DESCRIPTICN
TITLE OF INVENTICN:
1-BUTENE ‘a-OLEFIN COPCLYMER CCMPOSITIOCN
TECHNICAIL FIELD
[0001]

The present invention relates to l-butene-a~olefin
copolymer compositions having excellent low-temperature heat
sealing properties. Mere specifically, the invention relates
to l-butene-da-olefin cepolymer compositions that have
excellent low-temperature heat sealing properties and are
suited for applications such as laminate layers, inparticular,

sealant layers and easy peel films cn e.g. polypropylene films.

BACKGROUND ART
[oooz;

Polypropylene films such as bilaxislly-stretched
polypropylene £ilms are used in package materials. To improve
heat seal strength, in particular, low-temperature heat seal
strength of the polyprepylene films, sealant compositions
which are blends of resins such as pcoclypropylenes with butene
polymers are conventionally knocwn.

[0003]
Feor example, JP-A~-H11~221884 (Patent Literature 1)

disclcses a resin compesition for sealant film including a



polypropylene resin, an ethylene a-olefin random copolymer and
a butene a-olefin random copolymer.
[0004]

Further, JP-A-H11-245355 (Patent Literature 2) discloses
a sealant composition which is made by blending a specific

propylene *l1-butene random copolymer with a specific
l-butene ‘a-olefin random copolymer.
[0005]

Although films (packages) formed with these compositions
show some improvements in low-temperature heat sealability,
it is often the case that the films are sticky. Further,
difficulties are encountered in controlling the heat seal
strengthwithin acertaindefinite range when heat sealing takes
place at low temperatures. In the packagingapplications, this
causes variations in the strength required to open the packages.
Further, the strength required to open packages is apt to change
with the lapse of time, and quality control is frequently
difficult.
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[0006]
Patent Literature 1: JP-A-H11-221884
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SUMMARY



TECHNICAL PROBLEM
[0007]

The present disclosure proposes compositions aimed at
remedying these problems. In detail, the present disclosure
provides compositions suited as sealants or easy peel sealants
which may be easily formed with a low-temperature heat seal
strength controlled within a certain definite range by virtue
of the selection of a specific l-butene-a-olefin copolymer.
SOLUTION TO PROBLEM
[0007a]

In one aspect of the present disclosure, there is provided
a l-butene-a-olefin copolymer composition comprising:

99 to 1 parts by mass of at least one olefin polymer (X)
selected from propylene polymers (X-1) containing 50 mol% or
more of propylene and ethylene polymers (X-2) containing 50
mol% or more of ethylene; and

1 to 99 parts by mass of a l-butene-a-olefin copolymer
(Y) containing 99.9 to 70 mol% of l-butene and 0.1 to 30 mol%
of one or more a-olefins selected from ethylene, propylene and
C5 to Cl2 a-olefins (wherein the total of the 1-butene and the
one or more oa-olefins selected from ethylene, propylene and
C5 to C12 a-olefins is 100 mol%) and having a molecular weight

distribution (Mw/Mn) of 1.0 to 3.5 and having a pentad



3a

isotacticity (mmmm) of 80 to 96.5% (wherein the total of the
olefin polymer (X) and the l-butene-a-olefin copolymer (Y) in
the composition is 100 parts by mass).
[0008]

The present disclosure also provides the following.
[0009]

(1) Al-butene - a-olefin copolymer composition including:

99 to 1 parts by mass of at least one olefin polymer (X)
selected from propylene polymers (X-1) containing 50 mol% or
more of propylene and ethylene polymers (X-2) containing 50
mol% or more of ethylene; and

1 to 99 parts by mass of a l-butene-a-olefin copolymer
(Y) containing 99.9 to 70 mol% of l-butene and 0.1 to 30 mol%
of one or more a-olefins selected from ethylene, propylene and
C5 to Cl2 a-olefins (wherein the total of the 1-butene and the
one or more oa-olefins selected from ethylene, propylene and

C5 to C12 a-olefins is 100 mol%) and having a molecular weight



distribution (Mw/Mn) of 1.0 to 3.5 [wherein the total of the
olefin polymer (X) and the l-butene-a-olefin copolymer (Y) in
the composition is 100 parts by mass].

[0010]

(2) In the l-butene-a-olefin copolymer composition
described in (1), the olefin polymer (X) is preferably one or
more polymers selected from propylene polymers (X-1).
[0011]

(3) In the l-butene-a-olefin copolymer composition
described in (2), the propylene polymer (X-1) 1is preferably
one or more polymers selected from propylene random copolymers.
[0012]

(4) In the l-butene-a-olefin copolymer composition
described in (1), the olefin polymer (X) is preferably one or
more polymers selected from ethylene polymers (X-2).

[0013]

(5) In the l-butene-a-olefin copolymer composition
described in (1), the 1-butene-a-olefin copolymer (Y) 1is
preferably at least one or more copolymers selected from
l-butene rethylene copolymers (Y-1) containing 99.9 to 85 mol%
of 1-butene and 0.1 to 15 mol% of ethylene [wherein the total
of the 1l-butene and the ethylene is 100 mol%] and
l-butene ‘propylene copolymers (Y-2) containing 99.9 to 70 mol%

of 1-butene and 0.1 to 30 mol% of propylene (wherein the total



of the 1l-butene and the propylene is 100 mol%) .
[0014]

(6) In the composition described in (1), the
l-butene ‘a-olefin copolymer (Y) preferably has a pentad
isotacticity (mmmm) of not less than 80%.

[0015]

(7) In the l-butene-a-olefin copolymer composition
described in (1), the ethylene polymer (X-2) is preferably one
or more polymers selected from high-pressure low-density
polyethylenes and linear low-density polyethylenes.

[0016]

(8) In the l-butene-a-olefin copolymer composition
described in (5), it is preferable that the olefin polymer (X)
be a propylene polymer (X-1) and the l-butene-a-olefin
copolymer (Y) be a l-butene-ethylene copolymer (Y-1).
[0017]

(9) In the l-butene-a-olefin copolymer composition
described in (5), the 1l-butene-ethylene copolymer (Y-1) 1is
preferably a l-butene-ethylene copolymer having an elution
amount using o-dichlorobenzene at -10°C of not more than 3
masss.

[0018]

(10) In the l-butene-oa-olefin copolymer composition



described in (5), it is preferable that the olefin polymer (X)
be a propylene polymer (X-1) and the l-butene-a-olefin
copolymer (Y) be a l-butene - propylene copolymer (Y-2).
[0019]

(11) In the l-butene-a-olefin copolymer composition
described in (5), the l-butene propylene copolymer (Y-2) is
preferably a l-butene ‘propylene copolymer having an elution
amount using o-dichlorobenzene at -10°C of not more than 3
masss.

[0020]

(12) In the l-butene-a-olefin copolymer composition
described in (5), it is preferable that the total amount of elution
using o-dichlorobenzene at temperatures of not more than [Ts]°C
be 1.0 mass% to 5.0 mass% wherein [Ts] i1s characterized by the
equation: [Ts] = [C4] - 60 wherein [C4] is the proportion in mol$%
of 1-butene in the 1l-butene 'propylene copolymer (Y-2).

[0021]

(13) A l-butene rethylene copolymer including 99.9 to 85 mol%
of 1-butene and 0.1 to 15 mol% of ethylene (wherein the total of
the 1-butene and the ethylene is 100 mol%) and having a molecular
weight distribution (Mw/Mn) of 1.0 to 3.5.

[0022]

(14) The l-butene -ethylene copolymer described in (13)



preferably has an elution amount using o-dichlorobenzene at
-10°C of not more than 3 mass%.
[0023]

(15) A 1-butene ‘propylene copolymer including 99.9 to 70
mol% of l1-butene and 0.1 to 30 mol% of propylene (wherein the
total of the 1-butene and the propylene is 100 mol%) and having
a molecular weight distribution (Mw/Mn) of 1.0 to 3.5.
[0024]

(16) The 1l-butene ‘propylene copolymer described in (15)
preferably has an elution amount using o-dichlorobenzene at
-10°C of not more than 3 mass%.

[0025]

(17) In the l-butene -propylene copolymer described in
(15) or (16), it is preferable that the total amount of elution
using o-dichlorobenzene at temperatures of not more than [Ts] °C
be 1.0 mass% to 5.0 mass% wherein [Ts] is characterized by the
equation: [Ts] = [C4] - 60 wherein [C4] is the proportion in
mol% of l-butene in the copolymer.

ADVANTAGEOUS EFFECTS OF INVENTION
[0026]

When used in packaging films, the l-butene-a-olefin

copolymer compositions of the invention not only exhibit

excellent low-temperature heat sealing properties but are free



from stickiness. With the inventive compositions, it is
possible to control the heat seal étr@ngth in a fixed range
when heat sealing takes place at low temperatures, and also
to reduce the change in heat seal strength with ftime. In the
packaging applications, the invention makes 1t possible to
easily control the strength regquired to copen the packages in
a fixed range, and alsc makes i1t possible to design
high-performance packages.
BRIEF DESCRIPTION OF DRAWINGS
(00277
[Fig. 1} Fig. 1 is a view illustrating dependencies of
heat seal strength on heat seal temperature in Examples.
[Fig. 2] Fig. 2 is a view illustrating dependencies of
heat seal strength on heat seal temperature in ExXamples.
DESCRIPTION QF EMBODIMENTS
[0028]

Clefin polymers (X)

The olefin polymer (X} is cne of the components present
in the inventive l~butene-a-clefin copolymer composition.
This polymer is at least ¢ne or more selecited from prepylene
polymers (X-1) and/or ethylene polymers (X-2).

[0029]

Propylene polymers (X-1)

The propylene polymers {(X-1) in the invention contain 50



mol% or mere of propylene. Propylene homopolymers or
copolymers containing 50 mol% or more of propylene may be used.
Examples of the propylene copolymers include random copolymers
and block copolymers. Examples of monomers copolymerized with
propylene include a-olefins other than propylene. One or more
such a-clefins may be used as reqguired.
[00301

The lower limit of the proportion of propylene in the
copolymer is 50 mol%, preferably 75 mol%, and more preferably
80 mel%, and the upper limit thereof is 100 mol%, preferably
99.5 mol%, and more preferably 9% mol%, The lower limit of the
proportion of the a-olefin moncmer{s) other than propylene is
0 mel%, preferably 0.5 mol%, and more preferably 1 mol%, and
the upper limit thereof is 50 mol%, preferably 25 mol%, and
mcre preferably 20 mol%. Examples of these proportions are
such that the proportion of propylene is 50 fto 100 mol%,
preferably 75 to 99.5 mel%, and more preferably 80 to 99 mel%,
and the proportion of the a-clefin(s) cther than propylene is
O to 50 mol%, preferably 0.5 te 25 mel%, and more preferably
1 to 20 mcl% (wherein the total of the propylene and the
a-olefin{s) other than propylene is 100 mol%).
[0031]

Examples of the a-clefins to be copolymerized with

propylene include o-olefins having 2 or 4 to 20 carbon atoms
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such as ethylene, l-butene, l-pentene, 3-methyl-l-butene,
4-methyl-l-pentene, l-hexene, l-octene, l-decene, l1-dodecene
and l-tetradecene.

