elevated to 95° C. over 1.5 hours, and the reaction was
carried out at the same temperature for 4 hours. Thereafter,
the temperature of the system was lowered to 60° C., and the
supernatant liquid was removed by decantation.

[0927] The solid component obtained above was washed
twice with toluene, and then again suspended in 125 liters of
toluene. To the reaction system was dropwise added 20 liters
of a toluene solution of bis(1,3-dimethylcyclopentadi-
enyl)zirconium dichloride (Zr=28.4 mmol/l) at 30° C. over
30 minutes, and the reaction was further carried out at 30°
C. for 2 hours. Then, the supernatant liquid was removed,
and the residue was washed twice with hexane to obtain a
solid catalyst containing 4.6 mg of zirconium based on 1 g
of the solid catalyst.

Preparation of a prepolymerized catalyst

[0928] To 160 liters of hexane containing 16 mol of
triisobutylaluminum was added 4.3 kg of the solid catalyst
obtained in the above, and the resultant mixture was sub-
jected to prepolymerization with ethylene at 35° C. for 3.5
hours to obtain a prepolymerized catalyst in which polyeth-
ylene was present in an amount of 3 g based on 1 g of the
solid catalyst. This ethylene polymer had an intrinsic vis-
cosity [n] of 1.27 dl/g.

Polymerization

[0929] In a continuous fluidized bed gas phase reactor,
ethylene was copolymerized with 1-hexene at a total pres-
sure of 20 kg/cm>-G and a polymerization temperature of
80° C. To the reactor were continuously fed the prepoly-
merzied catalyst prepared in the above at a feed rate of 0.048
mmol/hour in terms of zirconium atom and triisobutylalu-
minum at a feed rate of 10 mmol/hour while continuously
feeding ethylene, 1-hexene, hydrogen and nitrogen to main-
tain a constant gas composition in the reactor (gas compo-
sition:  1-hexene/ethylene=0.030,  hydrogen/ethylene=
0.0013, ethylene concentration=25%) Thus, an ethylene/ct-
olefin copolymer (A-1-1) was obtained in an amount of 5.3
kg/hour. The copolymer had a density of 0.920 g/cm® and a
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melt flow rate (MFR) of 2.0 g/10 min. The temperature at the
maximum peak of the DSC endothermic curve (Tm) of the
copolymer was 112.2° C. Further, the copolymer had a melt
tension (MT) of 1.8 g at 190° C. and a flow index (FI) of 290
(1/sec). The amount of the decane-soluble portion in the
copolymer was 0.47% by weight at 23° C. The number of
unsaturated bond in the copolymer was 0.091 per 1,000
carbon atoms, and was 0.08 per one molecule of the poly-
mer.

[0930] Physical properties of the ethylene/o-olefin
copolymer (A-1-1) are set forth in Table 1.

Example 1

Preparation of a composition

[0931] The ethylene/a-olefin copolymer (A-1-1) obtained
in Preparation Example 1 and a high-pressure radical poly-
merization low-density polyethylene (B-1-1) shown in Table
2 were dry blended in a mixing ratio of 90/10 [(A-1-1)/A(B-
1-1)]. To the resultant blend were added 0.05 part by weight
of tri(2,4-di-t-butylphenyl)phosphate as a secondary antioxi-
dant, 0.1 part by weight of n-octadecyl-3-(4'-hydroxy-3',
5'-di-t-butylphenylpropionate as a heat-resistant stabilizer
and 0.05 part by weight of. calcium stearate as a hydrochlo-
ric acid absorbent, each based on 100 parts by weight of the
resin. Then, the resultant mixture was kneaded by a conical-
tapered twin-screw extruder (produced by Haake Buchler
Instrument Inc.) at a preset temperature of 180° C., to obtain
an ethylene copolymer composition.

Film formation

[0932] The ethylene copolymer composition obtained as
above was subjected to inflation by the use of a single-screw
extruder (20 mmg-L/D=26) equipped with a die of 25 mmg
(lip width: 0.7 mm) and a single-slit air ring under the
conditions of an air flow rate of 901/min, an extrusion rate of
9 g/min, a blow ratio of 1.8, a take-up rate of 2.4 m/min and
a processing temperature of 200° C., to form a film having
a thickness of 30 um.

[0933] Melt properties of the ethylene copolymer compo-
sition and physical properties of the film formed from the
composition are set forth in Table 3.

[0934] As is evident from Table 3, the film obtained from
the composition was excellent in optical characteristics,
moldability, blocking resistance and strength.

Reference Example 1

[0935] The procedure of film formation in Example 1 was
repeated except for using the ethylene/a-olefin copolymer
(A-1-1) obtained in Preparation Example 1, to form a film
having a thickness of 30 um. Melt properties of the ethylene/
a-olefin copolymer and physical properties of the film
formed from the copolymer are set forth in Table 3.

[0936] As is evident from Example 1 and Reference
Example 1, the ethylene/a-olefin copolymer was improved
in moldability and optical characteristics by blending it with
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a high-pressure radical polymerization low-density polyeth-
ylene. Further, the ethylene copolymer composition was
hardly reduced in the film impact as compared with the
ethylene/c-olefin copolymer (A-1-1), in spite that the com-
position contained a high-pressure radical polymerization
low-density polyethylene having a low film impact.

Comparative Example 1

Preparation of an ethylene/a-olefin copolymer
(C-D
[0937] The procedure of copolymerization of ethylene
with 1-hexene in Preparation Example 1 was repeated
except for replacing the zirconium catalyst system with a
titanium type catalyst system described in Japanese Patent
Publication No. 63(1988)-54289, to obtain an ethylene/at-
olefin copolymer (C-1). Physical properties of the ethylene/
a-olefin copolymer (C-1) are set forth in Table 1.

Preparation of an ethylene copolymer composition

[0938] The ethylene/a-olefin copolymer (C-1) obtained in
the above and a high-pressure radical polymerization low-
density polyethylene (B-1-1) shown in Table 2 were used to
prepare an ethylene copolymer composition in a manner
similar to that of Example 1.

Film formation

[0939] From the ethylene copolymer composition
obtained in the above, a film having a thickness of 30 um
was formed in a manner similar to that of Example 1. Melt
properties of the ethylene copolymer composition and physi-
cal properties of the film formed from the composition are
set forth in Table 3.

[0940] The film obtained above had a wide composition
distribution and a large amount of sticky component, and
hence the film was particularly low in the blocking resis-
tance. Further, as is clear from Comparative Example 1 and
Example 1 wherein an ethylene/a-olefin copolymer contain-
ing the same comonomers as those of the copolymer in
Comparative Example 1 and having MT and density almost
equal to those of the copolymer in Comparative Example 1
was used, the film of Example 1 was very low in reduction
of the film impact.

Comparative Example 2

[0941] From the -ethylene/a-olefin copolymer (C-1)
obtained in Comparative Example 1, a film having a thick-
ness of 30 um was formed in a manner similar to that of
Example 1.

[0942] Melt properties of the ethylene/o-olefin copolymer
(C-1) and physical properties of the film formed from the
copolymer are set forth in Table 3.

Preparation Examples 2-4

[0943] The procedure of Preparation Example 1 was
repeated except for varying the kinds of the comonomers
and the amounts thereof to those set forth in Table 1, to
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obtain ethylene/a-olefin copolymers (A-1-2), (A-1-3) and
(A-1-4) Physical properties of the ethylene/a-olefin copoly-
mers (A-1-2), (A-1-3) and (A-1-4) are set forth in Table 1.

Examples 2-4

[0944] The procedure for preparing the ethylene copoly-
mer composition in Example 1 was repeated except for
varying the ethylene/a-olefin copolymer to those set forth in
Table 3, to prepare ethylene copolymer compositions. From
the ethylene copolymer compositions thus prepared, films
each having a thickness of 30 um were formed in a manner
similar to that of Example 1.

[0945] Melt properties of the ethylene copolymer compo-
sitions and physical properties of the films formed from the
compositions are set forth in Table 3.

Reference Examples 2-4

[0946] From the ethylene/c-olefin copolymers (A-1-2),
(A-1-3) and (A-1-4) obtained in Preparation Examples 2 to
4, films each having a thickness of 30 um were formed in a
manner similar to that of Example 1.

[0947] Melt properties of the ethylene/o-olefin copoly-
mers (A-1-2), (A-1-3) and (A-1-4) and physical properties of
the films formed from the copolymers are set forth in Table
3.

Preparation Example 5

[0948] The procedure of copolymerization of ethylene
with 1-hexene in Preparation Example 1 was repeated
except for replacing bis(1,3-dimethylcyclopentadienyl)zir-
conium dichloride with ethylenebis(indenyl)zirconium
dichloride and varying the comonomer amount to that set
forth in Table 1, to prepare an ethylene/ct-olefin copolymer
(A-1-5).

[0949] Physical properties of the ethylene/o-olefin
copolymer (A-1-5) are set forth in Table 1.

Example 5

[0950] The ethylene/a-olefin copolymer (A-1-5) obtained
in

[0951] Preparation Example 5 and a high-pressure radical
polymerization low-density polyethylene (B-1-2) shown in
Table 2 were used to prepare an ethylene copolymer com-
position in a manner similar to that of Example 1. From the
ethylene copolymer composition thus prepared, a film hav-
ing a thickness of 30 um was formed in a manner similar to
that of Example 1.

[0952] Melt properties of the ethylene copolymer compo-
sition and physical properties of the film formed from the
composition are set forth in Table 3.

Reference Example 5

[0953] The procedure of film formation in Example 1 was
repeated except for using the ethylene/a-olefin copolymer
(A-1-5) obtained in Preparation Example 5, to form a film
having a thickness of 30 um.
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[0954] Melt properties of the ethylene/o-olefin copolymer
(A-1-5) and physical properties of the film formed from the
copolymer are set forth in Table 3.

Example6

[0955] The ethylene/a-olefin copolymer (A-1-1) obtained
in Preparation Example 1 and a high-pressure radical poly-
merization low-density polyethylene (B-1-3) shown in Table
2 were used to prepare an ethylene copolymer composition
in a manner similar to that of Example 1. From the ethylene
copolymer composition thus prepared, a film having a
thickness of 30 um was formed in a manner similar to that
of Example 1.

[0956] Melt properties of the ethylene copolymer compo-
sition and physical properties of the film formed from the
composition are set forth in Table 3.
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Example 3, the resulting composition was not increased in
the melt tension.

[0960] 1t has been confirmed from the examples, the
comparative examples and the reference examples described
above that when the ethylene/a-olefin copolymer is blended
with a specific high-pressure radical polymerization low-
density polyethylene, the resulting composition is improved
in the moldability, and the film formed from the composition
is improved in the optical characteristics. Further, the eth-
ylene copolymer composition is hardly reduced in the film
impact, as compared with the ethylene/a-olefin copolymer
only, in spite that the composition contains a high-pressure
radical polymerization low-density polyethylene having a
low film impact. Moreover, it has been also confirmed that
a film showing high blocking resistance can be obtained
from the ethylene copolymer composition of the invention.

TABLE 1

Ethylene/a-olefin copolymer

Amount of MFR Decane-soluble

Code comonomer Density g/10 Tm Formula MT Formula FI Formula portion weight Formula Unsaturated
No. Comonomer mol % g/lem® min °C €8} g 2 s ©) % (4 bond*1
A-1-1 1-hexene 3.0 0.920 20 1122 1180 1.8 1.2 290 150 0.47 1.57 0.091
A-1-2 1-pentene 2.6 0.920 21 1119 1180 1.7 1.2 270 158 0.08 1.57 0.093
A-1-3  4-methyl-1-pentene 2.3 0.921 20 112.0 1184 1.9 1.2 280 150 0.25 1.43 0.022
A-1-4 1-butene 2.5 0.926 20 1115 1204 1.9 1.2 270 150 0.57 0.90 0.091
A-1-5 1-hexene 2.8 0.922 1.6 1121 1188 6.6 1.5 220 120 0.53 1.30 0.088
C-1 1-hexene 3.6 0.922 1.0 1232 1188 1.8 2.2 190 75 79 1.30 0.250
Remark:

Formula (1): Tm < 400 x d - 250

wherein Tm means a melting point at the maximum peak of the DSC endothermic curve, and d means a density.

Formula (2): MT > 2.2 x MFR-%%4

wherein MT means a melt tension at 190° C., and MFR means a melt flow rate.

Formula (3): FI > 75 x MFR

wherein FI means a flow index, and MFR means a melt flow rate.

Formula (4): W < 80 x exp(-100(d - 0.88)) + 0.1 [under the condition of MFR = 10 g/10 min], wherein W means a weight of a decane-soluble portion
at 23° C.

Formula (4): W < 80 x (MFR - 9)7°2° x exp(-100(d - 0.88)) + 0.1 [under the condition of MFR > 10 g/10 min], wherein
W means a weight of a decane-soluble portion at 23° C.

*1: the number of unsaturated bond in the ethylene/a-olefin copolymer based on 1,000 carbon atoms.

A-1-1~A-1-5: Zr type catalyst, gas phase polymerization

C-1: Ti type catalyst, gas phase polymerization

Comoarative Example 3 [0961]

[0957] The ethylene/a-olefin copolymer (A-1-1) obtained
in Preparation Example 1 and a high-pressure radical poly-
merization low-density polyethylene (D-1) shown in Table 2
were used to prepare an ethylene copolymer composition in
a manner similar to that of Example 1. From the ethylene
copolymer composition thus prepared, a film having a

TABLE 2

High-pressure radical plymerization low-density polyethylene

Physical property of film

thickness of 30 yum was formed in a manner similar to that Code MFR  Mw/ Density Haze Gloss Film impact
of Example 1. No. (/10 min.) Mn 1 (g/em®) % % kg - cm/cm
[0958] Melt properties of the ethylene copolymer compo- B-11 52 94 42 0919 150 14 1,050
sition and physical properties of the film formed from the B-1-2 0.50 44 <0 0924 74 51 1,750
composition are set forth in Table 3. B-13 0-32 106 <0 0922 —  — -
D-1 66 89 124 0915 — @ — —
[0959] As is evident from Comparative Example 3 and
Reference Example 1, even by blending the ethylene/o- Remark:

olefin copolymer with such a high-pressure radical polymer-
ization low-density polyethylene as used in Comparative

*1: value obtained by the formula 7.5 x log(MFR) - 1.2
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[0962]
TABLE 3
Melt property of
ethylene copolymer Physical property of film
Component  Component Mixing ratio composition Impact
A B A/B MFR MT  FI Haze Gloss Film impact retention Blocking  Moldabili-

Code No. Code No.  weight ratio /10 min. g st % %  kg-cm/cm rate*1  force g/em ty*2
Ex. 1 A-1-1 B-1-1 90710 2.1 31 350 8.6 54 3,380 95 0.43 AA
Ref. Ex. 1 A-1-1 100/0 2.0 1.8 290 9.5 49 3,540 100 0.21 CcC
Comp. Ex. 1 C-1 B-1-1 90710 1.0 40 245 62 95 2,760 81 4.7 AA
Comp. Ex. 2 C-1 100/0 1.0 1.8 190 115 44 3,400 100 4.0 CcC
Ex. 2 A-1-2 B-1-1 90710 2.1 29 330 62 90 2,620 96 0.44 BB
Ref. Ex. 2 A-1-2 100/0 2.1 17 270 74 68 2,730 100 0.27 CcC
Ex. 3 A-1-3 B-1-1 90710 2.0 30 340 6.4 88 2,920 95 0.15 AA
Ref. Ex. 3 A-1-3 100/0 2.0 19 280 79 62 3,070 100 0.13 CcC
Ex. 4 A-1-4 B-1-1 90710 2.0 29 330 60 91 1,770 99 1.16 BB
Ref. Ex. 4 A-1-4 100/0 2.0 19 270 6.8 68 1,790 100 0.78 CcC
Ex. 5 A-1-5 B-1-2 90710 1.7 88 220 101 43 2,900 96 0.08 AA
Ref. Ex. 5 A-1-5 100/0 1.6 69 220 120 36 3,010 100 0.06 AA
Ex. 6 A-1-1 B-1-3 90710 1.8 37 290 124 28 3,490 99 0.20 AA
Ref. Ex. 1 A-1-1 100/0 2.0 1.8 290 9.5 49 3,540 100 0.21 CcC
Comp. Ex. 3 A-1-1 D-1 90710 2.2 1.8 390 94 52 3,210 91 0.29 CcC
Ref. Ex. 1 A-1-1 100/0 2.0 1.8 290 9.5 49 3,540 100 0.21 CcC
Remark:

Impact retention rate*1: film impact of a film formed from the ethylene copolymer composition based on the film impact of a film formed from the eth-
ylene/a-olefin copolymer only being 100. As this value is larger, the impact retention becomes higher.

Moldability*2: AA: MT = 3, BB: 3 > MT = 2, CC: 2 > MT

Preparation Example 6

[0963] Preparation of an ethylene/a-olefin copolymer

Preparation of a solid catalyst

[0964] 7.9 kg of silica having been dried at 250° C. for 10
hours was suspended in 121 liters of toluene, and the
resultant suspension was cooled to 0° C. Thereafter, to the
suspension was dropwise added 41 liters of a toluene
solution of methylaluminoxane (Al=1.47 mol/l) over 1 hour.
During the addition, the temperature of the system was kept
at 0° C. Successively, the reaction was carried out at 0° .C
for 30 minutes. Then, the temperature of the system was
elevated to 95° C. over 1.5 hours, and the reaction was
carried out at the same temperature for 4 hours. Thereafter,
the temperature of the system was lowered to 60° C., and the
supernatant liquid was removed by decantation.

[0965] The solid component obtained above was washed
twice with toluene, and then again suspended in 125 liters of
toluene. To the reaction system was dropwise added 20 liters
of a toluene solution of bis(1,3-dimethylcyclopentadi-
enyl)zirconium dichloride (Zr=28.4 mmol/1) at 30° C. over
30 minutes, and the reaction was further carried out at 30°
C. for 2 hours. Then, the supernatant liquid was removed,
and the residue was washed twice with hexane to obtain a
solid catalyst containing 4.6 mg of zirconium based on 1 g
of the solid catalyst.

Preparation of a prepolymerized catalyst

[0966] To 160 liters of hexane containing 16 mol of
triisobutylaluminum was added 4.3 kg of the solid catalyst
obtained in the above, and the resultant mixture was sub-
jected to prepolymerization with ethylene at 35° C. for 3.5
hours to obtain a prepolymerized catalyst in which polyeth-
ylene was present in an amount of 3 g based on 1 g of the
solid catalyst. This ethylene polymer had an intrinsic vis-
cosity [n] of 1.27 dl/g.

Polymerization

[0967] In a continuous fluidized bed gas phase reactor,
ethylene was copolymerized with 1-hexene at a total pres-
sure of 20 kg/cm>-G and a polymerization temperature of
80° C. To the reactor were continuously fed the prepoly-
merzied catalyst prepared in the above at a feed rate of 0.048
mmol/hour in terms of zirconium atom and triisobutylalu-
minum at a feed rate of 10 mmol/hour while continuously
feeding ethylene, 1-hexene, hydrogen and nitrogen to main-
tain a constant gas composition in the reactor (gas compo-
sition:  1-hexene/ethylene=0.083,  hydrogen/ethylene=
0.0012, ethylene concentration=23%) Thus, an ethylene/ct-
olefin copolymer (A-1-6) was obtained in an amount of 5.3
kg/hour. The copolymer had a density of 0.927 g/cm? and a
melt flow rate (MFR) of 1.0 g/10 min. The temperature at the
maximum peak of the DSC endothermic curve (Tm) of the
copolymer was 117.8° C. Further, the copolymer had a melt
tension (MT) of 3.2 g at 190° C. and a flow index (FI) of 180
(1/sec). The amount of the decane-soluble portion in the
copolymer was 0.22% by weight at 23° C. The number of
unsaturated bond in the copolymer was 0.062 per 1,000
carbon atoms, and was 0.06 per one molecule of the poly-
mer.

[0968] Physical properties of the ethylene/o-olefin
copolymer (A-1-6) are set forth in Table 4.

Reference Example 6
[0969] Film formation

[0970] The ethylene/a-olefin copolymer (A-1-6) obtained
in Preparation Example 6 was subjected to inflation by the
use of a single-screw extruder (20 mmg-1/D=26) equipped
with a die of 25 mmg (lip width: 0.7 mm) and a single-slit
air ring under the conditions of an air flow rate of 90 I/min,
an extrusion rate of 9 g/min, a blow ratio of 1.8, a take-up
rate of 2.4 m/min and a processing temperature of 200° C.,
to form a film having a thickness of 30 um.
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[0971] Melt properties of the ethylene/o-olefin copolymer
(A-1-6) and physical properties of the film formed from the
copolymer are set forth in Table 6.

Example 7

Preparation of a composition

[0972] The ethylene/a-olefin copolymer (A-1-6) obtained
in Preparation Example 6 and a crystalline polyolefin (B-2-
1) shown in Table 5 were dry blended in a weight ratio of
90/10 [(A-1-6)/(B-2-1)]. To the resultant blend were added
0.05 part by weight of tri(2,4-di-t-butylphenyl)phosphate as
a secondary antioxidant, 0.1 part by weight of n-octadecyl-
3-(4'-hydroxy-3',5'-di-t-butylphenyl)propionate as a heat-re-
sistant stabilizer and 0.05 part by weight of calcium stearate
as a hydrochloric acid absorbent, each based on 100 parts by
weight of the resin. Then, the resultant mixture was kneaded
by a conical-tapered twin-screw extruder (produced by
Haake Buchler Instrument Inc.) at a preset temperature of
180° C., to obtain an ethylene copolymer composition.

Film formation

[0973] The ethylene copolymer composition obtained in
the above was subjected to inflation in a manner similar to
that of Reference Example 6, to prepare a film having a
thickness of 30 un.

[0974] Melt properties of the ethylene copolymer compo-
sition and physical properties of the film formed from the
composition are set forth in Table 6.

[0975] As compared with Reference Example 6, the eth-
ylene copolymer composition obtained above was not low-
ered in the melt tension and the flow index (FI) within the
high-shear region, and the film formed from the composition
was improved in the rigidity.

Example 8

Preparation of a composition

[0976] The procedure for preparing the ethylene copoly-
mer composition in Example 7 was repeated except for
using the ethylene/a-olefin copolymer (A-1-6) obtained in
Preparation Example 6 and a crystalline polyolefin (B-2-2)
shown in Table 5 in a weight ratio of 90/10 [(A-1-6)/(B-2-
2)], to prepare an ethylene copolymer composition.

[0977] Film formation

[0978] From the ethylene copolymer composition
obtained in the above, a film having a thickness of 30 um
was formed in a manner similar to that of Reference
Example 6.

[0979] Melt properties of the ethylene copolymer compo-
sition and physical properties of the film formed from the
composition are set forth in Table 6.

[0980] As compared with Reference Example 6, the eth-
ylene copolymer composition obtained above was not low-
ered in the melt tension and the flow index (FI) within the
high-shear region, and the film formed from the composition
was at improved in the rigidity.

Example 9

Preparation of a composition

[0981] The procedure for preparing the ethylene copoly-
mer composition in Example 7 was repeated except for
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using the ethylene/a-olefin copolymer (A-1-6) obtained in
Preparation Example 6 and a crystalline polyolefin (B-2-3)
shown in Table 5 in a weight ratio of 90/10 [(A-1-6)/(B-2-3)],
to prepare an ethylene copolymer composition.

Film formation

[0982] From the ethylene copolymer composition
obtained in the above, a film having a thickness of 30 um
was formed in a manner similar to that of Reference
Example 6.

[0983] Melt properties of the ethylene copolymer compo-
sition and physical properties of the film formed from the
composition are set forth in Table 6.

[0984] As compared with Reference Example 6, the eth-
ylene copolymer composition obtained above was increased
in the flow index (FT) within the high-shear region, and the
film formed from the composition was enhanced in the
rigidity.

Example 10

Preparation of a composition

[0985] The procedure for preparing the ethylene copoly-
mer composition in Example 7 was repeated except for
using the ethylene/a-olefin copolymer (A-1-6) obtained in
Preparation Example 6 and a crystalline polyolefin (B-2-4)
shown in Table 5 in a weight ratio of 90/10 [(A-1-6)/(B-2-
4)], to prepare an ethylene copolymer composition.

Film formation

[0986] From the ethylene copolymer composition
obtained in the above, a film having a thickness of 30 um
was formed in a manner similar to that of Reference
Example 6.

[0987] Melt properties of the ethylene copolymer compo-
sition and physical properties of the film formed from the
composition are set forth in Table 6.

[0988] As compared with Reference Example 6, the eth-
ylene copolymer composition obtained above was increased
in the flow index (FI) within the high-shear region, and the
film formed from the composition was enhanced in the
rigidity.

Example 11

Preparation of a composition

[0989] The procedure for preparing the ethylene copoly-
mer composition in Example 7 was repeated except for
using the ethylene/a-olefin copolymer (A-1-6) obtained in
Preparation Example 6 and a crystalline polyolefin (B-2-5)
shown in Table 5 in a weight ratio of 90/10 [(A-1-6)/(B-2-
5)], to prepare an ethylene copolymer composition.

Film formation

[0990] From the ethylene copolymer composition
obtained in the above, a film having a thickness of 30 um
was formed in a manner similar to that of Reference
Example 6.

[0991] Melt properties of the ethylene copolymer compo-
sition and physical properties of the film formed from the
composition are set forth in Table 6.

[0992] As compared with Reference Example 6, the eth-
ylene copolymer composition obtained above was increased
in the flow index (FI) within the high-shear region, and the
film formed from the composition was enhanced in the
rigidity.
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TABLE 4
Ethylene/a-olefin copolymer

Amount of MFR

comonomer Density g/10 Tm Formula MT Formula FI Formula Decane-soluble Formula Unsaturated
Code No.  Comonomer mol % g/em®  min  ° C. @ g @] st (3)  portion weight % (O] bond*1

A-1-6 1-hexene 1.9 0.927 1.0 117.8 120.8 3.2 22 180 75 0.22 0.83 0.062

Remark:

Formula (1): Tm < 400 x d - 250

wherein Tm means the maximum peak temperature of the DSC endothermic curve, and d means a density.

Formula (2): MT > 2.2 x MFR™%8*

wherein MT means a melt tension at 190° C., and MFR means a melt flow rate.

Formula (3): FI > 75 x MFR
wherein FI means a flow index, and MFR means a melt flow rate.

Formula (4): W < 80 x exp(-100(d - 0.88)) + 0.1 [under the condition of MFR=10 g/10 min], wherein W means a weight of a decane-soluble portion

at 23° C.

Formula (4): W < 80 x (MFR - 9)7%2° x exp(-100(d - 0.88)) + 0.1 [under the condition of MFR > 10 g/10 min], wherein

W means a weight of a decane-soluble portion at 23° C.

*1: the number of unsaturated bond in the ethylene/a-olefin copolymer based on 1,000 carbon atoms.

A-1-6: Zr type catalyst, gas phase polymerization

[0993] During the addition, the temperature of the system was kept
at 0° C. Successively, the reaction was carried out at 0° C.
TABLE 5 for 30 minutes. Then, the temperature of the system was
— - elevated to 95° C. over 1.5 hours, and the reaction was
Composition (mol %) MFR Density carried out at the same temperature for 4 hours. Thereafter,
O
Code No.  Ethylene Propylene  Butene  (g/10 min)  (gfom?) the temperature Qf the system was lowered to .60 C., and the
supernatant liquid was removed by decantation.
B-2-1 100 — — 5.0 0.968 ) )
B-2:2 99.8 — 0.2 0.65 0.963 [0997] The solid component obtained above was washed
B-2-3 3.4 95.0 1.6 6.8 0.910 twice with toluene, and then again suspended in 125 liters of
g'i"s‘ - 100 100 g-g 8'3(1)2 toluene. To the reaction system was dropwise added 20 liters
- _ _ : : of a toluene solution of bis(1,3-dimethylcyclopentadi-
Remark: enyl)zirconium dichloride (Zr=28.4 mmol/l) at 30° C. over
MFR measuring temperature 30 minutes, and the reaction was further carried out at 30°
B-2-1, B-2-2: 190° C. C. for 2 hours. Then, the supernatant liquid was removed,
B-2-3~B-2-5: 230° C. and the residue was washed twice with hexane to obtain a
solid catalyst containing 4.6 mg of zirconium basedon 1 g
[0994] of the solid catalyst.
TABLE 6
Component  Component Mixing ratio Melt property Physical property of film
A B A/B MFR MT FI  Haze _ Tensile test (MD) Tensile test (TD)
Code No. Code No.  weight ratio  g/10 min g st % YMkg/em® EL% YMkg/em® EL %
Ref. Ex. 6 A-1-6 — 100/0 1.0 32 180 100 4,100 570 4,400 620
Ex. 7 A-1-6 B-2-1 90/10 1.2 31 210 100 4,800 600 5,900 650
Ex. 8 A-1-6 B-2-2 90/10 1.0 34 220 127 4,600 600 5,600 700
Ex. 9 A-1-6 B-2-3 90/10 1.1 32 3710 99 5,300 610 5,600 650
Ex. 10 A-1-6 B-2-4 90/10 1.1 32 240 103 5,900 600 6,300 650
Ex. 11 A-1-6 B-2-5 90/10 1.1 32 310 136 4,200 560 4,900 630

Preparation Example 7

[0995] Preparation of an ethylene/a-olefin copolymer

Preparation of a solid catalyst

[0996] 7.9 kg of silica having been dried at 250° C. for 10
hours was suspended in 121 liters of toluene, and the
resultant suspension was cooled to 0° C. Thereafter, to the
suspension was dropwise added 41 liters of a toluene
solution of methylaluminoxane (Al=1.47 mol/l) over 1 hour.

Preparation of a prepolymerized catalyst

[0998] To 160 liters of hexane containing 16 mol of
triisobutylaluminum was added 4.3 kg of the solid catalyst
obtained in the above, and the resultant mixture was sub-
jected to prepolymerization with ethylene at 35° C. for 3.5
hours to obtain a prepolymerized catalyst in which polyeth-
ylene was present in an amount of 3 g based on 1 g of the
solid catalyst. The ethylene polymer had an intrinsic vis-
cosity [n] of 1.27 dl/g.
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Polymerization

[0999] In a continuous fluidized bed gas phase reactor,
ethylene was copolymerized with 1-hexene at a total pres-
sure of 20 kg/cm>-G and a polymerization temperature of
80° C. To the reactor were continuously fed the prepoly-
merzied catalyst prepared in the above at a feed rate of 0.048
mmol/hour in terms of zirconium atom and triisobutylalu-
minum at a feed rate of 10 mmol/hour while continuously
feeding ethylene, 1-hexene, hydrogen and nitrogen to main-
tain a constant gas composition in the polymerizer (gas
composition: 1-hexene/ethylene=0.083, hydrogen/ethylene=
0.0012, ethylene concentration=23%).

[1000] Thus, an ethylene/c-olefin copolymer (A-1-7) was
obtained in an amount of 5.3 kg/hour. The copolymer had a
density of 0.927 g/cm® and a melt flow rate (MFR) of 1.0
g/10 min. The number of unsaturated bond in the copolymer
was 0.062 per 1,000 carbon atoms, and was 0.06 per one
molecule of the polymer. The temperature at the maximum
peak of the DSC endothermic curve (Tm) of the copolymer
was 117.8° C. The amount of the decane-soluble portion in
the copolymer was 0.22% by weight at 23° C.

[1001] Physical properties of the ethylene/o-olefin
copolymer (A-1-7) are set forth in Table 7.

Reference Example 7

Film formation

[1002] The ethylene/a-olefin copolymer (A-1-7) obtained
in Preparation Example 7 was subjected to inflation by the
use of a single-screw extruder (20 mmg-1/D=26) equipped
with a die of 25 mmg (lip width: 0.7 mm) and a single-slit
air ring under the conditions of an air flow rate of 90 I/min,
an extrusion rate of 9 g/min, a blow ratio of 1.8, a take-up
rate of 2.4 m/min and a processing temperature of 200° C.,
to form a film having a thickness of 30um. Melt properties
of the ethylene/c-olefin copolymer (A-1-7) and physical
properties of the film formed from the copolymer are set
forth in Table 9.

Example 12

Preparation of a composition

[1003] The ethylene/a-olefin copolymer (A-1-7) obtained
in Preparation Example 7 and an olefin type elastomer
(B-3-1) (density: 0.88 g/cm®) shown in Table 8 were dry
blended in a weight ratio of 90/10 [(A-1-7)/(B-3-1)]. To the
resultant blend were added 0.05% by weight of tri(2,4-di-
t-butylphenyl)phosphate as a secondary antioxidant, 0.1%
by weight of n-octadecyl-3-(4'-hydroxy-3',5'-di-t-butylphe-
nyl)propionate as a heat-resistant stabilizer and 0.05% by
weight of calcium stearate as a hydrochloric acid absorbent,
each based on 100 parts by weight of the resin. Then, the
resultant mixture was kneaded by a conical-tapered twin-
screw extruder (produced by Haake Buchler Instrument
Inc.) at a preset temperature of 180° C., to obtain an ethylene
copolymer composition.

Film formation

[1004] The ethylene copolymer composition obtained in
the above was subjected to inflation in a manner similar to
that of Reference Example 7, to prepare a film having a
thickness of 30 um.
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[1005] Melt properties of the ethylene copolymer compo-
sition and physical properties of the film formed from the
composition are set forth in Table 9.