[0032]

The MFR (measured at 230°C under a load of 2.16 kg) of
the propylene polymer (X-1) is not particularly limited as long
as the l-butene-u-olefin copolymer composition obtained by
mixing the polymer with the l-butene-a-olefin copolymer (Y)
described later can be formed inte films. However, the MFR is
preferably 0.1 £to 10 g/10 min, and particularly preferably Q.5
to 8 ¢g/10 min. When MFR falls within these values, film
formability is good. The melting point (Tm) is desirably 100°C
or above and is desirably 165°C or below. In particular, the
melting point is desirably from 120°C to 150°C.

[0033]

Specific examples of the propylene polymers (X-1) in the
invention include propylene copolymers, propylene-ethylene
random copolymers, propylene-l-butene random copolymers,
propylene rl-butene ethylene random copolymers,
propylene -l-hexene random copolymers,
propylene 3-methyl-l-butene random copolymers and
propylene -4-methyl-1l-pentene random copolymers. The
propylene polymers (X-1) may be used singly, or two or more

may be used. In particular, preferred polymers are random
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copolymers of propylene and at least one or more oa~olefins
selected from ethyliene, propylene andka~olefins having 5 to
20 carbon atoms.

[0034]

The propylene polymers (X-1) in the invention may be
produced by any of various known productionmethods, for example,
by polymerizing the monomer (s) by known pelymerization methods
such as gas—-phase methods, bulk methods and slurry methods in
the presence of known catalysts such as Ziegler-Natta catalysts
and metallocene catalysts.

[0035]

Ethylene polymers (X-2)

The ethylene polymer (X-2) in the invention containsg 50
mel% or more of ethylene. The ethylene polymer (¥X-2) may be
an ethylene homopclymer or a copolymer containing 50 mol% or
more of ethylene. Examples of the copolymers include random
copolymers and block copolymers. A monomer cepolymerized with
ethylene 1s one or more o-oclefins selected from a-olefins
having 3 to 20 carbon atoms.

[0036]

In the ethylene copolymers (X~2), in particular, in the
case of ethylene - a~clefin copolymers, the lower limit of the
propeortion of ethylene is 50 mol%, preferably 75 mol%, and more

preferably 90 mol%, and the upper limit thereof is 99.9 mol%,
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and preferably 29 mol%. The lower limit of the proportion of
the a~olefin monomer(s) is 0.1 mol%, and preferably 1 mol%,
and the upper limit thereof is 50 mol%, preferably 25 mol%,
and more preferably 10 mol%. Examples of these proportions are
such that the proportion of ethylene is 50 to 99.9% mol% and
the proportiocn of the a-olefin(s) is 0.1 to 50 mol%, preferably
such that the proportion of ethylene is 75 to 99.9 mol% and
the proportion of the w-clefin(s) is 0.1 to 25 mol%, and more
preferably such that the proportion of ethylene is 90 to 99
mel% and the proportion of the o-olefin{s) is 1 te 10 mol%
(wherein the total of the ethyvliene and the w-olefin(s) is 100
mol%).

Specific examples of the ethylene polymers (X~2) in the
invention include ethylene homopolymers and copolymers. The
copolymer inciudes copolymers of ethylene with a-olefins
having 3 to 20 carbon atoms, and preferably with a-olefins

having 3 to 8 carbon atoms, and preferably includes random
copolymers.
[0037]

The MFR (measured at 190°C under a load of 2.16 kg) of
the ethylene polymer (X-2) in the invention is not particularly
limited as long as the l-butene ‘a-oclefin copolymer compesition
cbtained by mixing the polymer with the I-butene g-olefin

copolymer (YY) described later can be formed into films.
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However, the MFR is preferably 0.1 to 50 ¢g/1C min, and more
preferably 0.1 to 20 g/10 min.
(0038

In the ethylene-a-olefin copolymers, examples cf the
a-olefins to be copolymerized with ethylene include a~clefins
having 3 to 20 carbon atoms such as propylene, l-butene,
l-pentene, 3-methyl-l-butene, 4-methyl-l-pentene, l-hexene,
l-octene, l-decene, l-dcdecene and l-tetradecene.

[0039]

Specific examples of the ethylene polymers (X-2) in the
invention include high-pressure low-density polyethylenes,
linear low-density peclyethylenes such as ethylene propylene
random copolymers, ethylene:l-butene random copolymers,
ethylene ‘1-hexene random copolymers and ethylene-l-octene
random copolymers, and high-density pclyethylenes. The
ethylene polymers (X-2) in the invention may be used singly,
or two or more may be used.

[0040]

The ethylene polymers (¥-~2) in the invention may be
produced by any of various known production methods, for example,
by so-called high-pressure polyethylene production methods or
by pelymerizing the monomer (s) by known polymerization methods
such as gas-phase methods, bulk metheds and slurry methods in

the presence of known catalysts such as Ziegler-Natta catalysts
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and metallocene catalysts.
[0041]

1-Butene ‘a-olefin copolymers (Y)

The 1l-butene -a-olefin copolymer (Y) is one of the
components present in the inventive l-butene-a-olefin
copolymer composition. This copolymer contains 99.9 to 70 mol%
of 1-butene and 0.1 to 30 mol% of one or more a-olefins selected
from ethylene, propylene and C5 to Cl2 a-olefins (wherein the
total of the l-butene and the one or more a-olefins selected
from ethylene, propylene and C5 to Cl2 olefins is 100 mol%),
and has a molecular weight distribution (Mw/Mn) of 1.0 to 3.5.
Here, the a-olefins include 1-butene, and one or more a-olefins
selected from ethylene, propylene and C5 to Cl2 olefins.
Examples of the a-olefins having 5 to 12 carbon atoms include
l-pentene, l-hexene, l-octene and 1l-decene.

[0042]

Specific examples of the 1l-butene-a-olefin copolymers
(Y) in the invention include 1l-butene -ethylene copolymers
(Y-1), 1-butene -propylene copolymers (Y-2),
l-butene -1-pentene copolymers, l-butene l-hexene copolymers,
l-butene rethylene ‘-propylene copolymers,
l-butene rethylene -1-pentene copolymers,
l-butene ‘propylene ‘1-pentene copolymers and

l-butene rethylene -1-hexene copolymers. Examples of the types
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of copolymers include block copolymers and random copolymers.
Of these copolymers, random copolymers are preferable.
(00437

The l-butene  cg-olefin copolymer (Y) in the invention
desirably has a pentad isotacticity of not less than 80%,
preferably 85 to 95%, more preferably 88 to 94%, and still more
preferably 88.0 to 93.0%. When pentad isctacticity falls
within this range, forming properties and improvements in
properties are good.

[0044]

The pentad isctacticity {mmmm) of the l-butene -a-olefin
copolymer (Y} 1in the invention 1s defined as the structures
in which five continuous l-butene units have the side-chain
ethyl groups on the same side, in the l-butene-a-olefin
copolymer ({Y) assumed as having a zigzag extended chain.
Assuming that these structures give rise to a peak with a peak
top chemical shift of 27.50 ppm, the pentad i1sotacticity is
calculated from the following egquaticon wherein S 1s the area
of the peak with a peak top at 27.50 ppm, and S' is the total
area of peaks appearing in the range of 27.35 ppm to 26.30 ppm.
[0045]

(mmmm) = S$/{S + 8') x 100 (%)

Here, the main peaks appearing in the range ¢f 27.35 ppm

to 26.30 ppm are assigned to mmmr (27.35 ppm), mmrr and rmmr
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{27.15 ppm), and mrrm (26.32 ppm).
[0046]

HBC-NMR spectrometry 1is performed with the following
apparatus and under the following conditions.
[0047]

The apparatus used 1s nuclear magnetic resonance
apparatus ECP200 manufactured by JECL Ltd. The solvent is an
o-dichlorobenzene/deuterated benzene (volume ratioc: 80/20)
mixture solvent. The sample concentration is 50 mg/0.6 mL.
The measurement temperature is 120°C. The nucleus observed is
C (125 MHEz). The sequence is single pulse proton decoupling.
The pulse width is 4.7 psec (45° pulse). The repetition time
is 5.5 sec. The number cf scans is at least 10,060. The
reference chemical shift, 0 ppm, is the carbon signal of
tetramethylsilane (TMS). 1In this case, the signal assigned to
the methylene groups in the butene side chains is usually
observed near 27.50 ppm.

[0048]

In the 1-butene a-olefin copolymer (Y) in the invention,
it is preferable that the proportion of regicerrors by
4,1l-insertions relative to all the l-butene monomers be less
than 0.1%, The £4,l-inserticns of l-butene monomers in the
molecular chain may result in insufficient mechanical

strength.
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[0049]

For example, the 4,1l-insertions in the 1~butene ‘a—-clefin
copolymer (Y) in the invention may be identified in accordance
with a method reported by V. Busico et al. in Macromol. Rapid.
Comun., 16, 269 (1995). The prcportion may be calculated from
the following eguation based on the peak intensities of the
main chain yy (31.1 ppm), the main chain ao (40.2 ppm) and the
main chain ao' {39.6 ppm).

(00501

(Content of 4,1-insertions) = [Iyy/ (Iaa + Iaa' + 2 x Iyy)]
x 100 (%)

In the above equation, Iyy, Iaa and Ico' indicate the peak
intensities of the main chain yy (31.1 ppm), the main chain aa

{40.2 ppm) and the main chain oo’ (3%2.¢ ppm), respectively.

(00311

[Chem. 1]

555

In £he l1-butene -o~olefin copolymer (Y) in the invention,

oD e nd s x5 oot

the melting point (Tm) measured with a differential scanning
calorimeter (DSC) is preferably not less than 60°C, and is
preferably not more than 120°C. The melting point (Tm) is

measured by the following method. The melting point (Tm)
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measured by the following method is Tm-TI.
[0052]

The melting point of the l-butene - a~-clefin copolymer (Y)
in the invention i1s measured in the following manner. With a
differential scanning calorimeter ({(DS3C}, the copolymer is
heated from room temperature (generally 23°C) te 200°C at a
heating rate of 10°C/min. After being held at 200°C for 5
minutes, the copolymer is cocled to room temperature at a
cocoling rate of 10°C/min and is allowed to stand at room
temperature for approximately 10 days. Thereafter, the
copolymer is cooled from room temperature to -50°C at a cooling
rate of 10°C/min and is held at -50°C for 5 minutes. The sample
is then heated from -50°C to 200°C at a heating rate of 10°C/min
while recording amelting curve. Of themelting peaks recorded,
the largest peak is ocobtained as the melting pecint (Tm-I1}.
[0053]

In the l1-butene a-clefin copolymer (Y) in the inventiocn,
the ratio of the weight average moclecular weight (Mw) to the
number average molecular weight (Mn}, (Mw/Mn), measured by gel
permeation chromatography {GPC) is such that the lower limit
is 1.0 and the upper limit is 3.5. Further, the upper limit
is preferably 3.0. Large values of Mw/Mn are disadvantageocus
for the polymer to exhibit mechanical properties such as

toughness.
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[0054]

In the 1-butene g-olefin cocpolymer (Y) in the invention,
the lower limit of the weight average mclecular weight (Mw)
is preferably 2 x 10° and the upper limit thereof is preferably
7 x 10°. More preferably, the lower limit is 3 x 10° and the
upper limit is 6 x 10°.