[1006] As compared with Reference Example 7, the infla-
tion film obtained above was improved in the film impact
without deterioration of the transparency and the moldability
(MT,

Example 13

Preparation of a composition

[1007] The procedure for preparing the ethylene copoly-
mer composition in Example 12 was repeated except for
using the ethylene/a-olefin copolymer (A-1-7) obtained in
Preparation Example 7 and an olefin type elastomer (B-3-2)
(density: 0.87 g/cm?) shown in Table 8 in a weight ratio of
90/10 [(A-1-7)/(B-3-2)], to prepare an ethylene copolymer
composition.

Film formation

[1008] From the ethylene copolymer composition pre-
pared in the above, a film having a thickness of 30 um was
formed in a manner similar to that of Reference Example 7.

[1009] Melt properties of the ethylene copolymer compo-
sition and physical properties of the film formed from the
composition are set forth in Table 9.

[1010] As compared with Reference Example 7, the infla-
tion film obtained above was improved in the film impact

without deterioration of the transparency and the moldability
(MT, FI).

Example 14

Preparation of a composition

[1011] The procedure for preparing the ethylene copoly-
mer composition in Example 12 was repeated except for
using the ethylene/a-olefin copolymer (A-1-7) obtained in
Preparation Example 7 and an olefin type elastomer (B-3-3)
(density: 0.87 g/cm?) shown in Table 8 in a weight ratio of
90/10 [(A-1-7)/(B-3-3)], to prepare an ethylene copolymer
composition.

Film formation

[1012] From the ethylene copolymer composition
obtained in the above, a film having a thickness of 30 um
was formed in a manner similar to that of Reference
Example 7.

[1013] Melt properties of the ethylene copolymer compo-
sition and physical properties of the film formed from the
composition are set forth in Table 9.

[1014] As compared with Reference Example 7, the infla-
tion film obtained above was improved in the film impact
without deterioration of the transparency and the moldability
(MT, FI).
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TABLE 7
Ethylene/a-olefin copolymer

Amount of MFR

comonomer Density g/10 Tm Formula MT Formula FI Formula Decane-soluble Formula Unsaturated
Code No.  Comonomer mol % g/em®  min  ° C. @ g @] st (3)  portion weight % (O] bond*1
A-1-7 1-hexene 1.9 0.927 1.0 117.8 120.8 3.2 22 180 75 0.22 0.83 0.062
Remark:

Formula (1): Tm < 400 x d - 250

wherein Tm means the maximum peak temperature of the DSC endothermic curve, and d means a density.

Formula (2): MT > 2.2 x MFR™%8*

wherein MT means a melt tension at 190° C., and MFR means a melt flow rate.

Formula (3): FI > 75 x MFR
wherein FI means a flow index, and MFR means a melt flow rate.

Formula (4): W < 80 x exp(-100(d - 0.88)) + 0.1 [under the condition of MFR = 10 g/10 min], wherein W means a weight of a

decane-soluble portion at 23° C.

Formula (4): W < 80 x (MFR - 9)7%2° x exp(-100(d - 0.88)) + 0.1 [under the condition of MFR > 10 g/10 min], wherein

W means a weight of a decane-soluble portion at 23° C.

*1: the number of unsaturated bond in the ethylene/a-olefin copolymer based on 1,000 carbon atoms.

A-1-7: Zr type catalyst, gas phase polymerization

[1015] carried out at the same temperature for 4 hours. Thereafter,
the temperature of the system was lowered to 60° C., and the
TABLE 8 supernatant liquid was removed by decantation. The solid
Composition (ol %) MFR  Density component ot?talned above was Washed twice with toluene,
and then again suspended in 125 liters of toluene. To the
Code No.  Ethylene Propylene Butene ENB (g/10 min) (g/em’) reaction system was dropwise added 20 liters of a toluene
B-3-1 39 _ 11 _ 36 0.88 solution of bis(1,3-dimethylcyclopentadienyl)zirconium
B-3-2 80 20 - - 1.0 0.87 dichloride (Zr=28.4 mmol/l) at 30° C. over 30 minutes, and
B-3-3 74 24 — z 0.2 0.87 the reaction was further carried out at 30° C. for 2 hours.
Remark: Then, the supernatant liquid was removed, and the residue
ENB: ethylidene norbornene was washed twice with hexane to obtain a solid catalyst
containing 4.6 mg of zirconium based on 1 g of the solid

[1016] catalyst.

TABLE 9
Physical
Mixing property of
ratio Melt property film
Component Component ~ A/B MFR Film
A B weight g/10 MT  FI  Haze impact
Code No. Code No. ratio min g st %  kg-cm/cm

Ref. Ex. 7 A-1-7 — 100/0 1.0 32 180 100 2,210

Ex. 12 A-1-7 B-3-1 9/10 12 33 210 95 2,620

Ex. 13 A-1-7 B-3-2 9/10 1.0 36 180 9.0 2,910

Ex. 14 A-1-7 B-3-3 90/10 08 43 150 9.9 2,910

Preparation Example 8

[1017] Preparation of an ethylene/a-olefin copolymer

Preparation of a solid catalyst

[1018] 7.9 kg of silica having been dried at 250° C. for 10
hours was suspended in 121 liters of toluene, and the
resultant suspension was cooled to 0° C. Thereafter, to the
suspension was dropwise added 41 liters of a toluene
solution of methylaluminoxane (Al=1.47 mol/l) over 1 hour.
During the addition, the temperature of the system was kept
at 0° C. Successively, the reaction was carried out at 0° C.
for 30 minutes. Then, the temperature of the system was
elevated to 95° C. over 1.5 hours, and the reaction was

Preparation of a prepolymerized catalyst

[1019] To 160 liters of hexane containing 16 mol of
triisobutylaluminum was added 4.3 kg of the solid catalyst
obtained in the above, and the resultant mixture was sub-
jected to prepolymerization with ethylene at 35° C. for 3.5
hours to obtain a prepolymerized catalyst in which polyeth-
ylene was present in an amount of 3 g based on 1 g of the
solid catalyst. The ethylene polymer had an intrinsic vis-
cosity [n] of 1.27 dl/g.

Polymerization

[1020] In a continuous fluidized bed gas phase reactor,
ethylene was copolymerized with 1-hexene at a total pres-
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sure of 18 kg/cm*-G and a polymerization temperature of
75° C. To the reactor were continuously fed the prepoly-
merzied catalyst prepared in the above at a feed rate of 0.05
mmol/hour in terms of zirconium atom and triisobutylalu-
minum at a feed rate of 10 mmol/hour while continuously
feeding ethylene, 1-hexene, hydrogen and nitrogen to main-
tain a constant gas composition in the reactor (gas compo-
sition:  1-hexene/ethylene=0.041,  hydrogen/ethylene=
0.0011, ethylene concentration=10%) Thus, an ethylene/ct-
olefin copolymer (A-2-1) was obtained in an amount of 6.0
kg/hour. The copolymer had a density of 0.906 g/cm® and a
melt flow rate (MFR) of 0.32 g/10 min. The temperature at
the maximum peak of the DSC endothermic curve (Tm) of
the copolymer was 92.5° C. Further, the copolymer had a
melt tension (MT) of 6.2 g at 190° C. and a flow index (FI)
of 89 (1/sec). The amount of the decane-soluble portion in
the copolymer was 0.52% by weight at room temperature.
The number of unsaturated bond in the copolymer was 0.090
per 1,000 carbon atoms, and was 0.90 per one molecule of
the polymer.

[1021] Physical properties of the ethylene/o-olefin
copolymer (A-2-1) are set forth in Table 10.

Example 15

Preparation of an ethylene/a-olefin copolymer
composition

[1022] The ethylene/a-olefin copolymer (A-2-1) (density:
0.906 g/cm®) obtained in Preparation Example 8 and an
ethylene/o-olefin copolymer (A-3-1) (density: 0.949 g/cm?)
prepared in the same manner as described in Preparation
Example 8 except for adjusting the comonomer amount to
that set forth in Table 10 were melt kneaded in a weight ratio
of 57/43 [(A-2-1)/(A-3-1)], to prepare an ethylene/o-olefin
copolymer composition (L-1-1).

[1023] Physical properties of the ethylene/o-olefin
copolymer (A-3-1) are set forth in Table 10, and physical
properties of the ethylene/c-olefin copolymer composition
(L-1-1) are set forth in Table 11.

Preparation of an ethylene copolymer composition

[1024] The ethylene/a-olefin copolymer composition
(L-1-1) and a high-pressure radical polymerization low-
density polyethylene (B-1-4) shown in Table 12 were dry
blended in a mixing ratio of 90/10 [(L-1-1)/(B-1-4)]. To the
resultant blend were added 0.05 part by weight of tri(2,4-
di-t-butylphenyl)phosphate as a secondary antioxidant, 0.1
part by weight of n-octadecyl-3-(4'-hydroxy-3',5'-di-t-bu-
tylphenyl)propionate as a heat-resistant stabilizer and 0.05
part by weight of calcium stearate as a hydrochloric acid
absorbent, each based on 100 parts by weight of the resin.
Then, the resultant mixture was kneaded by a conical-
tapered twin-screw extruder (produced by Haake Buchler
Instrument Inc.) at a preset temperature of 180° C., to obtain
an ethylene copolymer composition.

Film formation

[1025] The ethylene copolymer composition obtained in
the above was subjected to inflation by the use of a single-
screw extruder (20 mmg-1/D=26) equipped with a die of 25
mmg (lip width: 0.7 mm) and a single-slit air ring under the
conditions of an air flow rate of 90 1/min, an extrusion rate
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of 9 g/min, a blow ratio of 1.8, a take-up rate of 2.4 m/min
and a processing temperature of 200° C., to form a film
having a thickness of 30 um.

[1026] Melt properties of the ethylene copolymer compo-
sition and physical properties of the film formed from the
composition are set forth in Table 13.

Reference Example 8

Film formation

[1027] The procedure of film formation in Example 15
was repeated except for using the ethylene/a-olefin copoly-
mer composition (L-1-1) prepared in Example 15, to form a
film having a thickness of 30 um.

[1028] Melt properties of the ethylene/a-olefin copolymer
composition (L-1-1) and physical properties of the film
formed from the composition are set forth in Table 13.

[1029] 1t was confirmed from Example 15 and Reference
Example 8 that the ethylene/a-olefin copolymer composi-
tion was increased in the melt tension by blending it with a
high-pressure radical polymerization low-density polyeth-
ylene, and the film formed from the composition containing
the polyethylene was enhanced in the transparency.

Example 16

Preparation of an ethylene/a-olefin copolymer
composition

[1030] An ethylene/o-olefin copolymer (A-2-2) (density:
0.916 g/cm?) and an ethylene/o-olefin copolymer (A-3-2)
(density: 0.931 g/cm?), each of said copolymers having been
prepared in the same manner as described in Preparation
Example 8 except for adjusting the comonomer amount to
that set forth in Table 10, were melt kneaded in a weight ratio
of 70/30 [(A-2-2)/(A-3-2)], to obtain an ethylene/c-olefin
copolymer composition (L-1-2).

[1031] Physical properties of the ethylene/o-olefin
copolymer (A-3-2) are set forth in Table 10, and physical
properties of the ethylene/a-olefin copolymer composition
(L-1-2) are set forth in Table 11.

Preparation of an ethylene copolymer composition

[1032] The procedure for preparing the ethylene copoly-
mer composition in Example 15 was repeated except for
using the ethylene/c-olefin copolymer composition (L-1-2),
to prepare an ethylene copolymer composition.

Film formation

[1033] From the ethylene copolymer composition
obtained in the above, a film having a thickness of 30 um
was formed in a manner similar to that of Example 15.

[1034] Melt properties of the ethylene copolymer compo-
sition and physical properties of the film formed from the
composition are set forth in Table 13.

Reference Examle 9

Film formation

[1035] From the ethylene/c-olefin copolymer composition
(L-1-2) prepared in Example 16, a film having a thickness of
30 um was formed in a manner similar to that of Example
15.



US 2003/0092845 Al

[1036] Melt properties of the ethylene/o-olefin copolymer
composition (L-1-2) and physical properties of the film
formed from the composition are set forth in Table 13.

[1037] 1t was confirmed from Example 16 and Reference
Example 9 that the ethylene/a-olefin copolymer composi-
tion was increased in the melt tension by blending it with a
high-pressure radical polymerization low-density polyeth-
ylene, and the film formed from the composition containing
the polyethylene was enhanced in the transparency.

Example 17

Preparation of an ethylene/a-olefin copolymer
composition

[1038] An ethylene/o-olefin copolymer (A-2-3) (density:
0.907 g/cm?) and an ethylene/o-olefin copolymer (A-3-3)
(density: 0.943 g/cm?), each of said copolymers having been
prepared in the same manner as described in Preparation
Example 8 except for adjusting the comonomer amount to
that set forth in Table 10, were melt kneaded in a weight ratio
of 60/40 [(A-2-3)/(A-3-3)], to obtain an ethylene/c-olefin
copolymer composition (L-1-3).

[1039] Physical properties of the ethylene/o-olefin
copolymers (A-2-3) and (A-3-3) are set forth in Table 10,
and physical properties of the ethylene/a-olefin copolymer
composition (L-1-3) are set forth in Table 11.

Preparation of an ethylene copolymer composition

[1040] The procedure for preparing the ethylene copoly-
mer composition in Example 15 was repeated except for
using the ethylene/c-olefin copolymer composition (L-1-3),
to prepare an ethylene copolymer composition.

Film formation

[1041] From the ethylene copolymer composition
obtained in the above, a film having a thickness of 30 um
was formed in a manner similar to that of Example 15.

[1042] Melt properties of the ethylene copolymer compo-
sition and physical properties of the film formed from the
composition are set forth in Table 13.

Reference Example 10

Film formation

[1043] From the ethylene/a-olefin copolymer composition
(L-1-3) obtained in Example 17, a film having a thickness of
30 um was formed in a manner similar to that of Example
15.

[1044] Melt properties of the ethylene/o-olefin copolymer
composition (L-1-3) and physical properties of the film
formed from the composition are set forth in Table 13.

[1045] 1t was confirmed from Example 17 and Reference
Example 10 that the ethylene/a-olefin copolymer composi-
tion was enhanced in the transparency and the melt tension
by blending it with a high-pressure radical polymerization
low-density polyethylene.

Comparative Example 4

Preparation of an ethylene/a-olefin copolymer
composition
[1046] An ethylene/c-olefin copolymer (C-2) (density:
0.915 g/cm®) and an ethylene/c-olefin copolymer (C-3)
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(density: 0.933 g/cm?), each of said copolymers having been
prepared in the same manner as described in Preparation
Example 8 except for replacing the zirconium catalyst
system with a titanium type catalyst system described in
Japanese Patent Publication No. 63(1988)-54289, and
adjusting the comonomer amount to that set forth in Table
10, were melt kneaded in a weight ratio of 60/40 [(C-2)/(C-
3)], to obtain an ethylene/a-olefin copolymer composition
(L-1-5).

[1047] Physical properties of the ethylene/o-olefin
copolymers (C-2) and (C-3) are set forth in Table 10, and
physical properties of the ethylene/c-olefin copolymer com-
position (L-1-5) are set forth in Table 11.

Preparation of an ethylene copolymer composition

[1048] The procedure for preparing the ethylene copoly-
mer composition in Example 15 was repeated except for
using the ethylenea-olefin copolymer composition (L-1-5),
to prepare an ethylene copolymer composition.

Film formation

[1049] From the ethylene copolymer composition
obtained in the above, a film having a thickness of 30 um
was formed in a manner similar to that of Example 15.

[1050] Melt properties of the ethylene copolymer compo-
sition and physical properties of the film formed from the
composition are set forth in Table 13.

[1051] The ethylene copolymer composition obtained
above was lower in the melt tension than the ethylene/a-
olefin copolymer composition (L-1-3) of Example 17 having
almost the same MFR and density, and the film obtained
above was inferior to the film formed from the ethylene/at-
olefin copolymer composition (L-1-3) of Example 17 in the
film impact and the blocking resistance.

Comparative Example 5

Preparation of an ethylene/a-olefin copolymer
composition

[1052] The procedure for preparing the ethylene copoly-
mer composition in Example 15 was repeated except for
using an ethylene/a-olefin copolymer (C-4) prepared in the
same manner as described in Preparation Example 8 except
for adjusting the comonomer amount to that set forth in
Table 10, to prepare an ethylene copolymer composition.

[1053] Physical properties of the ethylene/o-olefin
copolymer (C-4) are set forth in Table 10.

Film formation

[1054] From the ethylene copolymer composition
obtained in the above, a film having a thickness of 30 um
was formed in a manner similar to that of Example 15.

[1055] Melt properties of the ethylene copolymer compo-
sition and physical properties of the film formed from the
composition are set forth in Table 13.

[1056] The ethylene copolymer composition obtained
above was lower in the flow index within the high-shear
region as compared with the ethylene/ct-olefin copolymer
composition (L-1-1) of Example 15 having almost the same
MEFR and density, and the film obtained above was inferior
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to the film formed from the ethylene/a-olefin copolymer
composition (L-1-1) of Example 15 in the film impact and
the blocking resistance.

Example 18

reparation of an ethylene/a-olefin copolymer
composition

[1057] An ethylene/o-olefin copolymer (A-2-4) (density:
0.916 g/cm®) prepared in the same manner as described in
Preparation Example 8 except for adjusting the comonomer
amount to that set forth in Table 10 and an ethylene/ct-olefin
copolymer (A-3-4) (density: 0.924 g/cm?) prepared in the
same manner as described in Preparation Example 8 except
for replacing bis(1,3-dimethylcyclopentadienyl)zirconium
dichloride with bis(1-methyl-3-n-butylcyclopentadienyl)zir-
conium dichloride and adjusting the comonomer amount to
that set forth in Table 10 were melt kneaded in a weight ratio
of 20/80 [(A-2-4)/(A-3-4)], to obtain an ethylene/c-olefin
copolymer composition (L-1-4).

[1058] Physical properties of the ethylene/o-olefin
copolymers (A-2-4) and (A-3-4) are set forth in Table 10,
and physical properties of the ethylene/a-olefin copolymer
composition (L-1-4) are set forth in Table 11.

Preparation of an ethylene copolymer composition

[1059] The procedure for preparing the ethylene copoly-
mer composition in Example 15 was repeated except for

46
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using the ethylene/c-olefin copolymer composition (L-1-4),
to prepare an ethylene copolymer composition.

Film formation

[1060] From the ethylene copolymer composition
obtained in the above, a film having a thickness of 30 um
was formed in a manner similar to that of Example 15.

[1061] Melt properties of the ethylene copolymer compo-
sition and physical properties of the film formed from the
composition are set forth in Table 13.

Reference Example 11

Film formation

[1062] From the ethylene/c-olefin copolymer composition
(L-1-4) prepared in Example 18, a film having a thickness of
30 um was formed in a manner similar to that of Example
15.

[1063] Melt properties of the ethylene/a-olefin copolymer
composition (L-1-4) and physical properties of the film
formed from the composition are set forth in Table 13.

[1064] 1t was confirmed from Example 18 and Reference
Example 11 that the ethylene/ct-olefin copolymer composi-
tion was increased in the melt tension by blending it with a
high-pressure radical polymerization low-density polyeth-
ylene.

TABLE 10
Decane-

MFR soluble
Code Amount of Density  g/10 [n] Tm Formula MT Formula FI Formula portion Formula Unsaturated
No. Comonomer comonomer — g/cm3 min gdl  °C. @ g 2 st 3 weight % ()] bond*1
A-2-1 1-hexene 4.9 0.906 032 191 925 1124 6.2 5.7 89 24 0.52 6.04 0.09
A-2-2 1-hexene 3.3 0.916 0.24 200 1070 1164 7.7 7.3 63 18 0.15 2.29 0.16
A-2-3 1-hexene 4.8 0.907 035 1.88 92.8 1128 59 53 92 27 0.55 5.48 0.12
A-2-4 1-hexene 3.3 0.916 0.24 200 1070 1164 7.7 7.3 63 18 0.15 2.29 0.16
C-2 1-hexene 6.1 0.915 0.65 2.00 1203 1160 2.8 3.2 140 49 13.50 2.50 0.23
A-3-1 1-hexene 0.9 0.949 10.7 111 1201 1296 0.1> — 1390 — 0.08 0.19 0.06
A-3-2 1-hexene 1.7 0931 123 0.72 1168 1224 0.1> — 11700 — 1.25 1.77 0.19
A-3-3 1-hexene 1.0 0.943 165 0.58 118.6 127.2 0.1> — 12400 — 0.45 0.65 0.08
A-3-4 1-hexene 2.8 0.924 2.1 0.59 1150 119.6 0.9 — 130 — 0.08 1.08 0.10
C-3 1-hexene 2.8 0.933 19.2 1.04 128.0 1232 0.1> — 1440 — 2.20 0.83 0.28
C-4 1-hexene 1.9 0.927 1.0 1.60 117.8 120.8 3.2 2.2 180 75 0.22 0.83 0.06
Remark:

Formula (1): Tm < 400 x d - 250

wherein Tm means the maximum peak temperature of the DSC endothermic curve, and d means a density.

Formula (2): MT > 2.2 x MFR-%84

wherein MT means a melt tension at 190° C., and MFR means a melt flow rate.

Formula (3) : FI > 75 x MFR
wherein FI means a flow index, and MFR means a melt flow rate.

Formula (4): W < 80 x exp(-100(d - 0.88)) + 0.1 [under the condition of MFR = 10 g/10 min], wherein W means a weight of a

decane-soluble portion at room temperature.

Formula (4): W < 80 x (MFR - 9)7%2° x exp(-100(d - 0.88)) + 0.1 [under the condition of MFR > 10 g/10 min], wherein

W means a weight of a decane-soluble portion at room temperature.

*1: the number of unsaturated bond in the ethylene/a-olefin copolymer based on 1,000 carbon atoms.
A-2-1~A-2-4, A-3-1~A-3-4, C-4: Zr type catalyst, gas phase polymerization

C-2, C-3: Ti type catalyst, gas phase polymerization
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[1065]
TABLE 11
Component Component  Mixing ratio Density Melt property
A B A/B d MFR MT FI

Code No. Code No.  (weight ratio) g/em®  g/l0min g st
L-1-1 A-2-1 A-3-1 57/43 0.926 1.1 3.3 290
L-1-2 A-2-2 A-3-2 70/30 0.922 0.9 3.9 260
L-1-3 A-2-3 A-3-3 60740 0.921 2.0 24 520
L-1-4 A-2-4 A-3-4 20/80 0.922 1.4 2.7 120
1-1-5 Cc2 C-3 60740 0.922 2.0 1.0 360
[1066] the temperature of the system was lowered to 60° C., and the

supernatant liquid was removed by decantation.
TABLE 12

High-pressure radical polymerization low-density polyethylene

Physical property of film

[1069] The solid component obtained above was washed
twice with toluene, and then again suspended in 125 liters of
toluene. To the reaction system was dropwise added 15 liters
of a toluene solution of bis(n-butylcyclopentadienyl)zirco-

Code MFR Density Haze Gloss Film impact A ) . !
No. (/10 min) Mw/Mn *1 (giem®) % %  kg-cmjem nium dichloride (Zr=42.7 mmol/1) at 30° C. over 30 minutes,
B-1-4 0.50 44 0 094 74 51 1750 and the reaction was further carried out at 30° C. for 2 hours.

Then, the supernatant liquid was removed, and the residue
R k: . . . .
*f:m‘fjlue obtained by the formula 7.5 x log(MFR) - 1.2 was washed twice with hexane to obtain a solid catalyst

containing 6.2 mg of zirconium based on 1 g of the solid
[1067] catalyst.

TABLE 13
Melt property of
ethylene copolymer
Component  Component  Mixing ratio composition Physical property of film
Al BII AI/BII MFR MT FI Haze Filmimpact Blocking
Code No. Code No. (weight ratio) /10 min g s %  kg-cm/em force g/lem  Moldability*

Ex. 15 L-1-1 B-1-4 90/10 1.0 4.6 290 8.8 3,320 0 AA
Ref. Ex. 8 L-1-1 — 100/0 1.1 33 290 10.5 5,250 0 AA
Ex. 16 L-1-2 B-1-4 90/10 0.9 51 300 9.0 4,200 0 AA
Ref. Ex. 9 L-1-2 — 100/0 0.9 39 300 102 7,030 0 AA
Ex. 17 L-1-3 B-1-4 90/10 1.8 32 520 8.9 3,450 0 AA
Ref. Ex. 10 L-1-3 — 100/0 2.0 1.8 520 105 5,770 0 BB
Ex. 18 L-1-4 B-1-4 90/10 1.3 35 120 8.2 2,450 0.17 AA
Ref. Ex. 11 L-1-4 — 100/0 1.4 2.7 120 7.1 2,600 0.17 BB
Comp. Ex. 4 1-1-5 B-1-4 90/10 1.8 2.3 370 115 2,820 6.7 BB
Comp. Ex. 5 C-4 B-1-4 90/10 0.9 4.6 190 9.3 2,200 0.13 AA
Remark:

Moldability*: AA: MT = 3, BB: 2 = MT < 3, CC: MT < 2

Preparation Example 9 Preparation of an
ethylene/a-olefin copolymer

Preparation of a catalyst

[1068] 6.3 kg of silica having been dried at 250° C. for 10
hours was suspended in 100 liters of toluene, and the
resultant suspension was cooled to 0° C. Thereafter, to the
suspension was dropwise added 41 liters of a toluene
solution of methylaluminoxane (Al=0.96 mol/l) over 1 hour.
During the addition, the temperature of the system was kept
at 0° C. Successively, the reaction was carried out at 0° C.
for 60 minutes. Then, the temperature of the system was
elevated to 95° C. over 1.5 hours, and the reaction was
carried out at the same temperature for 4 hours. Thereafter,

Preparation of a prepolymerized catalyst

[1070] To 300 liters of hexane containing 14 mol of
triisobutylaluminum was added 8.5 kg of the solid catalyst
obtained in the above, and the resultant mixture was sub-
jected to prepolymerization with ethylene at 35° C. for 7
hours to obtain a prepolymerized catalyst containing poly-
ethylene in an amount of 10 g based on 1 g of the solid
catalyst.

Polymerization

[1071] In a continuous fluidized bed gas phase reactor,
ethylene was copolymerized with 1-hexene at a total pres-
sure of 18 kg/cm*-G and a polymerization temperature of
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80° C. To the reactor were continuously fed the prepoly-
merzied catalyst prepared in the above at a feed rate of 0.15
mmol/hour in terms of zirconium atom and triisobutylalu-
minum at a feed rate of 10 mmol/hour while continuously
feeding ethylene, 1-hexene, hydrogen and nitrogen to main-
tain a constant gas composition in the reactor (gas compo-
sition: 1-hexene/ethylene=0.020, hydrogen/ethylene
6.6x107*, ethylene concentration=16 Thus, an ethylene/o.-
olefin copolymer (A-4-1) was obtained in an amount of 5.0
kg/hour. The copolymer had a density of 0.923 g/cm® and a
melt flow rate (MFR) of 1.1 g/10 min. The temperature at the
maximum peak of the DSC endothermic curve (Tm) of the
copolymer was 116.8° C. Further, the copolymer had a melt
tension (MT) of 1.5 g. The amount of the decane-soluble
portion in the copolymer was 0.02% by weight at 23° C. The
number of unsaturated bond in the copolymer was 0.09 per
1,000 carbon atoms, and was 0.16 per one molecule of the
polymer. The B value indicating the a-olefin distribution in
the copolymer chain was 1.02.

[1072] Physical properties of the ethylene/o-olefin
copolymer (A-4-1) are set forth in Table 14.

Example 19

Preparation of a composition

[1073] The ethylene/a-olefin copolymer (A-4-1) obtained
in Preparation Example 9 and a high-pressure radical poly-
merization low-density polyethylene (B-4-2) shown in Table
15 were dry blended in a mixing ratio of 90/10 [(A-4-1)/
(B-4-2)]. To the resultant blend were added 0.05 part by
weight of tri(2,4-di-t-butylphenyl)phosphate as a secondary
antioxidant, 0.1 part by weight of n-octadecyl-3-(4'-hy-
droxy-3',5'-di-t-butylphenyl)propionate as a heat-resistant
stabilizer and 0.05 part by weight of calcium stearate as a
hydrochloric acid absorbent, each based on 100 parts by
weight of the resin. Then, the resultant mixture was kneaded
by a conical-tapered twin-screw extruder (produced by
Haake Buchler Instrument Inc.) at a preset temperature of
180° C., to obtain an ethylene copolymer composition.

Film formation

[1074] The ethylene copolymer composition obtained in
the above was subjected to inflation by the use of a single-
screw extruder (20 mmg-1/D=26) equipped with a die of 25
mmg (lip width: 0.7 mm) and a single-slit air ring under the
conditions of an air flow rate of 90 1/ min, an extrusion rate
of 9 g/min, a blow ratio of 1.8, a take-up rate of 2.4 m/min
and a processing temperature of 200° C., to form a film
having a thickness of 30 um. Melt properties of the ethylene
copolymer composition and physical properties of the film
formed from the composition are set forth in Table 16.

Example 20

[1075] The procedure for preparing the ethylene copoly-
mer composition in Example 19 was repeated except for
varying the mixing ratio of the ethylene/ct-olefin copolymer
(A-4-1) to the high-pressure radical polymerization low-
density polyethylene (B-4-2) to 75/25 [(A-4-1)/(B-4-2)], to
prepare an ethylene copolymer composition. From the eth-
ylene copolymer composition, a film having a thickness of
30 um was formed in a manner similar to that of Example
19.
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[1076] Melt properties of the ethylene copolymer compo-
sition and physical properties of the film formed from the
composition are set forth in Table 16.

Example 21

[1077] The procedure for preparing the ethylene copoly-
mer composition in Example 19 was repeated except for
replacing the high-pressure radical polymerization low-den-
sity polyethylene (B-4-2) with a high-pressure radical poly-
merization low-density polyethylene (B-4-1) shown in Table
15, to prepare an ethylene copolymer composition. From the
ethylene copolymer composition, a film having a thickness
of 30 um was formed in a manner similar to that of Example
19.

[1078] Melt properties of the ethylene copolymer compo-
sition and physical properties of the film formed from the
composition are set forth in Table 16.

Reference Example 12

[1079] From the ethylene/a-olefin copolymer (A-4-1)
obtained in Preparation Example 9, a film having a thickness
of 30 um was formed in a manner similar to that of Example
19.

[1080] Melt properties of the ethylene/a-olefin copolymer
(A-4-1) and physical properties of the film formed from the
copolymer are set forth in Table 16.

Comparative Example 6

Preparation of an ethylene/a-olefin copolymer
(€-5)

[1081] The procedure of Preparation Example 9 was
repeated except for replacing the zirconium catalyst system
with a titanium type catalyst system described in Japanese
Patent Publication No. 63(1988)-54289, and adjusting the
comonomer amount to that set forth in Table 14, to prepare
an ethylene/o-olefin copolymer (C-5). Physical properties of
the ethylene/a-olefin copolymer (C-5) thus obtained are set
forth in Table 14.

Preparation of a composition

[1082] The ethylene/a-olefin copolymer (C-5) obtained in
the above and a high-pressure radical polymerization low-
density polyethylene (B-4-1) shown in Table 15 were used to
prepare an ethylene copolymer composition in a manner
similar to that of Example 19.

Film formation

[1083] From the ethylene copolymer composition pre-
pared in the above, a film having a thickness of 30 um was
formed in a manner similar to that of Example 19.

[1084] Melt properties of the ethylene copolymer compo-
sition and physical properties of the film formed from the
composition are set forth in Table 16.

[1085] As shown in Table 16, the film obtained above was
poor in the film impact and had a wide composition distri-
bution and a large amount of sticky component, so that the
film was deteriorated in the blocking resistance. Further,
when Comparative Example 6 was compared with Example
21 wherein an ethylene/a-olefin copolymer having the same
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comonomers and almost the same MFR and density as those
of the ethylene/a-olefin copolymer of Comparative Example
6 was used, the film of Example 21 was prominently
improved in the haze.

Comparative Example 7

[1086] From the -ethylene/a-olefin copolymer (C-5)
obtained in Comparative Example 6, a film having a thick-
ness of 30 um was formed in a manner similar to that of
Example 19.

[1087] Melt properties of the ethylene/o-olefin copolymer
(C-5) and physical properties of the film formed from the
copolymer are set forth in Table 16.

Precaration Examples 10-12

[1088] The procedure of Preparation Example 9 was
repeated except for varying the kinds of the comonomers
and the amounts thereof to those set forth in Table 14, to
prepare ethylene/a-olefin copolymers (A-4-2), (A-4-3) and
(A-4-4). Physical properties of the ethylene/a-olefin copoly-
mers (A-4-2), (A-4-3) and (A-4-4) thus obtained are set forth
in Table 14.

Examples 22-24

[1089] The procedure for preparing the ethylene copoly-
mer composition in Example 19 was repeated except for
using the ethylene/a-olefin copolymers (A-4-2), (A-4-3) and
(A-4-4) obtained in Preparation Examples 10 to 12, respec-
tively, and using a high-pressure radical polymerization
low-density polyethylene (B-4-1) shown in Table 15, to
prepare ethylene copolymer compositions. From each of the
ethylene copolymer compositions, a film having a thickness
of 30 um was formed in a manner similar to that of Example
19.

[1090] Melt properties of the ethylene copolymer compo-
sitions and physical properties of the films formed from the
compositions are set forth in Table 16.