[CC551]

In the butene-a~clefin copolymer (Y) in the invention,
the melt flow rate (MFR) (190°C, 2.16 kg) is preferably such
that the lower limit is 0.1 g/10 min and the upper limit is
50 g/10 min. More preferably, the upper limit is 20 g/10 min.
When melt flow rate falls within these range, £ilm formabiliity
is good.

[00586]

An elution amount of the butene - a-olefin copolymer (Y)
in the invention preferably using o-dichlorobenzene at -10°C
of not more than 3 mass%, and more preferably not more than
2Zmass%. A composition obtained by mixing the butene - o-olefin
copolymer which has the above eluticon amount with the olefin
polymer (X) exhibits still improved low-temperature heat
sealing properties and also improved formability.

F0057]
Preferred l-butene a-olefin copoclymers (Y] in the

inventicn are l-butene-ethylene copolymers (¥Y-1) and
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l-butene 'propylene copolymers (Y-2).
00587

1-Butene -ethylene copolymers (¥Y-1)

The 1-butene -ethylene copolymers (Y-1) in the invention
preferably contain l-butene at 99.9 to 85 mol%, and more
preferably 29 to 95 mol%, and ethylene at 0.1 to 15 mol%, and
more preferably 1 to 5 mol% (wherein the total of the l-butene
and the ethylene is 100 mol%}.

[0059]

In the 1l-butene-ethylene copolymers {¥-1) in the
invention, the ratio of the weight average molecular weight
(Mw) to the number average molecular weight (Mn}, {Mw/Mn),
measured by gel permeation chromatography (GPC) is such that
the lower limit is 1.0 and the upper limit is 3.5. Further,
the upper limit is preferably 2.5, Large values of Mw/Mn are
disadvantageocus for the polymer to exhibit mechanical
properties such as toughness.

[0060C]

1-Butene 'propylene copolymers (Y¥Y-2)

The 1~butene ‘preopylene copolymers (Y-2) in the invention
preferably contain l-butene at 99.9 to 70 mol%, and mcre
preferably 95 to 70 mol%, and propylene at 0.1 to 30 mol%, and
more preferably 5 to 30 mol% {(wherein the total of the l1-butene

and the propylene 1s 100 mol%)}.
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[GC61]

In the l-butene - propylene copolymers {Y-2) in the
invention, it ispreferable that the total elution amount {(unit:
mass%, hereinafter sometimes written as %) at temperatures of
not more than [Ts1°C be 1.0% to 5.0% wherein [Ts] is
characterized by the equation:

[Ts] = [C4] - 60.

[C4] is the proportion in mol% of l-butene. This total
elution amount 1s advantageous in that excellent effects are
obtained not only in low-temperature heat sealing properties
but alsc in formability in various applications described
later.

[0062]

When the propylene content in the l-butene-propylene
copolymer (Y-2) in the inventiocn is in the range of 0.1 to 20
mol%, 1t is desirable that the total elution amount at
temperatures of not more than [Ts]°C be 1.0 mass?® to 5.0 mass%,
preferably 1.0 to 4.5 mass%, and mocre preferably 2.5 to 4.5
mass% wherein [Ts] 1s characterized by the eguation: [Ts] =
[C4] - 60 wherein [C4] is the propertion in mel% ¢of l-butene
in the l-butene propylene copolymer (Y-2).

[0063]
When the propylene content in the l-butene-propylene

copelymer (¥Y-2) is from more than 20 mel% te 30 mol%, the
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copolymer preferably satisfies [C4] - 5 > Tm-II, or the
copolymer is preferably such that Tm~II is not substantially
detected.
[0C64]

Here, Tm-II 1s measured in the following manner. With
a differential scanning calorimeter (DSC), the copoclymer is
heated from room temperature {(generally 23°C) to 200°C at a
heating rate of 10°C/min. After being held at 200°C for 5
minutes, the copolymer is cooled from 200°C to 0°C at a cooling
rate of 20°C/min and is held at 0°C for 5 minutes. Thereafter,
the sample is heated from 0°C to 200°C at a heating rate of
20°C/min while recording a melting curve. The temperature
corresponding to the largest peak of the melting peaks recorded
is obtained as Tm-II.

[0065]

Methods for producing l-butene -a-clefin copclymers (Y}

For example, the 1-butene a~olefin copolymers (Y) in the
invention may be obtained by polymerizing the monomers by known
polymerization methods such as gas~phase methods, bulk methods
and slurry methods in the presence of catalysts such as
Ziegler-Natta catalysts and metallocene catalysts. In
particular, the ccopolymers are desirably produced by
polymerization using a metallocene compound represented by

General Formula (1) or {(2) below.
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100661

[Chem., 2]

(In the formulae, R? is selected from hydrocarbon groups

and silicon-containing hydrocarbon groups; R*, R?, R?, R®, RS,

R7, R%, R?, R*?, R* and R' are selected from hydrogen, hydrocarbon

groups and siliceon~containing hydrocarbon groups, and may be
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the same or different from one another; adjacent substituents
of R’ to R' may be bonded to each other to form a ring; A is
a divalent hydrocarbon group of 2 to 20 carbon atoms which may
include a partially unsaturated bond and/or an aromatic ring;
A may include two or more ring structures including the ring
formed between A and Y; M is a metal selected from Group IV
of the periodic table; Y is carbon or silicon; Q is a halogen,
a hydrocarbon group, an anionic ligand or a neutral ligand
capable of coordination via a lone pair of electrons, and may
be the same or different when plural; and j is an integer of
1 to 4.)

In General Formula (1) or (2), R?, R?, R4, R5, R6, R7, R8,
R?, Rw, R''! and R'? are selected from hydrogen, hydrocarbon
groups and silicon-containing hydrocarbon groups, and may be
the same or different from one another.

[0068]

Preferred hydrocarbon groups are alkyl groups of 1 to 20
carbon atoms, arylalkyl groups of 7 to 20 carbon atoms, aryl
groups of 6 to 20 carbon atoms, and alkylaryl groups of 7 to
20 carbon atoms. The hydrocarbon groups may include one or more
ring structures. Specific examples thereof include methyl,
ethyl, n-propyl, isopropyl, 2-methylpropyl,
1,1-dimethylpropyl, 2,2-dimethylpropyl, 1,l1-diethylpropyl,

l-ethyl-l1-methylpropyl, 1,1,2,2-tetramethylpropyl,
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sec-butyl and tert-butyl.
[0069]

Preferred silicon-containing hydrocarbon groups are
alkylsilyl groups and arylsilyl groups having 1 te 4 silicon
atoms and 3 to 20 carbon atcms. BSpecific examples therect
include trimethylsilyl, tert-butyldimethylsilyl and
triphenylsilyl.

[0070]

Preferably, R? is a sterically bulky hydrocarbon group
or silicon~containing hydrocarbon group, namely, a secondary
or tertiary substituent, and is more preferably a substituent
having 4 or more carbon atoms. Specific examples of the
hydrocarbon groups include iscpropyl, 1,l-dimethylpropyl,
1,1-diethyipropvl, l-ethyl-l-methylpropyl,
1,1,2,2-tetramethylpropyl, sec-butyl, tert-butyl and
1,1-dimethylbutyl. Tert-butyl is particularly preferable.
Examples of the silicon-containing hydrocarbon groups include
compounds corresponding to the above compounds except that part
or all of the carbon atoms are replaced by silicon atoms.
[co71]

The adjacent substituents of R° to R** on the fluorene ring
may be bonded together to form rings. Examples of such
substituted fluorenyl groups include benzofluorenyl and

dibenzoflucrenyl. For easy synthesis, the substituents R° to
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R'? on the fluorene ring are preferably symmetric, namely, R
= RM, R = RM, R = Rw, and R® = R?. More preferred structures
are unsubstituted fluorene, 3,6-disubstituted fluorene,

2, 7-disubstituted fluorene and 2,3,6,7-tetrasubstituted
fluorene. Here, the 3-position, the 6-position, the
2-position and the 7-position on the fluorene ring correspond
to R7, Rw, R® and Rny respectively.

[0072]

In General Formula (1), R® and R® are selected from
hydrogen, hydrocarbon groups and silicon-containing
hydrocarbon groups, and may be the same or different from each
other. Specific examples of the preferred hydrocarbon groups
include those mentioned hereinabove. Y is carbon or silicon.
In the case of General Formula (1), R® and R? are bonded to Y
to form a substituted methylene group or a substituted silylene
group as a bridge. Specific examples of preferred structures
include methylene, dimethylmethylene, diisopropylmethylene,
methyl-tert-butylmethylene, dicyclohexylmethylene,
methylcyclohexylmethylene, methylphenylmethylene,
diphenylmethylene, dimethylsilylene and diisopropylsilylene.
More preferably, Y is carbon.

[0073]
When R? in General Formula (1) or (2) is a tert-butyl group,
R' is preferably a methyl or ethyl group, and is preferably a

methyl group. In this case, R® and R? in General Formula (1)
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are methyl or phenyl groups, and are preferably methyl groups.
Further, R® and R are preferably the same as each cther. When
R? and R! in General Formula (1) are a tert-butyl group and a
methyl group, respectively, R® to R'? may be hydrogen.
[0074]

Preferred compcunds are such that when R? and R in General
Formula (1) are a tert-butyl group and an ethyl group,
respectively, R®, R’, R®, R?, R' and R'? are hydrogen, and R®
and R'" are tert-butyl groups.

[0075]

In General Formula (2), Y is bonded to the divalent
hydrocarbon group A of 2 to 20 carbon atoms which may include
& partially unsaturated bond and/cr an aromatic ring, thereby
forming a structure such as a cycloalkylidene group or a
cyclomethylenesilylene group. Specific examples of preferred
structures include cyclopropylidene, cyclcbutylidene,
cyclopentylidene and cyclchexylidene.

[0076]

In General Formulae (1) and (2), M is a metal selected
from Group IV in the periodic table, withexamples of Mincluding
titanrnium, zirconium and hafnium. ¢ is a halogen, a hydrocarbon
group cof 1 to 20 carbon atoms, an anionic ligand or a neutral
ligand capable of cocrdination via & lone pair cf electrons,

andmay be the same or different whenplural. Specific examples
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of the halogens include fluorine, chlorine, bromine and iodine.
Specific examples of the hydrocarbon groups include those
mentioned hereinabove., Specific examples of the anionic
ligands include alkoxy groups such as methoxy, tert~bﬁtoxy and
phenoxy; carboxylate groups such as acetate and benzoate; and
sulfonate groups such as mesylate and tosylate. Specific
examples of the neutral ligands capable of coordination via
lone-pair electrons include organcphosphorus compounds such
as trimethyliphosphine, triethylphosphine, triphenyvlphosphine
and diphenylmethylphosphine; and ethers such as
tetrahydrofuran, diethylether, dioxans and
l,2-dimethoxyethane. When plural, Qs may be the game or
different, but it is preferable that at least one be a halocgen
cr an alkyl group.