Reference Examples 13-15

[1091] From each of the ethylene/a-olefin copolymers
(A-4-2), (A-4-3) and (A-4-4) obtained in Preparation
Examples 10 to 12, a film having a thickness of 30 um was
formed in a manner similar to that of Example 19.

[1092] Melt properties of the ethylene/o-olefin copoly-
mers (A-4-2), (A-4-3) and (A-4-4) and physical properties of
the films formed from the copolymers are set forth in Table
16.

Preparation Examples 13 & 14

[1093] The procedure of Preparation Example 9 was
repeated except for replacing bis(n-butylcyclopentadi-
enyl)zirconium dichloride with bis(1-methyl-3-n-butylcy-
clopentadienyl)zirconium  dichloride and varying the
comonomer composition to that set forth in Table 14, to
prepare ethylene/a-olefin copolymers (A-4-5) and (A-4-6).
Physical properties of the ethylene/c-olefin copolymers
(A-4-5) and (A-4-6) thus obtained are set forth in Table 14.

Examples 25 & 26

[1094] The procedure for preparing the ethylene copoly-
mer composition in Example 19 was repeated except for
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using the ethylene/c-olefin copolymers (A-4-5) and (A-4-6)
obtained in Preparation Example 13 and 14, respectively,
and using a high-pressure radical polymerization low-den-
sity polyethylene (B-4-1) shown in Table 15, to prepare
ethylene copolymer compositions. From each of the ethyl-
ene copolymer compositions, a film having a thickness of 30
um was formed in a manner similar to that of Example 19.

[1095] Melt properties of the ethylene copolymer compo-
sitions and physical properties of the films formed from the
compositions are set forth in Table 16.

Reference Examples 16 & 17

[1096] From each of the ethylene/a-olefin copolymers
(A-4-5) and (A-4-6) obtained in Preparation Examples 13
and 14, a film having a thickness of 30 ym was formed in the
similar manner to that of Example 19.

[1097] Melt properties of the ethylene/c-olefin copoly-
mers (A-4-5) and (A-4-6) and physical properties of the
films formed from the copolymers are set forth in Table 16.

Comparative Example 8

[1098] The ethylene/a-olefin copolymer (A-4-1) obtained
in Preparation Example 9 and a high-pressure radical poly-
merization low-density polyethylene (D-2) shown in Table
15 were used to prepare an ethylene copolymer composition
in a manner similar to that of Example 19. From the ethylene
copolymer composition, a film having a thickness of 30 um
was formed in a manner similar to that of Example 19.

[1099] Melt properties of the ethylene copolymer compo-
sition and physical properties of the film formed from the
composition are set forth in Table 15.

[1100] As is evident from Comparative Example 8 and
Reference Example 12, even by blending the ethylene/a-
olefin copolymer with such a high-pressure radical polymer-
ization low-density polyethylene as used in Comparative
Example 8, the film formed from the resulting composition
was not increased so much in the transparency.

Comparative Example 9

[1101] The ethylene/c-olefin copolymer (A-4-1) obtained
in Preparation Example 9 and a high-pressure radical poly-
merization low-density polyethylene (D-3) shown in Table
15 were used to prepare an ethylene copolymer composition
in a manner similar to that of Example 19. From the ethylene
copolymer composition, a film having a thickness of 30 um
was formed in a manner similar to that of Example 19.

[1102] Melt properties of the ethylene copolymer compo-
sition and physical properties of the film formed from the
composition are set forth in Table 15.

[1103] As is evident from Comparative Example 9 and
Reference Example 12, even by blending the ethylene/a-
olefin copolymer with such a high-pressure radical polymer-
ization low-density polyethylene as used in Comparative
Example 9, the resulting composition was not hardly
improved in the melt tension, and the film formed from the
composition was not increased so much in the transparency.

[1104] Tt has been confirmed from the examples and the
reference examples described above that when the ethylene/
a-olefin copolymer is blended with a specific high-pressure
radical polymerization low-density polyethylene, the result-
ing composition is improved in the melt tension and in the
haze (transparency). Further, it has been also confirmed that
the ethylene copolymer composition of the invention is
excellent in the blocking resistance.
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TABLE 14

Ethylene/a-olefin copolymer

Decane-soluble
Amount of  Density MFR Tm Formula MT Formula portion weight Formula Unsaturated — FI

Code No. Comonomer comonomer g/em®  g/10 min  ° C. @ g 2 % 3 bond*1 s
A-4-1 1-hexene 2.8 0.923 1.1 116.8 119.2 1.5 2.0 0.02 1.19 0.09 67
A-4-2 1-hexene 3.0 0.920 2.4 1148 118.0 0.7 1.1 0.25 1.57 0.07 150
A-4-3 1-hexene 2.6 0.920 2.3 115.0 118.0 0.7 1.1 0.08 1.57 0.08 110
A-4-4 4-methyl-1-pentene 2.4 0.920 2.0 1147  118.0 0.8 1.2 0.19 1.57 0.12 100
A-4-5 1-hexene 2.8 0.922 2.0 1150 118.8 0.8 1.2 0.20 1.30 0.07 100
A-4-6 1-hexene 1.9 0.927 0.9 115.0 120.8 1.8 2.4 0.14 1.01 0.06 58
C-5 1-hexene 3.6 0.922 1.0 1232 1188 1.8 2.2 7.9 1.30 0.25 190
Remark:

Formula (1): Tm < 400 x d - 250

wherein Tm means a melting point at the maximum peak of the DSC endothermic curve, and d means a density.

Formula (2): MT < 2.2 x MFR™%84

wherein MT means a melt tension at 190° C., and MFR means a melt flow rate.

Formula (3): W < 80 x exp(-100(d - 0.88)) + 0.1 [under the condition of MFR = 10 g/10 min], wherein W means a weight of a decane-soluble portion
at 23° C.

Formula (3): W < 80 x (MFR - 9)7%2° x exp(-100(d - 0.88)) + 0.1 [under the condition of MFR > 10 g/10 min], wherein
W means a weight of a decane-soluble portion at 23° C.

*1: the number of unsaturated bond in the ethylene/a-olefin copolymer based on 1,000 carbon atoms.

A-4-1~A-4-6: Zr type catalyst, gas phase polymerization

C-5: Ti type catalyst, gas phase polymerization

[1105]
TABLE 15-continued
TABLE 15
High-pressure radical polymerization low-density polyethylene
High-pressure radical polymerization low-density polyethylene MFR Physical property of film
. Code (g/10 Mw/ Density Haze Gloss Film impact
MFR Physical property of film No. min) Mn #] 2 (gfem®) % % kg cmfem

. . D-2 0.32 106 88 <0 0922 — @ — —
Code (g/10 Mw/ Density Haze Gloss Film impact D-3 66 89 261 124 0915

No. min) Mn  *1 *2 (g/em®) % %  kg-cm/cm

Remark:
*1: value obtained by the formula 7.5 x log(MFR) + 12.5

B-41 52 94 178 43 0919 150 14 1,050 *2: value obtained by the formula 7.5 x log(MFR) - 1.2
B-42 050 44 102 <0 0.924 74 51 1,750
[1106]
TABLE 16
Melt property of
ethylene copolymer Physical property of film
Component  Component Mixing ratio composition Haze Film Blocking
A B A/B MFR MI' FI Haze Enhancing Gloss impact force Moldabili-
Code No. Code No.  weight ratio  g/10 min. g st % rate % kg - cm/cm g/cm ty*2
Ex. 19 A-4-1 B-4-2 90710 0.9 4.3 90 2.8 30 180 4,210 0.19 AA
Ex. 20 A-4-1 B-4-2 75/25 0.8 6.8 120 24 27 112 4,050 0.30 AA
Ex. 21 A-4-1 B-4-1 90710 11 3.6 100 32 36 96 3,910 0.24 AA
Ref. Ex. 12 A-4-1 100/0 11 15 67 88 100 62 7,750 0.11 cC
Comp. Ex. 6 C-5 B-4-1 90710 1.0 4.0 245 6.2 54 95 2,760 4.7 AA
Comp. Ex. 7 C-5 100/0 1.0 1.8 190 115 100 44 3,400 4.0 cC
Ex. 22 A-4-2 B-4-1 90710 2.4 1.8 200 28 31 99 3,960 0.26 cC
Ref. Ex. 13 A-4-2 100/0 2.4 07 150 9.0 100 58 7,600 0.18 cC
Ex. 23 A-4-3 B-4-1 90710 2.4 1.8 150 3.0 34 102 2,920 0.42 cC
Ref. Ex. 14 A-4-3 100/0 2.3 07 110 88 100 60 5,600 0.25 cC
Ex. 24 A-4-4 B-4-1 90710 2.0 21 135 30 34 100 3,100 0.11 BB
Ref. Ex. 15 A-4-4 100/0 2.0 0.8 100 89 100 60 6,700 0.09 cC
Ex. 25 A-4-5 B-4-1 90710 2.0 22 130 32 35 96 3,900 0.20 BB
Ref. Ex. 16 A-4-5 100/0 2.0 0.8 100 92 100 56 7,700 0.15 cC

Ex. 26 A-4-6 B-4-1 90/10 0.9 4.5 85 3.4 43 94 4,230 0 AA
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TABLE 16-continued

Melt property of

ethylene copolymer

Physical property of film

Component  Component Mixing ratio composition Haze Film Blocking
A B A/B MFR MT  FI Haze Enhancing Gloss impact force Moldabili-

Code No. Code No.  weight ratio /10 min. g s % rate %  kg-cm/cm g/cm ty*2
Ref. Ex. 17 A-4-6 100/0 0.9 1.8 58 80 100 73 8,100 0 CcC
Comp. Ex. 8 A-4-1 D-2 90710 0.9 6.6 70 78 89 63 4,260 0.15 AA
Ref. Ex. 12 A-4-1 100/0 1.1 15 67 88 100 62 7,750 0.11 CcC
Comp. Ex. 9 A-4-1 D-3 90710 1.3 16 130 8.0 91 87 3,350 0.12 CcC
Ref. Ex. 12 A-4-1 100/0 1.1 15 67 88 100 62 7,750 0.11 CcC
Remark:

Haze enhancing rate *1: haze of a film formed from the ethylene copolymer composition based on the haze of a film formed from only the ethylene/a-
olefin copolymer (i.e., copolymer of each reference example, copolymer of each comparative example) being 100. As this value is smaller, the haze is

more improved.
Moldability*2: AA: MT = 3, BB: 3 > MT = 2, CC: 2 > MT

Preparation Example 15 Preparation of an
ethylene/a-olefin copolymer

Preparation of a solid catalyst

[1107] 6.3 kg of silica having been dried at 250° C. for 10
hours was suspended in 100 liters of toluene, and the
resultant suspension was cooled to 0° C. Thereafter, to the
suspension was dropwise added 41 liters of a toluene
solution of methylaluminoxane (Al=0.96 mol/1) over 1 hour.
During the addition, the temperature of the system was kept
at 0° C. Successively, the reaction was carried out at 0° C.
for 60 minutes. Then, the temperature of the system was
elevated to 95° C. over 1.5 hours, and the reaction was
carried out at the same temperature for 4 hours. Thereafter,
the temperature of the system was lowered to 60° C., and the
supernatant liquid was removed by decantation.

[1108] The solid component obtained above was washed
twice with toluene, and then again suspended in 125 liters of
toluene. To the reaction system was dropwise added 15 liters
of a toluene solution of bis(n-butylcyclopentadienyl)zirco-
nium dichloride (Zr=42.7 mmol/1) at 30° C. over 30 minutes,
and the reaction was further carried out at 30° C. for 2 hours.
Then, the supernatant liquid was removed, and the residue
was washed twice with hexane to obtain a solid catalyst
containing 6.2 mg of zirconium based on 1 g of the solid
catalyst.

Preparation of a prepolymerized catalysts

[1109] To 300 liters of hexane containing 14 mol of
triisobutylaluminum was added 8.5 kg of the solid catalyst
obtained in the above, and the resultant mixture was sub-
jected to prepolymerlzation with ethylene at 35° C. for 7
hours to obtain a prepolymerized catalyst in which polyeth-
ylene was present in an amount of 10 g based on 1 g of the
solid catalyst.

Polymerization

[1110] In a continuous fluidized bed gas phase reactor,
ethylene was copolymerized with 1-hexene at a total pres-
sure of 18 kg/cm*-G and a polymerization temperature of
80° C. To the reactor were continuously fed the prepoly-
merzied catalyst prepared in the above at a feed rate of 0.15
mmol/hour in terms of zirconium atom and triisobutylalu-

minum at a feed rate of 10 mmol/hour while continuously
feeding ethylene, 1-hexene, hydrogen and nitrogen to main-
tain a constant gas composition in the polymerizer (gas
composition: 1-hexene/ethylene=0.020, hydrogen/ethylene=
6.6x10™* ethylene concentration=16

[1111] Thus, an ethylene/o-olefin copolymer (A-4-7) was
obtained in an amount of 5.0 kg/hour. The copolymer had a
density of 0.923 g/cm® and a melt flow rate (MFR) of 1.1
g/10 min. The temperature at the maximum peak of the DSC
endothermic curve (Tm) of the copolymer was 116.8° C.
Further, the copolymer had a melt tension (MT) of 1.5 g. The
amount of the decane-soluble portion in the copolymer was
0.02 part by weight at 23° C. The number of unsaturated
bond in the copolymer was 0.09 per 1,000 carbon atoms, and
was 0.16 per one molecule of the polymer. The B value
indicating the a-olefin distribution in the copolymer chain
was 1.02.

[1112] Physical properties of the ethylene/o-olefin copoly-
mer (A-4-7) are set forth in Table 17.

Reference Example 18

Film formation

[1113] The ethylene/o-olefin copolymer (A-4-7) obtained
in Preparation Example 15 was subjected to inflation by the
use of a single-screw extruder (20 mmg-1/D=26) equipped
with a die of 25 mmg (lip width: 0.7 mm) and a single-slit
air ring under the conditions of an air flow rate of 90 I/min,
an extrusion rate of 9 g/min, a blow ratio of 1.8, a take-up
rate of 2.4 m/min and a processing temperature of 200° C.,
to form a film having a thickness of 30 um.

[1114] Melt properties of the ethylene/a-olefin copolymer
(A-4-7) and physical properties of the film formed from the
copolymer are set forth in Table 19.

Example 27

Preparation of a composition

[1115] The ethylene/o-olefin copolymer (A-4-7) obtained
in Preparation Example 15 and a crystalline polyolefin
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(B-2-6) shown in Table 18 were dry blended in a weight ratio
of 90/10 [(A-4-7)/(B-2-6)]. To the resultant blend were
added 0.05 part by weight of tri(2,4-di-t-butylphenyl)phos-
phate as a secondary antioxidant, 0.1 part by weight of
n-octadecyl-3-(4'-hydroxy-3',5'-di-t-butylphenyl)propionate
as a heat-resistant stabilizer and 0.05 part by weight of
calcium stearate as a hydrochloric acid absorbent, each
based on 100 parts by weight of the resin. Then, the resultant
mixture was kneaded by a conical-tapered twin-screw
extruder (produced by Haake Buchler Instrument Inc.) at a
preset temperature of 180° C., to obtain an ethylene copoly-
mer composition.

Film formation

[1116] From the ethylene copolymer composition obtained
in the above, a film having a thickness of 30 um was formed
in a manner similar to that of Reference Example 18.

[1117] Melt properties of the ethylene copolymer compo-
sition and physical properties of the film formed from the
composition are set forth in Table 19.

[1118] As compared with Reference Example 18, the
ethylene copolymer composition obtained above was
improved in the flow index (FI) within the high-shear region,
and the film formed from the composition was increased in
the transparency and the rigidity.

Example 28

Preparation of a composition

[1119] The procedure for preparing the ethylene copoly-
mer composition in Example 27 was repeated except for
using the ethylene/a-olefin copolymer (A-4-7) obtained in
Preparation Example 15 and a crystalline polyolefin (B-2-7)
shown in Table 18 in a mixing ratio of 90/10 [(A-4-7)/(B-
2-7)], to prepare an ethylene copolymer composition.

Film formation

[1120] From the ethylene copolymer composition
obtained in the above, a film having a thickness of 30 um
was formed in a manner similar to that of Reference
Example 18.

[1121] Melt properties of the ethylene copolymer compo-
sition and physical properties of the film formed from the
composition are set forth in Table 19.

[1122] As compared with Reference Example 18, the
ethylene copolymer composition obtained above was
improved in the flow index (FI) within the high-shear region,
and the film formed from the composition was increased in
the rigidity.

Example 29

Preparation of a composition

[1123] The procedure for preparing the ethylene copoly-
mer composition in Example 27 was repeated except for
using the ethylene/a-olefin copolymer (A-4-7) obtained in
Preparation Example 15 and a crystalline polyolefin (B-2-8)
shown in Table 18 in a mixing ratio of 90/10 ([A-4-7)/(B-
2-8)], to prepare an ethylene copolymer composition.
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Film formation

[1124] From the ethylene copolymer composition
obtained in the above, a film having a thickness of 30 um
was formed in a manner similar to that of Reference
Example 18.

[1125] Melt properties of the ethylene copolymer compo-
sition and physical properties of the film formed from the
composition are set forth in Table 19.

[1126] As compared Reference Example 18, the ethylene
copolymer composition obtained above was improved in the
flow index (FI) within the high-shear region, and the film
formed from the composition was increased in the rigidity.

Example 30

Preparation of a composition

[1127] The procedure for preparing the ethylene copoly-
mer composition in Example 27 was repeated except for
using the ethylene/a-olefin copolymer (A-4-7) obtained in
Preparation Example 15 and a crystalline polyolefin (B-2-9)
shown in Table 18 in a mixing ratio of 90/10 [(A-4-7)/(B-
2-9)], to prepare an ethylene copolymer composition.

Film formation

[1128] From the ethylene copolymer composition
obtained in the above, a film having a thickness of 30 um
was formed in a manner similar to that of Reference
Example 18.

[1129] Melt properties of the ethylene copolymer compo-
sition and physical properties of the film formed from the
composition are set forth in Table 19.

[1130] As compared with Reference Example 18, the
ethylene copolymer composition obtained above was
improved in the flow index (FI) within the high-shear region,
and the film formed from the composition was increased in
the rigidity.

Examole 31

Preparation of a composition

[1131] The procedure for preparing the ethylene copoly-
mer composition in Example 27 was repeated except for
using the ethylene/a-olefin copolymer (A-4-7) obtained in
Preparation Example 15 and a crystalline polyolefin (B-2-
10) shown in Table 18 in a mixing ratio of 90/10 [(A-4-7)/
(B-2-10)], to prepare an ethylene copolymer composition.

Film formation

[1132] From the ethylene copolymer composition
obtained in the above, a film having a thickness of 30 um
was formed in a manner similar to that of Reference
Example 18.

[1133] Melt properties of the ethylene copolymer compo-
sition and physical properties of the film formed from the
composition are set forth in Table 19.

[1134] As compared with Reference Example 18, the
ethylene copolymer composition obtained above was
improved in the flow index (FI) within the high-shear region,
and the film formed from the composition was increased in
the rigidity.
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TABLE 17
Decane-soluble

Code Amount of  Density MFR Tm Formula MT Formula portion weight Formula Unsaturated — FI

No. Comonomer comonomer g/cm® g/l0min °C. @ @] % 3 bond*1 st

A-4-7 1-hexene 2.8 0.923 11 116.8 119.2 1.5 2.0 0.02 1.19 0.09 67

Remark:

Formula (1): Tm < 400 x d - 250

wherein Tm means the maximum peak temperature of the DSC endothermic curve, and d means a density.

Formula (2): MT < 2.2 x MFR™%%4

wherein MT means a melt tension at 190° C., and MFR means a melt flow rate.
Formula (3): W < 80 x exp(-100(d - 0.88)) + 0.1 [under the condition of MFR = 10 g/10 min], wherein W means a weight of a

decane-soluble portion at 23° C.

Formula (3): W < 80 x (MFR - 9)7%2° x exp (-100(d - 0.88)) + 0.1 [under the condition of MFR > 10 g/10 min], wherein

W means a weight of a decane-soluble portion at 23° C.

*1: the number of unsaturated bond in the ethylene/a-olefin copolymer based on 1,000 carbon atoms.

A-4-T: Zr type catalyst, gas phase polymerization

[1135] the temperature of the system was lowered to 60° C., and the
supernatant liquid was removed by decantation.
TABLE 18 [1138] The solid component obtained above was washed
Code Composition (mol %) MEFR Density twice with toluene, and then again suspended in 125 liters of
toluene. To the reaction system was dropwise added 15 liters
No. Ethylene Propylene ~ Butene  (g/10 min)  (g/em’) of a toluene solution of bis(n-butyleyclopentadienyl)zirco-
B-2-6 100 . . 50 0.968 nium dichloride (Zr=42.7 mmol/1) at 30° C. over 30 min-
B-2-7 99.8 — 0.2 0.65 0.963 utes, and the reaction was further carried out at 30° C. for 2
B-2-8 3.4 95.0 1.6 6.8 0.910 hours. Then, the supernatant liquid was removed, and the
B-2-9 - 100 — 6.5 0.910 residue was washed twice with hexane to obtain a solid
B-2-10 — — 100 2.0 0.908 - . ;
catalyst containing 6.2 mg of zirconium based on 1 g of the
Remark: solid catalyst.
MFR measuring temperature
B-2-6, B-2-7: 190" C. Preparation of a prepolymerized catalyst
B-2-8~B-2-10: 230° C.
[1139] To 300 liters of hexane containing 14 mol of
[1136] triisobutylaluminum was added 8.5 kg of the solid catalyst
TABLE 19
Component  Component Mixing ratio Melt property Physical property of film
A B A/B MFR MT FI  Haze _ Tensile test (MD) Tensile test (TD)
Code No. Code No.  weight ratio  g/10 min g st % YMkg/em® EL% YMkg/em® EL %
Ref. Ex. 18 A-4-7 — 100/0 1.1 1.5 67 88 2,900 550 3,100 640
Ex. 27 A-4-7 B-2-6 90/10 1.3 15 8 67 3,700 580 4,900 620
Ex. 28 A-4-7 B-2-7 90/10 1.0 19 90 9.3 3,600 590 4,700 680
Ex. 29 A-4-7 B-2-8 90/10 1.1 15 152 88 4,800 560 6,300 600
Ex. 30 A-4-7 B-2-9 90/10 1.1 1.6 99 9.0 5,100 560 6,900 580
Ex. 31 A-4-7 B-2-10 90/10 1.1 15 127 120 3,100 550 3,500 640

Preparation Example 16 Preparation of an
ethylene/a-olefin copolymer

Preparation of a solid catalyst

[1137] 6.3 kg of silica having been dried at 250° C. for 10
hours was suspended in 100 liters of toluene, and the
resultant suspension was cooled to 0° C. Thereafter, to the
suspension was dropwise added 41 liters of a toluene
solution of methylaluminoxane (Al=0.96 mol/1) over 1 hour.
During the addition, the temperature of the system was kept
at 0° C. Successively, the reaction was carried out at 0° C.
for 60 minutes. Then, the temperature of the system was
elevated to 95° C. over 1.5 hours, and the reaction was
carried out at the same temperature for 4 hours. Thereafter,

obtained in the above, and the resultant mixture was sub-
jected to prepolymerization with ethylene at 35° C. for 7
hours to obtain a prepolymerized catalyst in which polyeth-
ylene was present in an amount of 10 g based on 1 g of the
solid catalyst.

Polymerization

[1140] In a continuous fluidized bed gas phase reactor,
ethylene was copolymerized with 1-hexene at a total pres-
sure of 18 kg/cm*-G and a polymerization temperature of
80° C. To the reactor were continuously fed the prepoly-
merzied catalyst prepared in the above at a feed rate of 0.15
mmol/hour in terms of zirconium atom and triisobutylalu-
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minum at a feed rate of 10 mmol/hour while continuously
feeding ethylene, 1-hexene, hydrogen and nitrogen to main-
tain a constant gas composition in the polymerizer (gas
composition: 1-hexene/ethylene=0.020, hydrogen/ethylene=
6.6x107", ethylene concentration=16 %).

[1141] Thus, an ethylene/a-olefin copolymer (A-4-8) was
obtained in an amount of 5.0 kg/hour. The copolymer had a
density of 0.923 g/cm® and a melt flow rate (MFR) of 1.1
g/10 min. The temperature at the maximum peak of the DSC
endothermic curve (Tm) of the copolymer was 116.8° C.
Further, the copolymer had a melt tension (MT) of 1.5 g. The
amount of the decane-soluble portion in the copolymer was
0.02 part by weight at 23° C. The number of unsaturated
bond in the copolymer was 0.09 per 1,000 carbon atoms, and
was 0.16 per one molecule of the polymer. The B value
indicating the a-olefin distribution in the copolymer chain
was 1.02.

[1142] Physical properties of the ethylene/o-olefin
copolymer (A-4-8) are set forth in Table 20.

Reference Example 19

Film formations

[1143] The ethylene/c-olefin copolymer (A-4-8) prepared
in Preparation Example 16 was subjected to inflation by the
use of a single-screw extruder (20mmeg-L/D=26) equipped
with a die of 25 mmg (lip width: 0.7 mm) and a single-slit
air ring under the conditions of an air flow rate of 90 I/min,
an extrusion rate of 9 g/min, a blow ratio of 1.8, a take-up
rate of 2.4 m/min and a processing temperature of 200° C.,
to form a film having a thickness of 30 um.

[1144] Melt properties of the ethylene/a-olefin copolymer
(A-4-8) and physical properties of the film formed from the
copolymer are set forth in Table 22.

Example 32

Preparation of a composition

[1145] The ethylene/c-olefin copolymer (A-4-8) obtained
in Preparation Example 16 and an olefin type elastomer
(B-3-4) (density: 0.89 g/cm®) shown in Table 21 were dry
blended in a weight ratio of 90/10 [(A-4-8)/(B-3-4)]. To the
resultant blend were added 0.05% by weight of tri(2,4-di-
t-butylphenyl)phosphate as a secondary antioxidant, 0.1%
by weight of n-octadecyl-3-(41-hydroxy-3',5'-di-t-butylphe-
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nyl)propionate as a heat-resistant stabilizer and 0.05% by
weight of calcium stearate as a hydrochloric acid absorbent,
each based on 100 parts by weight of the resin. Then, the
resultant mixture was kneaded by a conical-tapered twin-
screw extruder (produced by Haake Buchler Instrument
Inc.) at a preset temperature of 180° C., to obtain an ethylene
copolymer composition.

Film formation

[1146] The ethylene copolymer composition obtained in
the above was subjected to inflation in a manner similar to
that of Reference Example 19, to form a film having a
thickness of 30 um.

[1147] Melt properties of the ethylene copolymer compo-
sition and physical properties of the film formed from the
composition are set forth in Table 22.

[1148] As compared with Reference Example 19, the
ethylene copolymer composition obtained above was
improved in the moldability (MT, FI), and the film formed
from the composition was increased in the transparency and
the film impact.

Example 33

Preparation of a composition

[1149] The procedure for preparing the ethylene copoly-
mer composition in Example 32 was repeated except for
using the ethylene/a-olefin copolymer (A-4-8) obtained in
Preparation Example 16 and an olefin type elastomer (B-3-
5) shown in Table 21 in a weight ratio of 90/10 ([A-4-8)/
(B-3-5)], to prepare an ethylene copolymer composition.

Film formation

[1150] From the ethylene copolymer composition
obtained in the above, a film having a thickness of 30 um
was formed in a manner similar to that of Reference
Example 19.

[1151] Melt properties of the ethylene copolymer compo-
sition and physical properties of the film formed from the
composition are set forth in Table 22.

[1152] As compared with Reference Example 19, the
ethylene copolymer composition obtained above was
improved in the moldability (MT, FI), and the film formed
from the composition was increased in the transparency and
the film impact.

TABLE 20

Decane-soluble

Code Amount of  Density MFR Tm Formula MT Formula portion weight Formula Unsaturated — FI
No. Comonomer comonomer g/em®  g/10 min @ g )] % 3 bond*1 st
A-4-8 1-hexene 2.8 0.923 11 116.8 119.2 1.5 2.0 0.02 1.19 0.09 67
Remark:

Formula (1): Tm < 400 x d - 250

wherein Tm means the maximum peak temperature of the DSC endothermic curve, and d means a density.

Formula (2): MT < 2.2 x MFR™>®*

wherein MT means a melt tension at 190° C., and MFR means a melt flow rate.
Formula (3): W < 80 x exp(-100(d - 0.88)) + 0.1 [under the condition of MFR = 10 g/10 min], wherein W means a weight of a

decane-soluble portion at 23° C.

Formula (3): W < 80 x (MFR - 9)™%2% x exp(~100(d - 0.88)) + 0.1 [under the condition of MFR > 10 g/10 min], wherein

W means a weight of a decane-soluble portion at 23° C.

*1: the number of unsaturated bond in the ethylene/a-olefin copolymer based on 1,000 carbon atoms.

A-4-8: Zr type catalyst, gas phase polymerization
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[1153]

TABLE 21
Code Composition (mol %) MFR Density
No. Ethylene Propylene Butene ENB (g/10 min) (g/cm®)
B-3-4 88 — 10 2 1.5 0.89
B-3-5 74 24 — 2 0.2 0.87
Remark:

ENB: ethylidene norbornene
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catalyst in which polyethylene was present in an amount of
10 g based on 1 g of the solid catalyst.

Polymerization

[1159] In a continuous fluidized bed gas phase reactor,
ethylene was copolymerized with 1-hexene at a total pres-
sure of 18 kg/cm>-G and a polymerization temperature of
75° C. To the reactor were continuously fed the prepoly-
merzied catalyst prepared in the above at a feed rate of 0.15
mmol/hour in terms of zirconium atom and triisobutylalu-
minum at a feed rate of 10 mmol/hour while continuously
feeding ethylene, 1-hexene, hydrogen and nitrogen to main-

[1154] tain a constant gas composition in the polymerizer (gas
TABLE 22
Mixing
ratio Melt property Physical property
A/B MFR of film
weight g/10 MT FI Haze Film impact
Code No. Code No.  ratio min g st % kg-cm/em
Ref. Ex. 19 A-4-8 — 100/0 11 1.5 67 88 7,750
Ex. 32 A-4-8 B-3-4 90/10 11 40 78 35 NB (>8500)
Ex. 33 A-4-8 B-3-5 90/10 1.0 36 73 40 NB (>8500)
Remark:

NB means that the film is not broken. (8,500 kg - cm/cm = measurable maximum film

impact)

Preparation Example 17

[1155] Preparation of an ethylene/a-olefin copolymer

Preparation of a solid catalyst

[1156] 10.0 kg of silica having been dried at 250° C. for 10
hours was suspended in 154 liters of toluene, and the
resultant suspension was cooled to 0° C. Thereafter, to the
suspension was dropwise added 57.5 liters of a toluene
solution of methylaluminoxane (Al=1.33 mol/l) over 1 hour.
During the addition, the temperature of the system was kept
at 0° C. Successively, the reaction was carried out at 0° C.
for 30 minutes. Then, the temperature of the system was
elevated to 95° C. over 1.5 hours, and the reaction was
carried out at the same temperature for 20 hours. Thereafter,
the temperature of the system was lowered to 60° C., and the
supernatant liquid was removed by decantation.

[1157] The solid component obtained above was washed
twice with toluene, and then again suspended in 100 liters of
toluene. To the reaction system was dropwise added 16.8
liters of a toluene solution of bis(1-methyl-3-n-butylcyclo-
pentadienyl)zirconium dichloride (Zr=27.0 mmol/l) at 80°
C. over 30 minutes, and the reaction was further carried out
at 80° C. for 2 hours. Then, the supernatant liquid was
removed, and the residue was washed twice with hexane to
obtain a solid catalyst containing 3.5 mg of zirconium based
on 1 g of the solid catalyst.

Preparation of a prepolymerized catalyst

[1158] To 87 liters of hexane containing 2.5 mol of tri-
isobutylaluminum were added 870 g of the solid catalyst
obtained in the above and 260 g of 1-hexene, and the
resultant mixture was subjected to prepolymerization with
ethylene at 35° C. for 5 hours to obtain a prepolymerized

composition: 1-hexene/ethylene=0.034, hydrogen/ethylene=
1.7x107*, ethylene concentration=20 Thus, an ethylene/c-
olefin copolymer (A-5-1) was obtained in an amount of 5.8
kg/hour. The copolymer had a density of 0.908 g/cm? and a
melt flow rate (MFR) of 0.77 g/10 min. The temperature at
the maximum peak of the DSC endothermic curve (Tm) of
the copolymer was 93.6° C. The amount of the decane-
soluble portion in the copolymer was 0.51% by weight at
23° C. The number of unsaturated bond in the copolymer
was 0.08 per 1,000 carbon atoms, and was 0.70 per one
molecule of the polymer.

[1160] Physical properties of the ethylene/o-olefin
copolymer (A-5-1) are set forth in Table 23.

Example 34

Preparation of an ethylene/a-olefin copolymer
composition

[1161] 5 The ecthylene/c-olefin copolymer (A-5-1) (den-
sity: 0.908 g/cm?) obtained in Preparation Example 17 and
an ethylene/o-olefin copolymer (A-6-1) (density: 0.938
g/cm?) prepared in the same manner as described in Prepa-
ration Example 17 except for adjusting the comonomer
amount to that set forth in Table 23 were melt kneaded in a
weight ratio of 60/40 [(A-5-1)/(A-6-1)], to obtain an ethyl-
ene/o-olefin copolymer composition (L-2-1).

[1162] Physical properties of the ethylene/c-olefin
copolymer (A-6-1) are set forth in Table 23, and physical

properties of the ethylene/a-olefin copolymer composition
(L-2-1) are set forth in Table 24.