[0077]

A component (B) is any of organcaluminum oxy-compounds
{B-1), compounds (B-2) capable of reactingwith the metallocene
compound (A) to form an ion pair, and at least cne compound
(B~3) selected from organcaluminum compounds. Further, a
particulate carrier (C) is used as reguired.

(0787

The organoaluminum oxy-compounds (B-1} may be any known

aluminoxanes.

[0078]
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Examples of the compcunds (B-2) capable of reacting with
the metallocene compound {(A) tc form an ion pair {(hereinafter,
sometimes referred to as the "ionic compounds”) include Lewis
acids, lonic compcounds, borane compounds and carborane
compeunds described in literature such as JP-A-H01-501%50 and
JP-A-2004~51676. Hetercopcly compounds and iscopoly compounds
are also usable.

[0080]

Specific examples include triphenvlboron,
tris{o~tclyl)boron, tris{p~tolyl)boron,
tris{(3,5-dimethylphenyl)boron, trimethylboron,
triiscbutylboron; compounds having a halcaryl group such as
compounds having a fluorcaryl group, for example,
tris{4-fluocrophenyl)boron, tris(3,5-difluorcophenyl)boron,
tris{4~fluorcmethylphenyl)boron and
tris(pentafluorophenyl)beoron: and triflucrobocron.

[0081]

Examples of the crgancaluminum compounds (B-3) that are
the components of the olefin peclymerization catalysts include
organcaluminum compounds represented by General Formula ()
below.

(00821

[Chem. 4]
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R% AORPH X, ---(6)

(In the formula, R* and R® may be the same or different
from each other and indicate hydrocarbon groups having 1 to
15, and preferably 1 to 4 carbon atoms: X is a halogen atom;
mis 0 <m < 3; n is 0 £n < 3; pis 0 <p < 3; gis 0 £ g«
3; and m + n + p + g = 3.) Specific examples of such
organcaluminum compounds include trimethylaluminum,
triethylaluminum, tri-n-butylaluminum, dialkylaluminum
hydrides such as diisopropylaluminum hydride and
diiscbutylaluminum hydride, and alkylaluminum alkoxides such
as iscbutylaluminum methoxide and isobutylaluminum ethoxide.
[0083]

Preferred organcaluminum compounds (B-3) include
tri-n-alkylaluminums such as trimethylaluminum,
triethylaluminum and trioctylaluminum, and tri-branched
alkylaluminums such as triiscbutylaluminum. In particular,
trimethylaluminum and triisobutylaluminum are preferably
used.

[0084]

In the invention, the I-butene -a-clefin copolymer may be
produced by any of liquid-phase polymerization methods such
as solution polymerization and suspension polymerization, and

gas—-phase polymerization metheds. In the liguid-phase
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pclymerization methods, inert hydrocarben solvents may be used.
Specific examples include aliphatic hydrocarbons such as
propane, butane, pentane, hexane, heptane, coctane and decane;
alicyclic hydrocarbons such as cyclopentane, cyclohexane and
methylcyclopentane; aromatic hydrocarkons such as benzene,
toluene and xylene; and mixtures of these solvents. Bulk
polymerization may be performed in which the olefins including
1-butene themselves are used as the solvent.

[0085]

In the production ¢f the 1-butene-a-olefin copolymer (Y)
in the inventiocon, sc-called multistage polymerization may be
adepted in which polymerization conditions are changed in a
stepwise manner. For example, a l-butene-w-olefin copoclymer
(Y) having various molecular weight distributions may be
obtained by performing polymerization stepwise under two
conditions with different hydrogen supply rates. Further, a
l-butene -o-olefin copolymer {Y) with a controlled composition
distribution may be obtained by perferming the
homopolymerization of l~butene and the copolymerization of
l-butene and another olefin in a stepwise mannher.

[0086]

In the polymerization, the component [(A) is usually used

in an amount of 107% to 1072 mol, and preferably 1077 to 107 mol

in terms of the Group IV metal atom in the pericdic takle, perx
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liter of the reaction volume. The component (B-1) is usually
used in such an amcunt that the molar ratio of the component
(B~1) to the transiticon metal atom (M} in the component (A)
[(B-1)/M] is 0.01 to 5000, and preferably 0.05 to 2000. The
component (B-Z) is usually used in such an amount that themolar
ratic of the component (B-2} to the transition metal atom (M)
in the compenent (A} [(B-2)/M] is 1 to 10, and preferably 1
to 5. The component (B-3) 1s usually used in such an amount
that the molar ratic of the component (B-3) to the transition
metal atom (M) in the component (A} [{B-2)/M] is 10 to 5000,
and preferably 20 to 2000.

(0087}

The polymerization temperature is usually in the range
of ~50 to 200°C, preferably 0 to 100°C, and more preferably
20 to 100°C. Excessively low polymerization temperatures tend
tc be disadvantagecus in industiry in view of aspects such as
polymerization activity per unit amount of catalyst, and heat
recovery efficiency.

[0C88]

The polymerization pressure is usually from normal
pressure to 10 MPa gauge pressure, and preferably from normal
pressure to 5 MPa gauge pressure. The polymerization reaction
may be carried out batchwise, semi-continuously or

centinucusly. The polymerization may be carried out in two or
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more stages under different reaction conditions.
50089]

Hydrogen may be added in crder to control the molecular
weight of the l-butene - w-olefin copolymer produced by the
polymerization as well as to control polymerization activity.
The amount of hydrogen i1s appropriately about 0.001 to 100 NL
per kg of the olefins.

[0090]

1-Butene ‘g-clefin copolymer compositions

The l-butene-a-clefin copolymer composition of the
invention includes the clefin polymer (X) in an amount of 29
to 1 parts by mass, preferably 95 to 10 parts by mass, more
preferably 92.5 to 30 parts by mass, and still more preferably
2.5 to 55 parts by mass, and the l-butene - o~clefin copclymer
{(¥Y) in an amount of 1 to 99 parts by mass, preferably 5 to 50
parts by mass, more preferably 7.5 to 70 parts by mass, and
still more preferably 7.5 to 40 parts by mass [{¥X) + (Y) = 100

parts by mass].

The MFR (190°C, 2.16 kg load) of the l-butene-a-olefin
copolymer composition of the inventiocon is not particularly
limited as long as the composition can be formed into films.
However, the lower limit therecf is preferably 0.1 ¢g/10 min,

and the upper limit thereof is preferably 50 g/10 min. More
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preferably, the upper limit is 20 g/10 min.
[0082]

The melt flow rate (MFR) (190°C, 2.16 kg) of the
butene 'a~olefin copolymer (Y) in the inventicn is preferably
such that the lower limit thereof is 0.1 g/10 min and the upper
limit therecof ig 50 ¢/10 min. More preferably, the upper limit
is 20 g/10 min. When MER falls within this range, film
formability is good.

[C083]

The l1-butene-w-clefin copolymer composition cof the
invention, or the clefin polymer {X) and the l-butene a-~olefin
copolymer (Y) may contaln usual additives such as anticoxidants,
weather stabilizers, antistatic agents and antifogging agents,
or polymers as regulired while still achieving the object of
the invention. By the additicn of anti-blocking agents and
slip agents, the composition of the inventicn may achieve
improvements in properties such as processability and
workability when the composition is formed into heat seal layers,
is laminated, or i1s heat sealed to package an item.

[C094]

The l-butene-g-clefin copolymer compeosition of the

inventicon is used in various forms such as films. Inparticular,

the l1-butene-a-cliefin copolymer compositicn of the invention

ig suited for lamination onto bases such as films. That is,
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the inventive composition may be laminated onto various films
to produce stacked films. Layers formed of the inventive
l-butene a-olefin copolymer composition are useful as heat
seal layers. Further, layers formed of the inventive
l-butene ‘a-olefin copolymer composition may be used as easy
peel layers.

[0095]

Preferred examples of the l-butene:a-olefin copolymer
compositions of the invention include compositions in which
the olefin polymer (X) is the propylene polymer (X-1) and/or
the ethylene polymer (X-2), compositions in which the
l-butene ra-olefin copolymer (Y) is the l-butene-ethylene
copolymer (Y-1) or the 1l-butene :'propylene copolymer (Y-2),
compositions which include the propylene polymer (X-1) and the
l-butene rethylene copolymer (Y-1) or the l-butene-propylene
copolymer (Y-2), and compositions which include the ethylene
polymer (X-2) and the l1-butene -ethylene copolymer (Y-1) or the
l-butene ‘propylene copolymer (Y-2).

[0096]

The 1l-butene -a-olefin copolymer compositions of the
invention which include the propylene polymer (X-1) as the
olefin polymer (X) are suited as heat seal layers for various
films such as polypropylene. Such heat seal layers are used

in the form of multilayer films by being stacked onto films
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such as polypropyiene by methods such as lamination. Layers
formed of the inventive compositions are particularly useful
as heat seal layers.

[C097]

Heat seal layers formed of the inventive composition
including the propylene polymer (X-1) are excellent in the
balance between low-temperature fusion bonding properties and
anti-blocking properties, and are characterized by the
capability of attaining a fixed range of heat seal strength
in a relatively wide range of acceptable heating temperatures
during heat sealing (heat seal temperatures). Thus, such heat
seal layers are advantageous in that a higher degree of freedom
may be obtained in controlling the heat seal temperature in
the packaging of items with use of the heat seal layers.
(00981

Layers (base layers} on which the heat seal layers formed
of the inventive compeosition containing the propylene polymer
{X-1) are stacked may be any of various materials usually used
as packaging materials. Examples thereof include polyclefin
films such as polypropylene films, polyethylene films,
polybutene films and polymethylpentene films, polyester films
such as polyethylene terephthalates and polycarbeonates,
thermeplastic resin films such as nylon films, polystyrene

films, polyvinyl chloride films, peolyvinylidene chloride films,
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polyvinyl alcohol films and ethylene rvinyl alcohol copolymer
£films, aluminum films and paper. These layers (kase layers)
may be unstretched films, or may be stretched films such as
uniaxially stretched films and biaxially stretched films.
[009%9]

Examples of the stacked films include two-layered
structures such as heat seal layer (inventive composition
layer) /base layer, and three-layered structures such as heat
seal layer (inventive composition layer)/base layer/heat seal
layer (inventive ccnpositicn laver). Adhesive layers may be
disposed between the heat seal layer and the base layer.
However, when the inventive composition according te the
present aspect is used for heat seal, the composition exhibits
good fusion bonding properties with respect to polyoclefin
resinsg, and consequently heat sealing resulis in excellent heat
seal strength even in the absence of an adhesive layer.
[0100]

Of the base layers, unstretchad or stretched polyolefin
films, in particular, polypropylene films have excellent
performance. Multilayer films including these base layers
show excellent balance between low-temperature heat sealing
properties and anti-blocking properties by using properties
of the base layers. For example, stretching cenditions may be

such that the films are uniaxially stretched at a stretch ratio
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of about 2 to 10 times, or are biaxially stretched at a stretch
ratio of abcut 2 to 10 times in each direction.
(01011

Heat seal layers formed c¢f the inventive composition
containing the propylene polymer (X-1) are usually 1 pum to 20
pm, and preferably 2 pm to 10 pum. One, or two or more cother
layers (base layers) may be provided, and are generally 10 to
1000 um. Where necessary, intermediate layers may be disposed
to improve properties such as adhesion.