Preparation of an ethylene copolymer composition

[1163] The ethylene/a-olefin copolymer composition
(L-2-1) and a high-pressure radical polymerization low-
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density polyethylene (B-4-3) shown in Table 25 were dry
blended in a mixing ratio of 90/10 [(L-2-1)/(B-4-3)]. To the
resultant blend were added 0.05 part by weight of tri(2,4-
di-t-butylphenyl)phosphate as a secondary antioxidant, 0.1
part by weight of n-octadecyl-3-(4'-hydroxy-3',5'-di-t-bu-
tylphenyl)propionate as a heat-resistant stabilizer and 0.05
part by weight of calcium stearate as a hydrochloric acid
absorbent, each based on 100 parts by weight of the resin.
Then, the resultant mixture was kneaded by a conical-
tapered twin-screw extruder (produced by Haake Buchler
Insturment Inc.) at a preset temperature of 180° C., to obtain
an ethylene copolymer composition.

Film formation

[1164] The ethylene copolymer composition obtained in
the above was subjected to inflation by the use of a single-
screw extruder (20 mmg-1/D=26) equipped with a die of 25
mmg (lip width: 0.7 mm) and a single-slit air ring under the
conditions of an air flow rate of 90 1/min, an extrusion rate
of 9 g/min, a blow ratio of 1.8, a take-up rate of 2.4 m/min
and a processing temperature of 200° C., to form a film
having a thickness of 30 um.

[1165] Melt properties of the ethylene copolymer compo-
sition and physical properties of the film formed from the
composition are set forth in Table 26.

Reference Example 20

[1166] From the ethylene/a-olefin copolymer composition
(L-2-1) prepared in Preparation Example 17, a film having
a thickness of 30 ym was formed in a manner similar to that
of Example 34.

[1167] Melt properties of the ethylene/a-olefin copolymer
composition (L-2-1) and physical properties of the film
formed from the composition are set forth in Table 26.

[1168] As is evident from Example 34 and Reference
Example 20, the ethylene/a-olefin copolymer composition
was increased in the melt tension and the flow index within
the high-shear region by blending it with a high-pressure
radical polymerization low-density polyethylene, and the
film formed from the composition containing the polyeth-
ylene was enhanced in the transparency.

Example 35

Preparation of an ethylene/a-olefin copolymer
composition

[1169] An ethylene/a-olefin copolymer (A-5-2) (density:
0.909 g/cm?) and an ethylene/o-olefin copolymer (A-6-2)
(density: 0.943 g/cm?), each of said copolymers having been
prepared in the same manner as described in Preparation
Example 17 except for adjusting the comonomer amount to
that set forth in Table 23, were melt kneaded in a weight ratio
of 70/30 [(A-5-2)/(A-6-2)], to obtain an ethylene/c-olefin
copolymer composition (L-2-2).

[1170] Physical properties of the ethylene/o-olefin
copolymers (A-5-2) and (A-6-2) are set forth in Table 23,
and physical properties of the ethylene/a-olefin copolymer
composition (L-2-2) are set forth in Table 24.

Preparation of an ethylene copolymer composition

[1171] The procedure for preparing the ethylene copoly-
mer composition in Example 34 was repeated except for
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using the ethylene/c-olefin copolymer composition (L-2-2),
to prepare an ethylene copolymer composition.

Film formation

[1172] From the ethylene copolymer composition
obtained in the above, a film having a thickness of 30 um
was formed in a manner similar to that of Example 34.

[1173] Melt properties of the ethylene copolymer compo-
sition and physical properties of the film formed from the
composition are set forth in Table 26.

Reference Example 21

Film formation

[1174] From the ethylene/o-olefin copolymer composition
(L-2-2) prepared in Example 35, a film having a thickness of
30 um was formed in a manner similar to that of Example
34.

[1175] Melt properties of the ethylene/a-olefin copolymer
composition (L-2-2) and physical properties of the film
formed from the composition are set forth in Table 26.

[1176] As is evident from Example 35 and Reference
Example 21, the ethylene/a-olefin copolymer composition
was increased in the melt tension and the flow index within
the high-shear region by blending it with a high-pressure
radical polymerization low-density polyethylene, and the
film formed from the composition containing the polyeth-
ylene was enhanced in the transparency.

Example 36

Preparation of an ethylene/a-olefin copolymer
composition

[1177] An ethylene/a-olefin copolymer (A-5-3) (density:
0.910 g/cm®) and an ethylene/a-olefin copolymer (A-6-3)
(density: 0.946 g/cm), each of said copolymers having been
prepared in the same manner as described in Preparation
Example 17 except for adjusting the comonomer amount to
that set forth in Table 23, were melt kneaded in a weight ratio
of 60/40 [(A-5-3)/(A-6-3)], to obtain an ethylene/c-olefin
copolymer composition (L-2-3).

[1178] Physical properties of the ethylene/o-olefin
copolymers (A-5-3) and (A-6-3) are set forth in Table 23,
and physical properties of the ethylene/a-olefin copolymer
composition (L-2-3) are set forth in Table 24.

Preparation of an ethylene copolymer composition

[1179] The procedure for preparing the ethylene copoly-
mer composition in Example 34 was repeated except for
using the ethylene/c-olefin copolymer composition (L-2-3),
to prepare an ethylene copolymer composition.

Film formation

[1180] From the ethylene copolymer composition
obtained in the above, a film having a thickness of 30 um
was formed in a manner similar to that of Example 34.

[1181] Melt properties of the ethylene copolymer compo-
sition and physical properties of the film formed from the
composition are set forth in Table 26.
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Reference Example 22

Film formation

[1182] From the ethylene/a-olefin copolymer composition
(L-2-3) prepared in Example 36, a film having a thickness of
30 um was formed in a manner similar to that of Example
34.

[1183] Melt properties of the ethylene/a-olefin copolymer
composition (L-2-3) and physical properties of the film
formed from the composition are set forth in Table 26.

[1184] As is evident from Example 36 and Reference
Example 22, the ethylene/a-olefin copolymer composition
was increased in the melt tension and the flow index within
the high-shear region by blending it with a high-pressure
radical polymerization low-density polyethylene, and the
film formed from the composition containing the polyeth-
ylene was enhanced in the transparency.

Comparative Example 10

Preparation of an ethylene/a-olefin copolymer
composition

[1185] An ethylene/a-olefin copolymer (C-6) (density:
0.915 g/cm®) and an ethylene/a-olefin copolymer (C-7)
(density: 0.933 g/cm?), each of said copolymers having been
prepared in the same manner as described in Preparation
Example 17 except for replacing the zirconium catalyst
system with a titanium type catalyst system described in
Japanese Patent Publication No. 63(1988)-54289, and vary-
ing the gas composition to that shown in Table 23, were melt
kneaded in a weight ratio of 60/40 [(C-6)/(C-7)], to obtain
an ethylene/a-olefin copolymer composition (L-2-4). Physi-
cal properties of the ethylene/ct-olefin copolymer composi-
tion (L-2-4) are set forth in Table 24.

Preparation of an ethylene copolymer composition

[1186] The procedure for preparing the ethylene copoly-
mer composition in Example 34 was repeated except for
using the ethylene/c-olefin copolymer composition (L-2-4),
to prepare an ethylene copolymer composition.

Film formation

[1187] From the ethylene copolymer composition
obtained in the above, a film having a thickness of 30 um
was formed in a manner similar to that of Example 34.

[1188] Melt properties of the ethylene copolymer compo-
sition and physical properties of the film formed from the
composition are set forth in Table 26.

[1189] The film obtained above was inferior in the trans-
parency and the film impact to the film of Example 34
formed from the ethylene/c-olefin copolymer composition
(L-2-1) having almost the same density and MFR.

Comparative Example 11

[1190] From the ethylene/o-olefin copolymer composition
(L-2-4) obtained in Comparative Example 10, a film having
a thickness of 30 ym was formed in a manner similar to that
of Example 34.

[1191] Melt properties of the ethylene/a-olefin copolymer
composition (L-2-4) and physical properties of the film
formed from the composition are set forth in Table 26.

[1192] 1t was confirmed from Comparative Example 10
and Comparative Example 11 that the film of Comparative
Example 10 was less increased in the transparency as
compared with the film of Example 34.

Comparative Example 12

Preparation of an ethylene copolymer composition

[1193] The procedure for preparing the ethylene copoly-
mer composition in Example 34 was repeated except for
using an ethylene/a-olefin copolymer (C-8) prepared in the
same manner as described in Preparation Example 17 except
for adjusting the comonomer amount to that set forth in
Table 23, to prepare an ethylene copolymer composition.

Film formation

[1194] From the ethylene copolymer composition, a film
having a thickness of 30 um was formed in a manner similar
to that of Example 34.

[1195] Melt properties of the ethylene copolymer compo-
sition and physical properties of the film formed from the
composition are set forth in Table 26.

[1196] The ethylene copolymer composition obtained in
Comparative Example 12 was inferior in the flow index
within the high-shear region to the ethylene copolymer
composition of Example 36 having almost the same MFR.
Further, the film obtained in Comparative Example 12 was
inferior in the film impact to the film formed from the
ethylene copolymer composition of Example 34 using the
ethylene/c-olefin copolymer composition (L-2-1) having
almost the same density and MFR as those of the ethylene/
a-olefin copolymer (C-8).

TABLE 23
Amount of Density MFR ] Tm Formula
Code No. Comonomer comonomer g/em3 g/10 min  g/dl °C. @
A-5-1 1-hexene 4.8 0.908 0.77 1.94 93.6 113.2
A-5-2 1-hexene 4.7 0.909 0.46 2.14 974 113.6
A-5-3 1-hexene 4.8 0.910 0.60 2.03 96.8 114.0
C-6 1-hexene 6.1 0.915 0.65 200 1203 116.0
A-6-1 1-hexene 1.4 0.938 13.0 112 1182 1252
A-6-2 1-hexene 1.0 0.943 229 0.64 1189 1272
A-6-3 1-hexene 1.0 0.946 240 0.64 119.5 128.4
c-7 1-hexene 2.8 0.933 19.2 1.04 128.0 1232
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TABLE 23-continued
C-8 1-hexene 2.8 0.922 2.0 1.61 1150 1188
Decane-soluble

MT Formula portion Formula  Unsaturated FI

Code No. g @] weight % 3 bond *1 st
A-5-1 2.4 2.7 0.51 5.0 0.08 50
A-5-2 3.8 42 0.48 4.5 0.05 30
A-5-3 2.7 3.4 0.49 4.1 0.09 33
C-6 2.8 32 13.50 2.5 0.23 140
A-6-1 0.1> — 0.32 0.45 0.15 980
A-6-2 0.1> — 0.45 0.70 0.09 17760
A-6-3 0.1> — 0.40 0.55 0.10 22300
c-7 0.1> — 2.20 0.83 0.28 1480
C-8 0.8 1.2 0.20 1.30 0.07 100

Remark:

Formula (1): Tm < 400 x d - 250 wherein Tm means the maximum peak temperature of
the DSC endothermic curve, and d means a density.

Formula (2): MT < 2.2 x MFR™®®* wherein MT means a melt tension at 190° C., and
MFR means a melt flow rate.

Formula (3): W < 80 x exp (-100 (d - 0.88)) + 0.1 [under the condition of MFR = 10
g/10 min], wherein W means a weight of a decane-soluble portion at room temperature.
Formula (3): W < 80 x (MFR - 9)72° x exp(-100 (d - 0.88)) + 0.1 [under the condition
of MFR > 10 g/10 min], wherein W means a weight of a decane-soluble portion at room
temperature.

*1: the number of unsaturated bond in the ethylene/a-olefin copolymer based on 1,000
carbon atoms.

A-5-1~A-5-3, A-6-1~A-6-3, C-8: Zr type catalyst, gas phase polymerization

C-6, C-7: Ti type catalyst, gas phase polymerization

[1197]
TABLE 24
Mixing ratio Melt property
Component A Component B A/B Density MFR MT FI
Code No. Code No. (weight ratio) ~ g/em®  g/10 min g s
121 A-5-1 A-6-1 60/40 0.921 2.0 1.0 170
1-2-2 A-5-2 A-6-2 70/30 0.920 1.3 1.6 150
L-2-3 A-5-3 A-6-3 60/40 0.924 2.3 0.8 360
1-2-4 C-6 c-7 60/40 0.922 2.0 1.0 360
[1198] [1199]
TABLE 25 TABLE 26
High-pressure radical polymerization low-density polyethylene Mixing
(Component B) Com- Com- ratio Melt property
Physical property of film ponent ponent L MT
I i weight MFR g/10 FI
. . 1
Film Code No. Code No.  ratio min g 8
impact
Ex. 34 L-2-1 B-4-3 90/10 1.8 25 190
MFR ke -
) ) Ref. Ex. 20 L-2-1 — 100/0 2.0 1.0 170
Code (g/10 Mw/ Density impact Ex. 35 22 B43 9040 12 32 170
No. min) Mn *1 *2 (g/cm®) Haze % Gloss % cm/cm Ref. Ex. 21 L-2-2 _ 100/0 13 1.6 150
Ex. 36 L-2-3 B-4-3 90/10 2.0 21 380
B-4-3 050 44 102 <0 0.924 7.4 51 1,750 Ref. Ex. 22 1-2-3 _ 100/0 23 0.8 360
Comp. Ex. 10 L-2-4 B-4-3 90/10 1.8 23 370
Remark: Comp. Ex. 11 L-2-4 — 100/0 2.0 1.0 360
*1: value obtained by the formula 7.5 x log (MFR) + 12.5 Comp. Ex. 12 C-8 B-4-3 90/10 2.0 22 130

*2: value obtained by the formula 7.5 x log (MFR) - 1.2
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TABLE 26-continued

Physical property of film

Film impact Blocking force Moldability
*2

Haze % kg - cm/cm g/cm
Ex. 34 52 6,200 0 BB
Ref. Ex. 20 259 NB (>8,500) 0 CcC
Ex. 35 6.3 NB (>8,500) 0 AA
Ref. Ex. 21 18.7 NB (>8,500) 0 CcC
Ex. 36 6.1 4,600 0 BB
Ref. Ex. 22 30.8 6,730 0 CcC
Comp. Ex. 10 11.5 2,820 6.7 BB
Comp. Ex. 11 26.8 3,500 5.6 CcC
Comp. Ex. 12 32 3,900 02 BB

Remark:
*1: NB means that the film is not broken. (8,500 kg - cm/cm = measurable

maximum film impact)
Moldability *2:
AA: MT = 3,BB: 2 = MT <3, CC: MT < 2

What is claimed is:

1. An ethylene copolymer composition comprising: [ A-1]
an ethylene/a-olefin copolymer of ethylene with an c-olefin
of 3 to 20 carbon atoms having such properties that

(i) the density (d) is in the range of 0.880 to 0.960 g/cm™

(ii) the melt flow rate (MFR) at 190° C. under a load of
2.16 kg is in the range of 0.01 to 200 g/10 min,

(iii) the temperature (Tm (° C.)) at which the endothermic
curve of said copolymer measured by a differential
scanning calorimeter (DSC) shows the maximum peak
and the density (d) satisfy the relation

Tm <400xd-250,

(iv) the melt tension (MT (g)) at 190° C. and the melt flow
rate (MFR) satisfy the relation MT>2.2xMFR~%%4,

(v) the flow index (FI (1/sec)) defined by a shear rate
which is given when a shear stress of molten copolymer
at 190° C. reaches 2.4x10° dyne/cm” and the melt flow
rate (MFR) satisfy the relation

FI>75xMFR, and

(vi) the amount (W (% by weight)) of a decane-soluble
portion at 23° C. and the density (d) satisfy the relation,
in the case of MFR<10 g/10 min,

W<80xexp(-100(d-0.88))+0.1 in the case of MFR>10
g/10 min,

W<80x(MFR-9)°*°xexp(-100(d—0.88))+0.1; and [B-1] a
high-pressure radical polymerization low-density poly-
ethylene having such properties that

(i) the melt flow rate (IMFR) is in the range of 0.1 to 50
g/10 min, and

(ii) the molecular weight distribution (Mw/Mn,
Mw=weight-average molecular weight, Mn=number-
average molecular weight) measured by GPC and the
melt flow rate (MFR) satisfy the relation

Mw/Mn=7.533 log(MFR)-1.2; a weight ratio ([A-1][B-
1]) between said ethylene/c-olefin it copolymer [A-1]
and said high-pressure radical ins polymerization low-
density polyethylene [B-1] being in the range of 99:1 to
60:40.
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2. An ethylene copolymer composition comprising: [ A-1]
an ethylene/a-olefin copolymer of ethylene with an c-olefin
of 3 to 20 carbon atoms in an amount of 60 to 99% by
weight, said copolymer having such properties that

(i) the density (d) is in the range of 0.880 to 0.960 g/cm?>

(i) the melt flow rate (MFR) at 190° C. under a load of
2.16 kg is in the range of 0.01 to 200 g/10 min,

(iii) the temperature (Tm (OC)) at which the endothermic
curve of said copolymer measured by a differential
scanning calorimeter (DSC) shows the maximum peak
and the density (d) satisfy the relation

Tm<400xd-31 250,

(iv) the melt tension (MT (g)) at 190° C. and the melt flow
rate (MFR) satisfy the relation

MT=2.2xMFR%,

(v) the flow index (FI (1/sec)) defined by a shear rate
which is given when a shear stress of molten copolymer
at 190° C. reaches 2.4x106 dyne/cm?® and the melt flow
rate (MFR) satisfy the relation

FI>75xMFR, and

(vi) the amount (W (% by weight)) of a decane-soluble
portion at 23° C. and the density (d) satisfy the relation,

in the case of MFR<10 g/10 min, W<80xexp(-100(d-
0.88))+0.1

in the case of MFR>10 g/10 min, W<80x(MFR-9)%2%x
exp(-100(d-0.88))+0.1; and

[B-2] at least one crystalline polyolefin in an amount of 1
to 40% by weight, said crystalline polyolefin being
selected from the group consisting of:

(B-D an ethylene homopolymer or a copolymer of
ethylene with an a-olefin of 3 to 20 carbon atoms,
prepared by using non-metallocene type catalyst,
having a melt flow rate (MFR) of 0.01 to 100 g/10
min at 190° C. under a load of 2.16 kg and a density
of not less than 0.900 g/cm?,

(B-II) a propylene homopolymer or a copolymer of
propylene with at least one olefin selected from
ethylene and an a-olefin of 4 to 20 carbon atoms,
having a melt flow rate (MFR) of 0.1 to 100 g/10 min
at 230+ C. under a load of 2.16 kg and a density of
not less than 0.900 g/cm>, and

(B-IIT) a homopolymer of an c.-olefin of 4 to 20 carbon
atoms or a copolymer of a-olefins of 4 to 20 carbon
atoms, having a melt flow rate (MFR) of 0.1 to 100
2/10 min at 230° C. under a load of 2.16 kg and a
density of not less than 0.900 g/cm™

3. An ethylene copolymer composition comprising:

[A-1] an ethylene/a-olefin copolymer of ethylene with an
a-olefin of 3 to 20 carbon atoms in an amount of 60 to
99% by weight, said copolymer having such properties
that

(i) the density (d) is in the range of 0.880 to 0.960 g/cm?>,
(i) the melt flow rate (MFR) at 190° C. under a load of
2.16 kg is in the range of 0.01 to 200 g/10 min,

(iii) the temperature (Tm (° C.)) at which the endothermic
curve of said copolymer measured by a differential
scanning calorimeter (DSC) shows the maximum. peak
and the density (d) satisfy the relation Tm<400xd-250,
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(iv) the melt tension (MT (g)) at 190° C. and the melt
flow rate (MFR) satisfy the relation MT>2.2xMFR~

0.84,

(v) the flow index (FI (1/sec)) defined by a shear rate
which is given when a shear stress of molten copoly-
mer at 190° C. reaches 2.4x106 dyne/cm® and the
melt flow rate (MFR) satisfy the relation FI>75x
MER, and

(vi) the amount (W (% by weight)) of a decane-soluble
portion at 23° C. and the density (d) satisfy the
relation,

in the case of MFR<10 g/10 min, W<80xexp(-100(d-
0.88))+0.1

in the case of MFR>10 g/10 min, W<80x(MFR-9)*2°x
exp(-100(d-0.88))+0.1; and

[B-3] an oleln type elastomer in an amount of 1 to 40%
by weight, said elastomer having such properties that

i) the density (d) is not more than 0.900 g/cm?, and
@ y g

(ii) the melt flow rate (MFR) at 190° C. under a load of
2.16 kg is in the range of 0.01 to 100 g/10 min; a
density ratio [B-3][A-1]) of the density of said olefin
type elastomer [ B-3] to the density of said ethylene/
a-olefin copolymer [A-1] being less than 1.

4. An ethylene copolymer composition comprising:

[Ta] an ethylene/c-olefin copolymer composition which
comprises [A-2] an ethylene/a-olefin copolymer of
ethylene with an c-olefin of 3 to 20 carbon atoms in an
amount of 5 to 95% by weight and [A-3] an ethylene/
a-olefin copolymer of ethylene with an a-olefin of 3 to
20 carbon atoms in an amount of 5 to 95% by weight,
said ethylene/a-olefin copolymer [A-2] having such
properties that

(1) the density (d) is in the range of 0.880 to 0.940
glem’,

(ii) the intrinsic viscosity [A-2] as measured in decalin
at 135° C. is in the range of 1.0 to 10.0 dl/g,

(iii) the temperature (Tm (° C.)) at which the endot-
hermic curve of said copolymer measured by a
differential scanning calorimeter (DSC) shows the
maximum peak and the density (d) satisfy the rela-
tion Tm<400xd-250,

(iv) the melt tension (MT (g)) at 190° C. and the melt
flow rate (MFR) satisfy the relation MT>2.2xMFR"~

0.84,

(v) the flow index (FI (1/sec)) defined by a shear rate
which is given when a shear stress of molten copoly-
mer at 190° C. reaches 2.4x10° dyne/cm® and the
melt flow rate (MFR) satisfy the relation FI>75x
MER, and

(vi) the amount (W (% by weight)) of a decane-soluble
portion at room temperature and the density (d)
satisfy the relation W<80xexp(-100(d-0.88))+0.1,

said ethylene/a-olefin copolymer [A-3] having such
properties that

(1) the density (d) is in the range of 0.910 to 0.960
g/eM?,
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(ii) the intrinsic viscosity [A-3] as measured in decalin
at 135° C. is in the range of 0.5 to 2.0 dl/g,

(iii) the temperature (Tm (° C.)) at which the endot-
hermic curve of said copolymer measured by a
differential scanning calorimeter (DSC) shows the
maximum peak and the density (d) satisfy the rela-
tion Tm<400xd-250, and

(iv) the amount (W (% by weight)) of a decane-soluble
portion at room temperature and the density (d)
satisfy the relation,

in the case of MFR<10 g/10 min, W<80xexp(-100(d-
0.88))+0.1

in the case of MFR >10 g/10 min, W<80x(MFR-9)**°x
exp(~100(d-0.88))+0.1,

said ethylene/a-olefin copolymer composition [Ia] hav-
ing such properties that

(i) the density ratio ([A-21/(A-3]) of the density of said
ethylene/a-olefin copolymer [A-21 to the density of
said ethylene/a-olefin copolymer [A-33 is less than
1,

(ii) the intrinsic viscosity ratio ((m.2][M4.3]) of the
intrinsic viscosity of said ethylene/a-olefin copoly-
mer A-2] to the intrinsic viscosity of said ethylene/
a-olefin copolymer [A-3] is not less than 1,

(iii) the density of said composition is in the range of
0.890 to 0.955 g/cm>, and

(iv) the melt flow rate (MFR) of said composition at
190° C. under a load of 2.16 kg is in the range of of
0.1 to 100 g/10 min; and

[1I-a][B-1] a high-pressure radical polymerization low-
density polyethylene having such properties that

() the melt flow rate (MFR) is in the range of 0.1 to 50
g/10 min, and

(i) the molecular weight distribution (Mw/Mn,
Mw=weight-average molecular weight, Mn=num-
ber-average molecular weight) measured by GPC
and the melt flow rate (MFR) satisfy the relation
Mw/Mnz=27.5xlog(MFR)-1.2;

a weight ratio ([Ia]:[Ila]) between said ethylene/at-
olefin copolymer composition [Ia] and said high-
pressure radical polymerization low-density polyeth-
ylene [I1a] being in the range of 99:1 to 60:40.

5. An ethylene copolymer composition comprising:

(A-4] an ethylene/a-olefin copolymer of ethylene with an
a-olefin of 3 to 20 carbon atoms having such properties
that

(1) the density (d) is in the range of 0.880 to 0.960 g
Jem™

(ii) the melt flow rate (MFR) at 190° C. under a load of
2.16 kg is in the range of 0.01 to 200 g/10 min,

(iii) the temperature (Tm (° C.)) at which the endot-
hermic curve of said copolymer measured by a
differential scanning calorimeter (DSC) shows the
maximum peak and the density (d) satisfy the rela-
tion Tm<400>d-250,
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(iv) the melt tension (MT (g)) at 190° C. and the melt
flow rate (MFR) satisfy the relation MT<2.2xMFR~
o0.84, and

(v) the amount (W (% by weight)) of a decane-soluble
portion at 23° C. and the density (d) satisfy the
relation,

in the case of MFR<10 g/10 min, W<80xexp(-100(d-
0.88))+0.1

in the case of MFR>10 g/10 min, W<80x(MFR-9)*%°x
exp(-100(d-0.88))+0.1; and

[B-4] a high-pressure radical polymerization low-density
polyethylene having such properties that

() the melt flow rate (MFR) is in the range of 0.1 to 50
g/10 min, and

(i) the molecular weight distribution (Mw/Mn,
Mw=weight-average molecular weight, Mn=num-
ber-average molecular weight) measured by GPC
and the melt flow rate (MFR) satisfy the relation

7.5xlog(MFR)-1.2=Mw/Mn<7.5xlog(MFR)+12.5; a
weight ratio ([A-4]: [B-4]) between said ethylene/ot-
olefin copolymer [A-4] and said high-pressure radical
polymerization low-density polyethylene [B-4] being
in the range of 99:1 to 60:40.

6. An ethylene copolymer composition comprising:

[A-4] an ethylene/a-olefin copolymer of ethylene with an
a-olefin of 3 to 20 carbon atoms in an amount of 60 to
99% by weight, said copolymer having such properties
that

() the density (d) is in the range of 0.880 to 0.960

(ii) the melt flow rate (MFR) at 190° C. under a load of
2.16 kg is in the range of 0.01 to 200 g/10 min,

(iii) the temperature (Tm (° C.)) at which the endot-
hermic curve of said copolymer measured by a
differential scanning calorimeter (DSC) shows the
maximum peak and the density (d) satisfy the rela-
tion Tm<400xd-250,

(iv) the melt tension (MT (g)) at 190° C. and the melt
flow rate (MFR) satisfy the relation MT<2.2xMFR~
o0.84, and

(v) the amount (W (% by weight)) of a decane-soluble
portion at 23° C. and the density (d) satisfy the
relation,

in the case of MFR<10 g/10 min, W<80xexp(-100(d-
0.88))+0.1

in the case of MFR>10 g/10 min, W<80x(MFR-9)*2°x
exp(-100(d-0.88))+0.1; and

[B-2] at least one crystalline polyolefin in an amount of 1
to 40% by weight, said crystalline polyolefin being
selected from the group consisting of:

(B-D) an ethylene homopolymer or a copolymer of
ethylene with an a-olefin of 3 to 20 carbon atoms,
prepared by using non-metallocene type catalyst,
having a melt flow rate (MFR) of 0.01 to 100 g/10
min at 190° C. under a load of 2.16 kg and a density
of not less than 0.900 g/cm>,
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(B-II) a propylene homopolymer or a copolymer of
propylene with at least one olefin selected from
ethylene and an a-olefin of 4 to 20 carbon atoms,
having a melt flow rate (MFR) of 0.1 to 100 g/10 min
at 230° C. under a load of 2.16 kg and a density of
not less than 0.-900 g/cm?, and

(B-IIT) a homopolymer of an c.-olefin of 4 to 20 carbon
atoms or a copolymer of a-olefins of 4 to 20 carbon
atoms, having a melt flow rate (MFR) of 0.1 to 100
2/10 min at 230° C. under a load of 2.16 kg and a
density of not less than 0.900 g/cm™>

7. An ethylene copolymer composition comprising:

[A-4] an ethylene/a-olefin copolymer of ethylene with an
a-olefin of 3 to 20 carbon atoms in an amount of 60 to
99% by weight, said copolymer having such properties
that

(1) the density (d) is in the range of 0.880 to 0.960
glem’,

(ii) the melt flow rate (MFR) at 190° C. under a load of
2.16 kg is in the range of 0.01 to 200 g/10 min.,

(iii) the temperature (Tm (° C.)) at which the endot-
hermic curve of said copolymer measured by a
differential scanning calorimeter (DSC) shows the
maximum peak and the density (d) satisfy the rela-
tion Tm<400xd-250,

(iv) the melt tension (MT (g) ) at 190° C. and the melt
flow rate (MFR) satisfy the relation MT<2.2xMFR~
o0.84, and

(v) the amount (W (% by weight)) of a decane-soluble
portion at 23° C. and the density (d) satisfy the
relation,

in the case of MFR<10 g/10 min, W<80xexp(-100(d-
0.88))+0.1

in the case of MFR>10 g/10 min, W<80x(MFR-9)**°x
exp(-100(d-0.88))+0.1; and

[B-3] an olefin type elastomer in an amount of 1 to 40 %
by weight, said elastomer having such properties that

i) the density (d) is not more than 0.900 g/cm>, and
@ y g

(ii) the melt flow rate (MFR) at 190° C. under a load of
2.16 kg is in the range of 0.01 to 100 g/10 min; a
density ratio ([B-3)[A-4]) of the density of said
olefin type elastomer [B-3] to the density of said
ethylene/a-olefin copolymer [A-4] being less than 1.

8. An cthylene copolymer composition comprising:

[Ib] an ethylene/a-olefin copolymer composition which
comprises [A-5] an ethylene/a-olefin copolymer of
ethylene with an a-olefin of 3 to 20 carbon atoms in an
amount of 5 to 95% by weight and [A-6] an ethylene/
a-olefin copolymer of ethylene with an a-olefin of 3 to
20 carbon atoms in an amount of 5 to 95% by weight,

said ethylene/a-olefin copolymer [A-5] having such prop-
erties that

(1) the density (d) is in the range of 0.880 to 0.940
glem’,

(ii) the intrinsic viscosity [1),.5] as measured in decalin
at 135° C. is in the range of 1.0 to 10.0 dl/g,
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(iii) the temperature (Tm (° C.)) at which the endot-
hermic curve of said copolymer measured by a
differential scanning calorimeter (DSC) shows the
maximum peak and the density (d) satisfy the rela-
tion Tm<400xd-250,

(iv) the melt tension (MT (g)) at 190° C. and the melt
flow rate (MFR) satisfy the relation MT=2.2xMFR™
0.84, and

(v) the amount (W (% by weight)) of a decane-soluble
portion at room temperature and the density (d)
satisfy the relation W<80xexp(-100(d-0.88))+0.1,

said ethylene/a-olefin copolymer [A-6] having such
properties that

(1) the density (d) is in the range of 0.910 to 0.960
glem’,

(ii) the intrinsic viscosity [A-6] as measured in decalin
at 135° C. is in the range of 0.5 to 2.0 dl/g,

(iii) the temperature (Tm (° C.)) at which the endot-
hermic curve of said copolymer measured by a
differential scanning calorimeter (DSC) shows the
maximum peak and the density (d) satisfy the rela-
tion Tm<400xd-250, and

(iv) the amount (W (% by weight)) of a decane-soluble
portion at room temperature and the density (d)
satisfy the relation,

in the case of MFR =10 g/10 min, W<80xexp(-100(d—
0.88))+0.1

in the case of MFR>10 g/10 min, W<80x(MFR-9)*2°x
exp(~100(d-0.88))+0.1,

62
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said ethylene/a-olefin copolymer composition [Ib]
having such properties that

(i) the density ratio ([A-5][ A-6]) of the density of said
ethylene/a-olefin copolymer [A-5] to the density of
said ethylene/o-olefin copolymer ||A-6] is less than
1,

(ii) the intrinsic viscosity ratio (M. s)[Ma.1]) Of the
intrinsic viscosity of said ethylene/a-olefin copoly-
mer [A-5] to the intrinsic viscosity of said ethylene/
a-olefin copolymer [A-6] is not less than 1,

(iii) the density of said composition is in the range of
0.890 to 0.955 g/cm>, and

(iv) the melt flow rate (MFR) of said composition at
190° C. under a load of 2.16 kg is in the range of 0.1
to 50 g/10 min; and

[TIb][B-4] a high-pressure radical polymerization low-
density polyethylene having such properties that

() the melt flow rate (MFR) is in the range of 0.1 to 50
g/10 min, and

(i) the molecular weight distribution (Mw/Mn,
Mw=weight-average molecular weight, Mn=num-
ber-average molecular weight) measured by GPC
and the melt flow rate (MFR) satisfy the relation

7.5xlog(MFR)-1.2<Mw/Mn=7.5xlog(MFR)+12.5;  a
weight ratio ([Ib]:[1Ib]) between said ethylene/o-olefin
copolymer composition [Ib] and said high-pressure
radical polymerization low-density polyethylene [IIb]
being in the range of 99:1 to 60:40.
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