[0102]

Multilayer films which have heat seal layers formed of
the inventive compositicn containing the propylene polymer
{X-1) may be produced by any of various known methods. For
example, a heat seal layer, a base layer and coptionally a f£ilm
for an intermediate layer may be separately formed beforehand
and stacked together. Alternatively, components such as
resins for the respective layers may be separately melted in
extruders and extruded through a single die so as to stack the
layers into multilayer films by a method such as blown-film
extrusion, alr-cooled two-stage blown-film extrusicon or T-die
film extrusion. Still alternatively, multilayer films may be
formed by stacking the respective layers by a method such as
extrusicn lamination.

[0103]
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Further, the inventive composition including the
propylene polymer (¥X-1) not only exhibits excellent
low~temperature heat sealing properties but is free from
tackiness and excellent in transparency, anti-blocking
properties, appearance and film formability. With the
composition, it is possible to control the heat seal strength
in a fixed range when heat sealing takes place at low
temperatures, and alsc to reduce the change In heat seal
strength with time. In the packaging applications, the
strength regquired to open the packages may be easily controlled
within a certain definite range, and high-performance packages
may be designed.

[0104]

Multilayer f£ilms which have layers formed c¢f the
inventive composition containing the propylene pclymer (X-1)
may be used as various packages and may be subjected to
processing such as printing on the surface cof the base lavyers
as reguired. For example, packages prcduced from the
multilayer films may accommodate various items such as bread,
sweets, snacks, toys, stationary and miscellaneous goocds in
a sealed condition.

[0105]
In packaging, the heat seal layer sides of the multilavyer

film are brought intc ccntact with each other, and the
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superposed portions are heat sealed by varicus heat seal
techniques. Exemplary technigues include fusion bonding with
a heat seal bar, and sealing by fusing {fusion cutting;.
Appropriate heat seal strength 1s reguired such that the heat
seals do not beccme separated during storage or transportation
of the packages but may be easily opened by pulling for the
taking out of the packaged items. The heat seal layers formed
of the composition according te the present aspect may achieve
variocus and appropriate levels of heat seal strength depending
on the heat seal temperatures. By virtue of this
characteristic, the package may be heat sealed with varied heat
seal strengths from portion to portion. Therefore, the heat
seal layers can be used in the above applications.
(61061

The l-butene-a-clefin copolymer compositions of the
invention which include the ethylene polymer {X-2) as theoclefin
polymer (X) may be used as heat seal layers as described above,
but are particularly useful as easy peel sealants. That is,
films may be designed such that the heat seals of packages may
be opened by an appropriate pulling force without causing the
breakage of the packaging films. Therefore, taking out of the
packaged items from the packages and packaging the items can
be repeated by using the easy peel sealants. Such packaging

is advantageous also from the envircnmental protection
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viewpoint.
[0107]

The inventive composition including the ethylene polymer
(X~2) may be laminated cntovaricus films similarly as described
in the formaticn of the heat seal layers. In this case, the
rayers of the composition according to the present aspect serve
as easy peel sealants, and the heat sezl strength between the
sealant and the base layer may be such that the heat seal does
not become separated during storage or transportation of the
package but may be opened by an appropriate force applied for
the taking out of the packaged item.

[0108]

Further, pealed surface of the layer has small changes
for example surface roughness in its. And the layer has
excellent design and ornament properties.

[0109]

The inventive compositicn including the ethylene polymer
{(X-2) may be formed in the same manner as the heat seal layers,
may be formed into stacked films and may be used in similar
applications.

EXAMPLES
(G110}
The present invention will be described based on Examples

hereinbelow. However, the scope cof the inventicn is not
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limited to such Examples. Properties were evaluated in the
focllowing manner.

[0111]

[Intrinsic viscosity (inl)] (unit dl/g)

The intrinsic viscositiy was measured in a decalin solvent
at 135°C.
[0112]
[Y3Cc-NMR]

Nuclear magnetic resonance apparatus ECP500 manufactured
by JEOL Ltd. was used. The sclvent was an
o~dichlorobenzene/deuterated benzene {80/20 vol%) mixture
solvent. The sample concentration was 55 mg/0.6 mi. The
measurement temperature was 120°C. The nucleus observed was
3¢ (125 MHz) . The sequence was single pulse proton decoupling.
The pulse width was 4.7 usec (45° pulse). The repetition time
was 5.5 sec. The number of scans was at least 10,000. The
reference chemical shift was 27.50 ppm.

[C113]
[Pentad Isctacticity {(mmmm) ]

Agsuming that a pentad represented by mmmm would give rise
to a peak with a peak top chemical shift of 27.5 ppm, the pentad
isctacticity {mmmm) was calculated from the following equation
wherein S was the area of the peak with a peak top at 27.5 ppm,

and 8' was the total area of peaks appearing in the range of
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27.3 ppm to 26.3 ppm. (The detection limit was 0.01%.)
(mmmm) = S/(S + S'} x 100 (%)

Here, the main peaks appearing in the range of 27.3 ppm
to 26.3 ppm were assigned to mmmr (27.3 ppm), mmrr and rmmr
{27.2 ppm), and mrrm {(Z26.3 ppm).

(01147}
[Proportion of regiocerrors by 4,l-insertions {content of
4,1-1insertions) ] (unit %)

The proportion of regiocerrors by 4;1—insertions, namely,
the content of 4, l~inserticons was calculated from the following
equation based cn the peak intensities of themain chainyy (31.1

ppm), the main chain aa (40.2 ppm) and the main chain aa’ (38.6

ppm) in a ’C-NMR spectrum.

F01153]

{Content of 4, l-insertions) = [Iyy/(Iao + Iow' + 2 x Iyy) ]
In the above eguation, Iyy, Ioo and Iao' Iindicate the peak

intensities of the main chain yy (31.1 ppm}, the main chain oo

(40.2 ppm) and the main chain aa' {(39.6 ppm), respectively.

ad oo’
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[Melting peoints {Tm-I) and {(Tm~II) of polymer] {unit °C)

The melting point {Tm} of the polymer was measured with
differential scanning calorimeter {DSC) DSC220C manufactured
by Seike Instruments Inc. A 7-12 mg sample cbtained from the
polymerization was packed into an aluminum pan and was heated
from room temperature to 200°C at a heating temperature of
10°C/min. After being held at 200°C for 5 minutes, the polymer
was cooled from 200°C to 0°C at & cecoling rate of 20°C/min and
was held at 0°C for 5 minutes. Thereafter, the sample was
heated from 0°C to 200°C at a heating rate of 20°C/min while
recording a melting curve. The temperature corresponding to
the largest peak of the melting peaks recorded was obtained
as Tm—-IT.
[0117]

Thereafter, the sample was continuously held at 200°C for
5 minutes and was cocled to room temperature at a cooling rate
of 10°C/min. The sample in the aluminum pan was allowed to
stand at room temperature for 10 days. Thereafter, the polymer
was cooled from room temperature to ~-50°C at a cooling rate
of 10°C/min and was held at -50°C for 5 minutes. The sample
was then heated from -5C°C £0 200°C at a heating rate of 10°C/min
while recording a melting curve. The temperature
corresponding to the largest peak of the melting peaks recorded

was obtained as Tm-I.
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[0118]
[Molecular weight distribution] (Mw/Mn) {(unit =)

Liguid chromatograph: ALC/GPC150-C plus {integral with
a differential refractive index detector) manufactured by
Waters

Columns: Two GMH6~HT columns and two GMH6-GMHG-HTL
columns manufactured by TOSCOH CORPORATION were connected in
series.
0119}

Mobile phase medium: o-dichlcorobenzene

Flow rate: 1.0 ml/min

Measurement temperature: 140°C

Preparation of a calibration curve: using standard
pclystyrene samples

Sample concentration: 0.10% {(w/w)

Amount of sample solution: 500 pl

The obtained chromatogram was analyzed by a known method
to calculate Mw/Mn and Mz/Mw. The measurement time per sample
was 60 minutes.
[0120]
{5) Total elution amount (unit wt%)

Cress-fractionation chromatography {(CFC) was performed
under the following conditions. The content of components

dissclved in the solvent was obtained as the total elution
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amount. (The detection limit was 0.1%.)

Apparatus: cross-fractionation chromatograph CFC2
(manufactured by Polymer ChAR)

Detector: infrared spectrophotometer IR4 (manufactured
by Polymer ChAR)

GPC columns: three Shodex HT-806M columns (manufactured
by Showa Denko K.K.)

GPC column temperature: 140°C

Column component: monodispersed polystyrene standard
sample (manufactured by TOSOH CORPORATION)

Eluting solution: o-dichlorobenzene

Flow rate: 1.0 ml/min

Sample concentration: 120 mg/30 ml

Amount of injection: 500 pl

Cooling time: 160 minutes (140°C to -20°C, 1°C/min)

Eluting temperatures: 45 fractions
[Polymerization Example 1]

[1-Butene ‘propylene random copolymer (BPR-1)]

Into a 300 L volume continuous polymerizer, n-hexane was
supplied through an inlet port at a rate of 9.7 L/h. Through
another inlet port, a mixed hexane solution which included
isopropylidene (3-tert-butyl-5-methylcyclopentadienyl-fluor
enyl)zirconium dichloride (main catalyst 1), a modified

methylaluminoxane and triisobutylaluminum (concentration of
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the main catalyst 1 in terms of zirconium: 0.5 mmol/L,
concentration of the modified methylaluminoxane in terms of
aluminum: 125 mmol/L, triisobutylaluminum) was continuously
supplied at a rate of 0.3 L/h (total supply of hexane: 10 L/h) .
At the same time, 44.4 kg/h of 1-butene, 10 kg/h of propylene
and 11 NL/h of hydrogen were continuously supplied through other
inlet ports of the polymerizer. Continuous solution
polymerization was performed at a polymerization temperature
of 65°C and a total pressure of 1.2 MPaG with a residence time
of 0.9 hours.

[0121]

The hexane solution of l-butene :propylene random
copolymer formed in the polymerizer was heated to remove hexane.
[0122]

As a result, a l-butene-'propylene random copolymer was
obtained at a production speed of 10.3 kg/h. In the
polymerization of the 1-butene ‘propylene random copolymer, the
polymerization mileage was 69 kg/mmol-Zr. The
l1-butene ‘propylene random copolymer obtained had an MFR (190°C,
2.16 kgf) of 4.0 g/10 min and a propylene content of 26.1 mol%.
[0123]

[Polymerization Example 2]
[1-Butene ‘propylene random copolymer (BPR-2)]

Into a 300 L volume continuous polymerizer, n-hexane was
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supplied through an inlet port at a rate of 19.8 L/h. Through
another inlet port, a mixed hexane solution which included
isopropylidene (3-tert-butyl-5-methylcyclopentadienyl-fluor
enyl)zirconium dichloride (main catalyst 1), a modified
methylaluminoxane and triisobutylaluminum (concentration of
the main catalyst 1 in terms of zirconium: 0.5 mmol/L,
concentration of the modified methylaluminoxane in terms of
aluminum: 125 mmol/L, triisobutylaluminum) was continuously
supplied at a rate of 0.22 L/h (total supply of hexane: 20 L/h) .
At the same time, 25.1 kg/h of 1-butene, 2.5 kg/h of propylene
and 10 NL/h of hydrogen were continuously supplied through other
inlet ports of the polymerizer. Continuous solution
polymerization was performed at a polymerization temperature
of 60°C and a total pressure of 0.69 MPaG with a residence time
of 1.5 hours.

[0124]

The hexane solution of l-butene 'propylene random
copolymer formed in the polymerizer was heated to remove hexane.
[0125]

As a result, a l-butene-propylene random copolymer was
obtained at a production speed of 7.9 kg/h. In the
polymerization of the l-butene -propylene copolymer, the
polymerization mileage was 72 kg/mmol-Zr. The

1-butene ‘propylene random copolymer obtained had an MFR (190°C,
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2.16 kgf) of 3.4 g/10 min and a propylene content of 13.3 mol%.
[0126]

[Polymerization Example 3]

[l1-Butene '‘propylene random copolymer (BPR-3)]

Into a 300 L volume continuous polymerizer, n-hexane was
supplied through an inlet port at a rate of 19.8 L/h. Through
another inlet port, a mixed hexane solutilon which included
diphenylmethylene (2,7~di~tert-butylflucren-9-yl)
(3-tert-butyl-5-ethylcycleopentadien~1-ylizirconium
dichloride (main catalyst 2), amodified methylaluminoxane and
triiscbutylaluminum {concentration of the main catalyst 2 in
terms of zirconium: 0.5 mmol/L, concentration of the modified
methylaluminoxane in terms of aluminum: 125 mmol/L,
concentraticn of triischutylaluminum in terms of aluminum: 100
mmol /L) was continuously supplied at a rate of 0.23 L/h (total
supply of hexane: 20 L/h). At the same time, 25.1 kg/h of
l-butene, 2.2 kg/h of propylene and 14,0 NL/h cf hydrogen were
continucusly supplied through other inlet ports of the
polymerizer, Continucus solution polymerization was
performed at a polymerization temperature of 50°C and a total
pressure of 0.5% MPaG with a residence time of 1.6 hours.
[0127]

The hexane solution of l-butene -propylene random

copolymer formed in the polymerizer was heated to remeve hexane.
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[0128]

As a result, a l-butene propylene random copolymer was
obtained at a production speed of 8.2 kg/h. In the
polymerizaticon of the I-butene ‘propylene random copolymer, the
polymerization mileage was 71 kg/mmol-Zr. The
l-butene ‘propylene random copolymer obtained had an MFR {190°C,
2.16 kgf) of 4.1 ¢/10 min and a propylene content of 12.9 mol%.
[0129]

[Polymerization Example 4]
[1-Butene rethylene random copolymer (BER-1}]

Into a 300 L volume continuous polymerizer, n-hexane was
supplied through an inlet port at a rate of 9.8 L/h. Through
another inlet port, a mixed hexane solution which included
isopropylidene (3~tert-butyl-5-methylcyclopentadienyl-flucr
enyl)zirconium dichloride (main catalyst 1), a modified
methylaluminoxane and triisobutylaluminum (concentration of
the main catalyst 1 in terms ¢f zirconium: 0.5 mmol/L,
concentration of the modified methylaluminoxane in terms of
aluminum; 125 mmel/L, concentration of triisobutylaluminum in
terms of aluminum: 100 mmol/L} was continucusly supplied at
arate of 0.2 L/h (total supply of hexane: 10 L/h}. At the same
time, 44.9 kg/h of 1-butene, 0.11 kg/h of ethylene and 3.0 NL/h
of hydrogen were continuously supplied through other inlet

ports of the polymerizer. Continuous solution pelymerization
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was performed at a polymerization temperature of 535°C and a
total pressure of 0.65 MPaG with a residence time of 1 hour.
[0130]

The hexane solution of l1-butene-ethylene random
copolymer formed in the polymerizer was heated to remove hexane.
(01317

As a result, a l-butene-ethylene random copolymer was
obtained at a production speed of 8.0 kg/h. In the
polymerization of the l-butene-ethylene copolymer, the
polymerization mileage was 80 kg/mmol-Zr. The
l-butene -ethylene random copolymer obtained had an MFR (190°C,
2.16 kgf) of 0.8 g/10 min and an ethylene content of 1.5 mol%.
[0132]

[Polymerizaticn Example 5]
[I-Butene ethylene random copolymer {BER-2Z)]

Into a 300 L volume continuous polymerizer, n-hexane was
supplied through an inlet port at a rate of 9.7 L/h. Through
another inlet port, a mixed hexane soluticn which included
isopropylidene (3-tert-butyl-5-methylcyclopentadienyl~fluor
enyl)zirconium dichleride {main catalyst 1}, a modified
methylaluminoxane and triiscobutylaluminum {(concentration of
the main catalyst 1 in terms of zirconium: 0.5 mmol/L,
concentration of the modified methylaluminoxane in terms of

aluminum: 125 mmol/L, concentration of triiscbutylaluminum in
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terms of aluminum: 100 mmol/L) was continucusly supplied at
a rate of 0.26 L/h {total supply of hexane: 10 L/h). At the
same tTime, 44.8 kg/h of l-butene, 0.16 kg/h of ethylene and
10 NL/h of hydrogen were continucusly supplied through other
inlet ports of the polymerizer. Continuous solution
polymerization was performed at a polymerization ftemperature
of 65°C and a total pressure of (.65 MPaG with a residence time
cf 1 hour.

[0133]

The hexane solution of l-butene-ethylene random
copelymer formed in the polymerizer was heated Lo remcve hexane.
[0134]

As a result, a l-butene - ethylene random ccopolymer was
cbtained at a producticn speed of 8.0 kg/h. In the
pelymerization of the 1~-butene -ethylene random copolymer, the
polymerization mileage was 55 kg/mmol-Zr. The
l-butene rethylene random copolymer obtained had an MFR (190°C,
2.16 kgf) of 3.9 ¢g/10 min and an ethylene content of 2.5 mol%.
[0135]

The studies here invelved the copolymers prepared above,
and l-butene 'propylene random copolymer (BPR-A),
l1~butene ‘ethylene random copolymer (BER-A)} and
l-butene rethylene random copolymer (BER-B) obtained with

conventional titanium catalysts instead of the catalysts used
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in Polymerization Examples above.
[0136]

Properties of these polymers are described in Table 1-1,
Table 1-2 and Table 1-3.
[0137]

BPR-1: butene-1 'propylene random copolymer: no Tm-IT
detected
[0138]

BPR-2: butene-1 '‘propylene random copolymer

BPR-3: butene-1 'propylene random copolymer

BER-1: butene-1-ethylene random copolymer

BER-2: butene-1‘-ethylene random copolymer

BPR-A: butene-1 'propylene random copolymer

BER-A: butene-1-ethylene random copolymer

BER-B: butene-1-ethylene random copolymer

In addition to the above BPR and BER polymers, Examples
and Comparative Examples involved the following polymers.
[0139]

LDPE-1: high-pressure low-density polyethylene; MFR
(190°C) = 1 g/10 min, density = 922 kg/m’.
[0140]

LDPE-2: high-pressure low-density polyethylene; MFR
(190°C) = 4.7 g/10 min, Tm = 108°C.

[0141]
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LLDPE: linear low-density polyethylene
(ethylene ‘butene-1 copolymer); MFR (190°C) = 2.0 g/10 min, Tm
= 117°C, density = 919 kg/m’.

[0142]

PP-1: propylene ethylene l-butene random ccpolymer; MFR
(230°C)y = 7 g/10 min, Tm = 138°C, ethylene content = 2.2 mol%,
1-butene content = 1.5 mol%.

[0143]

PP-7: propyiene ethylene l-butene random copolymer; MFR
(230°C) =5.5¢g/10 min, Tm= 131°C, ethylene content = 9.5 mol%,
l-butene content = 3.9 mol%.

[0144]

PP-3: propylene rethylene rl-butene random copclymer; MER

e

(230°C) =6 g/1l0 min, Tm = 130°C, ethylene content = 2.0 mol%,
l-butene content = 7.2 mcl%

PP-4: propylene homopolymer; MFR (230°C) = 3 g/10 min,

Tm = 160°C.



55

[0145]
[Table 1-1]

Items Units BPR-1 BPR-2 BPR-3

Butene-1 ‘propylene Butene-1 -propylene Butene-1 ‘propylene
random copolyvmer random copolymer random copolymer
MFR (190°C} g/10 min 4.0 3.4 4.1
MFR {230°C) g/10 min 11.0 9.4 11.3
Comonomer content mol% 26.1 13.3 12.9
mIamm % 90.7 93.3 89.6
Proportion of regicerrors by 4, 1-insertions % Nil Nil Nil
Mw [x 10°] 3.34 3.501 3.32
Mn 1.51 1.52 1.50
Mw /Mn 2.2 2.3 2.2
inl g/dl 1.1 1.1 1.1
Tm {Tm~1I) e 62 103 105
AH J/qg 39 62 63
Elution amocunt {-20°C) % 0.0 0.0 0.0
Elution amcunt (10°C) % 0.2 0.1 0.6
Elution amount {[C4} - 60°C) % 0.43 (14°C) 0.9 (27°C) 3.8 (28°C)
13.9 26.7 27.1
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[0146]
[Table 1-2]

Items Units BER-1 BER-2 BPR-A

Butene-1 -ethylene Butene-1 -ethylene Butene-1 ‘propylene
random copolymer random copolymer random copolymer
MFR {190°C) g/10 min 0.8 3.9 3.8
MFR {230°C) g/10 min 2.2 10.7 12.3
Comonomer content nol% 1.5 2.5 25.0
AT % 96.5 96.2 -
Proportion of regloerrors by 4,1-insertions % Undistinguishable Undistinguishable Nil
Mw [x 10%] 5.39 3.37 4.40
Mn 2.45 1.60 0.91
Mw/Mn 2.2 2.1 4.8
inl g/dl 1.5 1.1 1.3
Tm {Tm~1) °C 110 104 77
AH Jd/g 63 55 37
Elution amount (-20°C) % 7.0 0.0 7.2
Blution amount (10°C) % 0.0 0.0 7.8
Elution amount ([C4] - 60°C) % 5.6 (35°C) 10.0 (35°C) 8.72 {15°C)
38.5 37.5 15.0
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(0147}
[Table 1-3]
Items Units BER-A BER-B

Butene+~1 -ethylene Butene-1-ethylene
random copolymer random copolymer

MER (150°C) g/10 min 1.0 3.8

MFR {230°C) g/10 min 2.8 10.2

Comonomer content mol% 2.6 5.9

MM % 95.5 95.2

Proportion of regicerrors by 4, 1-insertions % Undistinguishable Undistinguishable

Mw [x 10% 5.66 3.98

Mn 1.45 1.00

Mw /Mn 3.9 4.0

[n] g/dl 1.6 1.2

Tm {Tm—T) °C 119 1G5

AH J/g 63 51

Elution amcunt {-20°C) % 0.01 5

Elution amount {10°C) % 7.2 5.7

Elution amount {{C4} - &0°C) 3 16.2 (45°C) 18.2 (35°C)
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Example}.andComparatiVeExample}.willdemonstratethat
the compositions of the inventicn have a high-level balance
of low-temperature sealing properties and tack-free surface
properties in the applicatiocn of heat seal fiims of cast
polvpropylene (CPP) films.

[0148]
[Evaluaticn methods]
[Static friction coefficient]

The static friction coefficient was determined in
accordance with ASTM D 1894, A 632.5 mm sqguare film sample was
spread and placed ¢cn a 3SUS plate, and a 200 g welght was placed
on the film, followed by pulling at a test speed of 200 mm/min
in an atmosphere at 85°C. The obtained static friction force
was divided by the load to obtain the ccefficient.

[0149]
[Kinetic friction coefficient]

A glass plate having a lcad of 200 g was placed on the
surface of a sample film and was pulled in a direction parallel
to the film surface at 0.3 m/min. The force (g) reguired for
the pulling was measured. The force was divided by the weight
of the glass plate to cbtain the kinetic friction coefficient
(in accordance with ASTM D 18%4-63),

[0150]

[Blocking force]
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Sample films were allowed to stand in contact with esach
other under a load of 20 kg in an air oven at 40°C for 3 days
in accordance with ASTM D 1893, and the blocking ceoefficient
(N/m) was measured.

[0151]
[Heat seal strength]

Heat sealing was performed and the strength was measured
under the following conditions.
[C152]

The heat sealing faces of films were brought into contact
together and were heat sealed at a prescribed temperature and
a pressure of 0.2 MPa for 1 second with a seal bar width of
5 mm. The films were then allowed to cocl. Test pieces having
a width of 15 mm were sampled from the f£ilms that had been heat
sealed at various temperatures. The heat seals of the test
pieces were peeled at a cross head speed of 200 mm/min, and
the peel strength was measured.

[0153]
[{Example 1]

40 Parts by mass of BPR-1 obtained in Polymerization
Example 1, 60 parts by mass of PP~1, 0.08 part by mass of a
lubricant (erucamide) and 0.08 part by mass of an antiblocking
agent (silica) were mixed together with a mixer. The mixture

was melt kneaded in an extruder at a temperature of 200°C and
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was extruded into a strand. The strand of sealant composition
was cut intc pellets while being cooled with water.
[0154]

The pellets were melted in an extruder at a resin
temperature of 200°C. In another extruder, PP-1 was melted at
a resin temperature of 220°C. These were supplied to a
multilayer film formation T-die fitted with a feed block and
were coextruded to form a multilayer f£ilm composed of a 50 um
thick base layver and a 20 um thick heat seal layer. The film
was tested to evaluate the heat seal strength, the friction
coefficients (static fricticn coefficient and kinetic friction
coefficient) of the heat seal layer, and the blocking force.
The results are described in Table 2.

[0155]
[Comparative Example 1]

Evaluations were made in the same manner as in Example
1, except that BPR-~1 was replacad by BPR~A.

[0156]
[Example 2]

Evaluations were made in the same manner as in Example
1, except that BPR-1 was replaced by BPR-Z.

[0157]
[Example 3]

Evaluations were made 1in the same manner as in Example
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1, except that BPR-1 was replaced by BPR-3.
[0158]
The evaluation results are described in Table 2.

[0159]
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[Table 2]
Ex. 1 Comp. Ex. 1 Ex. 2 Ex. 3
BPR-1 Parts by mass 40
BPR-2 Parts by mass 40
BPR-3 Parts by mass 40
BPR-A Parts by mass 40
PP-1 Parts by mass 60 60 60 60
Forming method Casting Casting Casting Casting
Heat seal strength
Heat seal temperature
60°C N/15 mm
70°C N/15 mm 2.7 0.4 0.2 1.5
80°C N/1% mm 15.8 1.2 0.4 4.2
9g°C N/15 mm 16.4 4.8 4.0 5.2
100°C N/15 mm 16.9 5.3 5.4 5.5
110°C N/15 mm 17.1 9.6 6.9 7.0
120°C N/15 mm 17.2 14.7 15.7 15.8
136°C N/15 mm 18.2 18.1 16.4 17.8
14¢°C N/15% mm 20.3 19.6 18.7 19.5
150°C N/15 mm 19.2 i9.2 20.0 20.2
160°C N/15 mm 20.6 20.5 19.5 19.1
170°C N/1% mm 20.3 19.3 22.0 21.8
180°C N/15 mm
Friction coefficients
Kinetic friction coefficient 0.6 0.6 6.5 0.5
Static friction coefficient 0.4 0.4 0.3 0.3
Blocking force N/m 9 9 6 6
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As shown in Table 2 and Fig. 1, as compared to Comparative
Example 1, Example 1 achieves superior performance by providing
high heat seal strength at low heat seal temperatures of 70
to 100°C and comparable friction coefficients and blocking
force. BSimilarly, as compared to Comparative Example 1,
Example 2 achieves superior performance by providing
comparable seal strength at low heat zeal temperatures and low
friction coefficients and blocking force.

[0160]

As compared to Comparative Example 1, Example 3 showed
small changes in seal strength at heat seal temperatures of
80 to 100°C. This provides an excellent effect in that the
films may be sealed at a wider range of acceptable seal
temperatures and the degree of freedom in controlling the heat
seal temperatures for package materials may be increased.
i01e1]

There are small changes in heat seal strength at heat seal
temperatures of 80 to 100°C. In addition thereto, in the range
of heat seal temperatures of 140°C and above, the heat seal
strength Is a higher level and shows small changes in heat seal
strength.

[0162]
As demcnstrated above, the present invention makes it

possible to stably change heat seal strength by changing the
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heat seal temperature. Conseguently, an excellent effect may
be cbtained in that the degree of freedom in controlling the
heat seal strength by way of the temperatures of heat sealing
of package materials may be increased.

[G163]

In Example 3, two stages of stable heat seal strength were
observed.
[01e4]

The 1-butene -a-olefin copolymers (Y) in the invention are
produced with a so-galled single-site catalyst. The
i-butene -a~clefin copolymers (Y) thus obtained allegedly have
a uniform molecular weight distribution and a uniform
composition distribution. It is therefore considered that the
films will not usually show two stages of heat seal strength.
This phenomenocon in the present invention will not be ascribed
to any single reascn, but the present inventors assume that
one of the reascns 1s that the l-butene-o-olefin copclymer (Y)
in the invention has such a low crystallization rate that
several forms of crystals, namely, high-melting crystals and
low-melting crystals exist in the propylene pelymer. Another
possgible reason is that the l-butene-o-olefin copolymer (Y)
in the invention is compatibilized with the propylene polymer
in such a manner that the compatibilization takes pilace partly

and conseqguently produces several phases which exhibit



65

respective characteristics independently.
[0165]
[Example 4] (Heat seal layers in biaxially-stretched films)

15 Parts by mass cf BPR-1 obtained in Polymerization
Example 1, B85 parts by mass of PP-2 and 0.08 part by mass of
polymethyl methacrylate particles as ah antiblocking agent
were mixed together with a mixer. The mixture was melt kneaded
in an extruder at a temperature of 200°C and was extruded into
a strand. The strand of heat sealing composition was cut into
pellets focr the formation of heat seal layers while performing
cooling with water.
[Clé6]

The pellets for the formation of heat seal layers, and
PFP-4 as a resin for the formation of a base laver were extruded
in respective screw extruders thrcugh a melt extrusion multi
manifold T-die with an output ratio of (1/23/1), and the
extrudate was rapidly ccoled on a cooling roll, thereby
producing a multilayer sheet having a thickness of
approximately 1 mm. On a batch stretching machine, the sheet
was heated at a preheating temperature of 160°C for 1 minute,
then stretched 5 times in the film flow direction {the
lengthwise direction), and stretched 8 times in the direction
(the traverse direction) perpendicular to the flow direction.

Thus, a biaxially-stretched multilayer polypropylene film was
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obtained in which the thickness of the base layer was 23 um
and the thickness of each sealant layer was 1 pm (total
thickness: 25 um). The film was tested to evaluate the heat
seal strength, the friction coefficients of the heat seal layer,
and the blocking force. The results are described in Table 3
and Fig. 2.
[0167]
[Comparative Example 2]

Evaluations were made in the same manner as in Example
4, except that BPR-1 was replaced by BPR-A.
[0168]
[Example 5]

Evaluations were made in the same manner as in Example
4, except that PP-Z2 was replaced by PP-3.
[(0169]
[Comparative Example 3]

Evaluations were made in the same manner as in Example
5, except that BPR-1 was replaced by BPR-A.
[0170]

The evaluation results are described in Table 3.

[0171]
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[Table 3]
Units Ex. 4. Comp. Ex. 2 Ex. 5 Comp. Ex, 3
BPR-1 Parts by mass 15 15
BPR-A Parts by mass 15 15
PP-2 Parts by mass 85 85
PP~3 Parts by mass 85 85
Forming method Biaxial Biaxigl Biaxial Biaxigl
stretching stretching stretching stretching
Heat seal temperature
60°C N/15 mm
70°C N/L5 mm 2.1 0.3 2.7 0.5
80°c N/15 mm 3.6 0.8 3.5 1.7
90°C N/15 mm 4.2 1.4 3.6 2.3
100°C N/15 mm 4.2 2.6 3.7 3.6
110°¢C N/15 mm 4.8 3.8 4.4 4.2
120°C N/1H mm 4.4 4.2 4.5 4.3
130°C N/15 mm 4.7 4.8 4.5 4.7
140°C N/15 mm 4.7 4.7 4.6 4.8
Friction coefficients
Kinetic friction ceefficient 0.5 .5 0.5 .5
Static friction coefficient 0.4 0.4 0.3 G.3
Blocking force N/m 0.5 0.5 0.5 0.4
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As compared to Comparative Example 2, Example 4 achieves
superior performance by providing high seal strength at 70 to
100°C and comparable friction coefficients and blocking force.
[0172]

As compared to Comparative Example 3, Example 5 achieves
superior performance by providing high seal strength at 70 to
90°C and comparable friction coefficients and blocking force.
[0173]

[Example 6] (Easy peel heat seal layers)

10 Parts by mass of BER-1 obtained in Polymerization
Example 4 and 90 parts by mass of LDPE-1 were mixed in a mixer.
Pellets of the mixture were melted in an extruder at a resin
temperature of 190°C. 1In another extruder, LDPE-1 was melted
at a resin temperature of 190°C. These materials were supplied
to a multilayer circular die and were coextruded at a blow up
ratio of 2.0 and a forming speed of 30 m/min into a multilayer
film composed of a 50 um thick base layer and a 20 um thick
heat seal layer. The film was tested to evaluate the heat seal
strength, the peelability, and the state of the peeled surface.
The results are described in Table 4.

[0174]
[Comparative Example 4]
Evaluations were made in the same manner as in Example

6, except that BER-1 was replaced by BER-A. The film was tested
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to evaluate the heat seal strength, the peelability, and the

state of the peeled surface. The results are described in Table

[0175]
[Example 7]

10 Parts by mass of BER-2 obtained in Polymerization
Example 5 and 90 parts by mass of LDPE-2 were mixed together
in a mixer. Pellets of the mixture were melted in an extruder
at a resin temperature of 290°C and were extrusion laminated
at a forming speed of 150 m/min onto a stack base composed of
a 12 pm polyethylene terephthalate and a 30 um polyethylene
film. The film was tested to evaluate the heat seal strength,
the peelability, and the state of the peeled surface. The
results are described in Table 4.

[0176]
[Comparative Example 5]

Evaluations were made in the same manner as in Example
7, except that BER-2 was replaced by BER-B. The film was tested
to evaluate the heat seal strength, the peelability, and the

state of the peeled surface. The results are described in Table

[0177]
[Example 8]

Evaluations were made in the same manner as in Example



16

7, except that BER-2 was replaced by BPR-3. The filmwas tested
to evaluate the heat seal strength, the peelability, and the
state of the peeled surface. The results are descrikbed in Table
4.

[0178]
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[Table 4]
Units Ex. 6 Comp. Ex. 4 BEx. 7 Comp. Ex. b Ex. 8
BPR~3 Parts by mass 10
BER-1 Parts by mass 10
BER-2 Parts by mass 10
BER-A Parts by mass i0o
BER-B Parts by mass 10
LDPE-1 Parts by mass 50 90
LDPE-2 Parts by mass 90 S0 90
. Blown—-film Blown-film Extrusion Extrusion Extrusion
Forming method N . , . . . . . ,
exbtrusion extrusion lamination lamination lamination
Forming temperature [°C] 1920 190 290 290 290
Forming speed fm/min] 20 240 150 150 150
Heat seal strength
Heat seal temperature
160°C N/15 mm 3.5 3.6 5.2 5.3 5.2
180°C N/15 mm 3.6 3.5 5.3 5.2 5.3
) A Uniform Loc%lly Uniform Nonuniform Uniform
Peclability eelabilit nonuni form eelabilit eelabilit eelabilit
P Y peelability P Y P Y peelabl Lily
Sllgh? amount Fibrous
Appearance of peeled of fibrous residu
PP P Good residue on Good e on Good
surface peeled
peeled
surface

surface
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As compared to Comparative Example 4, Example 6 resulted
in excellient peelability without changes in peel strength and
also resulted in clean peeling without any fibrous residues
on the peeled surface.

[0179]

As compared to Comparative Example 5, Example 7 and
Example 8 resulted in excellent peelability without changes
in peel strength and also resulted in clean peeling without
any fibrcus residues on the peeled surface.

[0180]
[Example 9]

Evaluations were made in the same manner as in Example
7, except that the forming speed was changed to 100 m/min.
101811
[Example 10]

Evaluations were made in the same manner as in Example
7, except that the forming speed was changed to 50 m/min.
[0182]

[Comparative Example 6]

Evaluations were made in the same manner as in Comparative
Example 5, except that the forming speed was changed to 100
m/min.

(01837

{Comparative Example 7]
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Evaluations were made in the same manner as in Comparative
Example 5, except that the forming speed was changed to 50 m/min,
[0184]

The evaluation results are described in Table 5.

[0185]



74

[Table 5]
Items Ex. 9 Ex. 10 Comp. Ex. © Comp. Ex. 7
BPR-3 Parts by mass
BER-1 Parts by mass
BER-2 Parts by mass 10 10
BER~A Parts by mass
BER-B Parts by mass 10 1¢
LDPE-1 Parts by mass
LDPE~Z Parts by mass 90 90 94 90
Forming method
Forming temperature [°c] 290 290 290 280
Forming speed {in/min] 100 50 100 50
Heat seal strength
Heat seal temperature
160°C N/15 mm 5.6 6.0 6.3 7.3
180°C N/15 mm 5.7 6.1 6.4 7.5
Peelability Unif?rm Unif?rg Nogun%fqrm Nonun;fqrm
peelability peelability peelability peelability
Fibrous Fibrous
Appearance of peeled Good Good residue on residue on
surface peeled peeled
surface surface
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As compared to Comparative Examples 5, 6 and 7, Examples
7, 9 and 10 achieves superior performance by providing small
changes in heat seal strength irrespective of forming speeds.
[0186]

[Example 11] (Heat seal layers for easy peel)

20 Parts by mass of BER-1 obtained in Polymerization
Example 4 and 80 parts by mass of LLDPE were mixed together
in a mixer. Pellets of the mixture were melted in an extruder
at a resin temperature of 230°C. 1In another extruder, LLDPE
was melted at a resin temperature of 230°C. These materials
were supplied to a multilayer T-die and were coextruded at a
forming speed of 50 m/min into a multilayer film composed of
a 50 pm thick base layer and a 20 pm thick heat seal layer.
The film was tested to evaluate the heat seal strength, the
peelability, and the state of the peeled surface. The results
are described in Table 6.

[0187]
[Comparative Example 8]

Evaluations were made in the same manner as in Example
11, except that BER-1 was replaced by BER-A. The results are
described in Table 6.

[0188]
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[Table 6]
Itens Ex, 11 Comp. Ex. 8
BER-1 Parts by mass 20
BER~A Parts by mass 20
LLDPE Parts by mass 80 80
Forming method
Forming temperaturs °c] 230 230
Forming speed im/min] 50 50
Heat seal strength
Heat seal temperature
160°C N/15 mm 7.7 €.8
180°C N/15 mm 7.7 7.2
. Uniform Neonuniform
Peelability peelablility peelablility
' Fibrous
Appearance of peeled residue on
Good
surface reeled

surface
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CLAIMS
[Claim 1]
A l-butene -a-olefin copolymer composition comprising:
99 to 1 parts by mass of at least one olefin polymer (X)
selected from propylene polymers (X-1) containing 50 mol% or more
of propylene and ethylene polymers (X-2) containing 50 mol% or

more of ethylene; and

1 to 99 parts by mass of a 1-butene a-olefin copolymer (Y)

containing 99.9 to 70 mol% of l-butene and 0.1 to 30 mol% of one
or more a-olefins selected from ethylene, propylene and C5 to Cl12
a-olefins (wherein the total of the l-butene and the one or more
a-olefins selected from ethylene, propylene and C5 to Cl2

a-olefins is 100 mol%) and having a molecular weight distribution
(Mw/Mn) of 1.0 to 3.5 and having a pentad isotacticity (mmmm) of
80 to 96.5% (wherein the total of the olefin polymer (X) and the

l-butene ra-olefin copolymer (Y) in the composition is 100 parts

by mass) .

[Claim 2]

The l-butene -a-olefin copolymer composition according to
claim 1, wherein the olefin polymer (X) is one or more polymers

selected from propylene polymers (X-1).

[Claim 3]

The l-butene -a-olefin copolymer composition according to
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claim 2, wherein the propylene polymer (X-1) is one or more

polymers selected from propylene random copolymers.

[Claim 4]
The l-butene -a-olefin copolymer composition according to
claim 1, wherein the olefin polymer (X) is one or more polymers

selected from ethylene polymers (X-2).

[Claim 5]
The 1l-butene -a-olefin copolymer composition according to

claim 1, wherein the l-butene-a-olefin copolymer (Y) is at least
one or more copolymers selected from 1-butene rethylene copolymers
(Y-1) containing 99.9 to 85 mol% of l-butene and 0.1 to 15 mol%
of ethylene [wherein the total of the l-butene and the ethylene
is 100 mol%] and l-butene ‘propylene copolymers (Y-2) containing
99.9 to 70 mol% of 1-butene and 0.1 to 30 mol% of propylene (wherein
the total of the l-butene and the propylene is 100 mol%) .
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[Claim ©]

The l-butene -a-olefin copolymer composition according to
claim 1, wherein the ethylene polymer (X-2) is one or more polymers
selected from high-pressure low-density polyethylenes and linear

low-density polyethylenes.

[Claim 7]

The 1-butene -a-olefin copolymer composition according to
claim 5, wherein the olefin polymer (X) is a propylene polymer
(X-1) and the l-butene-a-olefin copolymer (Y) is a

l-butene rethylene copolymer (Y-1).

[Claim 8]

The 1l-butene -a-olefin copolymer composition according to
claim 5, wherein the l-butene‘-ethylene copolymer (Y-1) is a
l-butene rethylene copolymer having an elution amount using

o-dichlorobenzene at -10°C of not more than 3 mass$%.

[Claim 9]

The l-butene -a-olefin copolymer composition according to
claim 5, wherein the olefin polymer (X) is a propylene polymer
(X-1) and the 1l-butene-a-olefin copolymer (Y) is a

l-butene ‘propylene copolymer (Y-2).
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[Claim 10]

The l-butene -a-olefin copolymer composition according to
claim 5, wherein the l-butene :'propylene copolymer (Y-2) is a
l-butene ‘propylene copolymer having an elution amount using

o-dichlorobenzene at -10°C of not more than 3 mass%.

[Claim 11]

The 1-butene -a-olefin copolymer composition according to
claim 5, wherein the total amount of elution using
o-dichlorobenzene at temperatures of not more than [Ts]°C is 1.0
mass% to 5.0 mass$% wherein [Ts] is characterized by the equation:
[Ts] = [C4] - 60 wherein [C4] is the proportion in mol% of 1-butene

in the l-butene ‘propylene copolymer (Y-2).
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ABSTRACT

An object of the invention is to provide compositions which
have low-temperature heat sealing properties, are free from
stickiness, may achieve a heat seal strength controlled within
a certain definite range when heat sealing takes place at low
temperatures, have small changes in heat seal strength with time,
and are such that in the packaging applications, the strength
required to open the packages may be easily controlled within a

certain definite range, and high-performance packages may be

designed. The invention resides in a l-butene -a-olefin copolymer
composition including 99 to 1 parts by mass of at least one olefin
polymer (X) selected from propylene polymers (X-1) and ethylene
polymers (X-2), and 1 to 99 parts by mass of a 1-butene-a-olefin
copolymer (Y) containing 0.1 to 30 mol% of one or more a-olefins
selected froma-olefins and havingamolecular weight distribution

(Mw/Mn) of 1.0 to 3.5 [wherein the total of (X) and (Y) in the

composition is 100 parts by mass].



